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Preface

The field of genetics continues to advance at an astounding pace, marked
by numerous extraordinary achievements in recent years. In just the past
ten years, the genomic sequence of a multitude of organisms, from archae-
bacteria to large eukaryotes, has been determined and in many cases, com-
paratively analyzed in remarkable detail. Expressed sequence tags are being
used for the detection of new genes and for genome annotation. DNA
microarray technology has taken the study of gene expression and genetic
variation to a global, genome-wide scale. Hundreds of new genes and mi-
crobial species have been identified by reconstructing the DNA sequences
of entire communities of microorganisms collected in environmental sam-
ples. A wide variety of new regulatory functions have been assigned to
RNA, and RNA interference has become an effective tool for creating loss
of function phenotypes.

Such momentous advances in genetics have been accompanied by a del-
uge of new experimental techniques, computational technologies, data-
bases and internet sites, periodicals and books, and, of course, concepts
and terms. Furthermore, as new terminology emerges, many old terms in-
evitably recede from use or require revision. All this is reflected in the
changing content of A Dictionary of Genetics, from the publication of its
first edition to this seventh edition, 37 years later. This new edition has
undergone an extensive overhaul, involving one or more changes (addi-
tions, deletions, or modifications of entries) on 95% of the pages of the
previous one. The seventh edition contains nearly 7,000 definitions, of
which 20% are revised or new, and nearly 1,100 Chronology entries, of
which 30% are revised or new. Three hundred of the definitions are ac-
companied by illustrations or tables, and 16 of these are new. In addition,
dozens of recent research papers, books, periodicals, and internet sites of
genetic importance have been added to the appropriate Appendices of the
current edition.

The year 2006 marks the 100th anniversary of the introduction of the
term genetics by the British biologist William Bateson. In this seventh edi-
tion of A Dictionary of Genetics, the term genetics itself has been updated,
reflecting progress in understanding and technique over the years, and ne-
cessitated by the convergence of classical and molecular genetics. Genetics
today is no longer simply the study of heredity in the old sense, i.e., the
study of inheritance and of variation of biological traits, but also the study
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of the basic units of heredity, i.e., genes. Geneticists of the post-genomics
era identify genetic elements using forward or reverse genetics and deci-
pher the molecular nature of genes, how they function, and how genetic
variation, whether introduced in the lab or present in natural populations,
affects the phenotype of the cell or the organism. The study of genes is
increasingly at the core of genetic research, whether it is aimed at under-
standing the basis of Alzheimer disease in humans, flower development
in Arabidopsis, shell pattern variation in Cepaea colonies, or speciation in
Drosophila. Today’s genetics thus also unifies the biological sciences, medi-
cal sciences, and evolutionary studies.

As a broad-based reference work, A Dictionary of Genetics defines terms
that fall under this expansive genetics umbrella and includes not only
strictly genetic terms, but also genetics-related words encountered in the
scientific literature. These include terms referring to biological and syn-
thetic molecules (e.g., DNA polymerase, Morpholinos, and streptavidin); cel-
lular structures (e.g., solenoid structure, spectrosome, and sponge body); medi-
cal conditions (e.g., Leber hereditary optic neuropathy [LHON], Marfan
syndrome, and Tay-Sachs disease); experimental techniques (e.g., P element
transformation, community genome sequencing, and yeast two-hybrid system);
drugs, reagents, and media (e.g., ethyl methane sulfonate, Denhardt solution,
and HAT medium); rules, hypotheses, and laws (e.g., Haldane rule, wobble
hypothesis, and Hardy-Weinberg law); and acronyms (e.g., BACs, METRO,
and STS). Included also are pertinent terms from such fields as geology,
physics, and statistics (e.g., hot spot archipelago, roentgen, and chi-square
test).

As in previous editions, the definitions are cross-referenced and com-
parisons made whenever possible. For example, the maternal effect gene
entry is cross-referenced to bicoid, cytoplasmic determinants, cytoplasmic lo-
calization, grandchildless genes, and maternal polarity mutants, and the
reader is directed to compare it with paternal effect gene and zygotic gene
entries.

In this edition of the Dictionary we have made every effort to identify
the sources of the more than 120 eponyms appearing among the defini-
tions, and following the example of Victor A. McKusick (distinguished
editor of Mendelian Inheritance in Man), we have eliminated the possessive
form, i.e., apostrophes, in most of the eponyms. Thus, the Creutzfeld-Jakob
disease entry traces the names of the physicians who first described this
syndrome in their patients and the time period when this occurred, and
the Balbiani body definition identifies the biologist who first described
these cellular structures and the time period during which he lived. This
additional information under each eponym adds a personal, geographical,
and historical perspective to the definitions and is one of the distinguishing
features of this dictionary.
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The Appendices

A Dictionary of Genetics is unique in that only 80% of the pages contain
definitions. The final fifth of the Dictionary is devoted to six Appendices,
which supply a wealth of useful resource material.

Appendix A, Classification, provides an evolutionary classification of
the five kingdoms of living organisms. This list contains 400 words in pa-
rentheses, many of which are common names for easy identification (e.g.,
cellular slime molds, marine worms, and ginkgos). The italicized words in
parentheses are genera which contain species notable for their economic
importance (e.g., Bos taurus, Gossypium hirsutum, and Oryza sativa), for
causing human diseases (e.g., Plasmodium falciparum, Staphylococcus aureus,
and Trypanosoma brucei), or for being useful laboratory species (e.g., Arabi-
dopsis thaliana, Neurospora crassa, and Xenopus laevis).

Appendix B, Domesticated Species, lists the common and scientific
names of approximately 200 domesticated animal and plant species not
found elsewhere in the Dictionary.

Appendix C, Chronology, is one of the most distinctive elements of the
Dictionary, containing a list of notable discoveries, events, and publica-
tions, which have contributed to the advancement of genetics. The major-
ity of entries in the Chronology report discoveries (e.g., 1865-66, Men-
del’s discovery of the existence of hereditary factors; 1970, the finding of
RNA-dependent DNA polymerase; 1989, the identification of the cystic
fibrosis gene). In addition, there are entries that present unifying concepts
and theories (e.g., 1912, the concept of continental drift; 1961, the operon
hypothesis; 1974, the proposition that chromatin is organized into nucleo-
somes). The Chronology also includes important technological advances
and techniques that have revolutionized genetic research (e.g., 1923, the
building of the first ultracentrifuge; 1975, the development of Southern
blotting; 1985, the development of polymerase chain reaction; 1986, the
production of the first automated DNA sequencer). There are also entries
that contain announcements of new terms that have become part of every
geneticist’s vocabulary (e.g., 1909, gene; 1971, C value paradox; 1978,
intron and exon).

Developments in evolutionary genetics figure prominently in the Chro-
nology. Included in this category are important evolutionary breakthroughs
(e.g., 1868, Huxley’s description of Archaeopteryx; 1977, the discovery of
the Archaea by Woese and Fox; 2004, the proposal by Rice and colleagues
that viruses evolved from a common ancestor prior to the formation of the
three domains of life), and publication of books which have profoundly
affected evolutionary thought (e.g., 1859, C. Darwin’s On the Origin of
Species; 1963, E. Mayr’s Animal Species and Evolution; 1981, L. Margulis’s
Symbiosis in Cell Evolution).

vii
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Relatively recent additions to the Chronology are entries for sequencing
and analysis of the genomes of species of interest (e.g., 1996, Saccharo-
myces cerevisiae; 1997, Escherichia coli; 2002, Mus musculus). Finally, the
Chronology lists 59 Nobel Prizes awarded to scientists for discoveries that
have had a bearing on the progress of genetics (e.g., 1965, to F. Jacob, J.
Monod, and A. Lwoff for their contributions to microbial genetics; 1983,
to B. McClintock for her discovery of mobile genetic elements in maize,
1993, to R. J. Roberts and P. A. Sharp for discovering split genes). We
hope that these and other Chronology entries, spanning the years 1590-
2005, provide students, researchers, educators, and historians alike with
an understanding of the historical framework within which genetics has
developed.

The Chronology in Appendix C is followed by an alphabetical List of
the Scientists cited in it, together with the dates of these citations. This
list includes Francis Crick, Edward Lewis, Maurice Wilkins, and Hampton
Carson (who all died late in 2004), and Ernst Mayr (who died early in
2005), and it provides the dates of milestones in their scientific careers.
Finally, Appendix C includes a Bibliography of 170 titles, and among the
most recent books are four that give accounts of the lives of David Balti-
more, George Beadle, Sidney Brenner, and Rosalind Franklin. Also listed is
a video collection (Conversations in Genetics) of interviews with prominent
geneticists.

Appendix D, Periodicals, lists the titles and addresses of 500 periodicals
related to genetics, cell biology, and evolutionary studies, from Acta Viro-
logica to Zygote.

Appendix E, Internet Sites, contains 132 prominent web site addresses
to facilitate retrieval of the wealth of information in the public domain that
can be accessed through the World Wide Web. These include addresses for
“master” sites (e.g., National Center for Biotechnology Information [NCBI],
National Library of Medicine, National Institutes of Health), for individual
databases (e.g., GenBank, Single Nucleotide Polymorphisms [SNPs], and
Protein Data Bank [PDB]), and for species web sites (e.g., Agrobacterium
tumefaciens, Chlamydomonas reinhardii, and Gossypium species).

Appendix F, Genome Sizes and Gene Numbers, tabulates the genome
sizes and gene numbers for 49 representative organisms, viruses, or cell
organelles that appear in the Dictionary. These are listed in order of com-
plexity. The smallest genome listed is that of the MS2 virus, with 3.6 x
10° base pairs encoding just 4 proteins, and the largest listed is that of man,
consisting of 3.2 x 10° base pairs of DNA encoding 31,000 genes. Between
these entries appear the genome sizes and gene numbers of other viruses,
organelles, and a diverse range of organisms representing all five kingdoms.

This is but a small representation of the larger and increasingly complex
collections of genomic data which are being generated at an exponential



rate and transforming the way we look at relationships between organisms
that inhabit this planet. A quick glance at Appendix F raises some intrigu-
ing questions. For example, why does Streptomyces, a prokaryote, have more
genes than Saccharomyces, a eukaryote, whose genome size is 28% larger?
And why do the genomes of the puffer fish, Takifugu rubripes, and man
encode roughly the same number of protein-coding genes, even though the
puffer fish genome is nearly 88% smaller than the human? Such questions
and others are at the forefront of current whole-genome research, as the
massive sequence data are evaluated and the information encoded within
them extracted. Comparative genomic analyses promise new insights into
the evolutionary forces that shape the size and structure of genomes. Fur-
thermore, the intertwining of genetics, genomics, and bioinformatics
makes for a strong force for identifying new genetic elements and for un-
raveling the mysteries of cellular processes in the most minute detail.

Appendix Cross-References. Whenever possible, cross references to the
Appendices appear under the appropriate definition. The cross references
provide information which complements that in the definition. For exam-
ple, nucleolus is cross-referenced to entries in Appendix C, which indicate
that this structure was first observed in the nucleus in 1838, that it was
first shown to be divisible into subunits in 1934, that in 1965 the sex
chromosomes of Drosophila melanogaster were found to contain multiple
rRNA genes in their nucleolus organizers, and that in 1967 amplified
rDNA was isolated from Xenopus oocytes. Furthermore, nucleolar Miller
trees were discovered in 1969, in 1976 ribosomal proteins were found to
attach to precursor rRNAs in the nucleolus, and in 1989 the cDNA for
human nucleolin was isolated. Another example is Streptomyces, which is
cross-referenced to Appendices A, E, and F. In this case, the material in
the Appendices indicates that this organism is a prokaryote belonging to
the phylum Actinobacteria, that there is web-based information pertaining
to S. coelicolor at http://www.sanger.ac.uk, and that the genome of this
species has 12.07 x 10° base pairs and contains 7,825 predicted genes. The
cross-referenced information in the Appendices thus greatly broadens the
reader’s perspective on a particular term or concept.

Genetics has clearly entered an exciting new era of exploration and
expansion. It is our sincere hope that A Dictionary of Genetics will become
a helpful companion for those participating in this marvelous adventure.

Rules Regarding the Arrangement of Entries

The arrangement of entries in the current edition has not changed since
the publication of the previous edition. Each term appears in boldface and
is placed in alphabetical order using the letter-by-letter method, ignoring
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spaces between words. Thus, Homo sapiens is placed between homopolymer
tails and homosequential species, and H-Y antigen appears between hyaluron-
idase and hybrid. In the case of identical alphabetical listings, lowercase
letters precede uppercase letters. Thus, the p entry is found before the P
entry. In entries beginning with a Greek letter, the letter is spelled out.
Therefore, B galactosidase appears as beta galactosidase. When a number is
found at the beginning of an entry, the number is ignored in the alphabeti-
cal placement. Therefore, M5 technique is treated as M technique and T24
oncogene as T oncogene. However, numbers are used to determine the order
in the series. For example, PI phage appears before P22 phage. For two- or
three-word terms, the definition sometimes appears under the second or
third word, rather than the first. For example, definitions for embryonic
stem cells and germ line transformation occur under stem cells and transforma-
tion, respectively.
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A 1. mass number of an atom; 2. haploid set of
autosomes; 3. ampere; 4. adenine or adenosine.

A Angstrom unit (g.v.).
A, See hemoglobin.
A 23187 See ionophore.

AA-AMP amino acid adenylate.

A, B antigens mucopolysaccharides responsible
for the ABO blood group system. The A and B an-
tigens reside on the surface of erythrocytes, and dif-
fer only in the sugar attached to the penultimate
monosaccharide unit of the carbohydrate chain. This
minor chemical difference makes the macromole-
cule differentially active antigenically. The I*, I, and
i are alleles of a gene residing on the long arm of
chromosome 9 between bands 34.1 and 34.2. The
I* and I? alleles encode A and B glycotransferases,
and the difference in their specificities is due to dif-
ferences in their amino acid sequences at only four
positions. These in turn result from different mis-
sense mutations in the two alleles. The A and B
transferases add N-acetyl galactosamine or galactose,
respectively, to the oligosaccharide terminus. The i
allele encodes a defective enzyme, so no additional
monosaccharide is added to the chain. Glycopro-
teins with properties antigenically identical to the A,
B antigens are ubiquitous, having been isolated from
bacteria and plants. Every human being more than
6 months old possesses those antibodies of the A, B
system that are not directed against its own blood-
group antigens. These “preexisting natural” anti-
bodies probably result from immunization by the
ubiquitous antigens mentioned above. The A and B
antigens also occur on the surfaces of epithelial cells,
and here they may mask receptors that serve as
binding sites for certain pathogenic bacteria. See
Appendix C, 1901, Landsteiner; 1925, Bernstein;
1990, Yamomoto et al.; blood group, Helicobacter
pylori, H substance, Lewis blood group, MN blood
group, null allele, oligosaccharide, P blood group, Se-
cretor gene.

ABC model See floral identity mutations.

ABC transporters a family of proteins that span
the plasma membranes of cells and function to trans-
port specific molecules into or out of the cell. The

name is an abbreviation of ATP-Binding Cassette.
ABC transporters all contain an ATP binding do-
main, and they utilize the energy of ATP to pump
substrates across the membrane against a concentra-
tion gradient. The substrates may be amino acids,
sugars, polypeptides, or inorganic ions. The product
of the cystic fibrosis gene is an ABC transporter. See
Bacillus, cystic fibrosis (CF), Escherichia coli.

Abelson murine leukemia virus an oncogenic vi-
rus identified in 1969 by Dr. H. T. Abelson. The
transforming gene v-abl has a cellular homolog c-abl.
This is actively transcribed in embryos at all stages
and during postnatal development. A homolog of ¢-
abl occurs in the human genome at 9q34, and it en-
codes a protein kinase (g.v.). It is this gene which is
damaged during the reciprocal interchange that oc-
curs between chromosome 9 at q34 and chromo-
some 22 at ql1, resulting in myeloid leukemia. See
Philadelphia (Ph') chromosome, myeloproliferative
disease.

aberrations See chromosomal aberration, radiation-
induced chromosomal aberration.

ABM paper
per, which when chemically activated, reacts cova-
lently with single-stranded nucleic acids.

aminobenzyloxy methyl cellulose pa-

ABO blood group system system of alleles resid-
ing on human chromosome 9 that specifies certain
red cell antigens. See AB antigens, blood groups,
Bombay blood group.

abortion 1. The expulsion of a human fetus from
the womb by natural causes, before it is able to sur-
vive independently; this is sometimes called a mis-
carriage (q.v.). 2. The deliberate termination of a
human pregnancy, most often performed during the
first 28 weeks of pregnancy. 3. The termination of
development of an organ, such as a seed or fruit.

abortive transduction failure of a transducing ex-
ogenote to become integrated into the host chromo-
some, but rather existing as a nonreplicating particle
in only one cell of a clone. See transduction.

abortus a dead fetus born prematurely, whether
the abortion was artificially induced or spontaneous.
Over 20% of human spontaneous abortions show
chromosomal abnormalities. See Appendix C, 1965,
Carr.

\



4 abscisic acid

abscisic acid a plant hormone synthesized by
chloroplasts. High levels of abscisic acid result in the
abscission of leaves, flowers, and fruits. The hor-
mone also causes the closing of stomata in response
to dehydration.

H CH4
CHy_ _CH, | |
C\ C\ H
\C/ \C/
OH | |
H COOH
Y CH,

abscission the process whereby a plant sheds one
of its parts, such as leaves, flowers, seeds, or fruits.

absolute plating efficiency the percentage of in-
dividual cells that give rise to colonies when inocu-
lated into culture vessels. See relative plating effi-
ciency.

absorbance (also absorbancy) a measure of the
loss of intensity of radiation passing through an ab-
sorbing medium. It is defined in spectrophotometry
by the relation log (I,/T), where I, = the intensity of
the radiation entering the medium and I = the inten-
sity after traversing the medium. See Beer-Lambert

law, OD,¢ unit.

abundance in molecular biology, the average
number of molecules of a specific mRNA in a given
cell, also termed representation. The abundance, A =
NRf/M, where N = Avogadro’s number, R =the
RNA content of the cell in grams, f=the fraction
the specific RNA represents of the total RNA, and
M = the molecular weight of the specific RNA in
daltons.

abzymes catalytic antibodies. A class of mono-
clonal antibodies that bind to and stabilize mole-
cules in the transition state through which they must
pass to form products. See enzyme.

acatalasemia the hereditary absence of catalase
(g.v.) in humans. Mutations in the structural gene
on chromosome 11 at p13 result in the production
of an unstable form of the enzyme. The gene is 34
kb in length and contains 13 exons.

acatalasia synonym for acatalasemia (q.v.).

acceleration See heterochrony.

accelerator
ergy to charged subatomic particles to produce a
high-energy particle stream for analyzing the atomic
nucleus.

an apparatus that imparts kinetic en-

acceptor stem the double-stranded branch of a
tRNA molecule to which an amino acid is attached
(at the 3’, CCA terminus) by a specific aminoacyl-
tRNA synthetase. See transfer RNA.

accessory chromosomes See B chromosomes.

accessory nuclei bodies resembling small nuclei
that occur in the oocytes of most Hymenoptera and
those of some Hemiptera, Coleoptera, Lepidoptera,
and Diptera. Accessory nuclei are covered by a dou-
ble membrane possessing annulate pores. They are
originally derived from the oocyte nucleus, but they
subsequently form by the amitotic division of other
accessory nuclei.

Ac, Ds system Activator—Dissociation system (q.v.).
ace See symbols used in human cytogenetics.

acentric designating a chromatid or a chromosome
that lacks a centromere. See chromosome bridge.

Acer the genus of maple trees. A. rubrum, the red
maple, and A. saccharum, the sugar maple, are stud-
ied genetically because of their commercial impor-
tance.

Acetabularia a genus of large, unicellular green al-
gae. Each organism consists of a base, a stalk, and a
cap. The base, which contains the nucleus, anchors
the alga to the supporting rocks. The stalk, which
may be 5 cm long, joins the base and the cap. The
cap carries out photosynthesis and has a species-
specific shape. For example, the disc-shaped cap of
A. mediterranea is smooth, whereas the cap of A.
crenulata is indented. Hammerling cut the base and
cap off a crenulata alga and then grafted the stalk on
a mediterranea base. The cap that regenerated was
smooth, characteristic of the species that provided
the nucleus. Heterografts like these provided some
of the earliest evidence that the nucleus could send
messages that directed developmental programs at
distant regions of the cell. See Appendix A, Protoc-
tista, Chlorophyta; Appendix C, 1943, Hammerling;
graft.

Acetobacter a genus of aerobic bacilli which se-
cure energy by oxidizing alcohol to acetic acid.

aceto-orcein a fluid consisting of 1% orcein (q.v.)
dissolved in 45% acetic acid, used in making squash
preparations of chromosomes. See salivary gland
squash preparation.

acetylcholine a biogenic amine that plays an im-
portant role in the transmission of nerve impulses
across synapses and from nerve endings to the mus-

cles innervated. Here it changes the permeability of



the sarcolemma and causes contraction. Acetylcho-
line is evidently a very ancient hormone, since it is
present even in protists.

0 +/CH3
H3C—C—0—CH,~CH,—N—CH,
CH,

acetylcholinesterase the enzyme that catalyses
the hydrolysis of acetylcholine (g.v.) into choline
and acetate. Also called cholinesterase.

acetyl-coenzyme A  See coenzyme A.
acetyl serine See N-acetyl serine.

achaete-scute complex a complex locus in Dro-
sophila first identified by mutations that affected the
development of adult bristles. Lack of the entire
complex results in the failure of neurogenesis during
the embryo stage. The complex contains four ORFs
that encode DNA-binding proteins that contain he-
lix-turn-helix motifs (q.v.).

achiasmate referring to meiosis without chias-
mata. In those species in which crossing over is lim-
ited to one sex, the achiasmate meiosis generally oc-
curs in the heterogametic sex.

Achilles’ heel cleavage (AHC) a technique that
allows a DNA molecule to be cut at a specified site.
The name comes from the legend in Greek mythol-
ogy where Achilles’ mother dipped him in the river
Styx. The waters made him invulnerable, except for
the heel by which she held him. In the AHC proce-
dure a sequence-specific DNA-binding molecule is
complexed with the DNA under study. A methyl-
transferase is then added to methylate all CpG
sequences except those hidden under the sequence-
specific DNA-binding molecule. Next, this molecule
and the methyltransferases are removed, and a re-
striction endonuclease is added. This will cut the

DNA only in the region where methylation was
blocked, i.e., the “Achilles’ heel.”

achondroplasia
to retarded growth of the long bones. It is the most
common form of dwarfism in humans (1 in 15,000
live births) and is inherited as an autosomal domi-
nant trait. Homozygotes die at an early age. The
gene responsible has been mapped to chromosome
4p16.3. The ACH gene has been renamed FGFR3,
since it encodes the Fibroblast Growth Factor Re-
ceptor 3, a protein containing 806 amino acids. The
gene contains 14,975 bp of DNA and produces two

a form of hereditary dwarfism due

Acrasiomycota 5

alternative transcripts. Homologous genes have been
identified in rat, mouse, Xenopus, and zebrafish. The
genes are expressed in the chondrocytes of develop-
ing bones. See bovine achondroplasia, de novo muta-
tion, fowl achrondroplasia, positional candidate ap-
proach.

achromatic figure the mitotic apparatus (g.v.).
A chromosomes See B chromosomes.

acid fuchsin an acidic dye used in cytochemistry.

acidic amino acid an amino acid (g.v.) having a
net negative charge at neutral pH. Those universally
found in proteins are aspartic acid and glutamic acid,
which bear negatively charged side chains in the pH
range generally found in living systems.

acidic dye an organic anion that binds to and
stains positively charged macromolecules.

Acinonyx jubatus the cheetah, a carnivore that
has the distinction of being the world’s fastest land
animal. Cheetahs are of genetic interest because,
while most other species of cats show heterozygosity
levels of 10-20%, cheetahs have levels close to zero.
This high degree of homozygosity is correlated with
low fecundity, high mortality of cubs, and low dis-
ease resistance.

Acoelomata a subdivision of the Protostomia-con-
taining species in which the space between the epi-
dermis and the digestive tube is occupied by a cellu-

lar parenchyma. See classification.

acquired characteristics, inheritance of inheri-
tance by offspring of characteristics that arose in
their parents as responses to environmental influ-
ences and are not the result of gene action. See La-

marckism.

acquired immunodeficiency syndrome See AIDS,
HIV.

Acraniata a subphylum of Chordata containing
animals without a true skull. See Appendix A.

acrasin a chemotactic agent produced by Dictyo-
stelium discoideum that is responsible for the aggre-
gation of the cells. Acrasin has been shown to be
cyclic AMP (gq.v.).

Acrasiomycota the phylum containing the cellular
slime molds. These are protoctists that pass through
a unicellular stage of amoebas that feed on bacteria.
Subsequently, these amoebas aggregate to form a
fruiting structure that produces spores. The two
most extensively studied species from this phylum



6 acridine dyes

are Dictyostelium discoideum and Polysphondylium
pallidum.

acridine dyes heterocyclic compounds that in-
clude acridine (shown below) and its derivatives.
These molecules bind to double-stranded DNAs as
intercalating agents. Examples of acridine dyes are
acridine organe, acriflavin, proflavin, and quinicrine

(all of which see).

acridine orange
both as a fluorochrome and a mutagen.

an acridine dye that functions

T
C. C
H_?/ \%/ \\I/ \?_H
CH; ¢ G C. CH,
>N/ \CI;/ \N// \?/ \N<
CHz H o CHj

acriflavin an acridine dye that produces reading
frame shifts (g.v.).

H
! ! |
C C
V4 s
H—c? N 7 \c": \(l:_H
| |
H,N—C C. C—NH,

N L7 7/

\cl N, ¢
| |
CH; H

acritarchs spherical bodies thought to represent

the earliest eukaryotic cells, estimated to begin in
the fossil record about 1.6 billion years ago. Most
acritarchs were probably thick-walled, cyst-forming
protists. See Proterozoic.

acrocentric designating a chromosome or chroma-
tid with a nearly terminal centromere. See telocentric

chromosome.

acromycin See tetracycline.

acron the anterior nonsegmented portion of the
embryonic arthropod that produces eyes and anten-
nae. See maternal polarity mutants.

acrosome an apical organelle in the sperm head
that is secreted by the Golgi material and that di-
gests the egg coatings to permit fertilization.

acrostical hairs one or more rows of small bristles

along the dorsal surface of the thorax of Drosophila.

acrosyndesis telomeric pairing by homologs dur-
ing meiosis.

acrotrophic See meroistic.
acrylamide See polyacrylamide gel.

ACTH adrenocorticotropic hormone (g.v.).

actidione cycloheximide.

actin  a protein that is the major constituent of the
7-nanometer-wide microfilaments of cells. Actin mi-
crofilaments (F actin) are polymers of a globular sub-
unit (G actin) of Mr 42,000. Each G actin molecule
has a defined polarity, and during polymerization
the subunits align “head to tail,” so that all G actins
point in the same direction. F actin grows by the ad-
dition of G actin to its ends, and cytochalasin B
(g.v.) inhibits this process. All the actins that have
been studied, from sources as diverse as slime molds,
fruit flies, and vertebrate muscle cells, are similar in
size and amino acid sequence, suggesting that they
evolved from a single ancestral gene. In mammals
and birds, there are four different muscle actins. o,
is unique to skeletal muscle; o, to cardiac muscle;
o3, to smooth vascular muscle; and oy, to smooth
enteric muscle. Two other actins (B and v) are found
in the cytoplasm of both muscle and nonmuscle
cells. See alternative splicing, contractile ring, fibro-
nectin, hu-li tai shuo (hts), isoform, kelch, myosin,
ring canals, spectrin, stress fibers, tropomyosin, vin-
culin.

actin-binding proteins a large family of proteins
that form complexes with actin. Such proteins in-
clude certain heat-shock proteins, dystrophin, myo-
sin, spectrin, and tropomyosin (all of which see).

actin genes genes encoding the various isoforms
of actin. In Drosophila, for example, actin genes have
been localized at six different chromosomal sites.
Two genes encode cytoplasmic actins, while the
other four encode muscle actins. The amino acid-
encoding segments of the different actin genes have
very similar compositions, but the segments specify-
ing the trailers (q.v.) differ considerably in nucleo-
tide sequences.



actinomycete any prokaryote placed in the phy-
lum actinobacteria (see Appendix A). Actinomycetes
belonging to the genus Streptomyces produce a large
number of the antibiotics, of which actinomycin D
(g.v.) is an example.

actinomycin D an antibiotic produced by Strepro-
myces chrysomallus that prevents the transcription of
messenger RNA. See RNA polymerase.

activated macrophage a macrophage that has
been stimulated (usually by a lymphokine) to en-
large, to increase its enzymatic content, and to in-
crease its nonspecific phagocytic activity.

activating enzyme
action involving ATP and a specific amino acid. The
product is an activated complex that subsequently
reacts with a specific transfer RNA.

an enzyme that catalyzes a re-

activation analysis a method of extremely sensi-
tive analysis based on the detection of characteristic
radionuclides produced by neutron activation.

activation energy the energy required for a chem-
ical reaction to proceed. Enzymes (q.v.) combine
transiently with a reactant to produce a new com-
plex that has a lower activation energy. Under these
circumstances the reaction can take place at the pre-
vailing temperature of the biological system. Once

Activator-Dissociation system 7

the product is formed, the enzyme is released un-
changed.

activator a molecule that converts a repressor into
a stimulator of operon transcription; e.g., the repres-
sor of a bacterial arabinose operon becomes an acti-

vator when combined with the substrate.

Activator-Dissociation system a pair of interacting
genetic elements in maize discovered and analyzed
by Barbara McClintock. Ac is an autonomous ele-
ment that is inherently unstable. It has the ability
to excise itself from one chromosomal site and to
transpose to another. Ac is detected by its activation
of Ds. Ds is nonautonomous and is not capable of ex-
cision or transposition by itself. Ac need not be adja-
cent to Ds or even on the same chromosome in or-
der to activate Ds. When Ds is so activated, it can
alter the level of expression of neighboring genes,
the structure of the gene product, or the time of de-
velopment when the gene expresses itself, as a con-
sequence of nucleotide changes inside or outside of
a given cistron. An activated Ds can also cause chro-
mosome breakage, which may yield deletions or gen-
erate a breakage-fusion-bridge cycle (g.v.). It is now
known that Ac is a 4,500 bp segment of DNA that
encodes a transposable element (g.v.) which con-
tains within it the locus of a functional transposase
(q.v.). The transposase gives Ac the ability to detach
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from one chromosome and then insert into another.
The excision of Ac may cause a break in the chro-
mosome, and this is what generated the breakage-
fusion-bridge cycles that McClintock observed. Ds is
a defective transpon that contains a deletion in its
transposase locus. Therefore the Ds transposon can
move from chromosome to chromosome only if Ac
is also in the nucleus to supply its transposase. Ac
and Ds were originally classified as mutator genes,
since they would sometimes insert into structural
genes and modify their functioning. See Appendix C,
1950, McClintock; 1984, Pohlman et al.; Dotted, ge-
nomic instability, mutator gene, terminal inverted re-
peats (TIRs), transposon tagging.

active center
portion of the protein that binds to the substrate and
converts it into the reaction product. In the case of
carrier and receptor proteins, the active center is the
portion of the molecule that interacts with the spe-
cific target compounds.

in the case of enzymes, a flexible

active immunity
ism by its own exposure and response to antigen. In
the case of immunity to disease-causing agents, the
antigenic pathogens may be administered in a dead
or attenuated form. See also passive immunity.

immunity conferred on an organ-

active site that portion(s) of a protein that must
be maintained in a specific shape and amino acid
content to be functional. Examples: 1. in an enzyme,
the substrate-binding region; 2. in histones or repres-
sors, the parts that bind to DNA; 3. in an antibody,
the part that binds antigen; 4. in a hormone, the por-
tion that recognizes the cell receptor.

active transport the movement of an ion or mole-
cule across a cell membrane against a concentration
or electrochemical gradient. The process requires
specific enzymes and energy supplied by ATP.

activin a protein first isolated from the culture
fluid of Xenopus cell lines. Activin is a member of
the transforming growth factor-B (q.v.) family of in-
tercellular signaling molecules. It acts as a diffusible
morphogen for mesodermal structures, and the type
of differentiation is determined by the concentration
of actin (i.e., high concentrations produce head
structures, low concentrations tail structures).

actomyosin  See myosin.

acute myeloid leukemia 1 gene (AML1) a gene
that maps to 21q22.3 and is one of the most fre-
quent targets of chromosome translocations associ-
ated with leukemia. The involvement of AMLI with
the oncogenic transformation of blood cells is worth
noting, since acute myeloid leukemia is hundreds of

times more common in children with trisomy 21
than in other children. See Down syndrome, lozenge,
myeloproliferative disease.

acute transfection infection of cells with DNA for
a short period of time.

acylated tRNA a transfer RNA molecule to which
an amino acid is covalently attached. Also referred
to as an activated tRNA, a charged tRNA, or a
loaded tRNA.

adaptation
dergo modification so as to function more perfectly

1. the process by which organisms un-

in a given environment. 2. any developmental, be-
havioral, anatomical, or physiological characteristic
of an organism that, in its environment, improves its
chances for survival and of leaving descendants.

adaptive enzyme
organism in response to an outside stimulus. The
term has been replaced by the term inducible en-
zyme. The discovery of adaptive enzymes led even-
tually to the elucidation of the mechanisms that
switch gene transcription on and off. See Appendix
C, 1937, Karstrom,; regulator gene.

an enzyme that is formed by an

adaptive immunity the immunity that develops in
response to an antigens (q.v.), as opposed to innate
or natural immunity. Contrast with innate immunity.

adaptive landscape
shows the frequencies of two genes, each present in
two allelic forms (aA and bB in the illustration) plot-
ted against average fitness for a given set of environ-

a three-dimensional graph that

mental conditions, or a comparable conceptual plot
in multidimensional space to accommodate more
than two loci.

adaptive melanism hereditary changes in melanin
production that cause the darkening in color of pop-
ulations of animals in darkened surroundings. By im-
proving their camouflage, this makes them less con-
spicuous to predators. For example, desert mice are
preyed upon by owls, hawks, and foxes. The mice
that live among sand and light-colored rocks are tan
and blend in well with their surroundings. However,
the fur from populations of the same species that
live among outcrops of dark, ancient lava flows is
much darker. See Chaetodipus intermedius.

adaptive norm the array of genotypes (compatible
with the demands of the environment) possessed by
a given population of a species.

adaptive peak a high point (perhaps one of sev-
eral) on an adaptive landscape (g.v.), from which
movement in any planar direction (changed gene
frequencies) results in lower average fitness.
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Adaptive landscape

adaptive radiation the evolution of specialized
species, each of which shows adaptations to a dis-
tinctive mode of life, from a generalized ancestral
species. Darwin observed the adaptive radiation of
finch species on the Galapagos islands. The Hawai-
ian archipelago shows perhaps the most spectacular
examples of adaptive radiations. See Darwin's fin-
ches, Hawaiian Drosophilidae, silversword alliance.

adaptive surface, adaptive topography
for adaptive landscape (gq.v.).

synonyms

adaptive value the property of a given genotype
when compared with other genotypes that confers
fitness (q.v.) to an organism in a given environment.

adaptor a short, synthetic DNA segment contain-
ing a restriction site that is coupled to both ends of
a blunt-ended restriction fragment. The adaptor is
used to join one molecule with blunt ends to a sec-
ond molecule with cohesive ends. The restriction
site of the adaptor is made identical to that of the
other molecule so that when cleaved by the same
restriction enzyme both DNAs will contain mutu-
ally complementary cohesive ends.

adaptor hypothesis the proposal that polynucleo-
tide adaptor molecules exist that can recognize spe-
cific amino acids and also the regions of the RNA
templates that specify the placement of amino acids
in a newly forming polypeptide. See Appendix C,
1958, Crick; transfer RNA.

ADCC antibody-dependent cellular cytotoxicity;
also known as antibody-dependent cell-mediated cy-
totoxicity. Cell-mediated cytotoxicity requires prior
binding of antibody to target cells for killing to oc-
cur. It does not involve the complement cascade. See
K cells.

additive factor one of a group of nonallelic genes
affecting the same phenotypic characteristics and
each enhancing the effect of the other in the pheno-
type. See quantitative inheritance.

additive gene action 1. a form of allelic interac-
tion in which dominance is absent; the heterozygote
is intermediate in phenotype between homozygotes
for the alternative alleles. 2. the cumulative contri-

bution made by all loci (of the kind described above)

to a polygenic trait.

additive genetic variance genetic variance attrib-
uted to the average effects of substituting one allele
for another at a given locus, or at the multiple loci
governing a polygenic trait. It is this component of
variance that allows prediction of the rate of re-
sponse for selection of quantitative traits. See quanti-
tative inheritance.

adducin a ubiquitously expressed protein found in
the membranes of animal cells. Mammalian adducin
is a heterodimeric protein whose subunits share se-
quence similarities and contain protease-resistant N-
terminal and protease-sensitive C-terminal domains.
Adducin has a high affinity for Ca*/calmodulin and
is a substrate for protein kinases. In vitro it causes
actin filaments to form bundles and promotes spec-
trin-actin associations in regions where cells contact
one another. In Drosophila, a homolog of mamma-
lian adducin is encoded by the hts gene. See calmod-
ulin, fusome, hu-li tai shao (hts), heterodimer, protein
kinase, spectrosome.

adduct the product of a chemical reaction that re-
sults in the addition of a small chemical group to a
relatively large recipient molecule. Thus the alkylat-
ing agent ethyl methane sulfonate (q.v.) can add



10 adenine

ethyl groups to the guanine molecules of DNA.
These ethylated guanines would be examples of
DNA adducts.

adenine See bases of nucleic acids.
adenine deoxyriboside See nucleoside.

adenohypophysis the anterior, intermediate, and
tuberal portions of the hypophysis, which originate
from the buccal lining in the embryo.

adenohypophysis hormone See growth hormone.
adenosine See nucleoside.

adenosine deaminase deficiency a rare immune
deficiency disease due to mutations in a gene located
on the long arm of human chromosome 20. The nor-
mal gene encodes an enzyme that controls the me-
tabolism of purines, and ADA deficiency impairs the
functioning of white blood cells. The division of T
cells is depressed, and antibody production by B
cells is reduced. As a result, ADA-deficient children
die from viral, bacterial, and fungal infections. ADA
deficiency is the first hereditary disease to be suc-
cessfully treated by gene therapy. See Appendix C,
1990, Anderson; immune response.

adenosine phosphate any of three compounds in
which the nucleoside adenosine is attached through
its ribose group to one, two, or three phosphoric
acid molecules, as illustrated here. AMP, ADP, and
ATP are interconvertible. ATP upon hydrolysis
yields the energy used to drive a multitude of biolog-
ical processes (muscle contraction, photosynthesis,
bioluminescence, and the biosynthesis of proteins,
nucleic acids, polysaccharides and lipids). The most
important process in human nutrition is the synthe-
sis of ATP. Every day human beings synthesize,
breakdown, and resynthesize an amount of ATP
equaling their body weight. See Appendix C, 1929;

Lohmann; ATPase, ATP synthase, cellular respiration,
citricacid cycle, cytochromes, electron transport chain,
glycolysis, mitochondria, oxidative phosphorylation,
mitochondrial proton transport.

adenovirus any of a group of spherical DNA vi-
ruses characterized by a shell containing 252 capso-
meres. Adenoviruses infect a number of mammalian
species including humans. See human adenovirus 2
(HAdV-2), virus.

adenylcyclase the enzyme that catalyzes the con-
version of ATP into cyclic AMP (g.v.). Also called
adenylate cyclase. See adenosine phosphate.

adenylic acid  See nucleotide.

ADH the abbreviation for alcohol dehydrogenase
(q.v).

adhesion plaques See vincullin.

adhesive molecules
cell-surface molecules that bind specifically to one
another, thereby causing cells to adhere to one an-
other, as do carbohydrates and protein lectins (g.v.).
Phenomena dependent on adhesive molecules in-
clude invasion of host cells by bacteria and viruses,
species-specific union of sperms and eggs, and aggre-
gation of specific cell types during embryological de-
velopment. See cell affinity, hemagglutinins, P blood
group, selectins.

any pair of complementary

adjacent disjunction, adjacent segregation See
translocation heterozygote.

adjuvant a mixture injected together with an anti-
gen that serves to intensify unspecifically the im-
mune response. See Freund's adjuvant.

adoptive immunity the transfer of an immune
function from one organism to another through the
transfer of immunologically active or competent
cells. Also called adoptive transfer.
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ADP adenosine diphosphate.
phate.

See adenosine phos-

adrenal corticosteroid a family of steroid hor-
mones formed in the adrenal cortex. There are more
than 30 of these hormones, and all are synthesized
from cholesterol by cortical cells that have been stim-
ulated by the adrenocorticotropic hormone (g.v.).

adrenocorticotropic hormone a single-chain pep-
tide hormone (39 amino acids long) stimulating se-
cretion by the adrenal cortex. It is produced by the
adenohypophysis of vertebrates. Abbreviated ACTH.
Also called corticotropin.

Adriamycin an antibiotic produced by Streptomy-
ces peucetius that interacts with topoisomerase. DNA
isolated from Adriamycin-poisoned cells contains
single- and double-strand breaks. See gyrase, mitotic
poison.

adult tissue stem cells See stem cells

advanced in systematics, the later or derived stages
or conditions within a lineage that exhibits an evolu-
tionary advance; the opposite of primitive.

adventitious embryony
divisions of an embryonic sporophyte from the tis-
sues of another sporophyte without a gametophytic
generation intervening.

the production by mitotic

Aedes a genus of mosquitoes containing over 700
species, several of which transmit important human
diseases. A. aegypti, the vector of yellow fever, has a
diploid chromosome number 6, and about 60 muta-
tions have been mapped among its three linkage
groups. Among these are genes conferring resistance
to insecticides such as DDT and pyrethrins (both of
which see).

Aegilops a genus of grasses including several spe-
cies of genetic interest, especially A. umbellulata, a
wild Mediterranean species resistant to leaf rust. A
gene for rust resistance has been transferred from A.
umbellulata to Triticum vulgare (wheat).

aerobe
gen and lives in an environment in contact with air.

an organism that requires molecular oxy-

aestivate to pass through a hot, dry season in a
torpid condition. See also hibernate.

afferent leading toward the organ or cell involved.
In immunology, the events or stages involved in acti-
vating the immune system. Compare with efferent.

affinity
of an antibody combining site with a single antigen
binding site. Compare with avidity.

in immunology, the innate binding power

agammaglobulinemia 11

affinity chromatography a technique for separat-
ing molecules by their affinity to bind to ligands
(e.g., antibodies) attached to an insoluble matrix
(e.g., Sepharose). The bound molecules can subse-
quently be eluted in a relatively pure state.

afibrinogenemia an inherited disorder of the hu-
man blood-clotting system characterized by the in-
ability to synthesize fibrinogen; inherited as an au-
tosomal recessive.

aflatoxins a family of toxic compounds synthe-
sized by Aspergillus flavus and other fungi belonging
to the same genus. Aflatoxins bind to purines, mak-
ing base pairing impossible, and they inhibit both
DNA replication and RNA transcription. These my-
cotoxins are highly toxic and carcinogenic, and they
often are contaminants of grains and oilseed prod-
ucts that are stored under damp conditions. The
structure of aflatoxin G, is shown.

" ] i
Cx ,C—CHZ

Aflatoxin B, has a CH, substituted for the O at the
position marked by the arrow. Aflatoxin B, and G,

are identical to B, and G,, except that the ring la-
beled with an asterisk lacks a double bond.

African bees Apis mellifera scutellata, a race of
bees, originally from South Africa, that was acciden-
tally introduced into Brazil in 1957 and has spread
as far as the southern United States. African bees are
poor honey producers and tend to sting much more
often than European bees. Because of daily differ-
ences in flight times of African queens and European
drones, hybridization is rare. See Apis mellifera.

African Eve See mitochondrial DNA lineages.
African green monkey See Cercopithecus aethiops.

agamete
sulting from meiosis in an agamont. Agametes dis-
perse and grow into gamonts (q.v.).

a haploid, asexual reproductive cell re-

agammaglobulinemia the inability in humans to
synthesize certain immunoglobulins. The most com-
mon form is inherited as an X-linked recessive trait,
which is symbolized XLA (X-linked agammaglobul-
inemia) in the early literature. When O. C. Bruton
described the condition in 1952, it was the first he-
reditary immune disease to be reported. The disease
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is now known to be caused by mutations in a gene
at Xq21.3-q22. The gene is 36,740 bp long, and it
encodes a protein containing 659 amino acids. The
protein is a tyrosine kinase that has been named in
Bruton’s honor, and the gene is now symbolized
BTK, for its product, the Bruton tyrosine kinase. The
enzyme is a key regulator in the development of B
lymphocytes. Boys with XLA lack circulating B
cells. The bone marrow contains pre-B cells, but
they are unable to mature. See antibody.

agamogony the series of cellular or nuclear divi-

sions that generates agamonts.

agamont the diploid adult form of a protoctist
that also has a haploid adult phase in its life cycle.
An agamont undergoes meiosis and produces aga-
metes. See gamont.

agamospermy the formation of seeds without fer-
tilization. The male gametes, if present, serve only
to stimulate division of the zygote. See apomixis.

agamous See floral identity mutations.

Agapornis a genus of small parrots. The nest
building of various species and their hybrids has pro-
vided information on the genetic control of behavior
patterns.

agar
used as a solidifying agent in culture media.

a polysaccharide extract of certain seaweeds

agarose a linear polymer of alternating D-galactose
and 3,6-anhydrogalactose molecules. The polymer,
fractionated from agar, is often used in gel elec-
trophoresis because few molecules bind to it, and
therefore it does not interfere with electrophoretic
movement of molecules through it.

agar plate count the number of bacterial colonies
that develop on an agar-containing medium in a pe-
tri dish seeded with a known amount of inoculum.
From the count, the concentration of bacteria per
unit volume of inoculum can be determined.

age-dependent selection selection in which the
values for relative fitness of different genotypes vary

with the age of the individual.

agglutination the clumping of viruses or cellular
components in the presence of a specific immune
serum.

agglutinin any antibody capable of causing clump-
ing of erythrocytes, or more rarely other types of
cells.

agglutinogen an antigen that stimulates the pro-
duction of agglutinins.

aggregation chimera a mammalian chimera made
through the mingling of cells of two embryos. The
resulting composite embryo is then transferred into
the uterus of a surrogate mother where it comes to
term. See allophenic mice.

aging growing old, a process that has a genetic
component. Hereditary diseases are known in hu-
mans that cause premature aging, and mutations
that speed up or delay aging have been isolated in
Saccharomyces, Caenorhabditis, and Drosophila. See
Appendix C, 1994, Orr and Sohal; 1995, Feng et al.;
antioxidant enzymes, apoptosis, daf-2, free radical hy-
pothesis of aging, Indy, methuselah, Podospora anse-
rina, progeria, SGSI, telomerase, senescence, Werner
syndrome.

agonistic behavior any social interaction between
members of the same species that involves aggres-
sion or threat and conciliation or retreat.

agouti the grizzled color of the fur of mammals
resulting from alternating bands of yellow (phaeo-
melanin) and black (eumelanin) pigments in individ-
ual hairs. The name is also given to the genes that
control the hair color patterns. In the mouse more
than 20 alleles have been described at the agouti lo-
cus on chromosome 2. The gene encodes a cysteine-
rich, 131 amino acid protein that instructs the me-
lanocytes in the hair follicle when to switch from
making black to yellow pigment. The protein is
translated by nearby follicle cells rather than in the
melanocytes themselves. Therefore, the agouti pro-
tein acts as a paracrine-signaling molecule. See Ap-
pendix C, 1905, Cuénot; autocrine, MC1R gene, mel-
anin.

agranular reticulum  See smooth endoplasmic retic-
ulum (SER).

agranulocytes white blood cells whose cytoplasm
contains few or no granules and that possess an un-
lobed nucleus; mononuclear leucocytes including
lymphocytes and monocytes.

agriculturally important species See Appendix B.

Agrobacterium tumefaciens the bacterium re-
sponsible for crown gall disease (q.v.) in a wide
range of dicotyledonous plants. The bacterium en-
ters only dead, broken plant cells and then may
transmit a tumor-inducing plasmid into adjacent liv-
ing plant cells. This infective process is a natural
form of genetic engineering, since the bacterium
transfers part of its DNA to the infected plant. This



is integrated into the plant genome, and here it in-
duces changes in metabolism and tumor formation.
The genome of strain 58 of A. tumefaciens was se-
quenced in 2001 by a group led by E. W. Nestor.
Its genome contained 5.67 mbp of DNA distributed
among four replicons: a circular chromosome (CC),
a linear chromosome (LC), and two plasmids (pAt
and pTi). The plasmids are DNA circles, and most
of the genes responsible for crown galls are on pTi.
The Table lists the general features of the four repli-
cons.

Size
Replicon (kbp) ORFs  tRNAs  rRNAs
cc 2841 2,789 40 2
LC 2,076 1,882 13 2
pAt 543 550 0 0
pTi 214 198 0 0

Strains of A. tumefaciens carrying the plasmid may
be artificially genetically engineered to introduce
foreign genes of choice into plant cells, and then by
growing the cells in tissue culture, whole plants can
be regenerated, every cell of which contains the for-
eign gene. See Appendix A, Bacteria, Proteobacteria;
Appendix C, 1907, Smith and Townsend; 1981,
Kemp and Hall; 2001, Wood et al.; Appendix E; Ti
plasmid.

Agropyron elongatum
noted for its resistance to stem rust. Genes confer-
ring rust resistance have been transferred from this
species to Triticum aestivum (wheat).

a weed related to crabgrass

AHC Achilles’ heel cleavage (q.v.).

AHF  antihemophilic factor. See blood clotting.

Al, AID, AIH See artificial insemination.

AlA anti-immunoglobulin antibodies, produced in
response to foreign antibodies introduced into an ex-
perimental animal.

AIDS the acquired immunodeficiency syndrome, a
disease caused by the human immunodeficiency vi-
rus (HIV). This virus attacks lymphocytes of helper
T subclass and macrophages. The depletion of these
cells makes the patient susceptible to pathogens that
would easily be controlled by a healthy immune sys-
tem. The infection is transmitted by sexual inter-
course, by direct contamination of the blood (as
when virus-contaminated drug paraphernalia is
shared), or by passage of the virus from an infected
mother to her fetus or to a suckling baby. AIDS was
first identified as a new infectious disease by the U.S.
Centers for Disease Control and Prevention in 1981.
See Appendix C, 1983, Montagnier and Gallo. HIV,
lymphocyte, retroviruses.

alcohol dehydrogenase (ADH) 13

akinetic acentric (g.v.).

ala alanine. See amino acid.

albinism
2. the inability to form melanin (q.v.) in the eyes,
skin, and hair, due to a tyrosinase deficiency. In hu-
mans the condition is inherited as an autosomal re-
cessive. Tyrosinase (TYR) is an essential enzyme for
melanin synthesis, and some mutations in the tyrosi-
nase gene (tyr) result in oculocutaneous albinism
(OCA). The TYR gene is located in 11q14-21; it
contains five exons, and its mRNA is 2,384 nucleo-
tides long. More than 90 mutations have been iden-
tified, most of the missense type. One such mutation
in codon 422 results in the substitution of glutamine
for arginine. The changed enzyme is heat-sensitive
and so mimics the temperature-sensitive enzymes
known for the Himalayan strains of mice, rabbits,
and other species. See Himalayan mutant, ocular albi-
nism, temperature-sensitive mutation, tyrosinase.

1. deficiency of chromoplasts in plants.

albino 1. a plant lacking chromoplasts. 2. an ani-
mal lacking pigmentation. See melanin.

albomaculatus referring to a variegation consist-
ing of irregularly distributed white and green regions
on plants resulting from the mitotic segregation of
genes or plastids.

albumin a water-soluble 70-kilodalton protein that
represents 40-50% of the plasma protein in adult
mammals. It is important both as an osmotic and as
a pH buffer and also functions in the transport of
metal ions and various small organic molecules. Al-
bumin is synthesized and secreted by the liver. In
the mouse the albumin gene resides on chromosome
5, separated from the alpha fetoprotein gene by a
DNA segment about 13.5 kilobases long. In humans,
these two genes are in the long arm of chromosome
4. See Appendix C, 1967, Sarich and Wilson; alpha
fetoprotein.

alcaptonuria alkaptonuria (q.v.).

alcohol any hydrocarbon that carries one or more
hydroxyl groups. The term is often used to refer spe-
cifically to ethyl alcohol, the product of yeast-based
fermentations. Hereditary differences in alcohol
preference are known to exist in mice. See Appendix
C, 1962, Rodgers and McClearn.

alcohol dehydrogenase (ADH) a zinc-containing
enzyme found in bacteria, yeasts, plants, and animals
that reversibly oxidizes primary and secondary alco-
hols to the corresponding aldehydes and ketones. In
the case of yeast, ADH functions as the last enzyme
in alcoholic fermentation. In Drosophila melanogas-
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ter, ADH is a dimeric protein. By suitable crosses
between null activity mutants it is possible to gener-
ate heteroallelic individuals that exhibit partial res-
toration of enzyme activity. This is often due to the
production of a heterodimer with improved func-
tional activity. The gene is of interest to develop-
mental geneticist because its expression is controlled
by two promotors. The proximal promotor lies adja-
cent to the initiation codon and switches the gene
on during the larval stage. The distal promotor lies
700 base pairs upstream and controls the production
of ADH in the adult. See allelic complementation,
promotor.

aldehyde any of a class of organic compounds
having the general formula C,H,,O and containing

a terminal —C o group.

aldosterone an adrenal corticosteroid hormone
that controls the sodium and potassium balance in

the vertebrates.

aleurone the outer layer of the endosperm of a
seed. Genes controlling the inheritance of aleurone
color in maize provided early examples of epistasis
(q.v.) and parental imprinting (q.v.). See kernel.

aleurone grain
the aleurone.

a granule of protein occurring in

Aleutian mink an autosomal recessive mutation in
Mustela vison producing diluted pigmentation of the
fur and eyes. The homozygotes show a lysosomal de-
fect similar in humans to the Chédiak-Higashi syn-
drome (q.v.).

alga (plural algae)
tic, chlorophyll-bearing organisms ranging from sin-
gle cells to giant seaweeds. See Appendix A: Cyano-
bacteria, Dinoflagellata, Euglenophyta, Xanthophyta,
Chrysophyta, Bacillariophyta, Phaecophyta, Rhodo-
phyta, Gamophyta, Chlorophyta.

any of a large group of aqua-

algorithm a set of simple mathematical proce-
dures that are followed in a specified order to solve
a problem in a finite period of time. Computers are
instructed to perform tasks with programs contain-
ing one or more algorithms.

alien addition monosomic a genome that con-
tains a single chromosome from another species in
addition to the normal complement of chromo-
somes.

alien substitution replacement of one or more
chromosomes of a species by those from a different
species.

aliphatic designating molecules made up of linear
chains of carbon atoms.

aliquot a part, such as a representative sample,
that divides the whole without a remainder. Two is
an aliquot of six because it is contained exactly three
times. Loosely used for any fraction or portion.

alkali metal any of five elements in Group IA of
the periodic table: lithium (Li), sodium (Na), potas-
sium (K), rubidium (Rb), and cesium (Cs).

alkaline earth any element of Group IIA of the
periodic table: beryllium (Be), magnesium (Mg), cal-
cium (Ca), strontium (Sr), barium (Ba), and radium

(Ra).

alkaline phosphatase an enzyme that removes 5'-
P termini of DNA and leaves 5’-OH groups. The al-
kaline phosphatase of E. coli is a dimer made up of
identical protein subunits encoded by a single struc-
tural gene. In vitro complementation was demon-
strated using this enzyme. See allelic complementa-
tion.

alkaloid
clic, nitrogenous, organic compounds, many of
which have pharmacological properties. They occur
mainly in plants, but are also synthesized by some
fungi, amphibians, and arthropods. They include
caffeine, cocaine, quinine, morphine, nicotine, reser-
pine, strychnine, and theobromine.

any member of a group of over 3,000 cy-

alkapton 2,5-dihydroxyphenylacetic acid. See ho-
mogentisic acid.

alkaptonuria (also alcaptonuria) a relatively be-
nign hereditary disease in humans due to a recessive
gene located on the long arm of chromosome 3. Al-
kaptonurics cannot make the liver enzyme homo-
gentisic acid oxidase. Therefore, homogentisic acid
(g.v.) is not broken down to simpler compounds but
is excreted in the urine. Since the colorless homo-
gentisic acid is readily oxidized to a black pigment,
the urine of alkaptonurics darkens when exposed to
air. This disease enjoys the historic distinction of be-
ing the first metabolic disease studied. See Appendix
C, 1909, Garrod.

alkylating agent
tution of an alkyl group (usually methyl or ethyl) for
an active hydrogen atom in an organic compound.
According to the number of reactive groups they
contain, alkylating agents are classified as mono-,
bi-, or polyfunctional. Many chemical mutagens are
alkylating agents. See busulfan, chlorambucil, cyclo-
phosphamide, epoxide, ethylmethane sulfonate, mel-
phalan, Myleran, nitrogen mustard, sulfur mustard,
TEM, Thio-tepa, triethylenethiophosphoramide.

a compound causing the substi-



alkyl group a univalent radical having the general
formula C,H,,,, derived from a saturated aliphatic
hydrocarbon by removal of one atom of hydrogen.
Named by replacing the ending -ane of the hydro-
carbon with -yl (e.g., methane becomes methyl).

allantois a saclike outgrowth of the ventral side of
the hindgut present in the embryos of reptiles, birds,
and mammals. The allantois represents a large and
precocious development of the urinary bladder.

allatum hormones hormones synthesized by the
insect corpus allatum. The titer of allatum hormones
influences the qualitative properties of each molt in
holometabolous insects. At high concentrations, lar-
val development ensues; at lower levels, the insect
undergoes pupal metamorphosis, and in the absence
of the allatum hormones adult differentiation takes
place. The allatum hormones thus have a juveniliz-
ing action and for this reason have also been called
juvenile hormones (JHs). The structural formulas
for three of the juvenile hormones are illustrated on
page 14. In adult females, the allatum hormone is
required for vitellogenesis. The JH analog, ZR515
(g.v.), is often used as a substitute for natural JHs in
Drosophila experiments. See Appendix C, 1966,
Roller et al; ring gland, status quo hormones.

allele a shorthand form of allelomorph, one of a
series of possible alternative forms of a given gene
(cistron, g.v.), differing in DNA sequence, and af-
fecting the functioning of a single product (RNA
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and/or protein). If more than two alleles have been
identified in a population, the locus is said to show
multiple allelism. See heteroallele, homoallele, isoal-
lele, null allele, silent allele.

allele-specific oligonucleotide testing a tech-
nique used to identify a specific mutation in a collec-
tion of DNA fragments isolated from a mutant or-
ganism. An oligonucleotide is synthesized that has a
base sequence complementary to the segment under
study, and it is used as a probe. All segments binding
to the probe are then collected and analyzed.

allelic complementation the production of nearly
normal phenotype in an organism carrying two dif-
ferent mutant alleles in trans configuration. Such
complementation is sometimes caused by the recon-
struction in the cytoplasm of a functional protein
from the inactive products of the two alleles. When
such a phenomenon can be demonstrated by mixing
extracts from individuals homozygous for each al-
lele, the term in vitro complementation is used. Syn-
onymous with intra-allelic complementation. See
Appendix C, 1963, Schlesinger and Levinthal; alco-
hol dehydrogenase, alkaline phosphatase, transvec-
tion.

allelic exclusion the situation in a diploid nucleus
where either the parental or the maternal allele, but
not both, is expressed, even though both parental
alleles are capable of being transcribed and may even
be identical. This situation is seen during recombina-
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tion within the segmented Ig genes of immature
lymphocytes. In any one B lymphocyte (q.v.), a light
chain or heavy chain can be synthesized from a ma-
ternal or paternal homolog, not both. See immuno-
globulin genes, isotype exclusion, somatic recombina-
tion.

allelic frequency the percentage of all alleles at a
given locus in a population gene pool represented
by a particular allele. For example, in a population
containing 20 AA, 10 Aa, and 5 aa, the frequency
of the A allele is [2(20) + 1(10)]/2(35) = 5/7 = 0.714.
See gene frequency.

allelism test complementation test (g.v.).

allelomorph commonly shortened to allele (q.v.).
See Appendix C, 1900, Bateson.

allelopathy an interaction involving two different
species in which chemicals introduced into the en-
vironment by one suppress the growth or reproduc-
tion of the other.

allelotype the frequency of alleles in a breeding
population.

allergen a substance inducing hypersensitivity.

allergy an immune hypersensitivity response to an
agent that is nonantigenic to most of the individuals
in a population.

allesthetic trait any individual characteristic that
has an adaptive function only via the nervous sys-
tems of other organisms, for example, odors, display
of color patterns, mating calls, etc., which are im-
portant components of courtship in various species.
See courtship ritual, pheromone.

Allium the genus that includes A. cepa, the onion;
A. porrum, the leek; A. sativum, the garlic; and A.
schoenoprasum, the chive—all classic subjects for cy-
tological studies of mitotic chromosomes.

alloantigen
mune response (q.v.) when introduced into a geneti-
cally different individual of the same species. Anti-
bodies produced in response to alloantigens are
called alloantibodies. See histocompatibility mole-
cules.

an antigen (g.v.) that elicits an im-

allochromacy the formation of other coloring
agents from a given dye that is unstable in solution.
Nile blue (g.v.) exhibits allochromacy.

allocycly a term referring to differences in the
coiling behavior shown by chromosomal segments or
whole chromosomes. Allocyclic behavior character-

izes the pericentric heterochromatin, the nucleolus

organizer, and in some species entire sex chromo-
somes. If a chromosome or chromosomal segment is
tightly condensed in comparison with the rest of the
chromosomal complement, the chromosome or
chromosomal segment is said to show positive hetero-
pycnosis (q.v.). Allocycly is also used to describe
asynchronous separation of bivalents during the first
anaphase in meiosis. In man, for example, the X and
Y chromosomes segregate ahead of the autosomes
and are said to show positive allocycly.

allogeneic disease See graft-versus-host reaction.

allogeneic graft a graft of tissue between geneti-
cally different members of the same species, espe-
cially with regard to alloantigens (q.v.). See allograft,
heterograft. Compare with xenograft.

allograft a graft of tissue from a donor of one ge-
notype to a host of a different genotype but of the
same species.

allolactose See lactose.

allometry the relation between the rate of growth
of a part of an individual and the growth rate of the
whole or of another part. In the case of isometry,
the relative proportions of the body parts remain
constant as the individual grows; in all other cases,
the relative proportions change as total body size in-
creases. See heterauxesis.

allomone any chemical secreted by an organism
that influences behavior in a member of another spe-
cies, benefiting only the producer. If both species
benefit, it is a synamone. If only the receiver benefits,
it is a kairomone.

alloparapatric speciation
ciation in which new species originate through pop-
ulations that are initially allopatric, but later become
parapatric before completely effective reproductive
isolation has evolved. Natural selection may enhance
incipient reproductive isolating mechanisms in the
zone of contact by character displacement (g.v.),
and other mechanisms. Compare with parapatric spe-
ciation.

a mode of gradual spe-

allopatric speciation the development of distinct
species through differentiation of populations in
geographic isolation. Such populations are called al-
lopatric.

allopatry referring to species living in different
geographic locations and separated by distance alone
or by some barrier to migration such as a mountain

range, river, or desert. Compare with sympatry.



allophene a phenotype not due to the mutant ge-
netic constitution of the cells of the tissue in ques-
tion. Such a tissue will develop a normal phenotype
if transplanted to a wild-type host. See autophene.

allophenic mice chimeric mice produced by re-
moving cleaving eggs from mice of different geno-
types, fusing the blastomeres in virro, and reim-
planting the fused embryos into the uterus of
another mouse to permit embryogenesis to continue.
Viable mice containing cells derived from two or
more embryos have been obtained and used in cell
lineage studies. See Appendix C, 1967, Mintz.

alloplasmic
chromosomes of one species and cytoplasm of a dif-
ferent species; for example, bread wheat (Triticum
aestivum) chromosomes and rye (Secale cereale) cy-
toplasm. Compare with heteroplasmic, heteroplas-
tidy.

referring to organisms or cells bearing

allopolyploid (also alloploid) a polyploid organ-
ism arising from the combination of genetically dis-
tinct chromosome sets. See isosyndetic alloploid, seg-
mental alloploid.

alloprocoptic selection a mode of selection in
which association of opposites increases the fitness
of the associates. An example involves the loci gov-
erning alcohol dehydrogenase in Drosophila melano-
gaster. The fertility is greater than expected when
two mating individuals are homozygous for different
alleles and smaller than expected when they are ho-

mozygous for the same allele.

allostery the reversible interaction of a small mol-
ecule with a protein molecule, which leads to
changes in the shape of the protein and a consequent
alteration of the interaction of that protein with a
third molecule.

allosteric effectors small molecules that revers-
ibly bind to allosteric proteins at a site different from

the active site, causing an allosteric effect.

allosteric enzyme  a regulatory enzyme whose cat-
alytic activity is modified by the noncovalent attach-
ment of a specific metabolite to a site on the enzyme
other than the catalytic site.

allosteric protein a protein showing allosteric ef-

fects.

allosteric site a region on a protein other than its
active site (g.v.), to which a specific effector mole-
cule may bind and influence (either positively or
negatively) the functional activity of the protein. For
example, in the lactose system of E. coli, the lac re-
pressor becomes inactive (cannot bind to the lac op-
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erator) when allolactose is bound to the allosteric
site of the repressor molecule. See lac operon.

allosyndesis the pairing of homoeologous chro-
mosomes (g.v.) in an allopolyploid (g.v.). Thus if the
genetic composition of an alloploid is given by
AABB, where AA represent the chromosomes de-
rived from one parent species and BB the chromo-
somes derived from the other parent species, then
during meiotic prophase, A undergoes allosyndetic
pairing with B. Such pairing indicates that the A and
B chromosomes have some segments that are ho-
mologous, presumably because the two parent spe-
cies have a common ancestry. In the case of autosyn-
desis, A pairs only with A, and B with B. Segmental
alloploids form both bivalents and multivalents dur-
ing meiosis because of allosyndesis.

allotetraploid an organism that is diploid for two
genomes, each from a different species; synonymous
with amphidiploid (q.v.).

allotypes proteins that are products of different
alleles of the same gene. The term is often used to
refer to serologically detectable variants of immu-
noglobins and other serum proteins.

allotype suppression the systematic and long-
term suppression of the expression of an immuno-
globulin allotype in an animal induced by treatment
with antibodies against the allotype.

allotypic differentiation See in vivo culturing of
imaginal discs.

allozygote an individual homozygous at a given
locus, whose two homologous genes are of indepen-
dent origin, as far as can be determined from pedi-

gree information. See autozygote.

allozymes
distinguished by electrophoresis, as opposed to the
more general term isozyme (q.v.). See Appendix C,
1966, Lewontin and Hubby.

allelic forms of an enzyme that can be

alpha amanitin  See amatoxins.

alpha chain one of the two polypeptides found in
adult and fetal hemoglobin (g.v.).

alpha fetoprotein the major plasma protein of fe-
tal mammals. AFP is a 70-kilodalton glycoprotein
that is synthesized and secreted by the liver and the
yolk sac. The genes encoding AFP and serum albu-
men arose in evolution as the result of a duplication
of an ancestral gene (3-5) x 10° years ago. See al-
bumen.

alpha galactosidase an enzyme that catalyzes the
hydrolysis of substrates that contain o-galactosidic
residues, including glycosphingolipids and glycopro-
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teins. In humans, o-galactosidase exists in two
forms, A and B. The A form is encoded by a gene
on the X chromosome. Fabry disease (g.v.) is caused
by mutations at this locus. The B form is encoded
by a gene on chromosome 22.

alpha helix one of two common, regularly repeat-
ing structures seen in proteins (compare with beta
pleated sheet). The alpha helix is a compact spiral
with the side chains of the amino acids in the poly-
peptide extending outward from the helix. The helix
is stabilized by hydrogen bonds that form between
the CO group of each amino acid and the NH group
of the amino acid, which lies four residues ahead in
the sequence. All main-chain CO and NH groups
are hydrogen-bonded according to this pattern. One
turn of the helix occurs for each 3.6 amino acid resi-
dues. Alpha helices are built from a continuous se-
quence that contains as few as 4 to as many as 50
amino acids. See Appendix C, 1951, Pauling and
Corey; 1958, Kendrew et al.; protein structure.

alpha particle a helium nucleus consisting of two
protons and two neutrons, and having a double posi-
tive charge.

alpha tocopherol vitamin E (g.v.).

alphoid sequences a complex family of repetitive
DNA sequences found in the centromeric hetero-
chromatin of human chromosomes. The alphoid
family is composed of tandem arrays of 170 base
pair segments. The segments isolated from different
chromosomes show a consensus sequence, but also
differences with respect to individual bases, so that
the 170 base pair units may vary in sequence by as
much as 40%. The repeats are organized in turn into
groups containing several units in tandem, and these
groups are further organized into larger sequences 1
to 6 kilobases in length. These large segments are
then repeated to generate segments 0.5 to 10 mega-
base pairs in size. Such larger, or “macro,” DNA re-
peats are chromosome-specific. Since alphoid se-
quences are not transcribed, they play an as yet
undefined structural role in the chromosome cycle.
The variation in the sequences within the alphoid
DNA results in a high frequency of RFLPs. These
are inherited and can be used to characterize the
DNAs of specific individuals and their relatives. See
DNA fingerprint technique, restriction fragment
length polymorphisms.

alteration enzyme a protein of phage T4 that is
injected into a host bacterium along with the phage
DNA,; this protein modifies host RNA polymerase
by linking it to ADP-ribose. RNA polymerase modi-
fied in this way renders it incapable of binding to

sigma factor and thus unable to initiate transcription
at host promoters. See RNA polymerase.

alternate disjunction, alternate segregation See
translocation heterozygote.

alternation of generations reproductive cycles in
which a haploid phase alternates with a diploid
phase. In mosses and vascular plants, the haploid
phase is the gametophyte, the diploid the sporo-
phyte.

alternative splicing a mechanism for generating
multiple protein isoforms from a single gene that in-
volves the splicing together of nonconsecutive exons
during the processing of some, but not all, tran-
scripts of the gene. This is illustrated in the diagram,
where a gene is made up of five exons joined by in-
trons i'-i*. The exons may be spliced by the upper
pathway shown by the dotted lines to generate a ma-
ture transcript containing all five exons. This type of
splicing is termed constitutive. The alternative mode
of splicing shown generates a mature transcript that
lacks exon 4. If each exon encodes 20 amino acids,
the constitutive splicing path would result in a poly-
peptide made up of 100 amino acids. The alternative
path would produce a polypeptide only 80 amino
acids long. If the amino acid sequences of the two
proteins were determined, the first 60 and the last
20 would be identical. The premessenger RNAs
(q.v.) of at least 40% of all human genes undergo
alternative splicing. This removes the intron RNAs
and joins the adjacent exon RNAs by phosphodies-
ter linkages. The splicing takes place in spliceosomes
(q.v.) that reside within the nucleus. Therefore the
number of proteins encoded by the human genome
is many times larger than the number of structural
genes it contains. See Appendix C, 1977, Weber et
al.; adenovirus, DSCAM, fibronectin, Human Genome
Project, isoforms, posttranscriptional processing, myo-
sin genes, RNA splicing, tropomyosin.

altricial referring to the type of ontogeny seen in
vertebrate species characterized by large litters,
short gestations, and the birth of relatively undevel-
oped, helpless young. Compare with precocial.

altruism behavior of an individual that benefits
others. To the extent that the “others” are related to
the altruist (the one exhibiting altruistic behavior),
such actions may actually be an expression of fitness.
See inclusive fitness.
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Alu family the most common dispersed, repeated
DNA sequence in the human genome. There are at
least 750,000 Alu elements, each consisting of about
300 base pairs, accounting for 11% of human DNA.
Each element is made up of two 130 base pair se-
quences joined head to tail with a 32 base pair insert
in the right-hand monomer. Alu sequences are tar-
geted by cohesins (q.v.). The family name is derived
from the fact that these sequences are cleaved by
restriction endonuclease Alu I. See human gene
maps, repetitious DNA.

Alzheimer disease (AD) a multifactorial syn-
drome that causes a devastating decline in mental
ability and is accompanied by the appearance of am-
yloid plaques in the cerebral cortex. These deposits
were first observed in 1906 by a German physician,
Alois Alzheimer, in brain tissue from a woman who
had died of an unusual mental illness. Amyloid
plaques contain aggregates of amyloid-beta-peptides
(ABPs), and these are derived from an amyloid beta
precursor protein (ABPP), which is encoded by a
gene on human chromosome 21. Patients with tri-
somy 21 (Down syndrome, g.v.) commonly develop
AD by age 40. Familial, early-onset AD is often as-
sociated with mutations of genes that encode pre-
senilins (PS1 and PS2). The genes for PS1 and PS2
are located at 14q24.3 and 1q42.1, respectively. The
proteins they encode are made of 467 and 448
amino acids, respectively, and they contain seven
to nine transmembrane domains. Both proteins are
bound to membranes and play a role in cutting
ABPP into ABPs, some of which are toxic. A gene
homologous to the PS1 gene has been isolated from
nematodes. See Appendix C, 1995, Sherrington, St.
George-Hyslop et al., Schellenberg et al.; Caenorhab-
iditis elegans, neuregulins (NRGs).

Amanita phalloides a poisonous mushroom which
is the source of amatoxins and phallotoxins (both of
which see). See Appendix A, Fungi, Basidiomycota.

amastigote See undulipodium.

amatoxins a group of bicyclic octapeptides that
are among the poisons produced by Amanita phal-
loides (g.v.). These poisons inhibit transcription in
eukaryotic cells because of their interaction with
RNA polymerase II. However, they do not affect the
RNA polymerases of mitochondria or chloroplasts.
Alpha amanitin (formula, above) is an amatoxin
most commonly used experimentally to inhibit tran-
scription. See phallotoxins, RNA polymerase.

amaurosis blindness occurring without an obvious
lesion in the eye, as from a disease of the optic nerve
or brain. The term is sometimes found in the early
descriptions of hereditary diseases leading to blind-
ness (e.g., Leber congenital amaurosis). See Leber he-
reditary optic neuropathy (LHON).

amber codon the mRNA triplet UAG that causes
termination of protein translation, one of three
“stop” codons. The terms amber and ochre (g.v.) orig-
inated from a private laboratory joke and have noth-
ing to do with colors.

Amberlite trade name for a family of ion-exchange
resins.

amber mutation a mutation in which a polypep-
tide chain is terminated prematurely. Amber muta-
tions are the result of a base substitution that con-
verts a codon specifying an amino acid into UAG,
which signals chain termination. In certain strains of
E. coli amber mutations are suppressed. These strains
contain a tRNA with an AUC anticodon, which in-
serts an amino acid at the UAG site and hence per-
mits translation to continue. See ochre mutation,
nonsense mutation.

amber suppressor any mutant gene coding for a
tRNA whose anticodon can respond to the UAG
stop codon by the insertion of an amino acid that
renders the gene product at least partially functional.
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For example, a mutant tyrosine-tRNA anticodon
3’AUC would recognize 5’"UAG, tyrosine would be
inserted, and chain growth would continue.

Ambystoma mexicanum the Mexican axolotl, a
widely used laboratory species. The urodele for which
the most genetic information is available. It was in
the nuclei of oocytes of this species that the giant
lampbrush chromosomes (q.v.) were first observed.
Ambystoma has 14 pairs of chromosomes, and a ge-
nome size of about 35 gbp of DNA. It is one of the
few vertebrates able to regenerate entire body struc-
tures. See Appendix A, Animalia, Chordata, Verte-
brata, Amphibia, Urodela; Appendix C, 1882, Flem-
ming; neoteny, regeneration.

amelogenins highly conserved proteins that are
secreted by ameloblasts and constitute 90% of the
organic matrix in the enamel of teeth. The amelo-
genins of humans come in a number of isoforms; the
most common one contains 192 amino acids. The
genes that encode amelogenins reside on the X and
Y chromosomes. AMELX is at Xp22.22 and AMELY
is at Yp11.2, and both are transcribed in the tooth
buds of males. The X-linked gene contains 7,348
bases and the Y-linked gene 8,109. During forensic
analyses, amelogenin primers from human X-Y DNA
are often used in gender determination.

amelanogenesis imperfecta defects in the miner-
alization of teeth that affect the enamel layer. The
teeth are small, pitted, and show yellow to brown
discolorations. The condition often results from mu-
tations in the genes that encode amelanogenins

(q.v).

amensalism
adversely affected and the other is unaffected.

a species interaction in which one is

Ames test a bioassay for detecting mutagenic and
possibly carcinogenic compounds, developed by Bruce
N. Ames in 1974. Reverse mutants to histidine in-
dependence are scored by growing his™ Salmonella
typhimurium on plates deficient in histidine in the
presence of the chemical (test) and in its absence
(control).

amethopterin  methotrexate (q.v.).

amino acid activation
lyzed by a specific aminoacyl synthetase that at-
taches a specific amino acid (AA) to a specific trans-
fer RNA (tRNA) in preparation for translation (q.v.).

AA + ATP —» AA-AMP + 2P
AA-AMP + tRNA — AA-tRNA + AMP

a coupled reaction cata-

amino acid attachment site the 3’ end of a tRNA
molecule to which an amino acid is covalently
attached by an aminoacyl bond. See amino acid acti-
vation, aminoacyl-tRNA synthetases, transfer RNA.

amino acids aminocarboxylic acids that are com-
ponents of proteins and peptides. They also occur in
their free form or attached to transfer RNAs (g.v.).
There are 20 different amino acids for which at least
one specific codon exists in the DNA genetic code.
These universal amino acids are illustrated on page
21. Their abbreviations and messenger RNA code
designations are on page 22. Amino acids are joined
together to form polypeptides. Polymers containing
50 or more amino acids are called proteins. All
amino acids contain a central carbon atom (desig-
nated alpha) to which an amino group, a carboxyl
group, and a hydrogen atom are attached. There is
also a side chain or residue (R), and this gives each
amino acid its characteristic properties. Note that
proline is unique in that the alpha C and its amino
group are incorporated into the side chain, which is
in the form of a five-atom ring. At pH 7 the side
chains of lysine, arginine, and histidine are positively
charged and the side chains of aspartic acid and glu-
tamic acid are negatively charged. Therefore, the net
charge born by a protein is determined by the rela-
tive proportions of these five amino acids in it.
Other amino acids control the shape of proteins.
Amino acids like isoleucine, leucine, phenylalanine,
and valine are repelled by water molecules and
therefore tend to be found buried within the interior
of the protein structure. See genetic code, peptide
bond, translation.

amino acid sequence the linear order of the
amino acids in a peptide or protein. See protein
structure.

amino acid side chain a group attached to an
amino acid, represented by R in the general formula
for an amino acid:

NH,—CH-COOH

|
R

aminoaciduria the presence of one or more amino
acids in the urine in abnormal quantities because of
a metabolic defect.

aminoacyl adenylate the activated compound
that is an intermediate in the formation of a covalent

bond between an amino acid and its specific transfer
RNA; abbreviated AA-AMP. See AMP, transfer RNA.



aminoacyl-tRNA synthetases

NH;~CH,—COOH  NH,—CH—COOH

NH,-cl:H-.coon

NH,—CH—COOH

NH,—CH—COOH

CH, /CH H—C—CH, CH,
| |
CH, CH, CH, CH
i /
CH, CH, CH,
Glycine Alanine Valine* Isoleucine* Leucine*
ALIPHATIC, MONOAMINO, MONOCARBOXYLIC ACIDS
NH2—$H—COOH NHZ—?H—COOH NHZ—-C'H——COOH NH,—CH—-COOH l*'l
]
CH, CH, CH, ?Hz H—-/N—C—-COOH
| | | )
CH, CH, SH CH, H,C CH, "
| | | N/
CH, CH, S C
| [ l 7\
Ll‘Hz r;l—n CH, H H
NH, C=NH
|
NH,
Lysine* Arginine Cysteine Methionine* Proline

ALIPHATIC, DIAMINO

ALIPHATIC, SULFUR-CONTAINING

NH,~CH—-COOH NH,-—CH-COOH
|

CH,

| |

COOH CH,
COOH

Aspartic Acid Glutamic Acid

ALIPHATIC, DICARBOXYLIC

NH,—CH—COOH
CH,
c=0

|
NH,

Asparagine

NH,—(l:H—coon

NH,

Glutamine

ALIPHATIC AMIDES

NH,—CH—COOH

Tryptophan*

NH,—CH—COOH
|
CH,

NH,—CH—COOH

NH,—~CH—COOH

NH,—(IZH—COOH

NH,~CH—COOH

CH, H —? —OH : (I:H2 :
OH CH, C C C=C—-H
7N\ |
H-C \C —H HC N N NH
I ] ] I \/
H —-C\ /C —H HC /C - (lf
4
(I: \C/ H
|
H OH
Serine Threonine* Phenylalanine* Tyrosine Histidine
ALIPHATIC, HYDROXYL-CONTAINING AROMATIC HETEROCYCLIC

*required in the diet of mammals.

Structural formulas of the universal amino acids

aminoacyl site one of two binding sites for tRNA
molecules on a ribosome; commonly called the A
site. See translation.

aminoacyl-tRNA synthetases enzymes that acti-
vate amino acids and attach each activated amino
acid to its own species of tRNA. These enzymes cat-
alyze: (1) the reaction of a specific amino acid (AA)
with adenosine triphosphate (ATP) to form AA-
AMP, and (2) the transfer of the AA-AMP complex
to a specific transfer RNA, forming AA-tRNA and

aminoacyl-tRNA
RNA molecule.

an aminoacyl ester of a transfer

aminoacyl-tRNA binding site See translation.
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Amino Acids

ONE-LETTER THREE-LETTER

AMINO ACID SYMBOL SYMBOL mRNA CODE DESIGNATION
alanine A ala GCU, GCC, GCA, GCG
arginine R arg CGU, CGC, CGA, CGG, AGA, AGG
asparagine N asn AAU, AAC
aspartic acid D asp GAU, GAC
cysteine C cys UGU, UGC
glutamic acid E glhu GAA, GAG
glutamine Q gin CAA, CAG
glycine G gly GGU, GGC, GGA, GGG
histidine H his CAU, CAC
isoleucine 1 ile AUU, AUC, AUA
leucine L leu UUA, UUG, CUU,CUC, CUA, CUG
lysine K lys AAA, AAG
methionine M met AUG
phenylalanine F phe Uuu, uucC
proline P pro CCU, CCC, CCA, CCG
serine S ser UCU, UCC, UCA, UCG, AGU, AGC
threonine T thr ACU, ACC, ACA, ACG
tryptophan w trp UGG
tyrosine Y tyr UAU, UAC
valine v val GUU, GUC, GUA, GUG

free AMP (adenosine monophosphate). See adeno-
sine phosphate.

amino group a chemical group (—NH,) which with
the addition of a proton can form —NHj3.

p amino benzoic acid a component of folic acid

(q.v.).

aminopeptidase
and eukaryotes) that removes the formylated methi-
onine (fMet) or methionine from the NH, terminus

an enzyme (in both prokaryotes

of growing or completed polypeptide chains.
aminopterin  See folic acid.

aminopurine 2-aminopurine (2-AP) is a fluores-
cent analog of adenine (6-aminopurine). The fluo-
rescence of 2-AP ia quenched once it is incorporated
into the base-stacked structure of dsDNA. However,
if the base stacking or base pairing of DNA is locally
perturbed, the fluorescence of 2-AP is enhanced.
Therefore the intensity of fluorescence emissions by
2-AP molecules can be used to monitor pertur-

bations in DNA structure caused by interactions
between DNA and proteins, such as DNA polymer-
ases, helicases, repair enzymes, and methyl transfer-

ases (all of which see).

amino terminal end the end of a polypeptide
chain that has a free amino group.

Amish a human population descended from a lim-
ited number of founders who emigrated from south-
western Germany to the United States during the
eighteenth century. The population is highly inbred,
since marriage is allowed only within the commu-
nity. Beneficial collaboration between geneticists and
religious leaders has led to discoveries concerning
certain genetic diseases that occur at unprecedent-
edly high frequencies among the Amish. See carti-
lage-hair hypoplasia (CHH), consanguinity, Ellis-van
Creveld syndrome, inbreeding.

Amitochondriates
that includes the Archaeprotista and the Microspora
(see Appendix A). These phyla contain anaerobic mi-
croorganisms that lack mitochondria and presum-
ably were without them from the outset of their
evolution.

a subkingdom of protoctists

amitosis the division of a nucleus into two parts
by constriction without the participation of a mi-
totic apparatus. Accessory nuclei (g.v.) grow by ami-
tosis.



amixis a reproductive cycle lacking meiosis and
fertilization. Asexual reproduction. Contrast with
amphimixis, apomixis.

AML1 gene See acute myeloid leukemia 1 gene.

amniocentesis sampling of amniotic fluid for the
prenatal diagnosis of fetal disorders. During the pro-
cedure, a hollow needle is inserted through the skin
and muscle of the mother’s abdomen, through the
uterus, and into the amniotic sac that surrounds the
fetus. Cells that have sloughed from the fetus are
suspended in the fluid. Cells in the sample are cul-
tured for about three weeks to raise their numbers
to the point where chromosomal and biochemical
analyses can be made. Amniocentesis cannot be
done until about 16 weeks from the last menstrual
period, since the sac containing the embryo is not
large enough to permit safe withdrawal of the fluid
until this time. See Appendix C, 1967, Jacobson and
Barter; chorionic villi sampling, informed consent, ge-
netic counseling, prenatal genetic testing.

amniocytes cells obtained by amniocentesis (g.v.).

amnion A fluid-filled sac within which the em-
bryos of reptiles, birds, and mammals develop. The
wall of this sac has a two-layered epithelium. The
inner epithelium of the wall is the amnion, although
the term is sometimes applied to the whole sac. The
outer epithelium is usually called the chorion. Am-
niotic fluid within the sac provides a liquid environ-
ment for the embryo.

amniote a land-living vertebrate (reptile, bird, or
mammal) whose embryos have an amnion and allan-
tois.

Amoeba proteus a common species of rhizopod; a
giant protozoan used for microsurgical nuclear trans-
plantations. See Appendix C, 1967, Goldstein and
Prescott.

amoeboid movement cellular motility involving
cytoplasmic streaming into cellular extensions called
pseudopodia.

amorphic mutation a mutation in which the al-
tered gene product fails in its molecular function.
Also called a loss of function mutation or a null muta-

tion.

AMP adenosine monophosphate. See adenosine
phosphate.
amphidiploid an organism that is diploid for two

genomes, each from a different species; synonymous
with allotetraploid. See Appendix C, 1925, Good-
speed and Clausen.

amyotrophic lateral sclerosis (ALS) 23

amphimixis sexual reproduction resulting in an in-
dividual having two parents: synonymous with
mixis. Contrast with amixis, apomixis. The adjective
form is amphimictic.

Amphioxus See Branchiostoma.

amphipathic descriptive of a molecule that has
distinct polar and nonpolar segments (e.g., mem-
brane phospholipids).

amphoteric compound (also ampholyte) a sub-
stance that can act both as an acid and a base. Thus
a protein is amphoteric because it tends to lose pro-
tons on the more alkaline side of its isoelectric point
and to gain protons on the acid side of its isoelectric
point.

ampicillin  See penicillin.

amp®  a selectable gene which encodes the enzyme
B-lactamase, which inactivates ampicillin (g.v.).
Cells containing a plasmid vector (q.v.) which ex-
presses amp” can be selected from those that do not
by growth in an ampicillin-containing medium. See
penicillin, R (resistance) plasmid.

amplicon a segment of the genome that forms
multiple linear copies after exposure of the organism
to a compound that inhibits the functioning of a
gene in the segment. For example, in mammals the
enzyme dihydrofolate reductase (g.v.) is inhibited by
methotrexate (g.v.). Exposure to this inhibitor
causes amplification of the DHFR gene. More gener-
ally, the term amplicons is used for DNA fragments
that have been generated in experiments utilizing
the polymerase chain reaction (g.v.).

amplification See gene amplification, polymerase
chain reaction, RNA amplification.

amplified RNA See RNA amplification.

amylase an enzyme that hydrolyzes glucosidic
bonds in polyglucosans such as glycogen.

amyloid-beta-precursor protein (ABPP), amyloid-
beta-peptides (ABPs), amyloid plaques. See Alz-
heimer disease (AD).

amyloplast a starch-rich plastid.

amyotrophic lateral sclerosis (ALS) a disease in
humans resulting from the degeneration of motor
neurons in the lateral columns of the spinal cord.
The disease begins with an asymmetric weakness in
the limbs and progresses to complete paralysis and
death. ALS is sometimes called Lou Gehrig disease
after the famous American baseball player who suf-

fered from ALS. In familial cases of ALS, the condi-
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tion was first shown to be due to mutations in a gene
(ALSI) located at 21q22.1 which encoded the en-
zyme superoxide dismutase (SOD) (g.v.). Next
ALS2 was mapped to 2q33, and it encoded a protein
(alsin) thought to be a GTPase regulator protein. Fa-
milial ALS due to ALSI is an adult-onset disease,
and it shows dominant inheritance; whereas FALS
due to ALS2 causes a disease with juvenile onset
which shows recessive inheritance. Two other forms
of FALS occur: one caused by mutations in ALS3 at
18921 and the other by mutations in ALS4 at 9q34.
However, the cause of 90 percent of ALS cases (spo-
radic or non-familial) is unknown. See Appendix C,
1993, Rosen, Siddique et al.

anabolism the metabolic synthesis of complex
molecules from simpler precursors, usually requiring
the expenditure of energy and specific anabolic en-
zymes. Contrast with catabolism.

anaerobe a cell that can live without molecular
oxygen. A strict anaerobe cannot live in the presence

of oxygen. See Appendix C, 1861, Pasteur.

anagenesis phyletic evolution within a single lin-
eage without subdivision or splitting; the opposite of
cladogenesis.

analog a compound related to, but slightly differ-
ent structurally from a biologically significant mole-
cule, such as an amino acid (see azaserine), a pyrimi-
dine or purine (see base analogs), or a hormone (see
ZR515).

analogous referring to structures or processes that
have evolved convergently, as opposed to the term
homologous (q.v.). Analogous structures have similar
functions but are different in evolutionary origin: e.g.,

the wing of a butterfly and of a bat. See homoplasy.

analysis of variance a statistical technique that
allows the partitioning of the total variation ob-
served in an experiment among several statistically
independent possible causes of the variation. Among
such causes are treatment effects, grouping effects,
and experimental errors. Checking the absence of an
effect due to the treatment is often the purpose of
the inquiry. The statistical test of the hypothesis that
the treatment had no effect is the F test, or variance-
ratio test. If the ratio of the mean square for treat-
ments to the mean square for error exceeds a certain
constant that depends on the respective degrees of
freedom of the two mean squares at a chosen sig-
nificance level, then the treatments are inferred to
have been effective. Analysis of variance is particu-
larly useful in judging which sources of uncontrolled
variation in an experiment need to be allowed for in
testing treatment effects.

anamnestic response See immune response, im-
munological memory.

anaphase See mitosis.

anaphase lag delay in the movement of one or
more chromosomes from the metaphase plate dur-
ing anaphase, often resulting in chromosome loss

(qv).

anaphylaxis a systemic allergic or hypersensitivity
response leading to immediate respiratory and/or

vascular difficulties.

Anas platyrhyncha the mallard duck, ancestor to
the domestic or Pekin duck, A.p. domestica.

anastomosis the joining of two or more cell pro-
cesses or tubular vessels to form a branching system.

anastral mitosis the type of mitosis characteristi-
cally found in plants. A spindle forms, but no centri-
oles or asters are observed.

anautogenous insect an adult female insect that
must feed for egg maturation. See autogenous insect.

anchorage-dependent cells cells (or in vitro cell
cultures) that will grow, survive, or maintain func-
tion only when attached to an inert surface such as
glass or plastic; also known as substrate-dependent
cells. The only normal animal cells that are designed
to survive without attachment and spreading are
cells that circulate in the blood. Some tumor cells
acquire this ability to be anchorage-independent and
leave their original tissue sites to form metastases.
See microcarriers, suspension culture.

Anderson disease See Fabry disease.

androdioecy a sexual dimorphism in plants having
bisexual and separate male individuals.

androecious
flowers.

referring to plants having only male

androecium the aggregate of the stamens in a
flower.

androgen any compound with male sex hormone
activity. In mammals, the most active androgens are
synthesized by the interstitial cells of the testis. See
testosterone.

androgenesis 1. development from a fertilized
egg followed by disintegration of the maternal nu-
cleus prior to syngamy. The resulting individual pos-
sesses only paternal chromosomes and is haploid. 2.
production of an embryo having a diploid set of pa-
ternal chromosomes by nuclear transfer (g.v.). Com-

pare with gynogenesis.



androgenic gland a gland found in most crusta-
ceans belonging to the subclass Malacostraca. When
implanted into maturing females, the gland brings
about masculinization of primary and secondary sex
characters.

androgen insensitivity syndrome a condition in
which XY individuals develop as normal-appearing,
but sterile, females. Spermatogenesis does not occur
in the testes, which are generally located inside the
abdomen. Also called testicular feminization. See Ap-
pendix C, 1988, Brown et al.; androgen receptor, an-

drogen receptor gene.

androgenote a cell or embryo produced by andro-
genesis. Compare with gynogenote.

androgen receptor (AR) a protein belonging to a
subfamily of steroid hormone receptors within a
larger family of DNA-binding proteins. The human
AR is made up of 919 amino acids and is subdivided
into three domains. The N-terminal domain has a
regulatory function, and the C-terminal domain binds
dihydrotestosterone. The central domain, which
binds to DNA, contains zinc fingers. The receptor
binds to DNA as a homodimer. See androgen, testos-
terone, vitamin D receptor, zinc finger protein.

androgen receptor gene a gene symbolized AR
that is located on the X chromosome at q12. It con-
tains eight exons and is 180,245 bp long. AR en-
codes the androgen receptor (q.v.). Homologous
genes occur in the rat and mouse. Mutations in criti-
cal portions of AR cause the loss of receptor activity,
and this results in abnormalities in sexual phenotype
referred to as androgen insensitivity syndrome (q.v.)
or testicular feminization. See Appendix C, 1988,
Brown et al.

androgynous 1. being neither distinguishably mas-
culine nor feminine in appearance or behavior. 2.
bearing staminate and pistillate flowers on distinct
parts of the same inflorescence. See flower.

andromonecy a sexual condition in which plants
develop both staminate flowers (that do not develop
fruit) and hermaphroditic flowers.

androphages “male-specific” bacteriophages that
absorb on the surface of F pili. Examples are MS2,
R17, and QB (all of which see). See F factor (fertility
factor).

anemia a disorder characterized by a decrease in
hemoglobin per unit volume of blood. In the case of
hemolytic anemia, there is a destruction of red blood
cells. In the case of hypochromic anemia, there is a
reduction in the hemoglobin content of the erythro-
cyte.

Angelman syndrome (AS) 25

anemophily pollination by the wind.
anergy the lack of an expected immune response.

aneucentric
chromosome with more than one centromere.

referring to an aberration generating a

aneuploidy the condition in which the chromo-
some number of the cells of an individual is not an
exact multiple of the typical haploid set for that spe-
cies. The nomenclature employs the suffix somic, as
the following examples illustrate. Down syndrome
(q.v.) and Turner syndrome (q.v.) are examples of a
human trisomic and monosomic, respectively. Nulli-
somics result from the loss (2N — 2) and tetrasomics
from the gain (2N + 2) of a chromosome pair. If more
than one different chromosome is lost or gained, the
condition is described as doubly monosomic (2N —
1 - 1) or doubly trisomic (2N + 1 + 1). Early studies
of aneuploids led to the conclusion that genes car-
ried by specific chromosomes controlled morpholog-
ical traits. For example, in Datura stramonium (q.v.)
extra doses of chromosome G broaden and reduce
the seed capsule and increase the size of the spines
(see page 26). See Appendix C, 1934, Blakeslee; hy-
perploid, hypoploid, symbols used in human cytoge-
netics, polyploid.

aneurin vitamin B;; more commonly known as thi-
amine.

aneusomy the condition in which an organism is
made up of cells that contain different numbers of
chromosomes. Aneusomy is widespread in flowering
plants possessing B chromosomes (g.v.). In animals,
the term generally refers to a diploid organism with
subpopulations of aneuploid, somatic cells. The
term aneusomy has been misused in the recent liter-
ature of human cytogenetics to refer to a genetic im-
balance within a chromosome pair. For example, an
individual heterozygous for a deficiency including
one or more genes is hemizygous for those genes on
the normal homolog. To call such an individual a
segmental aneusomic is confusing, since aneusomy
traditionally implies mosaicism. See aneuploidy.

Angelman syndrome (AS) children with this con-
dition are hyperactive and are unable to develop
normal speech. Because they show impaired motor
control and tend to laugh excessively, the condition
is sometimes called “happy puppet syndrome.” The
British pediatrician Harry Angelman gave the first
description of children with the disease in 1965.
Later the condition was found to be the result of a
deletion in the long arm of chromosome 15. See
Prader-Willi syndrome (PWS).
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2N +1G
trisomic diploid

2N + 2G
tetrasomic diploid

4N +1G

4N + 2G 4N + 3G

rtetraploid

tetraploid !e'!raploid

Aneuploidy in the Jimson weed, Datura stramonium. Extra doses of G chromosomes make the seed capsules

smaller and broader and their spines larger.

angiosperm a flowering plant. Any species in the
Superclass Angiospermae (see Appendix A, Kingdom
Plantae) characterized by having seeds enclosed in
an ovary. Almost all agriculturally important plants
(apart from conifers) belong to the Angiospermae.

Angstrom unit a unit of length equal to one ten-
thousandth of a micron (10~ micron; a micron being
10° meter); convenient for describing atomic di-
mensions; also equivalent to 10™ nanometers (nm)
or 107 meter. Abbreviated A, A°, A, A.U., or A.U.
Named in honor of the Swedish physicist Anders
Jonas Angstrom.

Animalia the kingdom containing animals (hetero-
trophic organisms developing from a blastula). See
Appendix A, Kingdom 4; opisthokonta.

animal pole that pole of an egg which contains the
most cytoplasm and the least yolk.

anion a negatively charged ion. Contrast with
cation.
Aniridia a dominant mutation of the Pax-6 gene

located at 11p13, which causes defects in the iris,
lens, cornea, and retina of humans. The Pax-6 gene
of humans, the Sey gene of mice and rats, and the
ey gene of Drosophila are homologous. See eyeless.

anisogamy that mode of sexual reproduction in
which one of the sex cells, the egg, is large and non-
mobile, whereas the other (the sperm) is small and
motile. In most anisogamous eukaryotes, the centri-

ole is paternally inherited. See isogamy, partheno-
genesis.

anisotropy a directional property of crystals and
fibers having a high degree of molecular orientation.
Anisotropic substances have different physical prop-
erties when tested in different directions. When a
ray of plane polarized light passes through aniso-
tropic material, it is split into two rays polarized in
mutually perpendicular planes. This property of ani-
sotropic material is called birefringence. Muscle fibers
and the metaphase spindle are examples of living
materials exhibiting birefringence. Materials show-
ing no birefringence are said to be isotropic. See po-
larization microscope.

ankylosing spondylitis an arthritic disease result-
ing in a stiffening and bending of the spine; inherited
as an autosomal dominant with reduced penetrance.
Over 90% of patients with this disease carry the B27
HLA antigen. See histocompatibility.

ankyrin
as to the cytoplasmic domains of a variety of integral
membrane proteins, and that is thought to intercon-
nect the spectrin-based membrane cytoskeleton and
the overlying lipid bilayer. Based on sequence simi-
larity, ankyrins have been identified in various tis-
sues and cell types from a variety of organisms.
These proteins generally have three structural do-
mains: a conserved, N-terminal region containing
membrane-binding properties, a highly conserved

a protein that binds to B-spectrin as well



spectrin-binding region, and a variable, regulatory C-
terminal domain. In humans, three forms of ankyrin
have been characterized. Ankyrin-1 (also called
ankyrin-R) is encoded by the ANKI gene at chro-
mosomal map position 8p11 and expressed in eryth-
rocytes and the brain. Ankyrin-2 (also called an-
kyrin-B) is encoded by the ANK2 gene at position
4q25-q27 and expressed primarily in the brain. A
third protein, ankyrin-3 (also known as ankyrin-G),
is encoded by the ANK3 gene mapping to 10q21,
and alternatively spliced isoforms are expressed in
nervous tissue, muscle, and other tissues. Mutations
in the erythrocytic ankyrin gene, ANKI, are associ-
ated with hereditary spherocytosis (g.v.). See fu-
some, integral protein, spectrin, spectrosome.

anlage the embryonic primordium from which a
specific part of the organism develops.

anneal to subject first to heating then to cooling.
In molecular genetics experiments, annealing is used
to produce hybrid nucleic acid molecules containing
paired strands, each from a different source. Heating
results in the separation of the individual strands of
any double-stranded, nucleic-acid helix, and cooling
leads to the pairing of any molecules that have seg-
ments with complementary base pairs.

annidation the phenomenon where a mutant is
maintained in a population because it can flourish in
an available ecological niche that the parent organ-
isms cannot utilize. A wingless mutant insect, for ex-
ample, might be poorly adapted in its ancestral habi-
tat but able to live in tunnels and crevices that a
winged form could not occupy.

annotation See genome annotation.

annulate lamellae paired membranes arranged in
stacks and possessing annuli resembling those of the
nuclear membrane. Annulate lamellae may serve to
transfer nuclear material to the cytoplasm by the
replication of the nuclear envelope and may be a
mechanism for storing gene-derived information to
be used for cytoplasmic differentiation during early
embryogenesis. During insect oogenesis, annulate la-
mellae occur alongside nurse cell nuclei and germi-
nal vesicles, and they are abundant in the ooplasm.

annulus a ring. Applied to any of a number of
ring-shaped parts of animals and plants. Used in cy-
tology to refer to the ring-shaped nuclear pores.

anode the positive electrode; the electrode to
which negative ions are attracted. Contrast with
cathode.

Antennapedia 27

anodontia the congenital absence of teeth. Hypo-
dontia is currently the preferred term.

anonymous DNA a segment of DNA of unknown
gene content that has been localized to a specific
chromosome.

Anopheles a genus containing about 150 species
of mosquitoes, many of which are of medical impor-
tance. Africa’s principal malaria vector is A. gam-
biae. Other vector species are A. funestus, A. quadri-
maculatus, A. atroparvus, A. nili, A. moucheti, and
A. pharoensis. Polytene chromosomes occur in both
larval salivary gland cells and adult ovarian nurse
cells. Sibling species can often be separated by dif-
ferences in the banding patterns of their polytene
chromosomes. The genome of A. gambiae has been
shown to contain 278 mbp of DNA and about
13,700 genes. See Appendix A, Arthropoda, Insecta,
Diptera; Appendix C, 1898, Ross; 1899, Grassi;
2002, Holt et al.; Appendix E; intron dynamics, ma-
laria, mariner elements, Minos element, shotgun se-
quencing.

anosmia the absence or loss of the sense of smell.
Anosmia may be caused by injury to or loss of olfac-
tory receptor neurons (q.v.) or by injury to region(s)
in the brain or elsewhere where olfactory signals are
processed. Anosmia may also result due to defects in
any element of the olfaction signaling pathway. For
example, mice and nematodes with defects in G
proteins (q.v.) found in olfactory receptor neurons
exhibit olfactory and chemosensory defects, respec-
tively.

Anser anser the Gray Lag goose, a favorite experi-
mental organism for students of animal behavior and
its hereditary components.

antagonist a molecule that bears sufficient struc-
tural similarity to a second molecule to compete
with that molecule for binding sites on a third mole-

cule. See competition.

antagonistic pleiotropy a phenomenon in which
alleles (that are detrimental late in life) improve fit-
ness earlier in life.

antenatal before birth; during pregnancy.

antennae the first paired appendages on the head
of arthropods.

Antennapedia a gene residing at 47.9 on the ge-
netic map and within segment 84B of the salivary
map of Drosophila melanogaster. The Antp gene is
one of a cluster of three genes that specify the type
of differentiation that cells in the segments from the
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Antennapedia homeobox

head to the anterior portion of the second thoracic
segment will undergo. Mutations in the Antp gene
cause the transformation of the segment that nor-
mally produces the antenna into one that produces
a middle leg. The gene encodes a protein character-
ized by a homeobox (q.v.). This is a segment of 60
amino acids that lies close to the C terminus of the
Antp protein. The amino acid sequence of this seg-
ment is shown above. It binds to target DNA se-
quences by its helix-turn-helix motif (q.v.). The
complete three-dimensional structures of the Anip
homeodomain as well as of the homeodomain-target
DNA complex have been determined using NMR
spectroscopy (q.v.) and x-ray crystallography (g.v.).
See Appendix C, 1983, Scott et al.; 1989, Qian et al;
1990, Maliki, Schughart, and McGinnis; bithorax,
homeotic mutants, Hox genes, Polycomb, probos-
cipedia, segment identity genes.

anther
pollen sacs.

the terminal portion of a stamen bearing

anther culture a technique that utilizes anthers or
pollen cells to generate haploid tissue cultures or
even plants. See Appendix C, 1973, Debergh and
Nitsch, haploid sporophytes.

antheridium
fungi, bryophytes, and pteridophytes. Contrast with
oogonium.

the male gametangium of algae,

anthesis the time of flowering.

anthocyanins the red, violet, or blue glycosidic
pigments that give color to flowers, fruits, seeds,
stems, and leaves of plants. The common structural
unit is a 15-carbon flavone skeleton to which sugars
are attached. An example is pelargonidin, a scarlet
pigment produced by geraniums. Unlike the carot-
enoids and chlorophylls, which are lipid-soluble pig-
ments of plastids, anthocyanins are water-soluble
and are found dissolved in the vacuoles (g.v.) of
plant cells. A primary function of anthocyanins is to
attract insect pollinators to plants. See kernel, pelar-
gonidin monoglucoside, R genes of maize.

OH
+
HO Ox
Z>0-G
G-0 (G=glucose)

Pelargonidin, an anthocyanin

anthrax a disease caused by Bacillus anthracis, a
spore-forming bacterium. The condition is seen in
cows, pigs, goats, horses, and sheep. In humans the
condition was first called wool-sorter’s disease, and it
resulted from inhalation of dust that contained
spores. The first successful artificially produced vac-
cine (q.v.) was against anthrax. See Appendix A, Bac-
teria, Endospora; Appendix C, 1881, Pasteur.

anthropocentrism also called anthropomorphism.
1. explanation of natural phenomena or processes in
terms of human values. 2. assuming humans to be
of central importance in the universe or ultimate
end of creation. 3. ascribing human characteristics to
a non-human organism.

anthropoid designating the great apes of the fam-
ily Pongidae, including the gibbons, orangutans, go-
rillas, and chimpanzees.

anthropometry the science that deals with the
measurements of the human body and its parts.

antiauxin a molecule that competes with an auxin
(q.v.) for auxin receptor sites. A well-known anti-
auxin is 2,6-dichlorophenoxyacetic acid.

antibiotic a bacteriocidal or bacteriostatic sub-
stance produced by certain microorganisms, espe-
cially species of the genera Penicillium, Cephalospor-
ium, and Streptomyces. See actinomycin D, ampicillin,
chloramphenicol, cyclohexamide, erythromycin, ka-
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namycin, neomycin, novobiocin, penicillin, puromy-
cin, semisynthetic antibiotic, streptomycin, tetracy-
cline.

antibiotic resistance the acquisition of unrespon-
siveness to a specific antibiotic by a microorganism
that was previously adversely affected by the drug.
Such resistance generally results from a mutation or
the acquisition of R plasmids (g.v.) by the micro-
organism. Compare with antibiotic tolerance. See ef-
flux pump.

antibiotic tolerance a bacterial trait characterized
by the cessation of growth when exposed to penicil-
lin, vancomycin, and other antibiotics but not by cell
death. Antibiotic tolerance is more widespread than
complete resistance to antibiotics. See antibiotic re-
sistance.

antibody a protein produced by lymphoid cells
(plasma cells) in response to foreign substances (an-
tigens) and capable of coupling specifically with its
homologous antigen (the one that stimulated the
immune response) or with substances that are chem-
ically very similar to that same antigen. See Appendix
C, 1890, von Behring; 1900, Ehrlich; 1939, Tiselius
and Kabat; abzymes, immunoglobulin.

antibody-antigen reaction See antigen-antibody

reaction.
anticipation See genetic anticipation.
anticlinal referring to a layer of cells cutting the

circumference of a cylindrical plant organ at right
angles. Compare periclinal.

anticoding strand See strand terminologies.

anticodon
RNA molecule which associates by complementary
base pairing with a specific triplet (codon) in the
messenger RNA molecule during its translation in

the triplet of nucleotides in a transfer

the ribosome.
antidiuretic hormone See vasopressin.

antigen
duction into a vertebrate animal, stimulates the pro-
duction of homologous antibodies; a complete anti-
gen or immunogen. A complex antigenic molecule
may carry several antigenically distinct sites (deter-
minants). 2. a substance that is chemically similar to
certain parts of an immunogen and can react spe-
cifically with its homologous antibody, but is too
small to stimulate antibody synthesis by itself; an in-
complete antigen or hapten (gq.v.).

1. a foreign substance that, upon intro-
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antigen-antibody reaction the formation of an in-
soluble complex between an antigen and its specific
antibody. In the case of soluble antigens, the com-
plex precipitates, while cells that carry surface anti-
gens are agglutinated. See Appendix C, 1900, Ehrlich;
1986, Amit et al.

antigenic conversion 1. appearance of a specific
antigen(s) on cells as a consequence of virus infec-
tion. 2. antibody-induced shift in certain protozoans
or parasites to a new cell-surface antigen and cessa-
tion of expression of another antigen; resulting from
switches in gene activity; synonymous in this sense
with serotype transformation; compare with antigenic
modulation.

antigenic determinant a small chemical complex
(relative to the size of the macromolecule or cell of
which it is a part) that determines the specificity of
an antigen-antibody interaction. That portion of an
antigen that actually makes contact with a particular
antibody or T cell receptor. An epitope. Contrast
with paratope.

antigenic mimicry acquisition or production of
host antigens by a parasite, enabling it to escape de-
tection by the host’s immune system (as occurs in
Schistosoma). See schistosomiasis.

antigenic modulation suppression of cell-surface

antigens in the presence of homologous antibodies.

antigen variation the sequential expression of a
series of variable surface glycoproteins (VSGs) by
trypanosomes while in the bloodstream of a mam-
malian host. The production of VSGs allows the
parasite to evade the immune defenses of the host
by keeping one step ahead of the antibodies the host
raises against them. Trypanosomes contain hundreds
of different genes for the individual VSGs, but in a
single trypanosome only one of these genes is ex-
pressed at a given time. The switch from one VSG
to another is accompanied by rearrangements of the
DNA that generates additional copies of the genes
being expressed. The glycoprotein being synthesized
forms a macromolecular coating about 15 nanome-
ters thick over the body and flagellum of the para-
site. This coating functions only during the mamma-
lian stage of the life cycle, since it is shed when the
trypanosome enters the tsetse fly vector. See Glos-
sina, Trypanosoma.

antihemophilic factor a protein (also called factor
8) that participates in the cascade of reactions that
results in blood clotting (g.v.). A deficiency in AHF
results in classic hemophilia (g.v.). AHF contains
2,351 amino acids. The first 19 code for a leader se-
quence peptide (g.v.), and the mature clotting factor
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contains 2,332 amino acids. Three domains in factor
8 are also found in ceruloplasmin (g.v.). See Appen-
dix C, 1984, Gitschier et al.; crossreacting material,
von Willebrand disease.

antimetabolite in general, a molecule that func-
tions as an antagonist or metabolic poison.

antimitotic agent any compound that suppresses
the mitotic activity of a population of cells.

antimongolism a syndrome of congenital defects
accompanying hypoploidy for chromosome 21. Such
children carry a normal chromosome 21 and one
that contains a large deficiency. From the standpoint
of chromosome balance, mongolism and antimon-
golism represent reciprocal phenomena.

antimorphic mutation a mutation in which the al-
tered gene product acts antagonistically to the wild
type gene product. Antimorphic mutations behave
as dominant or semidominant alleles. See Hunting-

ton disease (HD).

antimutagen
cleoside) that antagonizes the action of mutagenic
agents (generally purines or purine derivatives) on
bacteria. Some antimutagens reduce the spontane-
ous mutation rate.

a compound (generally a purine nu-

anti-oncogenes a class of genes (also called tumor
suppressor genes) that are involved in the negative
regulation of normal growth. The loss of these genes
or their products leads to malignant growth. The Rb
gene of humans is an example of an anti-oncogene.
See Appendix C, 1969, Harris et al.; 1971, Knudson;
1990, Baker et al.; breast cancer susceptibility genes,
retinoblastoma, TP53, Wilms tumor.

antioxidant enzymes enzymes that prevent the
buildup of reactive oxygen molecules in cells. Super-
oxide dismutase (q.v.) and catalase (g.v.) are the pri-
mary enzymes involved in this process. Superoxide
dismutase converts the superoxide radical (O3) to
H,0, and catalase breaks down H,O, into water and
O,. Transgenic Drosophila containing additional cop-
ies of the genes encoding superoxide dismutase and
catalase have increased longevity. See Appendix C,
1994, Orr and Sohol; free radical theory of aging.

antiparallel 1. the opposite strand orientations
with which all nucleic acid duplexes (DNA-DNA,
DNA-RNA, or RNA-RNA) associate; if one strand
is oriented left to right 5’ to 3’, the complementary
strand is oriented left to right 3’ to 5" antiparallel to
it. 2. two segments of a polypeptide chain may lie

antiparallel with one end N-terminal to C-terminal
and the other end C-terminal to N-terminal, respec-
tively. See Appendix C, 1952, Crick; 1961, Josse, Kai-
ser, and Kornberg; deoxyribonucleic acid, strand termi-
nologies.

antipodal one of a group of three haploid nuclei
formed during megasporogenesis. In corn, these di-
vide mitotically and eventually form a group of 20 to
40 antipodal cells, which aid in nourishing the young

embryo. See double fertilization.

antirepressor See cro repressor.

Antirrhinum
monly called snapdragons. The scientific name was
given by Linnaeus in the first (1753) edition of the
Species Plantarum. A. majus has 8 chromosomes, and

a genus of decorative flowers com-

it was a classical species for the study of multiple
alleles. Antirrhinum research has made important
contributions to the understanding of the biosynthe-
sis of floral pigments and of photosynthetic path-
ways and their regulation. Studies of alleles of pig-
ment genes that produced variegated color patterns
led to the discovery of transposable elements (g.v.).
One of these, Tam1, was one of the first plant trans-
posons to have its nucleotide sequence determined.
Transposon tagging (q.v.) has been used to identify
genes that control floral organ identity. The base se-
quences are known for Antirrhinum genes that en-
code RNases, phytochromes, rRNAs, the large rubi-
sco subunit, chloroplast proteins, and ubiquitin. See
Appendix A, Plantae, Angiospermae, Dicotyledonae,
Scrophulariales; anthocyanins, floral organ identity
mutations.

antisense RNA (asRNA) a single-stranded RNA
molecule with a nucleotide sequence complemen-
tary to a sense strand RNA, i.e., messenger RNA.
The combining of sense and antisense RNA in a cell
is a powerful silencer of gene expression. asRNAs
occur naturally in many organisms (e.g., as small in-
terfering RNAs (q.v.) or small temporal RNAs
(q.v.)). These natural asRNAs silence genes at the
transcriptional, post-transcriptional, or translational
level. asRNAs can also be experimentally introduced
into a cell or organism by such means as transforma-
tion (q.v.) with an artificial gene that transcribes as-
RNA or by injecting double-stranded RNA (g.v.)
into cells or embryos. This is a powerful means of
creating loss of function mutations in distinct genes.
See Morpholinos, RNA interference (RNAI), strand ter-
minologies.

antisense strand See strand terminologies.

antiserum a serum containing antibodies.



antisigma factor a protein that is synthesized dur-
ing infection of E. coli by T4 phage and prevents rec-
ognition of initiation sites by the sigma factor of
RNA polymerase.

antitermination factor a protein that allows an
RNA polymerase to ignore signals to stop translation
at particular sites in DNA molecules.

antitoxin an antibody that neutralizes a specific
toxin. See Corynebacterium diphtheriae.

anucleate without a nucleus.
anucleolate without a nucleolus.

anucleolate mutation a mutation arising from the
loss of the nucleolus organizer. Such mutations have
been observed in Drosophila, Chironomus, and Xeno-
pus. The study of such mutations led to the under-
standing of their role in the transcription of rRNA.
See Appendix C, 1966, Wallace and Birnstiel; bobbed,
ribosome.

AP endonuclease any enzyme that cleaves DNA
on the 5’ side of a site in a DNA molecule that lacks
a purine or pyrimidine. An AP site is a “hole” in a
double-stranded DNA left by removal of a base, but
leaving the sugar phosphate backbone intact. AP is
the abbreviation for apurinic or apyrimidinic, refer-
ring to the loss of purines or pyrimidines. AP sites
result when DNA glycosylases (g.v.) remove chemi-
cally altered bases from the polymer. An AP endo-
nuclease will then break the phosphodiester back-
bone, and this allows excision of the damaged region.
See cut-and-patch repair.

apetala See floral identity mutations.

aphasic lethal a lethal mutation in which death
may occur randomly throughout development.

apical meristem See meristem.

Apicomplexa a phylum of the Protoctista (see Ap-
pendix A) that contains a group of obligate endopar-
asites, including the species that causes malaria
(g.v.). All apicomplexans contain a vestigial plastid,
the apicoplast. This chloroplast-derived organelle is
the remnant of a secondary endosymbiosis between
an ancestral apicomplexan and a chlorophyte (g.v.).

apicoplast
which the phylum Apicomplexa is named. They
function during the attachment and entry of the par-
asite into the host cell. The apicoplast is thought to
have arisen from an algal chloroplast by symbiogen-
esis (q.v.). The Plasmodium apicoplast contains a cir-

an apical complex of organelles for
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cular DNA molecule made up of 35 kbp in which
are found genes that encode ribosomal RNAs, a
complete set of tRNAs, ribosomal proteins, RNA
polymerase subunits, and various proteases. Certain
apicomplexans have secondarily lost their api-
coplasts. See Appendix A, Protoctista; Cryptospori-
dium.

Apis mellifera the domesticated honeybee. There
are about 25 races recognized, but the ones most
commonly used are the Italian, Caucasian, Carnio-
lan, and German races. These are generally referred
to as European bees, to distinguish them from Afri-
can bees (q.v.). Bees reproduce by arrhenotokous
parthenogenesis (q.v.). An alternative spelling, A.
mellifica, also occurs in the literature. The honeybee
is of interest because of its neural and behavioral
plasticity with regard to social behavior, learning,
and memory. Recently DNA microarray technology
(q-v.) has been used to identify expression profiles of
the genes that characterize worker/queen caste dif-
ferentiation and to detect the subset of genes that is
transcribed specifically in the brains of adult work-
ers. See Appendix A, Animalia, Arthropoda, Hexa-
poda, Pterygota, Neoptera, Holometabola, Hyme-
noptera; Appendix C, 1999, Evans and Wheeler.

aplasia the failure of development of an organ.

Aplysia the genus of gastropods which includes
the sea hares: large, sluglike, marine molluscs with
rudimentary, internal shells. Aplysia californica has
been much used in the study of the molecular basis
of memory. See Appendix C, 1982, Kandel and
Schwartz; 2003, Si et al.; CPEB protein.

apoenzyme the protein portion of a holoenzyme
(q.v.), which requires a specific coenzyme for its
function.

apoferritin  See ferritin.

apoinducer a protein that, when bound to DNA,
activates transcription by RNA polymerase.

apomict an organism produced by apomixis.

apomixis reproduction in which meiosis and fer-
tilization are altered, so that only one parent con-
tributes genes to the offspring (e.g., agamospermy or
thelytoky). Contrast with amixis, amphimixis.

apomorphic an adjective applied to those derived
characters of species that have evolved only within
the taxonomic group in question. Plesiomorphic
characters, on the other hand, are shared with other
taxonomic groups as a consequence of their com-
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mon ancestry. Thus, in mammals, the possession of
hair would be an apomorphic character, whereas the
possession of a backbone would be a pleisiomorphic
character. See cladogram.

apoptosis (pronounced “apo-tosis”) the programmed
death of cells in various tissues at specific times dur-
ing embryogenesis and metamorphosis or during cell
turnover in adult tissues. For example, 12% of the
cells formed during the development of an adult
hermaphroditic Caenorhabditis elegans are destined
to die because of a genetically controlled suicide
program. If genes functioning in this system are inac-
tivated by mutation, cells that normally die will sur-
vive. Recently the term apoptosis has been broad-
ened to include all forms of cell death controlled by
caspases (q.v.). Apoptosis as a part of normal devel-
opment (programmed cell death), is now called
physiologic apoptosis; whereas that occurring in dis-
eased tissues is called aberrant apoptosis. See Appen-
dix C, 1986, Ellis and Horvitz.

aporepressor a regulatory protein that, when
bound to another molecule (corepressor, g.v.), un-
dergoes an allosteric transformation that allows it to
combine with an operator locus and inhibit tran-
scription of genes in an operon. For example, in the
histidine system of E. coli, excess histidine functions
as corepressor by binding to an aporepressor to form
a functional repressor (holorepressor); the holore-
pressor binds to the histidine operator and inhibits
transcription of ten genes of this operon.

aposematic coloration warning coloration (g.v.).

apospory the development in plants of a diploid
embryo sac by the somatic division of a nucellus or
integument cell; a form of agamospermy (q.v.).

apostatic selection frequency-dependent selec-
tion for the rarer morph (e.g., in Batesian mimicry,
the rarer the mimic, the greater its selective advan-
tage). See mimicry.

a posteriori descriptive of biometric or statistical
tests in which the comparisons of interest are un-
planned and become evident only after experimental
results are obtained.

apposition a process of increasing volume by add-
ing new material to old at the periphery.

a priori descriptive of biometric or statistical tests
in which the comparisons of interest are determined
on theoretical grounds in advance of experimenta-
tion.

aptamers RNAs and DNAs derived from in vitro
selection experiments that, starting from random se-
quence libraries, optimize the nucleic acids for high
affinity binding to given ligands. Many applications
of antibodies can be realized using aptamers, which
possess even higher ligand affinities. Some aptamers
find applications as molecular sensors and switches.

aptation any character currently subject to selec-
tion whether its origin can be ascribed to selective
processes (adaptation) or to processes other than se-
lection or selection for a different function (exapta-
tion).

apterygote
to the cohort Apterygota, which contains the orders
Thysanura (silverfish) and Diplura (campodeids and
japigids). The species are wingless and possess ab-
dominal styli. See Appendix A.

any of the primitive insects belonging

aptitude
logical state of a lysogenic bacterium during which
it can produce infectious bacteriophages when ex-
posed to an inducing agent.

in microbial genetics, the specific physio-

apyrene sperm  See sperm polymorphism.

aquaporins a family of proteins that control the
passage of water molecules through cell membranes.
The first aquaporin studied was AQP1 which exists
as a homotetramer and was originally classified as a
human blood group antigen (Colten blood group)
(q.v.)- The AQP1 protein is present in many tissues
besides erythrocytes (kidney tubules, lens epithelia,
hepatic bile ducts, and lung endothelial cells are ex-
amples). The AQPI gene was mapped to 7pl4. Mu-
tations in the AQP2 gene located at 12q13 are the
cause of the hereditary disease diabetes insipidus
(q.v.) inherited as an autosomal recessive. The
AQP2 protein is translated in the collecting tubules
of the kidney. The AQP4 protein occurs in the brain
and retina and is encoded by the AQP4 gene resid-
ing at 18q11.2-q12.1. The AQP7 protein is found
in the plasmalemma of spermatids and is encoded
by the AQP7 gene at 9p13. Aquaporins have been
isolated from many other animals, plants, and pro-
karyotes. See Appendix C, 1991, Preston and Agre.

Arabidopsis thaliana thale cress, a monoecious herb
that belongs to the mustard family (Cruciferae). Its
small size, small chromosome number (N = 5), short
life cycle, and prolific production of seeds makes it
ideal for genetic studies. Arabidopsis has a smaller
genome size (1.2 x 10° bp) than agriculturally im-
portant species such as rice (4.2 x 10° bp) or wheat
(1.6 x 10" bp). About 25,500 genes have been iden-
tified in Arabidopsis, and 70% of these are present



in duplicate copies. For this reason it seems likely
that Arabidopsis had a tetraploid ancestor, and the
actual number of different genes may be 15,000 or
less. Also, 17% of all genes are arranged in tandem
arrays, and these may have arisen by unequal cross-
ing over (q.v.). Transposable elements (g.v.) account
for at least 10% of the genome, and they are clus-
tered near centromeres. Most structural genes are in
the euchromatin. They are compact, about 2 kb long
and about 4.6 kb apart. The average gene contains
five exons, each about 250 bp long, whereas the av-
erage intron is only 170 bp long. About 100 Arabi-
dopsis genes are homologous to human genes, which,
in mutant form, cause hereditary diseases. There are
over 800 genes that are involved in photosynthetic
activities unique to plants. Many of these are ortho-
logs of genes found in Synechocystis (q.v.). This sug-
gests that these genes were acquired from a cyano-
bacterial symbiont that evolved into the progenitor
of the chloroplasts. See Appendix A, Plantae, Tra-
cheophyta, Angiospermae, Dicotyledonae, Cruci-
ales; Appendix C, 2000, Arabidopsis Genome Initia-
tive; Appendix E; centromere, ethylene, evolutionary
mechanisms, floral identity mutations, sorting signals,
transcription factors.

Arachnida a class of Arthropoda containing the
spiders, scorpions, opilionids, and mites. See Appen-
dix A.

arachnodactyly a synonym for Marfan syndrome
(g.v.) found in the early literature.

Araenida the subclass of the arachnida containing
the spiders.

Araldite trademark for a plastic commonly used
for embedding tissues for electron microscopy.

arbovirus
pod and a vertebrate host.

a virus that replicates in both an arthro-

Archaea See next entry.

Archaebacteria a subkingdom of the Prokaryotae
(see Appendix A). The archaebacteria are placed in
a group separate from the rest of the bacteria (the
eubacteria) on the basis of a variety of biochemical
characteristics (distinctive compounds in their cell
walls and membranes, differences in rare bases found
in their tRNAs, and distinctive structures of RNA
polymerase subunits). The archaebacteria are thought
to have been dominant organisms in the primeval
biosphere, since its atmosphere was rich in carbon
dioxide and included hydrogen but virtually no oxy-
gen. The magnitude of the molecular differences be-
tween these microorganisms and other bacteria sup-
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ports the proposal that the taxonomic name be
changed from Archaebacteria to simply Archaea. See
Appendix C, 1977, Woese and Fox; extremophiles,
flagellin, halophiles, methanogens, sulfur-dependent
thermophiles, TATA box-binding protein (TBP).

Archaeoglobus fulgidus an anaerobic, sulfate-
reducing archaeon found in hyperthermal environ-
ments. Its genome is a DNA circle that contains
2,178,400 base pairs. There are 2,436 ORFs, with
an average size of 822 base pairs. Of 78 genes as-
signed to amino-acid biosynthetic pathways, over
90% have homologs in Methanococcus jannashii (q.v.).
Over half of A. fulgidus ORFs are URFs. No inteins
(q.v.) occur in this species, whereas M. jannashii has
18. See Appendix A, Archaea, Euryarchaeota; Ap-
pendix C, 1997, Klenk et al.; Appendix E; Archaebac-
teria, hyperthermophiles.

archaeon a bacterium that belongs to the subking-
dom Archaea. The spelling archaean also occurs fre-
quently. See Appendix A, Prokaryotes.

Archaeopteryx the genus name given to a group
of ancient birds. The first fossil was discovered in
1861 and provided Darwin and his converts with
ammunition to support the theory of evolution.
Here was a bird whose reptilian characters made it
a transitional form between these two classes of ver-
tebrates. So far, six specimens have been recovered
from the Jurassic Solnhofen formation in southern
Germany. The most perfect specimen, generally
considered to be the most beautiful and important
fossil in the world, was discovered in 1877 and is
housed in the Berlin Humboldt Museum. The fossil
is birdlike in having feathers, a wishbone, and a big
toe that rotated backward, opposite the other toes,
as an adaptation to gripping branches. Its reptilian
characteristics include claws on three of the five fin-
gers, a long flexible tail, and teeth. The limb bones
lack the air sacs found in birds. See Appendix C,
1868, Huxley.

Archaeprotista a phylum of protoctists (see Ap-
pendix A) that lack conventional mitochondria.
Archaeprotists are anaerobes, and many are para-
sites. Some parasitic species, such as Giardia intesti-
nales (q.v.), may once have had mitochondria, but
these organelles underwent regressive evolution to
become mitosomes (g.v.).

Archean the earlier of the two eras making up the
Precambrian eon. Life began during the Archean,
and the prokaryotes evolved. See Appendix C, 1977,
Knoll and Barghoom; geologic time divisions.
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archegonium the female sex organ of liverworts,
mosses, ferns, and most gymnosperms.

archenteron the primitive digestive cavity of any
metazoan embryo. It is formed by gastrulation.

area code hypothesis a theory proposing that as a
cell passes through successive stages of differentia-
tion, new patterns of molecules are displayed on its
surface as a kind of area code that designates to
which tissue or organ the cell should ultimately be-
long.

arena-breeding birds species of birds whose
males gather for competitive courtship displays in
open areas called arenas or leks (g.v.). Classic exam-
ples are species of peacock-pheasants, prairie chick-
ens, and turkeys. See Appendix A, Aves, Neognathae,
Galliformes; mate choice, sexual selection.

arg arginine. See amino acid.
arginine-urea cycle See ornithine cycle.

arithmetic mean an average; the number found by
dividing the sum of a series by the number of items
in the series.

arithmetic progression a series of numbers in
which each number is larger (or smaller) than the

number that precedes it by a constant value.
aRNA amplified RNA. See RNA amplification.

aromatic designating a chemical compound that
contains a closed ring of carbon atoms, as found in
benzene (g.v.). The aromatic amino acids phenylala-
nine and tyrosine serve as examples. See amino acid.

arrhenotokous parthenogenesis the phenome-
non by which unfertilized eggs produce haploid
males and fertilized eggs produce diploid females.

arrhenotoky arrhenotokous parthenogenesis (g.v.).

artemisinin a compound extracted from the leaves
of Artemisia annua L., a weed known in the United
States as annual wormwood. Artemisinin is activated
by iron to produce free radicals. The malaria parasite
infects erythrocytes and causes iron to be released
from infected cells. When artemisinin is adminis-
tered to a patient with malaria, free radicals from it
attack the cell membranes of the parasites in this
iron-rich environment and destroy them. Malaria
parasites such as Plasmodium falciparum (q.v.),
which have developed resistance to older drugs like
quinine, primaquine, or chloroquine (q.v.), are killed
by artemisinin.

arthritis an autoimmune disease of the joints in-
volving an attack by the body’s immune system
upon the synovial membranes.

Arthropoda the largest phylum in the animal king-
dom in number of species. It contains the Chelic-
erata and Mandibulata. See Appendix A; Eumetazoa,
Bilateria, Protostomia, Coelomata, Articulata.

Articulata a division of the invertebrates contain-
ing segmented, coelomate protostomes. See Appen-

dix A.

artifact any structure that is not typical of the ac-
tual specimen, but that results from cytological pro-
cessing, postmortem changes, etc.

artificial chromosomes
somes.

See yeast artificial chromo-

artificial insemination (Al) the placement of sperm
into a female reproductive tract or the mixing of
male and female gametes by other than natural
means. In AID, the sperm are provided by a donor
other than the woman'’s husband; in ATH, the sperm
are those of her husband. See Appendix C, 1769
(1780), Spallanzani.

artificial parthenogenesis induction of the devel-
opment of an unfertilized egg by chemical or physi-
cal stimulation. See Appendix C, 1900, Loeb.

artificial selection the choosing by humans of the
genotypes contributing to the gene pool of succeed-
ing generations of a given organism.

Ascarididae a family of roundworms (See Appen-
dix A, Animalia, Fumetazoa, Pseudocoelomata,
Nematoda). Economically important species in this
family are intestinal parasites of humans (Ascaris
lumbricoides L.), horses (Parascaris equorum), and
pigs (Ascaris suum). All show chromatin diminution
(q.v.) early during embryogenesis.

Ascaris megalocephala species of roundworms in
which chromatin diminution (g.v.) was first de-
scribed. The preferred scientific name is Parascaris
equorum (q.v.). See Appendix C, 1887, Boveri.

ascertainment bias See proband method.

Aschelminthes a phylum containing the pseudo-
coelomate animals with an anterior mouth, posterior
anus, and straight digestive tube. See Appendix A.

ascidian a name given to a group of marine filter
feeders, each enclosed in a tough sac. See Ciona in-
testinalis.

Ascobolus immersus an ascomycete fungus that is
convenient for tetrad analysis (q.v.). See Appendix A.

ascogenous hypha a hypha that develops from
the surface of an ascogonium (q.v.) after plasmog-
amy (q.v.). The hypha therefore contains nuclei of



both mating types. After crozier formation (gq.v.)
such hyphae produce asci.

ascogonium in fungi, a female cell that receives
haploid nuclei from an antheridium (q.v.).

ascomycete a fungus of class Ascomycetes that
produce ascospores. See Appendix A.

ascorbic acid vitamin C (q.v.). Scurvy is a defi-
ciency disease resulting from inadequate ascorbic
acid in the diet.

ascospore
ascus (q.v.).

a meiospore (q.v.) contained within an

ascus a sac containing ascospores. The fact that all
the products of a meiotic division are contained in
an ascus in some fungi makes tetrad analysis (q.v.)
possible.

asexual reproduction reproduction without sex-
ual processes; vegetative propagation. See binary fis-
sion, budding, cloning, conidium, mitosis, monozy-
gotic twins, parthenogenesis.

Ashkenazi (plural Ashkenazim)
Jews of eastern European origin. Most migrated
from ancient Israel during the Middle Ages and es-
tablished themselves first in Germany and France. In
Hebrew, Ashkenazi means “Germans.” The use of
the Yiddish (Judeo-German) language distinguishes
Ashkenazi Jews from the Sephardic Jews, who speak
Ladino (Judeo-Spanish). Both languages use the He-
brew alphabet. Certain hereditary lysosomal diseases
are found in relatively high frequencies among Ash-
kenazi Jews. It is assumed that the mutations that
caused these diseases when homozygous conferred
some as yet unknown advantage on heterozygotes in
early ghetto environments. See diaspora, Gaucher
disease, heterozygote advantage, Jews, lysosomal
storage diseases, Mendelian Inheritance in Man
(MIM), Nieman-Pick disease, Tay-Sachs disease.

referring to

Asilomar Conference a meeting where the poten-
tial hazards of recombinant DNA research were dis-
cussed for the first time. The Asilomar Conference
Center is located on California’s Monterey Penin-
sula. See Appendix C, 1975, NIH Recombinant DNA
Committee; containment.

A-site-P-site model See translation.
asn asparagine. See amino acid.
asp aspartate; aspartic acid. See amino acid.
asparagine See amino acid.

Asparagus officinalis the asparagus.

aspartic acid See amino acid.
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Aspergillus a genus of filamentous fungi belonging
to the phylum Deuteromycota. See Appendix A.
A. flavus is the source of aflotoxin (q.v.). A. nidulans
is the species in which Pontecorvo and Roper discov-
ered parasexuality (q.v.). See Appendix C. A. nidu-
lans has a haploid chromosome number of eight, and
there are eight well-mapped linkage groups. Its esti-
mated genome size is 25,400 kilobase pairs. Mito-
chondrial genes are also characterized.

asRNA antisense RNA (g.v.).

association the joint occurrence of two geneti-
cally determined characteristics in a population at a
frequency that is greater than expected according to
the product of their independent frequencies.

associative overdominance linkage of a neutral
locus to a selectively maintained polymorphism that
increases heterozygosity at the neutral locus. Com-

pare with hitchhiking.

associative recognition requirement for the initi-
ation of an immune response of the simultaneous
recognition by T lymphocytes of the antigen in asso-
ciation with another structure, normally a cell-sur-
face alloantigen encoded within the major histocom-
patibility complex.

assortative mating sexual reproduction in which
the pairing of male and female is not random, but
involves a tendency for males of a particular kind to
breed with females of a particular kind. If the two
parents of each pair tend to be more (less) alike than
is to be expected by chance, then positive (negative)
assortative mating is occurring.

assortment the random distribution to the ga-
metes of different combinations of chromosomes.
Each 2N individual has a paternal and a maternal set
of chromosomes forming N homologous pairs. At
anaphase of the first meiotic division, one member
of each chromosome pair passes to each pole, and
thus the gametes will contain one chromosome of
each type, but this chromosome may be of either
paternal or maternal origin.

aster See mitotic apparatus.

asynapsis the failure of homologous chromosomes
to pair during meiosis. Contrast with desynapsis.

atavism the reappearance of a character after sev-
eral generations, the character being caused by a re-
cessive gene or by complementary genes. The aber-
rant individual is sometimes termed a “throwback.”
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ataxia-telangiectasia mutated (ATM) referring
to a gene that has been mapped at 11q22.3 and is
responsible for a rare neurological disorder. Araxia
refers to the unsteady gate of patients due to the
death of certain of their brain cells. Dilated blood
vessels called telangiectases develop on the surfaces
of their eyes and facial skin. The functional allele en-
codes a proetin that is a member of a family of phos-
phatidylinositol-3-kinases, enzymes that respond to
DNA damage by phosphorylating key substrates in-
volved in DNA repair. See ATM kinase, DNA damage
checkpoint, RAD.

Atebrin a trade name for quinacrine (q.v.). Also
spelled Atabrine.

ateliosis retarded growth resulting in a human of
greatly reduced size but normal proportions. Such
midgets generally show a marked deficiency in pitu-
itary growth hormone. See pituitary dwarfism.

(A + T)/(G + C) ratio the ratio between the num-
ber of adenine-thymine pairs and the number of
guanine-cytosine pairs in a given DNA sample.

athenosphere See plate tectonics.

ATM kinase a human DNA repair protein en-
coded by the ataxia-telangiectasia mutated (ATM)
gene (q.v.). This enzyme plays a role in the DNA
damage checkpoint (q.v.). See RAD.

atom the smallest particle of an element that is ca-
pable of undergoing a chemical reaction. See chemi-
cal element.

atomic mass the mass of a neutral atom of a nu-
clide, usually expressed in terms of atomic mass
units.

atomic mass unit one-twelfth the weight of a 2C
atom; equivalent to 1.67 x 107 g.

atomic number the number of protons in the nu-
cleus, or the number of positive charges on the nu-
cleus: symbolized by Z. It also represents the num-
ber of orbital electrons surrounding the nucleus of a
neutral atom.

atomic weight the weighted mean of the masses
of the neutral atoms of an element expressed in
atomic weight units.

ATP adenosine triphosphate. See adenosine phos-
phate.
ATPase any enzyme capable of hydrolyzing a

phosphate bond in ATP. The energy derived from
the hydrolysis is often used directly for transport of
ions through membranes or for mechanical work.
See adenosine phosphate, Wilson disease (WD).

ATP7B gene a gene located on the long arm of hu-
man chromosome 13 in region 14.2-21. It encodes
an enzyme called copper transporting ATPase 2. This
molecule belongs to a family of enzymes that trans-
port metals in and out of cells using ATP as an en-
ergy source. See adenosine phosphate, ATPase, Wil-
son disease (WD).

ATP synthase a multimeric protein complex that
plays a key role in the energy metabolism of all or-
ganisms. The inner membranes of the mitochondria
of eukaryotes are covered with these organelles.
They appear as particles 8-9 nm in diameter. Each
particle has a spherical head piece (the F1 domain)
that projects into the matrix of the mitochondrion
and contains the catalytic sites for ATP synthesis.
Imbedded in the lipid bilayer that forms the inner
membrane of the mitochondrion is a cylindrical hy-
drophobic tailpiece (the Fo domain) that contains a
channel for a stream of protons. This powers a rota-
tion generator which is made up of a ring of 10-12
subunits that rotate 50-100 times a second. This ro-
tation force is mechanically coupled to the catalytic
sites in the F1 domain. These undergo a cycle of
conformational changes which first loosely bind ATP
and inorganic phosphate molecules, then rigidly
bind the nascent ATP, and finally release it. To-
gether the components of the different domains of
ATP synthase contain at least 16 different proteins,
and many mutations have been detected in the genes
in the nuclei which encode these. Such loss of func-
tion mutations are generally lethal when hemizygous
or homozygous. There are also two genes located in
mtDNA, and individuals with mutations in their mt-
DNA can survive, provided wild-type mitochondria
are also present in their cells. The ATP synthases of
bacteria and chloroplasts resemble those of mito-
chondria with respect to the proteins that occupy
the Fo and F1 domains. In bacteria, eight of the
genes that encode these proteins are clustered in a
single operon. See Appendix C, 1973, Boyer; 1981,
Walker; adenosine phosphate, chemiosmotic theory,
heteroplasmy, Leigh syndrome.

atresia
Absence of a normally open lumen.

congenital absence of a normal passageway.

atrichia hairlessness. In the domestic dog, the con-
dition is inherited as an autosomal dominant. Homo-
zygotes are stillborn.

attached X chromosome monocentric elements
containing two doses of the X chromosome. Drosoph-
ila females carrying attached X chromosomes usually
also have a Y chromosome. They produce XX and Y
eggs and therefore generate patroclinous sons (which
inherit their X from their father and their Y from their



mother) and matroclinous daughters (which inherit
their X from their mother and their Y from their fa-
ther). The terms double X and compound X are also
used for aberrant chromosomes of this types. See Ap-
pendix C, 1922, Morgan; detached X.

attachment efficiency See seeding efficiency.

attachment point (ap) a hypothetical analog of
the centromere on chloroplast DNA in Chlamydo-
monas. Chloroplast genes may be mapped with re-
spect to the attachment point.

attenuation 1. in physics, the loss in energy of an
electromagnetic radiation as it passes through mat-
ter. 2. in microbiology, the loss in virulence of a
pathogenic organism as it is repeatedly subcultured
or is let multiply on unnatural hosts. 3. in immunol-
ogy, the reduction in virulence of a substance to be
used as an immunogen. Attenuation may result from
aging, heating, drying, or chemically modifying the
immunogen. 4. in molecular genetics, a mechanism
for regulating the expression of bacterial operons
that encode enzymes involved in amino acid biosyn-
thesis. See attenuator.

attenuator a nucleotide sequence that is located
upstream of those bacterial operons which encode
the enzymes that are involved in the synthesis of
amino acids. The expression of such operons is
switched on and off by controlling the transcription
of the messages for these operons. The leader se-
quence of the tryptophan operon of E. coli illustrates
how attenuators function. In drawing A, an RNA

A.
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polymerase is moving along the coding strand of a
bacterial DNA molecule. The RNA molecule tran-
scribed by the polymerase dangles behind it. Near
its 5" end is a site for binding ribosomes. One has
attached and is moving along the RNA, forming a
polypeptide as it goes. How fast the ribosome moves
is determined by the availability of amino acid—
charged tRNAs. The detailed structure of the RNA
transcript is illustrated here in drawing B. The blocks
designated A and B can pair because their base se-
quences are complementary and so can C and D.
However, B can also pair with C, so there are three
hairpin loops that can form, A/B, B/C, C/D. How-
ever, only the A segment contains tryptophan co-
dons (symbolized by Xs). When tryptophan is abun-
dant, the ribosome moves without pause past A to
B. As the polymerase transcribes C and D, these pair
to form a termination hairpin (g.v.), and the RNA
polymerase together with its transcript detach from
the DNA strand. Therefore, the trp operon is si-
lenced. However, when there is no tryptophan in
the environment, the ribosome pauses at the trp co-
dons. Since A is covered by the ribosome, B pairs
with C, and now D cannot form a termination hair-
pin. Therefore, the polymerase continues to the op-
eron and transcribes it. The transcript is later trans-
lated, and the enzymes that result catalyze the
formation of tryptophan. Thus, enzymes required
for making an essential amino acid are synthesized
only when the amino acid is scarce. See Appendix C,
1977, Lee and Yanofsky; leader sequence.

trp
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att sites loci on a phage and the chromosome of
its bacterial host where recombination integrates the
phage into or excises it from the bacterial chromo-
some.

audiogenic seizure convulsions induced by sound.
Certain strains of mice, rats, and rabbits are espe-
cially prone to such seizures.

aureomycin See tetracycline.

Australian one of the six primary biogeographic
realms (g.v.), comprising Australia, the Celebes,
New Guinea, Tasmania, New Zealand, and the oce-
anic islands of the South Pacific.

Australopithecine referring to early hominids,
fossils of which have been found in Africa. Accord-
ing to some classifications, the genus Australopith-
ecus contains four species: A. afarensis, A. africanus,
A. robustus, and A. boisei, all of which lived between
4 and 1 million years ago. The famous fossil “Lucy”
is a 40% complete skeleton found in 1977. She lived
about 3 million years ago and belonged to A. afaren-
sis.

autapomorphic character 1. a derived character
evolved from a plesiomorphic character state in the
immediate ancestor of a single species 2. uniquely
derived characters shared by several synapomor-
phous taxa. For example, hair was an autapomorphy
of the first mammalian species and is also a synapo-
morphy of all mammals.

autarchic genes in mosaic organisms, genes that
are not prevented from manifesting their phenotypic
effects by gene products diffusing from genetically
different neighboring tissues, whereas hyparchic
genes are so inhibited.

autism
fested by 3 years of age. The child shows an im-
paired ability to interact socially by eye-to-eye gaze,
facial expression, body posture, and gestures. Spo-
ken language either never develops or is delayed, and
the child exhibits repetitive patterns of behavioral
interests and activities and an abnormal preoccupa-
tion with routines. The prevalence in the U.S. popu-
lation is 4 in 10,000, with a male-to-female ratio of

a psychiatric disorder that usually is mani-

4:1. Susceptibility to autism is caused by genes at a
variety of sites on autosomes 2, 6, 7, 13, 15, and
the X. The most common chromosomal aberration
causing autism is a maternally inherited duplication
in the region 15q11-13.

autocatalysis the promotion of a reaction by its
product. See protein splicing, ribozyme.

autochthonous pertaining to a species that has
evolved within the region where it is native.

autocrine descriptive of a substance (e.g., a cyto-
kine, g.v.) that binds to a surface receptor of the
same cell that secreted it. Paracrine action is the
binding of a secreted substance to a receptor on a
nearby cell. Endocrine action is the binding of a se-
creted substance to a receptor on a distant cell. See
agouti.

autofertilization See thelytoky.

autogamy that mode of reproduction in which the
zygote is formed by fusion of two haploid nuclei
from the same individual. In Paramecium, a process
of self-fertilization resulting in homozygosis. In sin-
gle individuals, the two micronuclei each undergo
meiosis and seven of the eight resulting nuclei de-
generate. The remaining haploid nucleus divides mi-
totically and the two identical nuclei fuse. The fu-
sion nucleus gives rise to the micro- and macronuclei
of the paramecium and its progeny. Autogamy is
therefore a mode of nuclear reorganization that con-
stitutes an extreme form of inbreeding. In P. aurelia,
autogamy occurs spontaneously at regular intervals.

autogenous insect species in which females can
produce eggs without first feeding. See anautoge-
nous insect.

autogenous control
by its own product either inhibiting (negative autog-
enous control) or enhancing (positive autogenous
control) its activity. For example, in E. coli, AraC
protein (the regulatory factor for the arabinose op-
eron) controls its own synthesis by binding to the
AraC promoter.

regulation of gene expression

autograft the transplantation of a living piece of
tissue from one site to another on the same animal.

autoimmune disease any pathological condition
resulting from an individual’s immune response to
its own cells or tissues. See AIDS, arthritis, lupus ery-
thematosus.

autologous referring to a graft from one region to
another on the same animal.

automimic a palatable individual that is an auto-
matic mimic of members of the same species that
are unpalatable to predators. See automimicry.

automimicry the phenomenon, seen for example
in the Monarch butterfly (g.v.), in which the species
has a polymorphism in terms of its palatability to
predators. The polymorphism arises from the differ-
ent food plants chosen by the ovipositing female.



Most members of the species are rendered unpalat-
able because they feed as larvae upon plant species
rich in substances toxic to birds. Those insects that
feed on plants containing no toxins are palatable.
However, such insects mimic perfectly the more
abundant, unpalatable members of the species. See
mimicry.

automixis fusion of nuclei or cells derived from
the same parent to yield homozygous offspring. An
example would be autogamy in paramecia or auto-
mictic parthenogenesis, as seen in certain species of
Lepidoptera. See autogamy, thelytoky.

automutagen any mutagenic chemical formed as
a metabolic product by an organism.

autonomous controlling element a controlling el-
ement (g.v.), apparently having both receptor and
regulator functions, that enters a gene and makes it
an unstable mutant.

autonomously replicating sequences eukaryotic
DNA sequences that function as origins of replica-
tion, even though all of them may not be used in
every cell cycle. ARSs have been isolated in yeast,
and their functioning requires a 14 base pair core
region. This contains an 11 base pair consensus se-
quence that consists almost entirely of A-T base
pairs. See replication origin, replicon.

autophagic vacuole an enlarged lysosome con-
taining mitochondria and other cellular organelles in
the process of being digested.

autophene a phenotype due to the genetic consti-
tution of the cells showing it. Transplantation of
such mutant cells to a wild-type host does not mod-
ify their mutant phenotype.

autopoiesis the ability of an organism to maintain
itself through its own metabolic processes at the ex-
pense of carbon and energy sources. Cells are auto-
poietic; viruses and plasmids are not.

autopolyploid a polyploid that originates by the
multiplication of one basic set of chromosomes. See
autotetraploid.

autoradiograph
the position of radioactive substances in tissues, ob-
tained by coating a squash preparation or a section
with a photographic emulsion in the dark, and sub-
sequently developing the latent image produced by
the decay radiations. In the case of colony hybridiza-
tion (gq.v.), a filter containing the radioactive chimeric
vectors is taken to a dark room, placed in an x-ray
film holder, and covered with a sheet of x-ray film.
The film is then left to expose for several hours or a

a photographic picture showing
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few days before it is processed. The position of the
silver grains on the film marks the location of the col-
onies of interest. See also DNA fiber autoradiography.

autoradiographic efficiency the number of acti-
vated silver grains (produced in a photographic
emulsion coating a section) per 100 radioactive dis-
integrations occurring within the tissue section dur-
ing the exposure interval.

autoradiography a technique for localizing radio-
actively labeled molecules by applying a photosensi-
tive emulsion to the surface of a radioactive speci-
men. See autoradiograph.

autoregulation regulation of the synthesis of a gene
product by the product itself. In the simplist autore-
gulated systems, excess gene product behaves as a
repressor and binds to the operator locus of its own
structural gene. Contrast with end product inhibition.

autoselection the process whereby a genetic ele-
ment tends to increase in frequency by virtue of the
nature of its transmission, even though it has no ef-
fect on the viability, fecundity, or fertility of the in-
dividual that bears it.

autosexing the use of sex-linked genes with obvi-
ous phenotypic effects to permit the identification
by external inspection of the sex of immature organ-
isms (larval silkworms or chicks, for example) before
sexual dimorphic traits become obvious.

autosome
mosome. Each diploid organism will have a set of
autosomes contributed by the male and a set con-
tributed by the female parent. Therefore, there will
be a maternal and a paternal representative of auto-
somes 1, 2, ...n. The genes residing on autosomes
follow the mode of distribution of these chromo-
somes to the gametes during meiosis. This pattern
(autosomal inheritance) differs from that of genes on
the X or Y chromosomes, which show the sex-
linked mode of inheritance. See chromosome set, hu-
man pseudoautosomal region, sex linkage.

any chromosome other than a sex chro-

autosyndesis See allosyndesis.

autotetraploid an autopolyploid with four similar
genomes. If a given gene exists in two allelic forms
A and a, then five genotypic classes can be formed
in an autotetraploid: AAAA (quadruplex), AAAa
(triplex), AAaa (duplex), Aaaa (simplex), and aaaa
(nulliplex).

autotrophs organisms that can build their own
macromolecules from very simple, inorganic mole-
cules, such as ammonia and carbon dioxide. Auto-

trophs include photosynthetic bacteria, protoctists,
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and plants that can convert visible light into chemi-
cal energy. In addition, chemoautotrophic bacteria
can produce organic molecules from CO; in the ab-
sence of light. They use as energy sources for biosyn-
thesis the oxidation of inorganic compounds such as
molecular hydrogen, ammonia, and hydrogen sul-
fide. Contrast with heterotrophs.

autozygote an individual homozygous at a given
locus whose two homologous genes are identical by
descent, in that both are derived from the same gene
in a common ancestor. See allozygote.

auxesis growth in size by increase in cell volume
without cell division.

auxins
longitudinal growth and cell division. Natural auxins
are indole derivatives biosynthesized from trypto-
phan. The most common auxin is indole acetic acid
(q.v.), which is synthesized in all plants. See anti-
auxin.

a family of plant hormones that promote

auxocyte a cell whose nucleus is destined to enter
meiotic prophase; a primary oocyte, primary sperm-

atocyte, megasporocyte, or microsporocyte.

auxotroph a mutant microorganism that can be
grown only upon minimal medium that has been
supplemented with growth factors not required by
wild-type strains.

Avena the genus to which the various species of
oats belong. The most commonly cultivated oat is A.
sativa.

Avena test a technique using the curvature of
Avena coleoptiles as a bioassay for auxins.

average life in nuclear physics, the average of the
individual lives of all the atoms of a particular radio-
active substance. It is 1.443 times the radioactive

half-life (q.v.).
avian leukosis See leukemia.

avian myeloblastosis virus
virus.

an oncogenic RNA

avidity the total combining power of an antibody
with an antigen. It involves both the affinity of each
binding site and the number of binding sites per an-
tibody and antigen molecule. Compare with affinity.

Avogadro's number the number of atoms (6.025 x
10%) in one gram atomic weight of an element; also
the number of molecules in the gram molecular
weight of a compound.

awn a stiff, bristlelike appendage occurring on the
flowering glumes of grasses and cereals.

axenic growth of organisms of a given species in the
complete absence of members of any other species.

axolotl a salamander, Ambystoma mexicanum, that
exhibits neoteny (q.v.). It does not metamorphose,
but mates and reproduces while a “juvenile,” and
never leaves the water.

axon the long process of a nerve cell, normally
conducting impulses away from the nerve cell body.

axoneme a shaft of microtubules extending the
length of a cilium, flagellum, or pseudopod of a eu-
karyotic cell. Axonemes from all cilia and flagella
(including sperm tails) contain the same “9 + 2” ar-
rangement of microtubules. In the center of each ax-
oneme are two singlet microtubules that run the
length of the shaft. The central tubules are sur-
rounded by a circle of doublet microtubules, each
consisting of an A and B subfiber. Each A subfiber
has longitudinally repeating pairs of armlike projec-
tions that contain dynein (q.v.). See Chlamydomonas
reinhardi, flagellum, tektin, Y chromosome.

axoplasm the cytoplasm contained in axons.

axopodia rigid, linear cellular projections composed
mostly of microtubules found in species belonging to
the Actinopoda. See classification, Protoctista.

5-azacytidine an analog of cytidine in which a ni-
trogen atom is substituted for a carbon in the num-
ber 5 position of cytosine (g.v.). The analog is incor-
porated into newly synthesized DNA, and such
DNA is undermethylated. Since a reduction in the
number of methyl groups attached to genes is associ-
ated with an increase in their transcriptional activi-
ties, 5-azacytidine can switch on certain genes. For
example, patients given the drug may start making
fetal hemoglobin, which implies that their gamma
genes have been switched on. See hemoglobin, he-
moglobin genes.

azaguanine a purine antagonist first synthesized in
the laboratory and later shown to be identical to an

antibiotic synthesized by Streptomyces spectabalis.

Azaguanine is incorporated into mRNA and causes
errors in the translation.



azaserine a glutamine analog synthesized by vari-
ous species of Streptomyces. Azaserine inhibits pu-
rine biosynthesis and produces chromosome aber-
rations. It is mutagenic and has anti-tumorigenic
activity.
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azoospermia absence of motile sperm in the ejac-

ulate.

Azotobacter a genus of free-living, rod-shaped,
soil bacteria capable of nitrogen fixation (q.v.). Poly-
nucleotide phosphorylase (q.v.) was isolated from
Azotobacter vinelandii. See Appendix A, Bacteria, Pro-
teobacteria; Appendix C, 1955, Grungerg-Manago
and Ochoa.

azure B a basic dye used in cytochemistry. See
metachromasy.



B,, B,, B, etc. the first, second, third, etc., back-
cross generations. The first backcross is made by
mating an individual with one of its parents or with
an individual of that identical genotype. The off-
spring produced belong to the B, generation. The
second backcross is made by crossing B; individuals
again with individuals of genotype identical to the
parent referred to in the first backcross, etc.

BACs bacterial artificial chromosomes (q.v.).

Bacillus a genus of rod-shaped bacteria. B. subtilis
is a Gram-positive, spore-forming, soil bacillus that
grows readily in a chemically defined medium and
undergoes genetic exchange by transformation and
transduction (q.v.). Its genome contains 4,214,810
base pairs. There are about 4,100 protein-coding
genes, and 53% of these are present as single copies.
However, 25% of the genome is represented by fam-
ilies of duplicated genes. One family contains 77
genes for ATP-binding transport proteins. The ge-
nome is also home for at least 10 prophages, and
this suggests that bacteriophage infection may have
allowed horizontal gene transfer during evolution.
Bacillus megaterium is the species in which the lyso-
genic cycle (q.v.) was deciphered. B. thuringiensis
during sporulation produces an insecticidal crystal-
line deposit that is innocuous to vertebrates. The
genes encoding the toxic proteins in these crystals
have been identified and found to be carried on ex-
trachromosomal plasmids. Some successful attempts
have been made to splice these “insecticide genes”
into the chromosomes of agriculturally important
plant species. See Appendix A, Bacteria, Endospora;
Appendix C, 1950, Lwoff and Gutman; 1997, Kunst
et al.; ABC transporters, Bt designer plants, horizontal
transmission, prophage.

Bacillus anthracis See anthrax.

backbone in biochemistry, the supporting struc-
ture of atoms in a polymer from which the side
chains project. In a polynucleotide strand, alternat-
ing sugar-phosphate molecules form such a back-
bone.

backcross a cross between an offspring and one of
its parents or an individual genetically identical to
one of its parents.
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backcross parent that parent of a hybrid with
which it is again crossed or with which it is repeat-
edly crossed. A backcross may involve individuals of
genotype identical to the parent rather than the par-
ent itself.

background constitutive synthesis the occasional
transcription of genes in a repressed operon due to a
momentary dissociation of the repressor that allows
a molecule of RNA polymerase to bind to its pro-
moter and initiate transcription. Sometimes called

“sneak synthesis.”

background genotype the genotype of the organ-
ism in addition to the genetic loci primarily responsi-
ble for the phenotype under study.

background radiation ionizing radiation arising
from sources other than that under study. Back
ground radiation due to cosmic rays and natural ra-
dioactivity is always present, and there may also be
background radiation due to man-made contaminat-

ing radiation.

back mutation reverse mutation (gq.v.).

bacteria in the broader sense, all prokaryotes;
more specifically, organisms belonging to the sub-
kingdom Bacteria. See Appendix A, superkingdom
Prokaryotes; Appendix C, 1677, van Leeuwenhoek;
Appendix F, Genome sizes and gene numbers (of

bacteria); Eubacteria.

bacterial artificial chromosomes (BACs) cloning
vectors derived from the naturally occuring F factor
(q.v.) of Escherichia coli (q.v.) and designed to accept
large inserts (i.e., those in the size range of 80-350
kilobases). Insert-containing BACs are introduced
into E. coli cells by electroporation (q.v.), where they
can be maintained as circular plasmids. In contrast
to yeast artificial chromosomes (YACs) (g.v.), which
can show structural instability of inserts, DNA frag-
ments closed in BACs remain structurally intact.
This is because BACs contain F factor regulatory
genes that control their replication and maintain
their copy number to one or two per cell. The ab-
sence of multiple artificial chromosomes in a single
cell minimizes sequence rearrangement in inserts by
reducing the likelihood of recombination between
the inserted fragments. BACs are useful for cloning
DNA from large genomes, chromosome walking
(g.v.), physical mapping, and shotgun sequencing



(g.v.) of complex genomes. See DNA vector, ge-
nome, genomic library, kilobase, physical map, plas-
mid cloning vector, P1 artificial chromosomes (PACs),
regulator gene.

bacterial cell wall a structure forming a layer ex-
ternal to the plasma membrane. It controls the shape
of the bacterium and serves as a permeability bar-
rier. In some species a capsule may be formed ex-
ternal to the cell wall. The walls of Gram-positive
bacteria are 30-100 nm thick and appear homoge-
neous. They are composed mainly of peptidoglycans.
Gram-negative cell walls are thinner (20-30 nm)
and are layered. The inner layer (adjacent to the plas-
ma membrane) contains peptidoglycans. The outer
layer contains peptidoglycans cross-linked to lipo-
proteins. Certain bacteria lack cell walls. See Gram-
staining procedure, Mycoplasma, peptidoglycan.

bacterial transformation See transformation.

bacteriochlorophyll  See chlorophyll.

bacteriocins proteins synthesized by various bac-
terial species that are toxic when absorbed by bacte-
ria belonging to sensitive strains. Resistance to and
the ability to synthesize bacteriocins are controlled
by plasmids. Escherichia coli strains produce bacte-
riocins called colicins (q.v.). Bacteriocins from Pseu-
domonas aeruginosa are called pycocins.

bacteriophage a virus whose host is a bacterium;
commonly called phage. Below are listed some com-

mon bacteria and their viral parasites:

Escherichia coli Py, P, Py, QB, A,
MS2, Mu 1, N,
0X174, Ry, T,
through T;.
Salmonella typhimurium Py

Corynebacterium diphtheriae B
Bacillus subtilis SPg,, 629
Shigella dysenteriae P, P, P,

Bacterial viruses show extreme variations in com-
plexity. For example, the RNA phage R;; has a ge-
nome size of 1.1 x 10° daltons, whereas the DNA of
the T4 phage weighs 130 x 10° daltons. See Appen-
dix C, 1915, Twort; 1917, d’Herelle; 1934, Schle-
singer; 1934, Ellis and Delbruck; 1942, Luria and
Anderson; 1945, Luria; 1949, Hershey and Rotman;
1952, Hershey and Chase; 1953, Visconti and Del-
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briick; 1966, Edgar and Wood; 1970, Alberts and
Frey; 1973, Fiers et al.; Appendix F, bacteriophages;
filamentous phage, lambda (A) bacteriophage, MS2,
phi X174, plaque, P1 phage, P22 phage, Q beta
phage, temperate phage, T phages, transduction, vir-
ulent phage.

bacteroids intracellular, nitrogen-fixing symbionts
found in the root nodules of leguminous plants. Bac-
teroids are derived from free-living species of Rhizo-
bium (g.v.). See leghemoglobin.

bacteriophage packaging insertion of recombi-
nant bacteriophage lambda DNA into E. coli for rep-
lication and encapsidation into plaque-forming bac-

teriophage particles.

bacteriostatic agent a substance that prevents the
growth of bacteria without killing them.

baculoviruses
thropods, especially insects. Baculoviruses utilize the
synthetic machinery of the insect host cell to synthe-
size polyhedrin, a protein that coats the virus parti-
cle. The gene for polyhedrin has a very strong tran-
scriptional promoter to which foreign genes can be
spliced to enhance their expression. These baculo-
virus expression vectors (BEVs) have been used in
basic research and by commercial biotechnology en-
terprises aimed at the production of vaccines, ther-
apeutics, and diagnostic reagents. By appropriate
gene-splicing techniques baculoviruses have been
engineered to synthesize foreign proteins, including
the envelope protein of HIV (g.v.).

a group of viruses that infect ar-

bag of marbles (bam) an autosomal gene in Dro-
sophila melanogaster that is thought to regulate early
germ cell development in both sexes. In the female,
bam mutations produce ovarian tumors character-
ized by mitotically active stem cells which fail to
produce cystoblast cells and their progeny, the inter-
connected cystocytes. In the male, bam mutations
produce germ line cysts containing excessive num-
bers of primary and secondary spermatogonial cells
which fail to differentiate. The bam gene encodes a
novel protein which is found in the spectrosome
(q.v.), the fusome (gq.v.), and cytoplasm of cysto-
cytes and spermatogonial cells. Fusomes in bam mu-
tant females are structurally abnormal, leading to
the suggestion that normal fusome biogenesis is es-
sential for a switch from stem cell-like to cystoblast-
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like cell division. In males, bam gene product is
thought to restrict the overproliferation of sperma-
togonial cells undergoing incomplete cytokinesis. See
cystocyte divisions, spermatogonia.

balanced lethal system
ing nonallelic recessive lethal genes, each in a differ-
ent homologous chromosome. When interbred such
organisms appear to breed true, because one-half of
the progeny are homozygous for one or the other
lethal gene and die prior to their detection. The sur-
viving progeny, like their parents, are heterozygous
for the lethal genes. See Appendix C, 1918, Muller;
1930, Cleland and Blakeslee.

balanced polymorphism genetic polymorphism
maintained in a population because the heterozy-
gotes for the alleles under consideration have a
higher adaptive value than either homozygote. See
Appendix C, 1954, Allison.

balanced selection selection favoring heterozy-
gotes that produces a balanced polymorphism (g.v.)

a strain of organisms bear-

balanced stock a genetic stock that, though het-
erozygous, can be maintained generation after gener-
ation without selection. Such stocks may contain
balanced lethal genes, or a recessive lethal gene,
which kills hemizygous males, combined with a non-
allelic recessive gene, which confers sterility on ho-
mozygous females. See M5 technique.

balanced translocation synonymous with recipro-
cal translocation. See translocation.

Balbiani body a transitory, membrane-less struc-
ture consisting of cell organelles (e.g., mitochondria,
centrioles, Golgi bodies, and endoplasmic reticu-
lum) and macromolecules (e.g., RNAs, proteins, lip-
ids, and ribonucleoproteins) found in the early
ooplasm (q.v.) of a wide variety of vertebrate and
invertebrate species. A Balbiani body generally origi-
nates near the nuclear envelope (g.v.) and differenti-
ates into a well-defined mass often surrounded by
mitochondria, before breaking down to release its
constitutents into the ooplasm. It is thought to func-
tion in the organization and transport of RNAs and
organelles that later become localized in specific re-
gions of the ooplasm. Balbiani bodies show hetero-
geneity in number, morphology, and composition
among different species and are named after the
French biologist, Edouard-Gérard Balbiani (1823-
1899), who was among the first to describe them.
Also called Balbiani vitelline body. See mitochondrial
cloud, sponge body, cytoplasmic localization.

Balbiani chromosome a polytene chromosome.
So called because such banded chromosomes were
first discovered by E. G. Balbiani in Chironomus lar-
vae in 1881.

Balbiani ring a giant RNA puff present on a poly-
tene chromosome of a salivary gland cell during a
significant portion of larval development. The largest
and most extensively studied Balbiani rings are on
chromosome 4 of Chironomus tentans (see illustra-
tion). The transcription product of one of these
puffs (BR 2) is a 75S RNA, which encodes the mes-
sage for a giant polypeptide of the saliva. These se-
cretory polypeptides are used by the larvae to build
the tubes in which they reside. Balbiani rings contain
thousands of DNA loops upon which mRNAs are
being transcribed. These combine with proteins to
form RNP granules (Balbiani ring granules) that
eventually pass into the cytoplasm through nuclear
pores. See Appendix C, 1881, Balbiani; 1952, Beer-
mann; 1972, Daneholt; Chironomus, chromosomal
puff.
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BR3

BR 2

Chromosome 4 in the salivary glands of Chironomus
tentans with the BR 2 band in an unpuffed (above) and
in a puffed stage (below). The position of the BR 2 band
is indicated by an arrow.

Bal 31 exonuclease a nuclease that digests linear,
double-stranded DNA fragments from both ends.
The enzyme is used in vitro to shorten restriction
fragments. The shortened segment can then be reli-
gated with a DNA ligase (g.v.) to generate deletion
mutants. See restriction endonucleases.

Baltimore classification of viruses
tional scheme proposed by David Baltimore in 1971
that classified viruses according to the relationship
between the viral genome and the messenger RNA
used for viral protein synthesis. Class I viruses have
double-stranded DNA genomes, and their mRNA is
encoded by the template (negative) strand of the
DNA. Class II viruses have a ssDNA genome and

an organiza-



use a dsDNA intermediate during mRNA synthesis.
Class III viruses have a dsSRNA genome and one of
the strands is equivalent to its mRNA. Class IV vi-
ruses are positive-strand RNA viruses. Therefore the
genomic RNA is equivalent to mRNA. Class V vi-
ruses are negative-strand RNA viruses. Here the neg-
ative strand can serve as a template for mRNA syn-
thesis. Class VI viruses are positive-strand RNA
viruses that undergo reverse transcription (g.v.). See
messenger RNA, virus.

Balzer freeze-fracture apparatus See freeze etch-
ing.
bam See bag of marbles.

BamH1 See restriction endonuclease.

bananas perennial giant herbs of the tropics. The
diploid fertile species Musa acuminata and M. bal-
bisiana have genomes that may be symbolized AA
and BB. Most cultivated bananas are sterile triploids
that are vegetatively propagated. The triploid (AAA,
ABB, or AAB) cannot form pollen, but the unpolli-
nated ovary grows into a seedless fruit with edible
pulp. The stimulus for parthenocarpy depends on
the presence of at least three dominant complemen-
tary genes in the triploid. See Musaceae, partheno-

carpy.

band 1. in an electropherogram (q.v.), a region of
the gel that contains clustered molecules of a par-
ticular size class visualized by staining, autoradi-
ography, immunofluorescence, and so forth. 2. in
chromosome studies, a vertical stripe on a polytene
chromosome that results from the specific associa-
tion of a large number of homologous chromomeres
at the same level in the somatically paired bundle
of chromosomes. See Balbiani ring, deficiency loop,
Drosophila salivary gland chromosomes, human chro-
mosome band designations.

BAP 6-benzylaminopurine (q.v.).

Bar a sex-linked dominant mutation in Drosophila
melanogaster which results in a reduction in the
number of facets in the compound eye. This muta-
tion, symbolized by B, is commonly used as a marker
when constructing balancer X chromosomes. The
original mutation contained a tandem duplication of
chromosome segment 16A. Unequal crossing over
(g.v.) can cause this mutation to revert to wild type.
The 16A duplication is now thought to be a transpo-
son-induced rearrangement. Analysis of the Bar phe-
nomenon led to the discovery of position effects
(g.v.). See Appendix C, 1925, Sturtevant; M5 tech-
nique, transposable elements.

base stacking 45

barley See Hordeum vulgare.

Barr body the condensed single X chromosome
seen in the nuclei of somatic cells of female mam-
mals. See Appendix C, 1949, Barr and Bertram; dos-
age compensation, drumstick, late replicating X chro-
mosome, Lyon hypothesis, sex chromatin.

basal body (granule)
posed of a ring of nine triplet microtubules sur-
rounding a central cavity, found at the base of cilia.
See axoneme, centriole, flagellum, kinetosome.

a structure generally com-

Basc chromosome  See M5 technique.

base analog a purine or pyrimidine base that dif-
fers slightly in structure from the normal base. Some
analogs may be incorporated into nucleic acids in
place of the normal constituent. See aminopurine,
azaguanine, mercaptopurine. Analogs of nucleosides
behave similarly. See 5-bromodeoxyuridine.

basement membrane a delicate acellular mem-
brane that underlies most animal epithelia. See epi-
dermolysis bullosa, laminin.

base pair a pair of hydrogen-bonded nitrogenous
bases (one purine and one pyrimidine) that join the
component strands of the DNA double helix. Abbre-
viated bp. See deoxyribonucleic acid, genome size,
gigabase, Hoogsteen base pairs, hydrogen bond, kilo-

base, megabase, nucleotide pair.

base-pairing rules the rule that adenine forms a
base pair with thymine (or uracil) and guanine with

cytosine in a double-stranded nucleic acid molecule.
base-pair ratio See (A + T)/(G + C) ratio.

base-pair substitution a type of lesion in a DNA
molecule that results in a mutation. There are two
subtypes. In the case of ransitions, one purine is
substituted by the other or one pyrimidine by the
other, and so the purine-pyrimidine axis is pre-
served. In the case of transversions, a purine is substi-
tuted by a pyrimidine or vice versa, and the purine-
pyrimidine axis is reversed. See Appendix C, 1959,
Freese.

bases of nucleic acids the organic bases univer-
sally found in DNA and RNA (see page 46). In a
nucleotide sequence, a purine is often symbolized R,
while a pyrimidine is symbolized by Y. The purines
adenine and guanine occur in both DNA and RNA.
The pyrimidine cytosine also occurs in both classes
of nucleic acid. Thymine is found only in DNA, and
uracil occurs only in RNA. See rare bases.

base stacking the orientation of adjacent base
pairs with their planes parallel and with their sur-
faces nearly in contact, as occurs in double-stranded
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Bases of nucleic acids

DNA molecules. Base stacking is caused by hydro-
phobic interactions between purine and pyrimidine
bases, and results in maximum hydrogen bonding
between complementary base pairs.

basic amino acids amino acids that have a net
positive charge at neutral pH. Lysine and arginine
bear positively charged side chains under most con-

ditions.

basic dye any organic cation that binds to and
stains negatively charged macromolecules, such as
nucleic acids. See azure B.

basic number the lowest haploid chromosome
number in a polyploid series (symbolized by x). The
monoploid number.

basikaryotype the karyotype corresponding to the
monoploid.

basophilic designating an acidic compound that
readily stains with basic dyes.

Basques a human population living in the western
part of the Pyrenees mountains. About 900,000 live
in Spain and another 80,000 in France. Their lan-
guage is unrelated to any Indo-European language,
and they are believed to be the direct descendents
of tribes dating back to paleolithic times. See cystic
fibrosis, Rh factor.

Batesian mimicry a form of mimicry (g.v.) de-
scribed by the British naturalist Henry Walter Bates
in 1862.

B cell B lymphocyte. See lymphocyte.

B chromosomes
are not duplicates of any of the members of the basic

supernumerary chromosomes that

complement of the normal or “A” chromosomes. B
chromosomes are devoid of structural genes. During
meiosis, B chromosomes never pair with A chromo-
somes, and Bs show an irregular and non-Mendelian
pattern of inheritance. B chromosomes are extreme-
ly widespread among flowering plants and have been
extensively studied in rye and maize. B chromo-
somes are believed to perpetuate and spread them-
selves in populations because they replicate faster
than A chromosomes. See Appendix C, 1928, Ran-
dolph.

beads on a string the concept that genes in a
chromosome resembled beads on a string and that
recombination involved the string and not the beads.
S. Benzer disproved this idea by showing that re-
combination did occur within genes. In fact it could
occur between any adjacent nucleotides within a
gene. See rll, T phages.

Becker muscular dystrophy (BMD) a less severe
form of muscular dystrophy (gq.v.). It was described
in 1955 by Peter Emil Becker and shown to develop
later in life and to progress more slowly than the
common form. BMD constitutes about 10 percent

of all cases of X-linked muscular dystrophy.

becquerel a unit of activity of a radioactive sub-

stance. 1 Bq =1 disintegration per second.



bee dances circling and waggling movements
(Rundtanzen and Schwanzeltanzen) performed by
worker bees to give their hive mates information as
to the location of a new source of food.

beef thymus the gland from which DNA was iso-
lated for early structural studies. See Appendix C,
1951, Wilkins and Gosling; 1952, Franklin and Gos-
ling; nucleic acid.

bees See Apis mellifera, African bees.

Beer-Lambert law the law that the absorption of
light by a solution is a function of the concentration
of solute. It yields a relation commonly used in pho-
tometry: E =logolo/I = kcb, where E = optical den-
sity; I, =the intensity of the incident monochro-
matic light; I = the intensity of the transmitted light;
k=a constant determined by the solvent, wave-
length, and temperature; c=the concentration of
absorbing material in moles per liter; and b= the
thickness in centimeters of the solution traversed by
the light. The Beer-Lambert law is based on discov-
eries by the German mathematician, chemist, and
physicist, August Beer (1825-1863) and the French
mathematician, physicist, and astronomer, Johann
Heinrich Lambert (1728-1777).

behavioral isolation
lating mechanism in which two allopatric species re-
fuse to mate because of differences in courtship be-

a prezygotic (premating) iso-

havior; ethological isolation.

behavior genetics a branch of genetics that con-
cerns the inheritance of forms of behavior such as
courtship displays, nest building, etc., in lower ani-
mals and intelligence and personality traits in hu-
mans. Many traits that are of interest to behavioral
scientists are quantitative characters (q.v.).

Bence-Jones proteins proteins identified by the
English physician Henry Bence-Jones in 1847. B-J
proteins are excreted in the urine of patients suffer-
ing from malignancies of antibody-secreting cells
(plasmacytomas or myelomas). B-J proteins consist
of dimers of immunoglobulin chains. The proteins
are synthesized by clones of identical cells, and there-
fore each patient produces identical peptides in suf-
ficient quantities for the amino acid sequences to be
determined. B-J proteins played a critical role in in-
vestigations of the chemical structure of the immu-
noglobulins (g.v.).

benign See neoplasm.
benign subtertian malaria See malaria.

benzene the simplest of the aromatic organic com-
pounds.

beta carotene See carotenoids, retinene.

bicoid (bcd) 47

beta chain one of the two polypeptides found in
adult hemoglobin.

beta galactosidase an enzyme that breaks lactose
into glucose and galactose. In E. coli, the enzyme is
a tetramer of about 500,000 daltons encoded by the
lac Z gene. See homomeric protein, operon, lac op-

eron, lactose.
beta lactamase See penicillinases.
beta-2 microglobulin See MHC molecules.

beta particle a high-energy electron emitted from

an atomic nucleus undergoing radioactive decay.

beta pleated sheet one of two common, regularly
repeating structures seen in proteins (compare with
alpha helix). Each of the component polypeptide
chains in the beta pleated sheet is fully extended,
and the sheets are stabilized by hydrogen bonds be-
tween the NH and CO groups of the same or differ-
ent polypeptide chains. Adjacent chains can run in
the same or in opposite directions (parallel versus
antiparallel beta sheets). For example, silk fibroin is
composed of antiparallel beta pleated sheets. See Ap-
pendix C, 1951, Pauling and Corey; silk.

BEV the acronym for baculovirus expression vec-
tor. See baculoviruses.

bicoid (bcd) a gene that is essential for normal axis
formation in Drosophila. The transcription of bcd
takes place in the nurse cells (g.v.), and these are of
maternal genotype. This mRNA is transported in a
cytoplasmic stream that is pumped by the nurse cells
(q.v.) into the oocyte, and here it is localized at the
anterior pole. The sequence required for this local-
ization resides in the trailer portion of the mRNA.
This bed mRNA is not translated until after the egg
is fertilized. The product is a homeodomain protein
that functions as a morphogen for anterior struc-
tures. Mothers who lack a functional allele of bcd
produce embryos with aberrant or missing head and
thoracic structures and anterior abdominal seg-
ments. Transplantation of anterior polar cytoplasm
from wild type embryos or injection of purified bed
mRNA into bed-deficient embryos can rescue (g.v.)
the mutant phenotype. bed protein is distributed in
an anterioposterior concentration gradient in the zy-
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gote (g.v.) and controls the expression of several zy-
gotic genes, depending on its local concentration.
The bed gene is a member of the anterior class of
maternal polarity genes, and it lies within the Anten-
napedia (q.v.) complex. See Appendix C, 1988, Mac-
donald and Struhl; 1988, 1989, Driever and Niissl-
ein-Volhard; cytoplasmic localization, cytoplasmic
determinants, goosecoid, homeobox, hunchback, ma-
ternal polarity mutants, nanos (nos), trailer sequence,
zygotic gene.

bidirectional genes a pair of open reading frames
(q.v.), one on the plus strand and the other on the
minus strand of the same DNA double helix and
overlapping to a certain degree. Compare with over-

lapping genes.

bidirectional replication a mechanism of DNA
replication involving two replication forks moving in
opposite directions away from the same origin.

biennial designating a plant that requires two
years to complete its life cycle, from seed germina-
tion to seed production and death. The plant devel-
ops vegetatively during the first growing season and

flowers in the second.
bifunctional vector See shuttle vector.

bilateral symmetry a form of symmetry in which
the body can be divided by a longitudinal plane into
two parts that are mirror images of each other.

Bilateria animals with bilateral symmetry. See
classification.

bilharziasis See schistosomiasis.

bilirubin an orange pigment formed as a break-
down product of the heme component of hemepro-
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teins, especially the hemoglobin released during the
normal destruction of erythrocytes by the reticulo-
endothelial system. Bilirubin released into the circu-
lation by the reticuloendothelial system is taken up
by the liver and excreted into the bile. The accumu-
lation of bilirubin in plasma and tissues results in
jaundice. See Crigler-Najjar syndrome.

bimodal population a population in which the
measurements of a given character are clustered
around two values.

binary fission an amitotic, asexual division pro-
cess by which a parent prokaryote cell splits trans-
versely into daughter cells of approximately equal
size. Compare with septal fission.

Binet-Simon classification See intelligence quo-
tient classification.

binomial distribution a probability function so
named because the probabilities that an event will
or will not occur, n, n—1, n—2,..., 0 times are
given by the successive coefficients in the binomial
expansion (a + b)". Since a and b are the probabili-
ties of occurrence and non-occurrence, respectively,
their sum equals 1. The coefficients in a given bino-
mial expansion can be found by referring to Pascal’s
pyramid (see illustration on page 49). Here each ho-
rizontal row consists of the coefficients in question
for consecutive values of n. The expansions for n
equaling 1, 2, 3, 4, or 5 are shown below:

(a+b)'=1la+1b

(a+b)’ = 1a’+2ab + 1V

(a+b)* =14’ + 3a’b + 3ab* + 1V’

(a+b) =1a' + 4a’b + 6a°V* + 4ab’ + 11"

(a+b)’ =14’ + 5a'b + 10a°0* + 10a’b’ + 5ab* + 1b°

Note that each term of the triangle is obtained by
adding together the numbers to the immediate left
and right on the line above. Such a binomial distri-
bution can be used for calculating the frequency of
families in which a certain proportion of individuals
show a given phenotype. If we ask, for example,
what will be the distribution of girls and boys in
families numbering four children and let the fre-
quency of boys = a, and that of girls = b; then using
the formula (a + b)’, we conclude that the distribu-
tion would be 1/16 all boys; 4/16 3 boys and 1 girl;
6/16 2 boys and 2 girls; 4/16 1 boy and 3 girls; and
1/16 all girls. Pascal’s pyramid is named after its in-
ventor, the French mathematician Blaise Pascal

(1623-1662).

binomial nomenclature See Linnean system of bi-
nomial nomenclature.



-
—

—
W

an

VAV

—
(=]

/ N\

[ ]

AV

\
A VAVAN

-—

N

o

bioremediation 49

-—

N
N
AN
NN
\10/ \5/ \1

Binomial distribution (Pascal's pyramid)

bioassay determination of the relative potency or
effectiveness of a substance (e.g., a drug or a hor-
mone) by comparing its effect on a group of test or-
ganisms or cells (e.g., tissue culture) using appro-
priate controls.

biochemical genetics that branch of genetics that
seeks to elucidate the chemical nature of hereditary
determinants and their mechanisms of action during
the life cycles of the organisms and their viruses. See
Appendix C, 1909, Garrod; 1935, Beadle et al.

biocoenosis a group of plant and animal species
living together as a community in a particular hab-
itat.

biogenesis the production of a living cell from a
parent cell. Compare with biopoesis.

biogenetic law See recapitulation.

biogeographic realms divisions of the land masses
of the world according to their distinctive plant and
animal inhabitants. The six realms shown in the map
on page 50 are those first presented in 1876 by
A. R. Wallace in his Geographical Distribution of Ani-
mals. Note the dashed line that separates Borner (B)
and Java (J) from Sulawesi (S) and the smaller is-
lands of Indonesia. This line corresponds to the Wal-

lace line (q.v.).

biogeography the study of distributions of organ-
isms over the earth and of the principles that govern
these distributions. This field originated with studies
of Alfred Russel Wallace. See Appendix C, 1855,
1869, 1876, Wallace.

bioinformatics a new field in which computer
hardware and software technologies are developed
and used to gather, store, analyze, and disseminate
biological data, images, and other information.
Wide-scale, collaborative works in genomics (g.v.)

and proteomics (q.v.) rely heavily on bioinformatics.
See genome annotation.

biological clock 1. any mechanism that allows ex-
pression of specific genes at periodic intervals. 2. any
physiological factor that regulates body rhythms. See
clock mutants.

biological evolution See evolution.

biological species groups of naturally interbreed-
ing populations that are reproductively isolated from

other such species.

bioluminescence the emission of light by living
organisms.

biomass the total weight of organic material in a
particular sample, region, trophic level, etc. The dry
biomass of the earth is estimated to be 3 x 10" kg.
Prokaryotes (g.v.) represent the bottom of the food
chain and the major source of C, N, and P.

biome a grouping of ecosystems (g.v.) into a larger
group occupying a major terrestrial region (e.g.,
tropical rainforest biome, mixed conifer and decidu-
ous forest biome).

biometry the application of statistics to biological
problems. See Appendix C, 1889, Galton.

Biomphalaria glabrata See schistosomiasis.

biopoesis spontaneous generation (gq.v.).

bioremediation the use of living organisms (e.g.,
bacteria, fungi, and other microorganisms) to re-
claim contaminated environmental sites, such as soil,
groundwater, or lakes. This is achieved by enhancing
the natural ability of microbes already present at the
site to break down contaminating molecules. Alter-
natively, such microbes are added to the affected
site. See Pseudomonas, Streptomyces.
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biorhythm a recurring cycle in the physiology or
functioning of an organism, such as the daily cycle
of sleeping and waking; a cyclic pattern of physical,
emotional, or mental activity said to occur in the life
of a person. See circadian rhythm.

biosphere the surface of the earth where life re-
sides.

biosynthesis the production of a chemical com-
pound by a living organism.

biota a collective term to include all the organisms
living in a given region.

biotechnology the collection of industrial pro-
cesses that involve the use of biological systems. For
some industries, these processes involve the use of
genetically engineered microorganisms.

biotic potential See reproductive potential.

biotin one of the water-soluble B vitamins. It func-
tions as a cofactor in enzymes that catalyze carbox-
ylation reactions. Biotin is often used as a chemical
tag on nucleic acid probes because biotin-scavenging
proteins like streptavidin (q.v.) bind it with high af-
finity. Biotin-binding proteins coupled with fluores-
cent dyes allow their detection on cytological prepa-
rations. See biotinylated DNA.
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biotinylated DNA DNA probes labeled with bio-
tin (q.v.). Biotinylated deoxyuridine triphosphate is
incorporated into the molecule by nick translation
(g.v.). The probe is then hybridized to the specimen,
such as denatured polytene chromosomes on a slide.
The location of the biotin is visualized by complex-
ing it with a streptavidin (q.v.) molecule that is
attached to a color-generating agent. The technique
is less time consuming than autoradiography and gives
greater resolution. See Appendix C, 1981, Langer et al.

biotron a group of rooms designed for the control
of environmental factors, singly and in combina-
tions. Biotrons are used for producing uniform ex-
perimental organisms, and for providing controlled
conditions for experiments.

biotype
species. If the biotype allows the race to occupy a
particular environment, it is equivalent to an eco-

type (q.v.).

a physiologically distinct race within a
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biparental zygote 1. the common state for nu-
clear genes in diploid zygotes to contain equal ge-
netic contributions from male and female parents. 2.
the rare state for cytoplasmic genes in diploid zy-
gotes to contain DNA from both parents (e.g., chlo-
roplast DNA in Chlamydomonas).

biparous producing two individuals at one birth.

Bipolaris maydis a fungus responsible for disaster-
ous epidemics of corn leaf blight that have caused
losses of billions of dollars to the U.S. corn crops.
Formerly called Helminthosporium maydis. See cyto-
plasmic male sterility.

birefringence See anisotropy.

birth defect 1. any morphological abnormality
present at birth (congenital); such abnormalities
may have a genetic basis or they may be environ-
mentally induced (see phenocopy). 2. any biochemi-
cal or physiological abnormality present at birth;
such abnormalities usually have a genetic basis and
have been called “inborn errors of metabolism.” See
Appendix C, 1909, Garrod.

bisexual 1. pertaining to a species made up of in-
dividuals of both sexes. 2. pertaining to an animal
having both ovaries and testes, or to a flower having
both stamens and pistils.

Bison a genus including the American bison, B. bi-
son, and the European bison, B. bonasus, the latter
of which has been used in studies of the effects of
inbreeding.

Biston betularia the peppered moth, the species
used as the classic example of industrial melanism
(q.v.). A black form of the species, called carbonaria,
was first observed in 1848, and it spread through the
industrial areas of England and soon became the
most common form. This melanic form is due to a
dominant gene, and moths of this phenotype ap-
peared to be less conspicuous than the ancestral
form in environments polluted by soot (see diagram
on page 52). Therefore it was assumed that the me-
lanics were selected because they avoided bird pre-
dation. During the 1950’s experiments were done
which seemed to show that birds preyed selectively
on the more conspicuous moths. However, these
early experiments were discredited by later work,
and so the cause of the phenomenon has not been
resolved. The declines in atmospheric pollutants fol-
lowing clean air legislation have been accompanied
by reduction in the frequency of melanic peppered
moths. For example, in the area around Liverpool
the frequency of carbonaria fell from 90% to 10%
over a 40-year period. See Appendix C, 1891, Tutt,
1958, Kettlewell; Bibliography, 2003, Hooper.



52 bithorax

The ancestral (left) and melanic (right) form of the peppered moth. The backgrounds are non-polluted bark
(upper drawing) and polluted bark (lower drawing).

Biston betularia

bithorax a gene residing at 58.8 on the genetic
map and within segment 89E of the salivary map of
Drosophila melanogaster. The bx gene is one of a
cluster of three genes that specify the type of differ-
entiation that cells in the segments starting at the
posterior portion of the second thoracic segment
through the eighth abdominal segment will undergo.
Mlustration D on page 210 shows a bx mutant with
four wings. Therefore the normal function of this
gene is to specify that the hind pair of imaginal discs
(q.v.) form halteres (q.v.) not wings during meta-
morphosis. The three genes of the bithorax complex
encode DNA-binding proteins with homeodomains.
See Appendix C, 1978, Lewis; 1983, Bender et al.;
floral identity mutations, homeotic mutations, Hox
genes, metamerism, Polycomb, proboscipedia, seg-
ment identity genes, spineless-aristapedia.

Bittner mouse milk virus
agent.

See mammary tumor

bivalent a pair of homologous, synapsed chromo-
somes. See meiosis.

Bkm sequences a satellite DNA containing repeats
of the tetranucleotide sequences GATA and GACA
that was first isolated from the banded krait. In this
and many other snakes, the sequences are concentrated
in the W chromosome. Bkm sequences also occur in
the W chromosomes of birds. See W, Z chromosomes.

blackwater fever a name for malaria, with refer-
ence to the urinary excretion of heme. The malaria
parasite uses only the globin fraction of hemoglobin
for its metabolism and discards the heme, which is
excreted, darkening the urine.

BLAST Basic Local Alignment Search Tool. This
algorithm is widely employed for determining simi-
larity between nucleic acid or protein sequences, us-
ing sequences present in data bases.



blast cell transformation the differentiation,
when antigenically stimulated, of a T lymphocyte to
a larger, cytoplasm-rich lymphoblast.

blastema a small protuberance composed of com-
petent cells from which an animal organ or append-
age begins its regeneration.

blastocyst the mammalian embryo at the time of
its implantation into the uterine wall.

blastoderm the layer of cells in an insect embryo
that completely surrounds an internal yolk mass.
The cellular blastoderm develops from a syncytial
blastoderm by the partitioning of the cleavage nuclei
with membranes derived from infoldings of the
oolemma.

blastodisc
formed by the cleavage of a large yolky egg such as
that of a bird or reptile. Mitosis within the blastodisc
produces the embryo.

a disc-shaped superficial layer of cells

blastokinin See uteroglobin.

blastomere one of the cells into which the egg di-
vides during cleavage. When blastomeres differ in
size, the terms macromere and micromere are often
used.

blastoporal lip
blastopore, which functions as the organizer induc-
ing the formation of the neural tube. See chorda-
mesoderm, Spemann-Mangold organizer.

the dorsal rim of the amphibian

blastopore the single external opening of the
primitive digestive tract in the gastrula of most ani-
mals. The fate of the blastopore differs in those spe-
cies belonging to the two subdivisions of the Bilat-
eria. See Appendix A, Deuterostomia, Protostomia.

blastula an early embryonic stage in animals con-
sisting of a hollow sphere of cells.

Blatella germanica the German cockroach, a spe-
cies found throughout the world in association with
humans. It is the hemimetabolous insect for which
the most genetic information is available. See Appen-
dix A, Arthropoda, Insecta, Dictyoptera.

blending inheritance 1. an obsolete theory of he-
redity proposing that certain traits of an offspring are
an average of those of its parents because of the
blending of their fluidlike germinal influences; he-
reditary characters transmitted in this way would
not segregate in later generations. 2. a term incor-
rectly applied to codominant traits, to genes lacking
dominance, or to additive gene action.
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blepharoplast the basal granule of flagellates.
blocked reading frame See reading frame.

blood clotting a cascade of enzymatic reactions in
blood plasma that produces strands of fibrin to stop
bleeding. Fibrinogen, a protein found in the blood
plasma, is acted upon by the enzyme thrombin. As
a result a negatively charged peptide is split off the
fibrinogen molecule, leaving monomeric fibrin,
which is capable of rapid polymerization to produce
a clot. Active thrombin is formed from an inactive
precursor prothrombin, also found in blood plasma.
The conversion of prothrombin into thrombin is a
very complex process that requires a number of fac-
tors, including a lipoprotein factor liberated from
rupturing blood platelets, plasma thromboplastin
component, a complex of antihemophilic factor and
von Willebrand factors, calcium, ions, and others.
See hemophilia, von Willebrand disease.

blood coagulation blood clotting (q.v.).

blood group a type in a system of classification of
blood, based on the occurrence of agglutination of
the red blood cells when bloods from incompatible
groups are mixed. The classical human blood group-
ings were A, B, AB, and O. However, a multitude
of more recently identified groups exists. There are
33 blood group genes that have been localized to
specific chromosomes. Seventeen of these reside on
three chromosomes: the X has 5 genes, and auto-
somes 1 and 19 have 6 genes each. Nine other auto-
somes each have between 1 and 3 genes. See Appen-
dix C, 1900, Landsteiner; 1925, Bernstein; 1951,
Stormont et al.; A, B antigens, Bombay blood group,
Colton blood group, Duffy blood group gene, H sub-
stance, Kell-Cellano antibodies, Kidd blood group,
Lewis blood group, Lutheran blood group, MN blood
group, P blood group, Rh factor, Secretor gene, XG.

blood group chimerism the phenomenon in
which dizygotic twins exchange hematopoietic stem
cells while in utero and continue to form blood cells
of both types after birth. See also radiation chimera.

bloodline
ancestors.

in domesticated animals, a line of direct

blood plasma the straw-color fluid remaining
when the suspended corpuscles have been removed
from blood. See plasma lipoproteins, plasma throm-
boplastin component, plasma transferrins, plasmin,
serum.

blood typing determination of antigens on red
blood cells, usually for the purpose of matching do-
nor and recipient for blood transfusion. Convention-
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ally, only antigens of the ABO and Rh systems are
typed for this purpose.

Bloom syndrome (BS) children suffering from this
rare heriditary disease have short stature, sun-sensi-
tive facial erythema, and a high rate of bacterial in-
fections due to defects in their immune systems. The
condition was first described in 1954 by the Ameri-
can dermatologist D. Bloom. Somatic cells from BS
patients are hypermutable and show high frequen-
cies of microscopically visible chromatid gaps,
breaks, and rearrangements. BS is inherited as an au-
tosomal recessive, and homozygotes are prone to de-
velop a wide variety of cancers. The syndrome is
caused by mutations in a gene on the long arm of
chromosome 15 at band 26.1. The gene product
(BLM) is a helicase (g.v.). Men with BS produce no
spermatozoa and are sterile. Antibodies against BLM
have been shown to localize near synaptomemal
complexes (g.v.) in mouse spermatocytes at the zy-
gotene and early pachytene stages of meiosis (g.v.).

blotting the general name given to methods by
which electrophoretically or chromatographically
resolved RNAs, DNAs, or proteins can be trans-
ferred from the support medium (e.g., gels) to an
immobilizing paper or membrane matrix. Blotting
can be performed by two major methods: (1) capil-
lary blotting involves transfer of molecules by capil-
lary action (e.g., Southern blotting, northern blot-
ting, both of which see), and (2) electroblotting,
which involves transfer of molecules by electropho-
resis.

blue-green algae, blue-green bacteria See Cya-
nobacteria.

blunt end ligation the use of a DNA ligase (q.v.)
to join blunt-ended restriction fragments. Compare
with cohesive end ligation.

blunt ends See restriction endonuclease.

B lymphocyte a cell belonging to the class of lym-
phocytes that synthesize immunoglobulins. B lym-
phocytes mature within a microenvironment of
bone marrow (in mammals) or within the bursa of
Fabricius (in birds). At this time, the immunoglobu-
lins synthesized by B lymphocytes are transferred to
the cell surface. After the binding of an antigen mol-
ecule to a B lymphocyte, it goes through a cycle of
mitotic divisions during which the immunoglobulins
disappear from the cell surface. The plasma cells
that result synthesize immunoglobulins and secrete
them into the blood. However, some B lymphocytes
do not differentiate into plasma cells, but retain
membrane-bound immunoglobulins. These “mem-
ory” B lymphocytes function to respond to any sub-

sequent encounter with the same antigen See lym-
phocyte, V(D)J recombination.

bobbed a gene (bb) in Drosophila melanogaster
producing a small bristle phenotype. The locus of bb
is very near the centromere, and bb is the only gene
known to have alleles on both the X and Y chromo-
somes. The plus allele of bb is the nucleolus orga-
nizer, and the various hypomorphic alleles may rep-
resent partial deletions of ribosomal DNA. See
Appendix C, 1966, Ritossa, Atwood, and Spiegel-
man.

Bolwig organs a pair of eyes first described in
1946 by N. Bolwig in larvae of Musca domestica. In
Drosophila, Bolwig organs consist of two groups each
containing 12 photoreceptors juxtaposed to the lar-
val mouth hooks. See Dscam.

Bombay blood group a rare human variant of the
ABO blood group system (first discovered in Bom-
bay, India) that does not have A, B, or O antigens.
Individuals homozygous for an autosomal recessive
allele (h/h) cannot make the precursor H substance
(g.v.) from which the A and B antigens are formed.
This is a classical case of recessive epistasis in human
genetics, because without the product of allele H,
the products of the ABO locus cannot be formed.
Bombay bloods appear to be group O when rou-
tinely tested by antibodies against the A or B anti-
gens, but an individual with the Bombay phenotype
may be carrying unexpressed genes for the A and/or
B antigens. However, they make anti-H that is not
found in individuals of groups A, B, or O. Therefore
it is possible for a child of group A or B to be pro-
duced from parents that appear to be group O, if
one of them is a Bombay phenotype and carries the
genes for antigens A or B or both. See A, B antigens.

Bombyx mori the commercial silkmoth, which
was domesticated in China from its wild progenitor
B. mandarina about 5,000 years ago. Bombyx is esti-
mated to contain about 18,510 genes in its genome
of 429 mbp of DNA. There are about 400 visible
phenotypes, and ~200 of these have been assigned
to linkage groups. The diploid chromosome number
is 28, and the chromosomes are holocentric (q.v.).
The female is a female-heterogametic species (ZZ in
male, ZW in female). Sex is determined by a domi-
nant feminizing gene on the W chromosome. See
Appendix A, Arthropoda, Insecta, Lepidoptera; Ap-
pendix C, 1913, Tanaka; 1933, Hashimoto; Appen-
dix F; endopolyploidy, silk.

bond energy the energy required to break a given
chemical bond. For example, 58.6 kilogram calories
per mol are required to break a carbon to carbon

(C-C) bond.



bonobo the pigmy chimpanzee. See Pan.

border cells in Drosophila oogenesis, a group of
anterior cells that detach from the follicular epithe-
lium and migrate between the nurse cells in a poste-
rior direction until they reach the anterior surface of
the oocyte. Here they later participate in the forma-
tion of the micropylar apparatus which allows the
sperm to enter the egg. Mutations in the sex-linked
genes domeless, hopscotch, or unpaired disturb the
migration of the border cells.

Borrelia burgdorferi the spirochaete, transmitted
by ticks, that causes Lyme disease in humans. Ge-
nome sequencing has revealed that the bacterium
contains a 910,725 bp megachromosome and 17 dif-
ferent plasmids with a combined size of 533,000 bp.
The main chromosome contains about 850 genes,
and there are at least 430 genes on the plasmids. Un-
like the chromosomes of most bacteria which are
circular, the main chromosome and some of the
plasmids are linear. The DNA in the telomeres (g.v.)
forms covalently closed hairpin structures. See Ap-
pendix A, Prokaryotes, Bacteria, Spirochaetae; Ap-
pendix C, 1997, Fraser er al.

Bos the genus that includes the domestic cow, B.
taurus, the Brahman, B. indicus, and the yak, B.
grunniens. The haploid chromosome number for the
domestic cow is 30, and about 500 genes have been
mapped. See cattle for a listing of domestic breeds,
beef thymus; Appendix E.

bottleneck effect fluctuations in gene frequencies
occurring when a large population passes through a
contracted stage and then expands again with an al-
tered gene pool (usually one with reduced variabil-
ity) as a consequence of genetic drift (g.v.).

botulism poisoning by an exotoxin (q.v.) synthe-
sized by Clostridium botulinum (q.v.). The poison is
called the botulin toxin (botox), and when eaten it
blocks nerve impulses and causes muscle paralysis.

bouquet configuration
of chromosome ends at the periphery while the re-
maining chromatin fills the volume of the nucleus.
This is the result of telomeres (q.v.) moving along
the inner surface of the nuclear envelope during lep-
tonema and eventually bunching together at the
bouquet site. The tethering of telomeres to the nu-
clear periphery requires a specific meiotic telomere
protein. In Saccharomyces cerevisiae this protein is
encoded by a gene called Ndjl (nondisjunction 1).
Deletion of Ndjl prevents bouquet formation and
causes a delay in the pairing of homologues. See mei-
osis.

a polarized arrangement
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Boveri theory of cancer causation the proposal
that a malignant tumor arises by the proliferation of
a single cell which has acquired an excess or defi-
ciency of chromosomes due to errors in the number
of chromosomes it received during mitosis. See Ap-
pendix C, 1914, Boveri.

bovine referring to members of the cattle family,
especially to those of the domestic cattle species Bos
taurus.

bovine achondroplasia hereditary chondrodystro-
phy seen in “bull-dog” calves of the Dexter breed.
The condition is inherited as an autosomal recessive.
See achondroplasia.

bp abbreviation for “base pairs.”
Bq becquerel (q.v).

abnormal shortness of fingers or

brachydactyly
toes or both.

brachyury a short-tailed mutant phenotype in the
mouse governed by a gene on chromosome 17. It
was through this mutant that the T complex (q.v.)
was discovered. See T box genes.

Bracon hebetor See Microbracon hebetor (also

called Habrobracon juglandis).
bradyauxesis See heterauxesis.

bradytelic used to refer to a lower-than-average
rate of evolution. See evolutionary rate.

Brahman
indicus).

a breed of humped domestic cattle (Bos

brain hormone prothoracicotropic hormone (g.v.).

Branchiostoma
called Amphioxus. Branchiostoma lanceolatum is the
sole living representative of the Cephalochordata.
See Appendix A, Animalia, Chordata, Hox genes.

a genus of lancelets, commonly

branch migration See Holliday model.
branch site See lariat.

BRCA1, BRCA2 See breast cancer susceptibility
genes.

Brdu 5-bromodeoxyuridine (q.v.).

breakage and reunion the classical and generally
accepted model of crossing over by physical break-
age and crossways reunion of broken chromatids
during meiosis. See Holliday model.

breakage-fusion-bridge cycle a cycle that begins
with a dicentric chromosome forming a bridge as it
is pulled toward both poles at once during anaphase.
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Such dicentric chromosomes may arise from an ex-
change within a paracentric inversion or may be ra-
diation-induced. Once the dicentric breaks, the bro-
ken ends remain sticky, and these fuse subsequent
to duplication. The result is another dicentric that
breaks at anaphase, and so the cycle continues, with
the chromosomes being broken anew at every mito-
sis (see illustration). Since each subsequent break is
likely to be at a different place than the previous
ones, there will be a repeated regrouping of the ge-
netic loci to produce duplications and deficiencies.
See Appendix C, 1938, McClintock; chromosome
bridge, telomere.

breakage-reunion enzymes enzymes that use
continuous stretches of DNA molecules, rather than
preexisting termini, as substrates. The DNA duplex
is broken and rejoined. The energy released by
breakage is stored in a covalent enzyme-DNA inter-
mediate and utilized in rejoining the molecules.

breakthrough an individual that escapes the dele-
terious action of its genotype. In a population of in-
dividuals homozygous for a given recessive lethal

gene, almost all will die at a defined developmental
stage. Those that develop past this stage are called
“breakthroughs,” or “escapers.”

breast cancer susceptibility genes genes that
when mutated greatly increase the susceptibility of
heterozygous women to breast cancer. The first
gene, BRCAI, resides at 17q21. It was cloned in
1994 and shown to encode a protein containing
1,863 amino acids. BRCA?2 resides at 13q12-13. It
was cloned in 1995 and is now known to encode a
protein containing 3,418 amino acids. Together,
BRCAI and BRCA2 are responsible for most cases
of hereditary breast cancer. BRCAI also increases
the risk of ovarian cancer, but BRCA2 does not. The
BRCAI protein contains two zinc finger domains
and is therefore believed to function as a transcrip-
tion factor. See Appendix C, 1994, Miki et al.; 1995,
Wooster et al.; anti-oncogene, Mendelian Inheritance
in Man (MIM), zinc finger protein.

breathing in molecular genetics, the periodic, lo-
calized openings of a DNA duplex molecule to pro-
duce single-stranded “bubbles.”



breed an artificial mating group derived from a
common ancestor for genetic study and domestica-
tion.

breeding the controlled propagation of plants and
animals.

breeding size the number of individuals in a pop-
ulation that are actually involved in reproduction
during that generation.

breeding true to produce offspring of phenotype
identical to the parents; said of homozygotes.

bridge migration synonymous with branch migra-
tion. See Holliday model.

bridging cross a mating made to transfer one or
more genes between two reproductively isolated
species by first transferring them to an intermediate
species that is sexually compatible with the other
two species.

bristle organ each insect bristle is an organ con-
sisting of four cells: the cell that secretes the bristle,
the socket cell that secretes the ring that encloses
the bristle, a sensory nerve cell whose process ends
near the base of the bristle, and the sheath cell that
surrounds the nerve axon. See trichogen cell.

broad bean Vicia faba (g.v.). This is the European
plant to which the term bean was originally applied.

broad heritability the proportion of the total phe-
notypic variance (for a polygenic trait in a given
population) that is attributed to the total genetic
variance (including additive, dominance, epistatic,
and other types of gene action); symbolized H?. See
heritability.

5-bromodeoxyuridine a thymidine analog that
can be incorporated into DNA during its replication.
This substitution profoundly affects that structure of
the DNA. When both strands are substituted with
BUDR, a chromatid stains less intensely than when
only one strand is so substituted. Thus when cells
are grown in the presence of BUDR for two replica-
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tion cycles, the two sister chromatids stain differen-
tially and therefore are called harlequin chromo-
somes. Consequently, the BUDR labeling method
can be used to detect sister chromatid exchanges.
BUDR causes breakage in chromosomal regions rich
in heterochromatin. Additional acronyms are Budr
and Brdu. See Appendix C, 1972, Zakharov, and
Egolina.

5-bromouracil a mutagenically active pyrimidine
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brood the offspring from a single birth or from a

single clutch of eggs.

broodiness the tendency of female birds to incu-
bate eggs.

Bruton tyrosine kinase See agammaglobulinemia.

Bryophyta the plant phylum containing mosses,
liverworts, and hornworts. Bryophytes lack a vascu-
lar system. See Appendix A.

Bt designer plants transgenic plants (g.v.) with
the gene for the toxin produced by Bacillus thurin-
giensis spliced into their genomes. Bt corn is an ex-
ample of such a genetically engineered crop, and the
Bt toxin kills off its major enemy, the European corn
borer. One third of the corn sold in the U.S. is Bt
corn. Farmers plant even more Bt soybeans and Bt
cotton. See Bacillus, GMO.

bubble a structure formed in a duplex DNA at the
site of initiation and strand separation during repli-
cation.

bud 1. A sibling cell produced during the division
of a budding yeast, like Saccharomyces cerevisiae.
The daughter cell develops as a protrusion of the cell
wall of the mother cell. The mother retains its old
cell wall components while the bud gets newly syn-
thesized wall material (contrast with septal fission).
The nucleus migrates to the neck of the bud. Here
mitosis occurs with the nuclear envelope remaining
intact, and a set of telophase chromosomes is deliv-
ered to each cell. 2. an underdeveloped plant shoot,
consisting of a short stem bearing crowded, overlap-
ping, immature leaves.



budding 1. in bacteria, yeast, and plants, the pro-
cess by which a bud (q.v.) is produced. 2. in enve-
loped viruses such as influenza virus and Sindbis vi-
rus, a mode of release from the host cell in which a
portion of the cell membrane forms an envelope
around the nucleocapsid. The envelope contains vi-
ral proteins, but no cellular proteins.

BUDR 5-bromodeoxyuridine (q.v.).

buffer a compound that, in solution, tends to pre-
vent or resist rapid changes in pH upon the addition
of small quantities of acid or base.

buffering the resistance of a system to change by
outside forces.

Bufo a genus of toads. Wild populations of species
of this genus have been extensively studied by popu-
lation geneticists.

bulb a modified shoot consisting of a very much
shortened underground stem enclosed by fleshy
scalelike leaves. It serves as an organ of vegetative
reproduction. The onion, daffodil, tulip, and hya-
cinth produce bulbs.

bull the adult male of various animals including
domesticated cattle, elephants, moose, and elk.

bull-dog calf See bovine achondroplasia.

buoyant density the equilibrium density at which
a molecule under study comes to rest within a den-
sity gradient. See centrifugation separation.

Burkitt lymphoma a monoclonal malignant prolif-
eration of B lymphocytes primarily affecting the jaw
and associated facial bones. The cancer is named
after Denis Burkitt, who first described it in central
African children in 1958. Most Burkitt tumors oc-

curring in Africans contain Epstein-Barr virus (EBV)
(q.v.), and this virus is believed to be mosquito
borne. Burkitt lymphomas from United States and
European patients lack EBV. Burkitt lymphoma cells
always contain a reciprocal translocation involving
the long arm of chromosome 8 and chromosome 14,
or less frequently 22 or 2. The break point on chro-
mosome 8 is always near the myc oncogene (g.v.).
The break point on the other chromosome is always
near an immunoglobulin gene, namely, 14 (heavy
chains), 22 (lambda light chains), or 2 (kappa light
chains). In its translocated state myc is activated and
the cancer ensues. See immunoglobulin chains, Phila-
delphia (Ph") chromosome.

bursa of Fabricius a saclike structure connected to
the posterior alimentary canal in birds. The bursa is
the major site where B lymphocytes become mature
immunoglobulin (antibody)-secreting plasma cells.
The equivalent organ in mammals has not been defi-
nitely identified. Most evidence suggests the bone
marrow. The organ bears the Latinized name of the
Italian anatomist Girolamo Fabrizio (1578-1657)
who first described it.

bursicon an insect hormone that appears in the
blood after molting and is required for the tanning
and hardening of new cuticle.

burst size the average number of bacteriophages
released from a lysed host. See Appendix C, 1939,
Ellis and Delbriick.

busulfan a mutagenic, alkylating agent.
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C 1. Celsius (also Centigrade). 2. carbon. 3. the
haploid amount of DNA. See C value, C paradox. 4.
cytosine or cytidine.

"C a radioactive isotope of normal carbon ("°C)
emitting a weak beta particle. The half-life of "C is
5,700 years. This radioisotope is extensively used as
a tracer in molecular biology.

CAAT box part of a conserved DNA sequence of
about 75 base pairs upstream from the initiator for
eukaryotic transcription; possibly involved in bind-
ing RNA polymerase II. See Hogness box.

cadastral genes genes that restrict the action of
other genes to specific regions of the organism. An
example of such a boundary-setting gene is SUPER-
MAN in Arabidopsis thaliana (q.v.). Flowers that
contain inactive alleles of SUPERMAN have sta-
mens in whorl 4. Since stamens require activities B
and C (see floral identity mutations), these abnormal
flowers suggest that genes capable of producing B
are normally inhibited in whorl 4 by cadastral genes
like SUPERMAN. See floral identity mutations.

cadherins glycoproteins composed of 700-750
amino acids that function as cell-cell adhesion mole-
cules. The N-terminal end of the molecule projects
from the membrane surface and contains Ca* bind-
ing sites. The C-terminal tail binds to the actin of
the cytoskeleton. In between is a segment that func-
tions as an integral part of the cell membrane. E-
cadherins are the best characterized of the cadher-
ins. They are present in many types of epithelial cells
and are usually concentrated in the adhesion belts
that hold the cells together. See cell-cell adhesion
molecules (CAMs).

Caenobacter taenospiralis See killer paramecia.

Caenorhabditis databases See Appendix E.

Caenorhabditis elegans a small nematode whose
developmental genetics has been extensively investi-
gated. The worm is about 1 mm in length, and its
life cycle, when reared at 20°C, is 3.5 days. Its trans-
parent cuticle allows the visualization of every cell.
The adult has 816 somatic cells, of which 302 are
neurons. The complete lineage history and fate of
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every cell is known. C. elegans normally reproduces
as a self-fertilizing hermaphrodite, which has two X
chromosomes per cell, plus five pairs of autosomes.
Loss of an X by meiotic nondisjunction leads to the
production of males. These arise spontaneously among
the progeny of hermaphrodites at a frequency of
about 0.2%. The mating of hermaphrodites with
males made genetic analysis possible. The C. elegans
genome contains 100 million base pairs and about
19,100 protein-coding genes. Exons and introns
each make up about 24% of the genome, and each
gene has an average of 5 introns. About a quarter
of the genes are organized into operons (q.v.). The
ribosomal and the 5S RNA genes occur in tandom
arrays in autosomes I and V, respectively. The sel-12
gene of Caenorhabditis is homologous to a gene in
humans that confers susceptibility to Alzheimer dis-
ease (g.v.). See Appendix A, Animalia, Pseudocoelo-
mata, Nematoda; Appendix C, 1974, Brenner; 1977,
Sulston, and Horvitz; 1981, Chalfe and Sulston;
1983, Greenwald et al.; 1998, C. elegans Sequencing
Consortium; 2000, Rubin et al., Fraser et al.; Appendix
E, Individual Databases; apoptosis, cell lineage mu-
tants, daf-2, helitron, Hox genes, Pangrellus redivius,
RNA interference (RNAI), trans-splicing, Turbatrix
aceti, zinc finger proteins.

caffeine a stimulant found in coffee and tea. The
usual portion of these beverages contains about 100
mg of caffeine, making it the most common drug
taken regularly by human beings. Caffeine is a pu-
rine analog that is mutagenically active in microbial
systems. See alkaloid, bases of nucleic acids, theobro-

mine.

o  cH,
C
CH3—I~|1/ e \%H
|
C. C—N
e

o’ \lf
CH,

Cairns molecule See theta replication.

Cajal body
1903 by the Spanish neurobiologist Santiago Ramon
y Cajal in mammalian neurons and called by him the
accessory body. In 1969 A. Monneron and W. Bern-

a nuclear organelle first identified in
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hard rediscovered these organelles within the inter-
phase nuclei of mammalian liver cells and named
them coiled bodies on the basis of their appearance in
electron micrographs. Cajal bodies are now generally
identified by immunofluorescence with specific anti-
bodies against the protein coilin (g.v.), which is con-
centrated in them. The giant nucleus of amphibian
oocytes (the germinal vesicle) contains 50 to 100
large Cajal bodies. All three eukaryotic RNA poly-
merases are found in oocyte Cajal bodies, along with
many factors involved in transcription and process-
ing of all types of RNA (pre-mRNA, pre-rRNA,
tRNA, etc.). Based on studies of oocytes, Gall et al.
have suggested that Cajal bodies are sites for preas-
sembly of the transcription machinery of the nu-
cleus, much as nucleoli are sites for preassembly of
the translation machinery (ribosomes). See Appendix
C, 1999, Gall er al; nucleolus, posttranscriptional
processing, snurposomes, transcriptosomes.

calciferol vitamin D (g.v.).

calcium an element universally found in small
amounts in tissues. Atomic number 20; atomic
weight 40.08; valence 2 +; most abundant isotope
“Ca; radioisotope *“°Ca, half-life 164d, radiation
emitted-beta particles. Extracellular calcium plays a
role in blood clotting and maintaining the integrity
of biological membranes. For example, calcium
chloride treatment of bacteria makes them perme-
able to plasmids. Internally, calcium activates a vari-
ety of enzymes, especially protein kinases (q.v.). See
Appendix C, 1972, Cohen et al.

calico cat See tortoiseshell cat.

Calliphora erythrocephala a large fly in which
polytene chromosomes occur in the ovarian nurse
cells in certain inbred lines. The banding pattern of
these giant chromosomes has been compared with
those of pupal trichogen cells (g.v.).

callus the cluster of plant cells that results from
tissue culturing a single plant cell.

calmodulin
tein that regulates a wide spectrum of enzymes and
cellular functions, including the metabolism of cy-
clic nucleotides and glycogen. It also plays a role in
fertilization and in the regulation of cell movement
and cytoskeletal control, as well as in the synthesis
and release of neurotransmitters and hormones. Cal-
modulin is a heat- and acid-stable, acidic protein
with four calcium-binding sites. It is found in all
eukaryotic cells and has a molecular weight of
16,700. It appears to be the commonest translator
of the intracellular calcium message. See second
messenger.

an intracellular calcium receptor pro-

calnexin an integral membrane protein of the en-
doplasmic reticulum (q.v.). Calnexin is a chaperone
(g.v.) that binds misfolded glycoproteins and targets
them for subsequent degradation by a proteasome
(q.v.). The product of the delta F508 allele of cystic
fibrosis gene is an example of a glycoprotein that in-
teracts with this chaperone. See cystic fibrosis (CF).

calyx the sterile, outer whorl of floral parts com-
posed of sepals.

cambium the lateral meristem of vascular plants.

Cambrian the earliest period in the Paleozoic era.
Representatives of most animal phyla are present in
Cambrian rocks. Algae, sponges, and trilobites (q.v.)
were abundant. The Cambrian ended with a mass
extinction. Seventy-five percent of all trilobite fami-
lies and 50% of all sponge families died off. See geo-
logic time divisions.

Camelus the genus of camels including C. bactri-
anus, the two-humped camel; and C. dromedarius,
the one-humped camel, also called the dromedary.

cAMP  See cyclic AMP.

Campbell model of lambda integration
pothesis that explains the mechanism of integration

a hy-

of phage lamda into the E. coli host chromosome.
According to the model, linear lambda DNA is first
circularized. Then prophage integration occurs as a
physical breakage and reunion of phage and host
DNA molecules precisely between the bacterial
DNA site for phage attachment and a corresponding
site in the phage DNA. See Appendix C, 1962,
Campbell.

canalization
ways that lead to a standard phenotype in spite of

the existence of developmental path-

genetic or environmental disturbances.

canalized character a trait whose variability is re-
stricted within narrow boundaries even when the or-
ganisms are subjected to disturbing environments or
mutations.

canalizing selection elimination of genotypes that
render developing individuals sensitive to environ-
mental fluctuations.

cancer a class of diseases of animals characterized
by uncontrolled cellular growth. See Appendix E;
anti-oncogenes, Burkitt lymphoma, carcinoma, immu-
nological surveillance theory, leukemia, lymphoma,
malignancy, melanoma, metastasis, myeloma, neo-
plasm, oncogene, oncogenic virus, p53, papilloma,
sarcoma, teratocarcinoma, teratoma.



Canis familiaris the dog, the first animal domesti-
cated by man and his companion for at least 15,000
years. The dog is a close relative of the gray wollf,
Canis lupus. They both have a chromosome number
of 39, and species hybrids are fertile. At least 400
different genetic diseases have been identified in
dogs, and most of these are homologous to the hu-
man conditions (Duchenne and Becker types of
muscular dystrophy, Niemann-Pick disease, von
Willebrand disease, hemophilia A and B, and testic-
ular feminization are examples). The dog genome
contains 2.4 Gbp of DNA. See Appendix A, Mam-
malia, Eutheria, Carnivora; Appendix E; dog breeds,
wolf.

canonical sequence an archetypical sequence
(also known as a consensus sequence) to which all
variants are compared. A sequence that describes
the nucleotides most often present in a DNA seg-
ment of interest. For example, in the Pribnow box
and the Hogness box, the canonical sequences are
TATAAT and TATAAAA, respectively. The 14 nu-
cleotide consensus sequence CCGTNTGYAARTGT
has 11 nucleotides that are constant throughout the
populations sampled. However, at position 5 any
nucleotide (N) can be present, at the position 8 ei-
ther pyrimidine (Y) can occur, and at position 11
either purine (R) can occur. See promoter.

cap See methylated cap.
CAP catabolite activator protein (g.v.).

capacitation a process of physiological alterations
whereby a sperm becomes capable of penetrating an
egg as a consequence of exposure to one or more
factors normally present in the female reproduc-
tive tract. It is theorized that a substance coating the
sperm head must be removed by these female fac-
tors before the sperm can become fully functional
for fertilization.

capon a castrated domestic fowl.

capped 5’ ends the 5’ ends of eukaryotic mRNAs
containing methylated caps (g.v.).

capping 1. addition of a cap (q.v.) to mRNA mol-
ecules. 2. redistribution of cell surface structures to
one region of the cell, usually mediated by cross-
linkage of antigen-antibody complexes.

Capsicum a genus that includes red peppers and
pimentos, C. annum, and green pepper, C. frutes-
cens.

capsid the protein coat of a virus particle.

capsomere one of the subunits from which a virus
shell is constructed. Capsomeres may contain several
different polypeptide chains. The virus shell is
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formed by assembling capsomeres about the nucleic
acid core in a precise geometrical pattern. See icosa-
hedron, Q beta (Q) phage, tobacco mosaic virus.

Carassius auratus the aquarium goldfish. A mem-
ber of the carp family first described in China 2,300
years ago and bred for ornament since that time. See
Appendix A, Chordata, Osteichthyes, Neopterygii,
Cypriniformes.

carbohydrate a compound, having the general for-
mula C,H,,O,. Common examples of carbohydrates
are glucose, cellulose, glycogen, and starches (g.v.).

carbon the third most abundant of the biologically
important elements. Atomic number 6; atomic
weight 12.01115; valence 4; most abundant isotope
12C; radioisotope "C (g.v.).

3’ carbon atom end nucleic acids are convention-
ally written with the 3’ carbon of the pentose to the
right. Transcription or translation from a nucleic
acid proceeds from 5’ to 3’ carbon.

5’ carbon atom end nucleic acids are convention-
ally written with the end of the pentose containing
the 5" carbon to the left. See deoxyribonucleic acid.

carbon dioxide sensitivity See sigma virus.

Carboniferous the Paleozoic period that gener-
ated the great coal deposits. At this time the land
was covered by extensive forests. Seed-bearing ferns
and conifers appeared for the first time. Amphibians
diversified, and the winged insects and reptiles arose.
Cartilagenous fishes were the dominant marine ver-
tebrates. In North America, where the stratigraphic
record allows Carboniferous strata to be conve-
niently subdivided into upper and lower segments,
the Carboniferous is replaced by the Pennsylvanian
and Mississippian periods. See geologic time divi-
sions.

carbonyl group a doubly bonded carbon-oxygen
group (C=0). The secondary structure of a poly-
peptide chain involves hydrogen bonds between the
carbonyl group of one residue (amino acid) and
the imino (NH) group of the fourth residue down
the chain. See alpha helix.

carboxyl group a chemical group (COOH) that
is acidic because it can become negatively charged
(—i—O’) if a proton dissociates from its hydroxyl

group.
carboxyl terminal C-terminus (g.v.).

carboxypeptidases two pancreatic enzymes (A
and B) that hydrolyze protein chains beginning at
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the carboxyl terminal end of the chain and liberating
amino acids one at a time. These enzymes are useful
for amino acid sequence studies.

carboxysomes See cyanobacteria.

carcinogen a physical or chemical agent that in-
duces cancer. A carginogen is usually mutagenic, and
it either damages nucleic acids directly or indirectly,
or it causes a genetic imbalance by inducing a chro-
mosomal aberration (g.v.). See alkylating agent, anti-
oncogenes, Boveri theory of cancer causation, ionizing
radiation, oncogene, oncogenic virus, proto-onco-
gene, ultraviolet radiation.

carcinoma a cancer of epithelial tissues (e.g., skin
cancer); adenocarcinoma is a cancer of gland epi-
thelia.

carcinostasis inhibition of cancerous growth.

carnivore
few insectivorous plants. In classification, a member
of the mammalian order Carnivora which contains

a meat-eating animal. Also applied to a

cats, mongooses, dogs, bears, raccoons, pandas, ot-
ters, etc.

carotenoids lipid-soluble pigments ranging in
color from yellow to red. The carotenes whose struc-
tures appear in the illustration are plant carotenoids.
Beta carotene can be enzymatically hydrolyzed into
two molecules of vitamin A (q.v.) and is therefore
an important provitamin. See anthocyanins.

carpel the meristematic whorl of cells that pro-
duces the female reproductive organs in angio-
sperms. At maturity the carpel refers to the part of
the flower that encloses the ovules and extends up-
ward to form the pistil.

carrier 1. an individual heterozygous for a single
recessive gene. 2. a stable isotope of an element
mixed with a radioisotope of that element to give a
total quantity sufficient to allow chemical opera-
tions. 3. an immunogenic molecule (e.g., a foreign
protein) to which a hapten (q.v.) is coupled, thus
rendering the hapten capable of inducing an im-
mune response.

carrier-free radioisotope a radioisotope essen-
tially undiluted with a stable contaminating isotope.
carrying capacity the size or density of a popula-
tion that can be supported in stable equilibrium with
the other biota of a community; symbolized K.

cartilage a skeletal connective tissue formed by
groups of cells that secrete into the intercellular
space a ground substance containing a protein, colla-
gen (g.v.), and a polysaccharide, chondroitin sulfuric
acid.

cartilage-hair hypoplasia (CHH) a disease inher-
ited as an autosomal recessive. Homozygous chil-
dren have short limbs because of arrested cartilage
growth, and their hair is sparse and light colored.
The disease is the first one shown to be caused by
mutations in an untranslated gene. The gene, RMRP
(q.v.), transcribes an RNA that is used directly as a
subunit of a mitochondrial enzyme. CHH was first
observed among the Amish (g.v.), where its fre-
quency is about 1.5 per 1,000 live births. See Appen-
dix C, 2001, Ridanpaa et al.

Carya a genus that includes C. ovata, the shagbark
hickory, and C. pecan, the pecan.

caryonide a lineage of paramecia that derive their
macronuclei from a single macronuclear primor-
dium. Such paramecia are generally immediate de-
scendants of the exconjugants.



caryopsis a dry indehiscent multiple-seeded fruit
derived from a compound ovary. The corn ear is an
example.

caspases a specific group of proteases that func-
tion during apoptosis (g.v.). Caspase is an abbrevia-
tion for cysteine-dependent, aspartate-specific prote-
ase. Such proteins are initially secreted as inactive
precursors. Upon receiving a chemical signal, such
procaspases break down into subunits, which are
then reassembled into heterotetrameric caspases.
There are two classes of caspases. The first, called
upstream initiators, serve to transduce signals from
the cell surface. These initiators then interact with
caspases of the second class, the downstream effect-
ors which begin to destoy key cellular substrates.
The death process enters its final phase when cas-
pases activate the breakdown of DNA. See cellular
signal transduction, separase, tumor necrosis factor.

cassette mutagenesis
removing from a gene a stretch of DNA flanked on
either end by a restriction site (g.v.) and then insert-
ing in its place a new DNA segment. This cassette
can contain base substitutions or deletions at specific
sites, and the phenotypic effects that result give in-
sight into relative importance of specific subseg-
ments of the region to the functioning of the gene
or its product.

a technique that involves

cassettes loci containing functionally related nu-
cleotide sequences that lie in tandem and can be
substituted for one another. The mating-type rever-
sals observed in yeast result from removing one cas-
sette and replacing it by another containing a differ-
ent nucleotide sequence. Mating-type loci in yeast
contain homeoboxes (g.v.).

caste a class of structurally and functionally spe-
cialized individuals within a colony of social insects.

cat any of a number of domesticated breeds of the
species Felis catus. Popular breeds include SHORT-
HAIRED BREEDS: Domestic Shorthair, Siamese, Bur-
mese, Abyssinian, Russian Blue, Havana Brown,
Manx, and Rex; LONG-HAIRED BREEDS: Persian, An-
gora, and Himalayan.

catabolism metabolic breakdown of complex mol-
ecules to simpler products, often requiring catabolic
enzymes and accompanied by the release of energy.

catabolite a compound generated by the break-
down of food molecules.

catabolite activating protein (CAP) a constitu-
tively produced, dimeric, positive regulator protein
in bacteria that, when bound to a promoter region

and cAMP, facilitates transcription by RNA poly-
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merase of certain catabolite-sensitive adjacent genes
in inducible and glucose-sensitive operons (such as
the lac operon of E. coli). Also known as cyclic AMP
receptor protein (CRP) or catabolite gene activator
(CGA) protein.

catabolite repression the reduction or cessation
of synthesis of enzymes involved in catabolism of
sugars such as lactose, arabinose, etc., when bacteria
are grown in the presence of glucose. The enzyme
adenyl cyclase is inhibited by glucose from convert-
ing ATP to cyclic adenosine monophosphate (cAMP);
cAMP must complex with catabolite activator pro-
tein (CAP) in order for RNA polymerase to bind to
promoters of genes responsible for enzymes capable
of catabolizing sugars other than glucose. Therefore,
in the presence of glucose, less CAP protein is avail-
able to facilitate the transcription of mRNAs for
these enzymes.

catalase an enzyme that catalyzes the reaction of
H,0, - H,0 + %40,. Catalase is especially abun-
dant in the liver, where it is contained in peroxi-
somes (q.v.). See acatalasemia, antioxidant enzymes,
superoxide dismutase.

catalyst a substance that increases the rate of a
chemical reaction without being consumed. En-

zymes are biological catalysts.

catarrhine referring to primates of the infraorder
Catarrhini that includes the Old World (African and
Asian) monkeys, great apes, and humans. These pri-
mates are characterized by nostrils that are close-set
and directed forward or downward, and they do not
have prehensile tails. Compare with platyrrhine. See
Cercopithecus ethiops, Hylobates, Macacca mulatta,
Pan.

catastrophism a geological theory proposing that
the earth has been shaped by violent events of great
magnitude (e.g., worldwide floods, collisions with
asteroids, etc.); the opposite of uniformitarianism
(a.v).

cat cry syndrome  a syndrome of multiple congeni-
tal malformations in humans with a deficiency in the
short arm of chromosome 5. Infants with this condi-
tion produce a peculiar cry that sounds like a cat
mewing. Also known as the cri du chat syndrome.

category arank in a taxonomic hierarchy to which
one or more taxa may be assigned: e.g., phylum,
class, order, family, genus, species.

catenane a structure made up of two or more in-
terlocking rings.

catenate to convert two or more rings into a sys-
tem of interlocking rings.
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catenins a family of intracellular proteins that are
a component of the junctional complexes which me-
diate adhesion between cells and signal contact inhi-
bition (g.v.). In humans, alpha and beta catenins are
encoded by genes at 5931 and 3p22, respectively.
The sequences of the two genes show no similarity.
The alpha and beta proteins form 1:1 heterodimers,
and they attach the inward-reaching carboxyl ends
of molecules of cadherins (g.v.) to actin (g.v.) fila-
ments within the cell. In Xenopus, beta catenins pro-
vide the first signal of dorsal ventral polarity in the
embryo.

cathepsin any of certain proteolytic enzymes
thought to reside in lysosomes (gq.v.). Such enzymes
are abundant, for example, in metamorphosing tad-
poles during the resorption of the tail.

cathode the negative electrode to which positive
ions are attracted. Contrast with anode.

cation a positively charged ion so named because
it is attracted to the negatively charged cathode.
Contrast with anion.

Cattanach translocation a translocation in the
mouse discovered by B. M. Cattanach. The aberra-
tion involves an X chromosome into which a seg-
ment of autosome 7 has been translocated. The
insertion carries the wild-type alleles of three auto-
somal genes that control the color of the fur. Studies
on mice heterozygous for the Cattanach transloca-
tion have shown that during X-chromosome inacti-
vation in somatic cells, the genes in the inserted au-
tosomal segment are turned off sequentially in order
of their distances from the X chromosomal element.
Thus, the X inactivation spreads into the attached
autosomal segment, but does not travel unabated to
the end of the segment.

cattle any of a number of domesticated breeds of
the species Bos taurus. Popular breeds include BEEF
CATTLE: Hereford, Shorthorn, Aberdeen-Angus, and
Santa Gertrudis; DAIRY CATTLE: Holstein-Friesian,
Jersey, Guernsey, Ayrshire, and Brown Swiss. See ru-
minant mammals.

caudal (cad) a gene in Drosophila (located at 2-54)
which produces a transcript that is localized at the
posterior pole of the embryo. The cad gene is essen-
tial for the development of the hindgut. It encodes
a protein 472 amino acids long that contains a ho-
meodomain (q.v.). This protein (CAD) activates the
transcription of various target genes, including fushi
tarazu (q.v.).

caveolae flask-shaped invaginations 50-100 nm in
diameter that are observed in the plasma mem-
branes of mammalian cells such as adipocytes, endo-
thelial cells, and muscle cells. Caveolae are involved

in cholesterol transport and cellular signal transduc-
tion (q.v.) through the binding of immune and
growth factor receptors. Endocytosis involving ca-
veolae does not feed into the lysosome pathway, and
therefore macromolecules that are internalized in
caveolar vesicles avoid being degraded. Bacteria that
can express FimH (q.v.) use caveolae to invade
phagocytes, and since the phagosomes do not fuse
with lysosomes, the bacteria remain viable.

caveolins principal protein components of caveo-
lae (q.v.). Caveolin 3 is a muscle-specific form of ca-
veolin encoded by a human gene at 3p25. Null mu-
tations of this gene cause an autosomal dominant
form of muscular dystrophy.

Cavia porcellus the guinea pig or cavy, a rodent
living wild in the Andean region of South America,
but domesticated and used as a laboratory animal.
Numerous mutants are known, affecting hair color
and texture. Immune response genes were discov-
ered in this species. See Appendix A, Chordata,
Mammalia, Rodentia; Appendix C, 1963, Levine,
Ojia, and Benacerraf.

C banding a method for producing stained regions
around centromeres. See chromosome banding tech-
niques.

cc cubic centimeter. See milliliter.

C"®/C" ratio the ratio between the heavy, stable
isotope of carbon and the normal isotope in a sample
of interest. Since organisms take up C'? in prefer-
ence to C”, the ratio is used to determine whether
or not the carbon in the specimen is of biological
origin.

cccDNA  covalently closed, circular DNA.

CD4" cells, CD8" cells

CD4, CD8 receptors proteins on the surface of T
lymphocytes (q.v.) that determine their responses to
antigens. Lymphocytes with the CDS8 proteins on
their surfaces function as killer T lymphocytes (T
cells). Lymphocytes with the CD4 proteins on their
surfaces function as helper T lymphocytes (T, cells).
These secrete interleukins (q.v.), which activate T
cells and B lymphocytes. See immunoglobulin do-
main superfamily.

See T lymphocyte.

CD99 the protein encoded by the human gene
MIC2 (q.v.).

Cdc 14, cdc genes See cell division cycle genes.
cdc kinases
cdks

cDNA (copy DNA) single-stranded, complemen-
tary DNA produced from an RNA template by the
action of RNA-dependent, DNA polymerase (re-

cell division cycle kinases. See cyclins.

cyclin-dependent kinases. See cyclins.



verse transcriptase) in vitro. If the RNA template has
been processed to remove the introns, the cDNA
will be much shorter than the gene from which the
RNA was transcribed. The single-stranded, cDNA
molecule may subsequently serve as a template for
a DNA polymerase. The symbol cDNA is some-
times also applied to the double-stranded DNA mol-
ecule that results. See posttranscriptional processing.

c¢DNA clone a duplex DNA sequence complemen-
tary to an RNA molecule of interest, carried in a
cloning vector.

cDNA library a collection of cDNA (g.v.) mole-
cules, representative of all the various mRNA mole-
cules produced by a specific type of cell of a given
species, spliced into a corresponding collection of
cloning vectors such as plasmids or lambda phages.
Since not all genes are active in every cell, a cDNA
library is usually much smaller than a gene library
(g.v.). If it is known which type of cell makes the
desired protein (e.g., only pancreatic cells make in-
sulin), screening the cDNA library from such cells
for the gene of interest is a much easier task than
screening a gene library.

CD3 proteins See T lymphocyte.

Ceboidea the superfamily containing the monkeys
of Central and South America.

cecidogen a gall-forming substance.

Celera Genomics
Venter, who served as its president from 1998 to
2002. Its initial task was to complete the sequence
and assembly of the human genome. A factory was
set up in Rockville, MD, where 300 automated
DNA sequencing machines were kept in continuous
operation along with advanced computer systems for
assembly of the sequenced fragments. As a test of its
capabilities, Celera collaborated with the Berkeley
Drosophila Genome Project to sequence and assem-
ble the Drosophila genome. This task was completed
during 1999 in only four months. The first rough
draft of the human genome was completed in 2000,
and the event was announced in a ceremony held at
the White House. At first, Celera made money by
charging subscription fees for the genomic data it
uncovered. However, in May of 2005, Celera closed
its subscription service and released all its genomic
data to the public. See Appendix C, 2000, Adams
et al.; 2001, Collins and Venter et al.; Appendix E,
Individual databases; DNA sequencers, Human Ge-
nome Project, Mus musculus, TIGR.

a company founded by J. Craig

cell the smallest, membrane-bound protoplasmic
body capable of independent reproduction. See Ap-
pendix C, 1665, Hooke.
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cell affinity a property of eukaryotic cells of the
same type to adhere to one another but not to those
of a different type; this property is lost when the cell
transforms to the cancerous state.

cell-cell adhesion molecules (CAMs) molecules
that are responsible for the selective adhesion of
cells to form specific tissues during the early em-
bryogenesis of vertebrates. The cadherins (q.v.) are
an example of CAMs that require Ca® for their
functioning.

cell culture a term used to denote the growing
cells in vitro, including the culturing of single cells.
In cell cultures the cells are not organized into tis-
sues. See Appendix C, 1940, Earle; 1956, Puck et al.

cell cycle the sequence of events between one mi-
totic division and another in a eukaryotic cell. Mito-
sis (M phase) is followed by a growth (G,) phase,
then by DNA synthesis (S phase), then by another
growth (G;) phase, and finally by another mitosis. In
HeLa cells (q.v.), for example, the Gy, S, G,, and M
phases take 8.2, 6.2, 4.6, and 0.6 hours, respectively.
The period between mitoses (G, + S + G,) is called
interphase. Cells may have different doubling times,
depending on their developmental stage or tissue
type. The variation in doubling times is usually a
function of the time spent in G,. When a cell differ-
entiates, it leaves the cycle and enters a phase desig-
nated Gy. Such “resting” cells are mitotically quies-
cent, but metabolically active. See Appendix C, 1953,
Howard and Pelc; centriole, checkpoint, cyclins, mat-
uration promoting factor (MPF).

cell determination an event in embryogenesis that
specifies the developmental pathway that a cell will
follow.

cell differentiation the process whereby descen-
dants of a single cell achieve and maintain specializa-
tions of structure and function. Differentiation pre-
sumably is the result of differential transcriptions.

cell division the process (binary fission in prokary-
otes, mitosis in eukaryotes) by which two daughter
cells are produced from one parent cell. See Appen-
dix C, 1875, Strasburger.

cell division cycle genes genes first isolated from
yeast which encode proteins that control critical
steps in the cell division cycle. An example of such
a protein is Cdc 14, a phosphatase that is localized
in the nucleolus (g.v.). When the contents of the nu-
cleolus are dispersed in late anaphase, this enzyme
digests mitotic cyclins. See Appendix C, 1973, Hart-
well et al.; cyclins.
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cell division cycle kinases See cyclins.

cell-driven viral transformation a method for
creating immortalized human antibody-producing
cells in vitro without forming a hybridoma (q.v.).
Normal B lymphocytes from an immunized donor
are mixed with other cells infected with the Epstein-
Barr virus (q.v.). The virus enters the B lympho-
cytes. The cells originally infected with the virus are
experimentally destroyed, and the virally trans-
formed cells producing the antibody of interest are
isolated. In cell-driven viral transformation, about 1
in 50 B lymphocytes is transformed, whereas with
the cell hybridization technique only about 1 human
cell in 10 million is transformed.

cell fate the developmental destiny of a cell in
terms of the differentiated structure(s) that it will
inevitably give rise to during normal development.

cell fractionation
components of cells after homogenization of a tissue
and differential centrifugation. Four fractions are
generally obtained: (1) the nuclear fraction, (2) the
mitochondrial fraction, (3) the microsomal fraction,
and (4) the soluble fraction or cytosol. See Appendix
C, 1946, Claude.

the separation of the various

cell-free extract a fluid obtained by rupturing cells
and removing the particulate material, membranes,
and remaining intact cells. The extract contains most
of the soluble molecules of the cell. The preparation
of cell-free extracts in which proteins and nucleic
acids are synthesized represent milestones in bio-
chemical research. See Appendix C, 1955, Hoagland,
1961, Nirenberg and Matthaei; 1973, Roberts and
Preston.

cell fusion the experimental formation of a single
hybrid cell with nuclei and cytoplasm from different
somatic cells. The cells that are fused may come
from tissue cultures derived from different species.
Such fusions are facilitated by the adsorption of cer-
tain viruses by the cells. See polyethylene glycol, Sen-
dai virus, Zimmermann cell fusion.

cell hybridization the production of viable hybrid
somatic cells following experimentally induced cell
fusion (q.v.). In the case of interspecific hybrids,
there is a selective elimination of chromosomes be-
longing to one species during subsequent mitoses.
Eventually, cell lines can be produced containing a
complete set of chromosomes from one species and
a single chromosome from the other. By studying
the new gene products synthesized by the hybrid
cell line, genes residing in the single chromosome
can be identified. See Appendix C, 1960, Barski et al.,
HAT medium, hybridoma, syntenic genes.

cell interaction genes a term sometimes used to
refer to some genes in the I region of the mouse H2
complex that influence the ability of various cellular
components of the immune system to cooperate ef-

fectively in an immune response.

cell line a heterogeneous group of cells derived
from a primary culture (g.v.) at the time of the first
transfer. See isologous cell line.

cell lineage a pedigree of the cells produced from
an ancestral cell by binary fission in prokaryotes or
mitotic division in eukaryotes. Caenorhabditis eleg-
ans (q.v.) is the only multicellular eukaryote for
which the complete pattern of cell divisions from
single-celled zygote to mature adult has been eluci-
dated. Cell lineage diagrams are available that detail
each cell or nuclear division and the fate of each cell
produced by a terminal division.

cell lineage mutants mutations that affect the di-
vision of cells or the fates of their progeny cells. Cell
lineage mutants generally fall into two broad classes.
The first contains mutations that affect general cellu-
lar processes, such as cell division or DNA replica-
tion. Mutants perturbing the cell division cycle have
been analyzed most extensively in Saccharomyces
cerevisiae. The second class of mutations shows a
striking specificity in their effects. For example, cell
lineage mutants are known in Caenorhabditis elegans
where particular cells are transformed to generate
lineages or to adopt differentiated fates characteris-
tic of cells normally found in different positions, at
different times, or in the opposite sex. Some of these
mutants result from transformations in cell fates. For
example, a particular cell “A” will adopt the fate of
another cell “B,” and this results in the loss of the
cells normally generated by A and the duplication of
cells normally generated by B. Such transformations
resemble the homeotic mutations (g.v.) of Drosoph-
ila. In Caenorhabditis, mutations of this type are
generally symbolized by lin. See Appendix C, 1983,
Greenwald et al.; developmental control genes, het-
erochronic mutations, selector genes.

cell lysis disruption of the cell membrane, allow-
ing the dissolution of the cell and exposure of its
contents to the environment. Examples: bacteria un-
dergo bacteriolysis, red blood cells experience hemol-
ysis.

cell-mediated immunity
duced by T lymphocytes rather than by immuno-
globulins (humoral- or antibody-mediated immu-
nity); abbreviated CMI.

immune responses pro-



cell-mediated lympholysis the killing of “target”
cells by activated T lymphocytes through direct cell-
cell contact. Often used as an in vitro test of cell-
mediated immunity.

cell plate a semisolid structure formed by the co-
alescence of droplets that are laid down between the
daughter nuclei following mitosis in plants. The cell
plate is the precursor of the cell walls, and it is syn-
thesized by the phragmoplast (q.v.).

cell strain cells derived from a primary culture or
cell line by the selection and cloning of cells having
specific properties or markers. The properties or
markers must persist during subsequent cultivation.
See in vitro marker, in vivo marker.

cell-surface receptors transmembrane proteins on
the surface of target cells. When they bind to appro-
priate extracellular signaling molecules, they are ac-
tivated and generate a cascade of intracellular signals
that alter the behavior of the target cells. Cell-sur-
face receptors are grouped into three classes: (1) re-
ceptors that are linked to ion channels, (2) receptors
linked to G proteins (gq.v.), and (3) receptors linked
to enzymes. These enzymes are generally protein ki-
nases (q.v.). See ABC transporters, cellular signal
transduction, receptor-mediated endocytosis.

cell theory the theory that all animals and plants
are made up of cells, and that growth and reproduc-
tion are due to division of cells. See Appendix C,
1838, Schleiden and Schwann; 1855, Virchow.

cellular immunity immune responses carried out
by active cells rather than by antibodies. See Appen-
dix C, 1901, Mechnikov.

cellular signal transduction
which cells receive external signals and transmit,
amplify, and direct them internally. The pathway
begins with cell-surface receptors (g.v.) and may end
in the cell nucleus with DNA-binding proteins that
suppress or activate replication or transcription. Sig-
naling pathways require intercommunicating chains
of proteins that transmit the signal in a stepwise
fashion. Protein kinases (q.v.) often participate in

the pathways through
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this cascade of reactions, since many signal transduc-
tions involve receiving an extracellular, chemical
signal, which triggers the phosphorylation of cyto-
plasmic proteins to amplify the signal. See ABC
transporter, cyclic AMP, gene-for-gene hypothesis,
G proteins, polycystic kidney disease, transforming
growth factor-p (TGF-B), Wnt.

cellular transformation See transformation.

cellulase an enzyme that degrades cellulose to glu-
cose.
cellulifugal moving away from the center of the
cell.
cellulose a complex structural polysaccharide that

makes up the greater part of the walls of plant cells.
As illustrated, cellulose is composed of a linear array
of beta-D-glucose molecules.

cell wall
plasma membrane. In plants it contains cellulose and
lignin; in fungi it contains chitin; and in bacteria it
contains peptidoglycans.

a rigid structure secreted external to the

cen See symbols used in human cytogenetics.

cenospecies a group of species that, when inter-

crossed, produce partially fertile hybrids.

Cenozoic the most recent geologic era, occupying
the last 65 million years and often called the age of
mammals. See geologic time divisions.

CENP-A centromeric protein A, a histone variant
that replaces H3 in centromeric nucleosomes.
CENP-A confers a unique structural rigidity to the
nucleosomes into which it assembles.

center of origin an area from which a given taxo-
nomic group of organisms has originated and spread.

center of origin hypothesis the generalization
that the genetic variability is greatest in the territory
where a species arose. Conversely, marginal pop-
ulations are likely to show a limited number of
adaptations. Therefore, the regions where various
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agriculturally important plant species arose can
sometimes be identified by determining the amounts
of genetic polymorphism in different geographic
races. See Appendix C, 1926, Vavilov.

centimorgan See Morgan unit.

central dogma the concept describing the func-
tional interrelations between DNA, RNA, and pro-
tein; that is, DNA serves as a template for its own
replication and for the transcription of RNA which,
in turn, is translated into protein. Thus, the direction
of the transmission of genetic information is DNA
— RNA — protein. Retroviruses (q.v.) violate this
central dogma during their reproduction.

centric fusion breakage in the very short arms of
two acrocentric chromosomes, followed by fusion of
the long parts into a single chromosome; the two
small fragments are usually lost; also termed a Rob-
ertsonian translocation or whole arm fusion. Centric
fusions are seen in newborn infants with a frequency
of 1 in 10,000. There is a marked excess of 21/21,
13/14, and 14/21 translocations. Centric fusions are
an important cause of uniparental disomy. See Ap-
pendix C, 1911, Robertson; 1960, Polani et al.; dis-
omy, telomeric fusion site.
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centrifugal
center.

acting in a direction away from the

centrifugal selection See disruptive selection.

centrifugation separation
of separation dispersions by the application of cen-
trifugal force. In the case of density gradient equilib-
rium centrifugation, a gradient of densities is established
in a centrifuge tube by adding a high molecular
weight salt such as cesium chloride. The mixture of
molecules to be studied is layered in the surface of
the gradient and then centrifuged until each mole-
cule reaches the layer in the gradient with a buoyant
density equal to its own. In the case of density gradi-
ent zonal centrifugation, the macromolecules are
characterized by their velocities of sedimentation
through a preformed sucrose gradient. In this case

any of various methods

the sedimentation velocity is determined by molecu-
lar size and shape.

centrifuge an apparatus used for the separation of
substances by the application of centrifugal force
generated by whirling at a high rate of rotation a ves-
sel containing a fluid in which the substances are

suspended. See also ultracentrifuge.

centriole
erally consisting of a short cylinder containing nine
groups of peripheral microtubules (each group com-
posed of three fused microtubules) disposed about a

a self-reproducing cellular organelle gen-

central cavity. Like DNA, centrioles replicate once
during the cell division cycle, but they do so conser-
vatively by forming a completely new centriole. This
“daughter” centriole always lies at right angles to the
“mother,” and it grows outward until it reaches its
mature size. Centrioles are capable of movement
and always come to lie at the polar regions of the
spindle apparatus in dividing animal cells. The be-
havior of the centrioles is illustrated in the meiosis
entry. During anaphase the mother and daughter
centrioles separate, move apart, and go on to form
partner centrioles. Centrioles are required for animal
somatic cells to progress through G1 and into the S
phase of mitosis. The organelle that is ultrastructur-
ally identical to the centriole forms the basal body
of a cilium. Centrioles do not occur in the cells of
higher plants. See Appendix C, 1888, Boveri; cell cy-
cle, centrosome, kinetosome, microtubule organizing
centers, p34 (CDC2).

centripetal acting in a direction toward the center.

centripetal selection See stabilizing selection.

centrolecithal egg one having centrally placed
yolk. See isolecithal egg, telolecithal egg.

centromere a region of a chromosome to which
spindle traction fibers attach during mitosis and mei-
osis. The position of the centromere determines
whether the chromosome will appear as a rod, a J,
or a V during its poleward migration at anaphase. In
a very few species the traction fibers seem to attach
along the length of the chromosome. Such chromo-
somes are said to be polycentric or to have a diffuse
centromere. A replicated chromosome consists of two
chromatids joined at the centromere region. Late in
prophase, kinetochores develop on the two faces of
the centromere that point toward the spindle poles.
The microtubules of the traction fiber attach to the
kinetochores, as illustrated on page 69. In the older
literature, the terms centromere and kinetochore were
used synonymously. However, the kinetochore is
now defined as a complex structure, known to con-
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tain several proteins, that binds to centromeric DNA
and captures the microtubules that come from one
of the two spindle poles. The centromere of meta-
phase chromosomes is narrower than the regions dis-
tal to it, and therefore it is called the primary chro-
mosomal constriction. The centromere is generally
bordered by heterochromatin that contains repeti-
tious DNA (g.v.) and it is late to replicate. From a
structural standpoint, centromeres are of two major
types, those that occupy a very small region (~200
bp) of the chromosomal DNA and those that oc-
cupy large regions (40 kb to 5 mb). Saccharomyces
cerevisiae has centromeres of the first type (point
centromeres). Such small centromeres are expected,
since yeast chromosomes are 100 times smaller than
those from higher eukaryotes. The centromeres are
not chromosome-specific and function normally in
inverted sequence or when swapped between chro-
mosomes. The minimal functional centromere is
only about 112 base pairs and occupies about 40 nm
of the B-form DNA. It is made up of three elements.
The central one, containing 88 kb, is about 93% AT.
The lateral elements have conserved sequences that
contain about 80% AT. Specific proteins bind to the
lateral elements and form a complex, which attaches
the chromosome to a single spindle microtubule.
Larger chromosomes have regional centromeres, which
bind 30 to 40 microtubules simultaneously. For ex-
ample, Drosophila centromeres contain 420 kb of
DNA and are made up of simple repetitive DNA
segments that are required for the special chromo-
somal organization at the centromere. There are also
AT-rich segments, which may function in microtu-
bule binding. Four transcriptionally active genes
have been mapped within the centromere of chro-
mosome 2 of D. melanogaster. In Arabidopsis thali-
ana (q.v.) the centromeres vary in length from 1.4
to 1.9 megabases and make up about 7% of the
chromosomal DNA. Within the centromere regions
are sequences of 180 base pairs that are repeated
hundreds of times on all five chromosomes. Se-

quences that resemble retroposons (gq.v.) are abun-
dant in centromeric regions. Crossing over is dramat-
ically suppressed within centromeres. There are
about 200 genes contained in Arabidopsis centro-
meres, but many of these may be inactivated. How-
ever, at least 50 are transcriptionally active. See Ap-
pendix C, 1903, Waldeyer; 1980, Clark and Carbon;
1999, Copenhaver et al.; CENP-A, lamins, Luzula,
MAD mutations, meiosis, microtubule, mitosis, yeast
artificial chromosomes (YACs).

centromere interference the inhibitory effect of
the centromere upon crossing over in adjacent chro-
mosomal regions.

centromere misdivision See isochromosome.

centromeric coupling the forming of paired cen-
tromeres early in diplonema. At first a protein en-
coded by Zip 1 (q.v.) holds the centromeres of
homologous and nonhomologous chromosomes to-
gether indiscriminately. But as time passes, the num-
ber of homologous pairs increases, even though the
total number of coupled centromeres remains the
same. This observation suggests that the Zip 1 pro-
tein holds the centromeres together while chromo-
some homology is assessed. Then when correct
pairing is achieved, synaptonemal complexes are
constructed between the homologs. See Gowen
Crossover suppressor.

centromeric index the percentage of the total
length of a chromosome encompassed by its shorter
arm. For example, in human somatic cells during
metaphase, chromosomes 1 and 13 have centro-
meric indexes of 48 and 17, respectively. Therefore,
chromosome 1 is metacentric with its short arm oc-
cupying 48% of the total length of the chromosome,
and chromosome 13 is acrocentric with a short arm
that only occupies 17% of the total length.

centrosome a cytoplasmic region surrounding a
pair of centrioles (g.v.), but devoid of a limiting
membrane. The dense material surrounding the
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paired centrioles is called pericentriolar material or
the centrosome matrix. All eukaryotes possess
centrosomes, and during cell division centrosomes at
opposite poles of the cell initiate the growth of the
microtubules of the spindle apparatus. In the mitotic
cells of the higher plants, centrioles are absent from
the centrosomes, but the centrosomal matrix con-
tains the necessary microtubule organizing activities
for spindle formation. See cyclin-dependent kinease
2 (Cdk2), microtubule organizing centers (MTOCs),
parthenogenesis, spindle pole body, tubulin.

Cepaea a genus of land snails belonging to the
family Helicidae. C. hortenses and C. nemoralis ex-
hibit extensive variation in color and ornamentation
of the shell with longitudinal bands. These species
have been extensively studied in the field and in lab-
oratory colonies by population geneticists.

cephalic designating the head or the anterior end
of an animal.

cephalosporin an antibiotic with structural simi-
larities to penicillin (q.v.). It has the advantage of
not causing allergic reactions in patients that are al-
lergic to penicillin and of being inert to penicillinases

(q.v.). See Appendix C, 1964, Hodgkin.
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Cephalosporium a genus of molds of importance

because of the cephalosporin antibiotics they pro-
duce.

Cercopithecoidea a superfamily of primates con-
taining the Old World (African and Asian) monkeys,
baboons, macaques, colobines, etc. A sister group to
the Hominoidea (q.v.). The divergence of the Cer-
copithecoidea and Hominoidea took place about 30
million years ago.

Cercopithecus aethiops the African green mon-
key. A catarrhine primate with a haploid chromo-
some number of 30. About 20 genes have been as-
signed to nine different linkage groups. Monolayers
of cultured African green monkey kidney cells are
often used for growing viruses and mycoplasmas.

cereal a cultivated grass whose seeds are used as
food; for example, wheat, oats, barley, rye, maize,
etc.

cerebroside a molecule composed of sphingosine,
a fatty acid, and a sugar; abundant in the myelin
sheaths of nerve cells.

certation competition for fertilization

elongating pollen tubes.

among

ceruloplasmin a blue, copper protein present
among the o, globulins of the plasma. Approxi-
mately 95% of the circulating copper of human be-
ings is bound to ceruloplasmin. Ceruloplasmin is
made up of eight subunits, each of molecular weight
18,000. See antihemophilic factor, Wilson disease.

cesium-137 a radioisotope of cesium with a half
life of about 30 years. Generated during the explo-
sion of certain nuclear weapons, it is one of the ma-
jor sources of radiation contamination from fallout.

cesium chloride gradient centrifugation See cen-
trifugation separation.

CFTR cystic fibrosis transmembrane-conductance
regulator. See cystic fibrosis.

Q(3)G Gowen crossover suppressor (q.v.).

C genes genes that code for the constant region of
immunoglobulin protein chains. See immunoglob-
ulin.

chaeta a bristle, especially of an insect.

Chaetodipus intermedius the rock pocket mouse,
a species of rodents living in rocky habitats in adja-
cent deserts of Arizona, New Mexico, and Mexico.
The genetic basis for adaptive melanism (gq.v.) was
first elucidated in this species. The color of the ro-
dents matches their natural substrates, and so pro-
vides camouflage. The color of the dorsal fur is con-
trolled by the MCIR gene (g.v.), and mutations at
this locus determine the relative amounts of black
vs. yellow melanin present in the hair. As predation
eliminated mice with coat colors that failed to
match their surroundings, genotypes were selected
that provided the appropriate crypsis. See Appendix
A, Chordata, Mammalia, Rodentia; Appendix C,
2003, Nachman, Hoekstra, and D’Agostino; mel-
anin.

chaetotaxy the taxonomic study of the bristle pat-
tern of insects.

Chagas disease
parasite Trypanosoma cruzi. It is transmitted by
bloodsucking bugs in the genera Rhodnius and Tria-
toma and by infected blood transfusion. The symp-
toms include swelling at the site of the vector’s bite,
fatigue, and fever during the acute stages, to cardiac,
liver, and gastrointestinal problems, and eventually,
death. This disease is estimated to affect 16-18 mil-
lion people and is a major problem in Central
America, South America, and Mexico. Darwin is

a disease in humans caused by the



thought to have contracted Chagas disease in South
America, and as a result, spent the remainder of his
life as a semi-invalid. The disease is named after Car-
los Chagas, a Brazilian doctor, who first described it
in 1909 and who later determined the life cycle of
the parasite and identified the insects that transmit
it. See Glossina, Trypanosoma; Appendix C, 2005, El-
Sayed et al.

chain reaction a biological, molecular, or atomic
process in which some of the products of the pro-
cess, or energies released by the process, are instru-
mental in the continuation or magnification of the
process.

chain termination codon See stop codon.

chain terminator a molecule that stops the exten-
sion of a DNA chain during replication. See 2’,3’-
dideoxyribonucleoside triphosphates.

chalcones a group of pigments biogenetically re-
lated to anthocyans (q.v.). Chalcones give yellow to
orange colors to the flowers of composites (q.v.).

chaperones
nascent polypeptide chains fold correctly into their
tertiary shapes, stabilizing and protecting them in
the process, and/or preventing them from making
premature or nonproductive intermolecular associa-
tions. Note that a chaperone forms a complex with
a second protein to facilitate its folding, but chaper-
ones are not part of the mature structure. Some of
these molecular chaperones are heat-shock proteins
(g.v.). Some chaperones may bind to nascent poly-
peptide chains while they are being synthesized on
ribosomes, and they may also help the polypeptide
move out of the tunnel of 60S ribosomal subunit.
Other chaperones may keep the polypeptide in an
unfolded conformation as it is being translated. This
facilitates subsequent passage across membranes, as
when protein enters the endoplasmic reticulum or a
mitochondrion. Also called chaperonins or molecular
chaperones. See prions.

eukaryotic proteins that help some

character any detectable phenotypic property of
an organism; synonymous with phenotype, trait.

character displacement the exaggeration of spe-
cies markers (visual clues, scents, mating calls, court-
ship rituals, etc.) or adaptations (anatomical, phys-
iological, or behavioral) in sympatric populations
relative to allopatric populations of related species.
This phenomenon is attributed to the direct effects
of natural selection intensifying allesthetic traits use-
ful for species discrimination or for utilizing differ-
ent parts of an ecological niche (thereby avoiding di-
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rect competition). See Appendix C, 1956, Brown and
Wilson.

character states a suite of different expressions of
a character in different organisms. These different
states are said to be homologs. A character may have
a minimum of two states (present/absent or primi-
tive/derived) or have many states.

Chargaff rule for the DNA of any species, the
number of adenine residues equals the number of
thymine residues; likewise, the number of guanines
equals the number of cytosines; the number of pu-
rines (A + G) equals the number of pyrimidines (T
+ C). See Appendix C, 1950, Chargaff.

charged tRNA
an amino acid is attached; also termed aminoacylated
tRNA.

a transfer RNA molecule to which

charon phages a set of 16 derivatives of bacterio-
phage lambda that are designed as cloning vectors.
They were named by their originators (F. R. Blattner
and 11 colleagues) after the old ferryman of Greek
mythology who conveyed the spirits of the dead

across the River Styx.
chase See pulse-chase experiment.

chasmogamous designating a plant in which fer-
tilization takes place after the opening of the flower.
See cleistogamous.

chDNA chloroplast DNA.

cheating genes any genetic elements that tend to
increase in a population by meiotic drive (q.v.) even
if they confer no selective advantage or perhaps even
if they are harmful to the organisms in which they
are present. Compare with selfish DNA. See segrega-
tion distortion.

checkpoint any one of several points in the cell cy-
cle at which the progression of the cell to the next
stage can be halted until more suitable conditions
prevail. One major checkpoint is in G, just before
the start of the S phase; the other is in G, just be-
fore the entry into mitosis. See Appendix C, 1989,
Hartwell and Weinert; cell cycle, cyclins, DNA dam-
age checkpoint, MAD mutations, maturation promot-
ing factor (MPF), spindle checkpoint, RADY.

Chédiak-Higashi syndrome (CHS)
disease of humans causing decreased pigmentation
of the hair and eyes and the production of defective
lysosomes in leukocytes and melanocytes. CHS is
caused by mutations in the lysosomal trafficking reg-
ulator gene (LYST) (q.v.) which is located at 1q
42.1-2. A similar syndrome occurs in mice, mink,

a hereditary
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and cattle. The syndrome is named after the Cuban
physician M. Chédiak and the Japanese pediatrician
O. Higashi who described the condition in 1952 and
1954, respectively. See Aleutian mink.

cheetah See Acinonyx jubatus.

chelating agent
cyclic rings that forms a chelate with metal ions.
Heme (g.v.) is an example of an iron chelate. The
porphyrin ring in chlorophyll (q.v.) forms a magne-

a compound made up of hetero-

sium chelate.

chelation the holding of a metal ion by two or
more atoms of a chelating agent.

Chelicerata a subphylum of arthropods containing
the species that have no antennae and possess pin-
cerlike chelicerae as the first pair of appendages. See
classification.

chemical bonds See disulfide linkage, electrostatic
bond, glycosidic bonds, high-energy bond, hydrogen
bond, hydrophobic bonding, ionic bond, peptide
bond, phosphodiester, salt linkage, van der Waals
forces.

chemical elements listed alphabetically by their
symbols. The biologically important elements are
shown in boldface type. See periodic table.

Ac  Actinium Er Erbium
Ag Silver Es Einsteinium
Al Aluminum Eu Europium
Am Americium F Fluorine
Ar Argon Fe Iron
As Arsenic Fm Fermium
At Astatine Fr Francium
Au Gold Ga Gallium
B Boron Gd Gadolinium
Ba Barium Ge Germanium
Be Beryllium H Hydrogen
Bi Bismuth He Helium
Bk Berkelium Hf Hafnium
Br Bromine Hg Mercury
C Carbon Ho Holmium
Ca Calcium I Iodine
Cd Cadmium In Indium
Ce Cerium Ir Iridium
Cf Californium K Potassium
Cl Chlorine Kr Krypton
Cm Curium La Lanthanum
Co Cobalt Li Lithium
Cr Chromium Lr Lawrencium
Cs Cesium Lu Lutetium
Cu Copper Md Mendelevium
Dy Dysprosium Mg Magnesium

Mn Manganese Ru Ruthenium
Mo Molybdenum S Sulfur
N Nitrogen Sb  Antimony
Na Sodium Sc  Scandium
Nb  Niobium Se Selenium
Nd Neodymium Si  Silicon
Ne Neon Sm Samarium
Ni Nickel Sn Tin
No Nobelium Sr  Strontium
Np Neptunium Ta Tantalum
O Oxygen Tb Terbium
Os Osmium Tc Technetium
P Phosphorus Te Tellurium
Pa Protactinium Th Thorium
Pb Lead Ti Titanium
Pd Palladium Tl Thallium
Pm Promethium Tm Thulium
Po Polonium U Uranium
Pr Praseodymium V  Vanadium
Pt Platinum W Tungsten
Pu Plutonium Xe Xenon
Ra Radium Y Yttrium
Rb Rubidium Yb Ytterbium
Re Rhenium Zn Zinc
Rh Rhodium Zr Zirconium
Rn Radon

chemiosmotic theory the concept that hydrogen
ions are pumped across the inner mitochondrial
membrane, or across the thylakoid membrane of
chloroplasts, as a result of electrons passing through
the electron transport chain (g.v.). The electrochem-
ical gradient that results is the proton motive force
(pmf). ATP synthase harnesses the pmf to make
ATP See Appendix C, 1961, Mitchell; adenosine
phosphate, mitochondrial proton transport.

chemoautotrophy See autotroph, methanogens.

chemokines a large family of structurally homolo-
gous cytokines (g.v.), 8 to 10 kilodaltons (kDa) in
size. The name “chemokine” is a contraction of “che-
motactic cytokine.” Chemokines share the ability to
stimulate leukocytic movement (chemokinesis) and
directed movement (chemotaxis), especially of in-
flammatory cells to damaged or infected sites. Exam-
ples of chemokines include interleukin-8 (IL-8) that
attracts neutrophils, basophils, and eosinophils, and
monocyte chemotactic protein-1 (MCP-1) that acts
specifically only on monocytes. Chemokines are pro-
duced by several types of cells, including activated
mononuclear phagocytes, tissue cells (endothelium,
fibroblasts), and megakaryocytes (which give rise to
platelets that contain stored chemokine).

chemolithoautotroph an autotroph that gets its
energy from oxidation of inorganic substances in the



absence of light. Many hyperthermophiles use inor-
ganic electron donors and acceptors in their energy
metabolism and obtain their carbon from CO,. See
lithotroph, Methanococcus jannaschii.

chemostat an apparatus allowing the continuous
cultivation of bacterial populations in a constant,
competitive environment. Bacteria compete for a
limiting nutrient in the medium. The medium is
slowly added to the culture, and used medium plus
bacteria are siphoned off at the same rate. The con-
centration of the limiting nutrient in the fresh me-
dium determines the density of the steady-state
population, and the rate at which the medium is
pumped into the chemostat determines the bacterial
growth rate. In chemostat experiments, environ-
mental variables can be changed, one by one, to as-
certain how these affect natural selection, or the en-
vironment can be held constant and the differential
fitness of two mutations can be evaluated.

chemotaxis the attraction or repulsion of cells or
organisms toward or away from a diffusing sub-
stance. Also known as chemotropism.

chemotherapy the treatment of a disease with
drugs of known chemical composition that are spe-
cifically toxic to the etiological microorganisms and
do not harm the host. The term was coined by Paul
Ehrlich, who also gave such drugs the nickname
magic bullets. See Salvarsan.

chemotrophs organisms whose energy is the result
of endogenous, light-independent chemical reactions.
A chemotroph that obtains its energy by metaboliz-
ing inorganic substrates is called a chemolithotroph,
whereas one that metabolizes organic substrates is
called a chemoorganotroph. Contrast with prototrophs.
See autotrophs.

chiasma (plural chiasmata) the cytological mani-
festation of crossing over; the cross-shaped points of
junction between nonsister chromatids first seen in
diplotene tetrads. See Appendix C, 1909, Janssens;
1929, Darlington; crossing over, meiosis, recombina-
tion nodules.

chiasma interference the more frequent (in the
case of negative chiasma interference) or less fre-
quent (in the case of positive interference) occur-
rence of more than one chiasma in a bivalent seg-
ment than expected by chance.

chiasmata See chiasma.

chiasmatype theory the theory that crossing over
between nonsister chromatids results in chiasma for-
mation.

chi structure 73

chicken See Gallus domesticus.

chimera an individual composed of a mixture of
genetically different cells. In plant chimeras, the
mixture may involve cells of identical nuclear geno-
types, but containing different plastid types. In more
recent definitions, chimeras are distinguished from
mosaics (q.v.) by requiring that the genetically dif-
ferent cells of chimeras be derived from genetically
different zygotes. See also aggregation chimera, het-
erologous chimera, mericlinal chimera, periclinal chi-
mera, radiation chimera.

chimpanzee See Pan.

Chinchilla lanigera a rodent native to the Andes
mountains of South America. It is bred on commer-
cial ranches for its pelt, and many coat color mutants

are available. Its haploid chromosome number is 32.

CHIP-28
tegral Protein of 28 kDa relative molecular mass.
CHIP-28 was purified from the plasma membranes
of human erythrocytes and later shown to form
channels permeable to water. It was renamed aquap-

orinl (AQP1).

an abbreviation for CHannel-forming In-

chiral descriptive of any molecules that exist in
two mirror-image versions (enantiomers, g.v.).

Chironomus a genus of delicate, primitive, gnat-
like flies that spend their larval stage in ponds and
slow streams. Nuclei from various larval tissues con-
tain giant polytene chromosomes. The salivary gland
chromosomes of C. thummi and C. tentans have
been mapped, and the transcription processes going
on in certain Balbiani rings (g.v.) have been studied
extensively. See Appendix C, 1881, Balbiani; 1952,
Beermann; 1960, Clever and Karlson; chromosomal
puff.

chi sequence an octomeric sequence in E. coli
DNA, occurring about once every 10 kilobases, act-
ing as a “hotspot” for RecA-mediated genetic recom-
bination.

chi-square (x’) test a statistical procedure that en-
ables the investigator to determine how closely an
experimentally obtained set of values fits a given
theoretical expectation. The relation between x* and
probability is presented graphically on page 74. See
Appendix C, 1900, Pearson; degrees of freedom.

chi structure a structure resembling the Greek let-
ter , formed by cleaving a dimeric circle with a re-
striction endonuclease that cuts each DNA circle
only once. The parental monomeric duplex DNA
molecules remain connected by a region of hetero-
duplex DNA at the point where crossing over oc-
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Chi structure

curred. Thus, the identification of such chi struc-
tures provides evidence for cross-over events taking
place between circular DNA molecules.

chitin a polymer of high molecular weight com-
posed of N-acetylglucosamine residues joined to-
gether by beta glycosidic linkages between carbon
atoms 1 and 4. Chitin is a component of the exoskel-
etons of arthropods.

chlamydia obligate intracellular parasites or sym-
bionts found throughout the animal kingdom. Some
chlamydia have existed as endosymbionts of free-liv-
ing amoebae since Precambrian times. The most
common sexually transmitted disease in the U.S. is
caused by Chlamydia trachomatis. Its genome con-
sists of a 1,042,519 base pair chromosome and a
7,493 bp plasmid. See Appendix A, Prokaryotes, Bac-
teria, Pirellulae; Appendix C, 1998, Stephens et al.;
Appendix F.

Chlamydomonas reinhardi a species of green al-
gae in which the interaction of nuclear and cyto-
plasmic genes has been extensively studied. The nu-
clear gene loci have been distributed among 17
linkage groups. Nuclear genes are transmitted to the
offspring in a Mendelian fashion, but chloroplast and
mitochondrial DNAs are transmitted uniparentally.
The mating-type “+” parents transmit chloroplasts,

while the “~” parents transmit mitochondria. The
chloroplast DNA contains nearly the same set of
genes that encode rRNAs, tRNAs, ribosomal pro-
teins and photosynthetic proteins as are found in the
chloroplast DNAs of higher plants. The genetic anal-
ysis of the flagellar apparatus of Chlamydomonas has
identified more than 80 different mutations that af-
fect its assembly and function. The axoneme con-
tains more than 200 proteins, most of which are
unique to this structure. An alternative spelling, C.
reinhardtii, occurs in the literature. See Appendix A,
Protoctista, Chlorophyta; Appendix C, 1963, Sager
and Ishida; 1970, Sager and Ramis; Appendix E.

chlorambucil a drug that binds DNA strands so
that the double helix cannot unzip and replicate.
Therefore it suppresses cell division and is used in
cancer chemotherapy. See alkylating agent.

chloramphenicol an antibiotic produced by Strep-
tomyces venezuelae. Chloramphenicol is a potent in-
hibitor of protein synthesis on the 70S ribosomes of
prokaryotes. It attaches to the 50S ribosomal sub-
unit and prevents the addition of an amino acid to
the growing polypeptide chain. Chloroamphenicol
does not bind to the 80S ribosomes of eukaryotes,
but it does bind to the smaller ribosomes of the mi-
tochondria present in eukaryotic cells. This is one of
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the lines of evidence that symbiotic prokaryotes were
the ancestors of eukaryotic ribosomes. See cyclohexa-
mide, endosymbiont theory, ribosome, ribosomes of
organelles, serial symbiosis theory, translation.
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Chlorella vulgaris a species of green algae exten-
sively used in studies of photosynthesis and its ge-
netic control. See Appendix A, Protoctista, Chloro-
phyta.

chlorenchyma tissue possessing chloroplasts.

chlorine
amounts in tissues. Atomic number 17; atomic

an element universally found in small

weight 35.453; valence 17; most abundant isotope
BCl; radioisotopes **Cl, half-life 37 minutes, *Cl,
half-life 55 minutes, radiation emitted—beta parti-
cles.

chlorolabe See color blindness.

chloromycetin chloramphenicol (g.v.).

chlorophyll a group of pigments that mediate
photosynthesis. These include chlorophyll a and b,

the green pigments found in the chloroplasts of
plants. The structural formula for the chlorophyll a
molecule and the appropriate dimensions of the por-
phyrin ring and phytol chain are illustrated below.
The chlorophyll b molecule differs from chlorophyll
a in that the CHj indicated by the arrow is replaced
by a CHO group. Other chlorophylls include chlo-
rophyll ¢ (found in the brown algae and some red
algae), chlorophyll d (found in the red algae), and
the bacteriochlorophylls (found in the green sulfur
bacteria). See anthocyanins, Cyanobacteria.

chlorophyte any protoctist that belongs to the
Chlorophyta. This phylum contains green algae that
have undulipodia at some stage of their life cycle.
Green land plants presumably arose from a chloro-
phyte lineage. See Mesostigma viride, undulipodium.

chloroplast the chlorophyll-containing, photosyn-
thesizing organelle of plants. Chloroplasts are thought
to be the descendants of endosymbiotic cyanobacte-
ria. A typical chloroplast is illustrated on page 67.
Each is surrounded by a double membrane and con-
tains a system of internal thylakoid membranes.
These form stacks of flattened discs called grana in
which chlorophyll molecules are embedded. Chloro-
plasts contain DNA and can multiply. Replication of
chloroplast DNA occurs throughout the cell cycle.
Chloroplasts contain 70S ribosomes and in this re-
spect resemble bacterial ribosomes rather than those
of the plant cytoplasm (see ribosome). The repro-
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duction and functioning of chloroplasts is under the
control of both nuclear genes and those of the organ-
elle. Chloroplasts develop from protoplastids. These
are small organelles surrounded by a double mem-
brane. The inner one gives rise to a sparse internal
membrane system from which the thylakoids de-
velop. Chloroplasts are generally inherited uniparen-
tally. Most angiosperms show maternal inheritance,
whereas most gymnosperms show paternal inheri-
tance of chloroplasts. Some chloroplast genes confer
an advantage to the plants that possess them by en-
coding proteins that immobilize herbicides. See Ap-
pendix C, 1837, von Mohl; 1883, Schimper; 1909,
Correns and Bauer; 1951, Chiba; 1953, Finean et al ;
1962, Ris and Plaut; 1981, Steinbeck et al.; Appen-
dix F; Chlamydomonas reinhardi, chloroplast DNA,
chloroplast er, cyanelles, Prochloron, ribulose-1, 5-
bisphosphate carboxylase-oxygenase, protein sorting,
serial symbiosis theory, 5S RNA, Synechocystis.

chloroplast DNA (chDNA) chloroplast DNAs are
circular, like those of mitochondria, but many times
longer. There are 40-80 DNA molecules per organ-
elle. The DNA molecules form clusters in the
stroma and are thought to attach to the inner mem-
brane. The DNAs are devoid of histones. The chlo-
roplast genome encodes all the rRNA and tRNA
molecules needed for translation, plus about 50 pro-
teins. These include RNA polymerase, ribosomal
proteins, components of the thylakoid membranes,
and a family of proteins involved in oxidation-reduc-
tion reactions. Some chloroplast genes contain in-
trons. Chloroplast genomes do not contain trans-
posons, and since chDNAs are usually transmitted
uniparentally, there is no opportunity for recombi-
nation. These facts may account for the observation
that the protein-coding genes of chloroplasts evolve

at a rate about five times slower than that of plant
nuclear genes. For this reason chDNA variation has
been extensively used in reconstructing plant phy-
logenies. See Appendix C, 1971, Manning et al;
1972, Pigott and Carr; 1986, Ohyama et al., Shino-
zaki et al.; 1987, Wolf, Li and Sharp; 1993, Hallick
et al.; 2000, Lemieux, Otis and Turmel; 2004, Mat-
suzaki et al.

chloroplast ER  See Chromista, Chrysomonads.

chloroquine
lates in the food vacuole of the merozoite (g.v.) and
interferes with the detoxification of the heme (g.v.)
released during the digestion of hemoglobin (gq.v.).
See artemisinin, hemozoin, malaria.

an anti-malarial drug that accumu-

chlorosis failure of chlorophyll development.

CHO cell line A somatic cell line derived from
Chinese hamster ovaries. The cells have a near dip-
loid number, but over one-half of the chromosomes
contain deletions, translocations, and other aberra-
tions that have occurred during the evolution of the
cell line. See Cricetulus griseus.

cholecystokinen a hormone secreted by the duo-
denum that causes gallbladder contraction.

cholera an epidemic disease caused by the bacte-
rium Vibrio cholerae (q.v.). Each is a curved rod
about 0.5 by 3 micrometers that possesses a polar
flagellum. Vibrios are highly motile and spread in
water contaminated with feces. If sufficient vibrios
are ingested, some will reach the intestine and multi-
ply. Virulent strains produce a toxin encoded by a
chromosomal gene. The cholera toxin is made up of
multiple polypeptide chains, and these are organized
into A and B subunits. The B subunits bind to gan-
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glioside receptors on the microvilli of the cells lining
the intestine. B subunits, in groups of five, form a
hydrophilic channel through which the A subunit
enters the cell. It interacts with a specific G protein,
converting it into a permanently active form. This
catalyzes reactions that stimulate secretion into the
gut lumen of fluids rich in electrolytes. Therefore,
the primary symptom of cholera is a profuse diar-
rhea. The watery discharge may amount to 30 liters
per day, and without treatment the victim will die
in a few days of dehydration and the loss of ions,
especially potassium and bicarbonate. Mutations
causing cystic fibrosis (g.v.) may have been retained
in human populations because of the resistance
shown by heterozygotes to cholera. The CF gene en-
codes a protein that functions as an ion channel.
Mutations at this locus therefore impair fluid trans-
port and reduce the fluid loss transport and reduce
the fluid loss induced by the cholera toxin.

cholesterol the quantitatively predominant ste-
roid of humans. A 27-carbon compound made up of
a fused ring system. Cholesterol is a component of
biomembranes and of the myelin sheaths that sur-
round nerve axons. In insects, cholesterol serves as a
precursor for ecdysone (g.v.). See Appendix C, 1964,
Hodgkin; adrenal corticosteroid, familial hypercholes-
terolemia, vitamin D.
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cholinesterase See acetylcholinesterase.

chondriome all the mitochondria of the cell re-
ferred to collectively.

chondriosome
mitochondrion.

a rarely used term, superceded by

chondroitin sulfuric acid a mucopolysaccharide

commonly found in cartilage.

chordamesoderm a layer of cells derived from the
blastoporal lip that later in embryogenesis forms the
mesoderm and notochord of the vertebrate embryo.
The chordamesoderm acts as an organizer upon the
overlying ectoderm to induce differentiation of neu-
ral structures. See Spemann-Mangold organizer.

Chordata the phylum of animals with a noto-
chord, a hollow dorsal nerve cord, and gill slits at
some developmental stage. See Appendix A.

chorea anervous disorder, characterized by irregu-
lar and involuntary actions of the muscles of the ex-
tremities and face. See Huntington disease.

chorioallantoic grafting the grafting of pieces of
avian or mammalian embryos upon the allantois of
the chick embryo under the inner shell-membrane.
The implant becomes vascularized from the allan-
toic circulation and continues development.
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chorion 1. the insect egg shell. 2. see amnion.

chorionic appendages the anterior, dorsal projec-
tions of the Drosophila egg shell that serve as breath-
ing tubes when the egg is submerged.

chorionic gonadotropin (CG) a hormone pro-
duced by the placenta that continues to stimulate
the production of progesterone by the corpus lu-
teum and thus maintains the uterine wall in a glan-
dular condition. This hormone is the one for which
most pregnancy tests assay. For humans, it is abbre-

viated HCG.

chorionic somatomammotropin  See human growth
hormone.

chorionic villi sampling the harvesting of chori-
onic cells by introducing a catheter through the va-
gina and into the uterus until it touches the chorion,
which surrounds the human embryo. The chorionic
cells withdrawn can be used to detect enzymatic and
karyotypic defects, since they have the same geno-
type as embryonic cells. The sampling of chorionic
villi can be performed between 10 and 11 weeks fol-
lowing the last menstrual period, so this technique
has the advantage over amniocentesis (g.v.) of allow-
ing fetal disorders to be detected earlier. Thus, when
necessary, the pregnancy can be terminated at an
earlier stage with less risk to the mother. See in-
formed consent, genetic counseling, prenatal genetic
testing.

Christmas disease the B form of hemophilia
(g.v.), named after a British patient, Stephen Christ-
mas. In 1952, when only 5 years old, he was shown
to be suffering from a type of hemophilia different
from the classic form. He could not produce clotting
factor 9. This is sometimes called the Christmas fac-
tor in his honor.

chromatid conversion a form of gene conversion
(g.v.) rendered evident by identical sister-spore pairs
in a fungal octad that exhibits a non-Mendelian ra-
tio. For example, if an ordered octad of ascospores
from a cross of + xm = (+) (++) (++) (mm), one
chromatid of the m parental chromosome appears to
have been converted to +. In half-chromatid conver-
sion, an octad of (++) (++) (+m) (mm) indicates that
one chromatid of the m parental chromosome was
“half-converted.” See ordered tetrad.

chromatid interference a deviation from the ex-
pected 1:2:1 ratio for the frequencies of 2-, 3-, and
4-strand double crossovers signaling a nonrandom
participation of the chromatids of a tetrad in succes-

sive crossovers.

chromatography 79

chromatids the two daughter strands of a dupli-
cated chromosome that are joined by a single centro-
mere. Upon the division of the centromere, the sis-
ter chromatids become separate chromosomes. See
Appendix C, Flemming; meiosis, mitosis.

chromatin
and RNA) and proteins (histones and nonhistones)
comprising eukaryotic chromosomes. See Appendix
C, 1879, Flemming; 1976, Finch and Klug.

the complex of nucleic acids (DNA

chromatin diminution the elimination during em-
bryogenesis of certain chromosomes or chromo-
somal segments from the cells that form the somatic
tissues. Germ cells, however, retain these chromo-
somes. The process occurs in some ciliates, nema-
todes, copepods, and insects. The discarded DNA
often contains highly repetitive sequences and some-
times genes encoding ribosomal proteins. See Appen-
dix C, 1887, Boveri; Ascarididae, C value paradox,
genomic equivalence, Parascaris equorum.

chromatin fibers fibers of 30 nm diameter seen
when interphase nuclei are lysed and their contents
viewed under an electron microscope. The fibers are
composed of solenoids of nucleosomes held together
by hexamers of histone 1 molecules. See solenoid

structures.

chromatin immunoprecipitation a technique for
identifying a specific DNA sequence in the genome
(q.v.) to which a particular protein binds in vivo
(q.v.). In this procedure, the protein in question is
cross-linked to DNA with formaldehyde in vivo. The
DNA is then extracted from cells and sheared into
small fragments. Antibodies against the bound pro-
tein are then used to isolate the protein-DNA com-
plex, the protein is released, and the polymerase
chain reaction (PCR) (g.v.) is used to amplify the
DNA sequence to which the protein was bound.
The amplified DNA can then be identified by se-
quence analysis.

chromatin-negative an individual (normally a
male) whose cell nuclei lack sex chromatin.

chromatin-positive an individual (normally a fe-
male) whose cell nuclei contain sex chromatin. See
Barr body, sex chromatin.

chromatograph the record produced by chroma-
tography (q.v.). Generally applied to a filter paper
sheet containing a grouping of spots that represent
the compounds separated.

chromatography a technique used for separating
and identifying the components from mixtures of
molecules having similar chemical and physical
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properties. The population of different molecules is
dissolved in an organic solvent miscible in water, and
the solution is allowed to migrate through a station-
ary phase. Since the molecules migrate at slightly
different rates, they are eventually separated. In pa-
per chromatography, filter paper serves as the station-
ary phase. In column chromatography (q.v.), the sta-
tionary phase is packed into a cylinder. In thin layer
chromatography, the stationary phase is a thin layer
of absorbent silica gel or alumina spread on a flat
glass plate. See also affinity chromatography, counter-
acting chromatographic electrophoresis, gas chroma-
tography, ion exchange column. See Appendix C,
1941, Martin and Synge.

chromatophore submicroscopic particles isolated
from photosynthetic bacteria that contain the pho-
tosynthetic pigments. Compare with chromophore.

chromatosome a DNA protein complex consist-
ing of a nucleosome (g.v.), the linker DNA segment,
and its H1 histone. See histones, nucleosome.

chromatrope See metachromasy.

Chromista the name proposed by T. Cavalier-
Smith for a kingdom to contain those eukaryotic
species that show the following specific ultrastruc-
tural similarities. They all posses, at some time dur-
ing their life cycles, cells containing specialized un-
dulopodia that have regularly spaced tufts of fibers
extending from them. Such an undulopodium is of-
ten called a hairy or tinsel flagellum. The lateral fi-
bers are called mastigonemes, and they are tubules
that are rooted in the flagellar axonemes. The other
organelle that characterizes the Chromista is the
chloroplast ER. This refers to a chloroplast that is sur-
rounded by four membranes, the last of which is
continuous with the endoplasmic reticulum (g.v.).
Species belonging to the phyla Chrysophyta, Crypt-
ophyta, Xanthophyta, Eustimatophyta, Bacillano-
phyta, Phaeophyta, Labyrinthulomycota, Hypochy-
tridiomycota, and Oomycota fall into this group. See
Appendix A, Protoctista; Chrysophyta.

chromocenter a central amorphous mass found in
the nuclei of larval salivary gland cells of Drosophila.
Since the chromocenter results from the fusion of
the heterochromatic elements that surround the
centromeres of all the chromosomes in each nucleus,
the distal, banded, euchromatic arms of the somati-
cally paired, polytene chromosomes radiate from the
chromocenter. In mitotic cells the pericentromeric,
heterochromatic elements are rich in highly repeti-
tive, DNA sequences. These fail to replicate during
polytenization (q.v.) and are therefore underrepre-

sented in the chromocenter. See Drosophila salivary
gland chromosomes.

chromomere one of the serially aligned beads or
granules of a eukaryotic chromosome, resulting from
local coiling of a continuous DNA thread; best seen
when most of the rest of the chromosome is rela-
tively uncoiled as in the leptotene and zygotene
stages of meiosis (q.v.). In polytene chromosomes
(q.v.), the chromomeres lie in register and give the
chromosome its banded appearance.

chromonema (plural chromonemata) the chro-
mosome thread.

chromoneme the DNA thread of bacteria and
their viruses.

chromophore 1. the part of a dye that gives the
molecule its color. 2. any receptor molecule that ab-
sorbs light (thereby producing a color) and is usually
complexed with a protein. For example, phyto-
chromes (q.v.) consist of a linear tetrapyrole mole-
cule that functions as a chromophore and a protein
portion that anchors the chromophore to the inside
surface of the plasma membrane and communicates
a signal to one or more signal pathways. The same is
true for retinal (g.v.) and its opsin (q.v.). Compare
with chromatophore.

chromoplast a carotenoid-containing plastid that
colors ripe fruits and flowers.

chromosomal aberration an abnormal chromo-
somal complement resulting from the loss, duplica-
tion, or rearrangement of genetic material. Intra-
chromosomal or homosomal aberrations involve changes
that occur in but one chromosome. Such aberrations
include deficiencies and duplications that result in a
reduction or increase in the number of loci borne
by the chromosome. Inversions and shifts involve
changes in the arrangement of the loci, but not in
their number. In the case of an inversion a chromo-
somal segment has been deleted, turned through
180°, and reinserted at the same position on a chro-
mosome, with the result that the gene sequence for
the segment is reversed with respect to that of the
rest of the chromosome. In the case of shift a chro-
mosomal segment has been removed from its normal
position and inserted (in the normal or reversed se-
quence) into another region of the same chromo-
some. Interchromosomal or heterosomal aberrations
arise from situations in which nonhomologous chro-
mosomes are broken, and interchange occurs between
the resulting fragments, producing a translocation. See
radiation-induced chromosomal aberrations.



chromosomal mutation See chromosomal aberra-
tion.

chromosomal polymorphism the existence with-
in a population of two or more different structural
arrangements of chromosomal material (e.g., inver-
sions, translocations, duplications, etc.).

chromosomal puff a localized swelling of a spe-
cific region of a polytene chromosome due to local-
ized synthesis of DNA or RNA. Extremely large
RNA puffs are called Balbiani rings (q.v.). See Ap-
pendix C, 1952, Beerman; 1959, Pelling, 1960,
Clever and Karlson; 1961, Beerman; 1980, Grone-
meyer and Pongs; heat-shock puffs, insulator DNAs,
Rhynchosciara, Sciara.

chromosomal RNA ribonucleic acid molecules as-
sociated with chromosomes during either division
(e.g., primer, q.v.) or interphase (e.g., incomplete

transcripts).

chromosomal sterility sterility from the lack of
homology between the parental chromosomes in a

hybrid.

chromosomal tubules microtubules of the spindle
apparatus that originate at kinetochores of centro-
meres. The chromosomal tubules interpenetrate on
the spindle with polar tubules (g.v.) and are hypoth-
esized to slide by one another during anaphase as a
consequence of making and breaking of cross bridges
between them.

chromosome 1. in prokaryotes, the circular DNA
molecule containing the entire set of genetic instruc-
tions essential for life of the cell. See genophore. 2.
in the eukaryotic nucleus, one of the threadlike
structures consisting of chromatin (g.v.) and carrying
genetic information arranged in a linear sequence.
See Appendix C, 1883, Roux; 1888, Waldeyer.

chromosome arms the two major segments of a
chromosome, whose length is determined by the po-
sition of the centromere. See acrocentric, metacen-
tric, submetacentric, telocentric.

chromosome banding techniques there are four
popular methods for staining human chromosomes.
To produce G banding, chromosomes are usually
treated with trypsin and then stained with Giemsa.
Most euchromatin stains lightly, and most hetero-
chromatin stains darkly under these conditions. C
bands are produced by treating chromosomes with
alkali and controlling the hydrolysis in a buffered salt
solution. C banding is particularly useful for staining
and highlighting centromeres and polymorphic
bands (especially those of meiotic chromosomes).

chromosome loss 81

With Q banding, chromosomes are stained with a
fluorochrome dye, usually quinacrine mustard or
quinacrine dihydrochloride, and are viewed under
ultraviolet light. The bright bands correspond to the
dark G bands (with the exception of some of the
polymorphic bands). Q banding is especially useful
for identifying the Y chromosome and polymor-
phisms that are not easily demonstrated by the G-
banding procedure. R bands are produced by treat-
ing chromosomes with heat in a phosphate buffer.
They can then be stained with Giemsa to produce a
pattern that is the reverse (hence the R in the term)
of G bands, thereby allowing the evaluation of ter-
minal bands that are light after G banding. Alterna-
tively, chromosomes can be heated in buffer and
then stained with acridine orange. When viewed un-
der ultraviolet light, the bands appear in shades of
red, orange, yellow, and green. They can also be
photographed in color, but printed in black and
white to reveal more distinctive R bands. Q-dark, R-
positive bands have a low AT:CG ratio and are rich
in SINE repeats and Alu sequences. Q-bright, R-
negative bands have a high AT:CG ratio and are rich
in LINE repeats. See Appendix C, 1970, Caspersson
et al.; 1971, O'Riordan et al.; repetitious DNA.

chromosome bridge a bridge formed between the
separating groups of anaphase chromosomes because
the two centromeres of a dicentric chromosome are
being drawn to opposite poles (see illustration on
page 82). Such bridges may form as the result of sin-
gle- or three-strand double-exchanges within the re-
verse loop of a paracentric inversion heterozygote
(see inversion). They may also arise as radiation-in-
duced chromosome aberrations (g.v.). Such chro-
mosome bridges are always accompanied by acentric
chromosome fragments. See breakage-fusion-bridge
cycle.

chromosome condensation the process whereby
eukaryotic chromosomes become shorter and thick-
er during prophase as a consequence of coiling and
supercoiling of chromatic strands. See Appendix C,
1970, Johnson and Rao; nucleosome, solenoid struc-
ture.

chromosome congression the movement of chro-
mosomes to the spindle equator during mitosis.

chromosome diminution or elimination See

chromatin diminution.
chromosome jumping See chromosome walking.

chromosome loss failure of a chromosome to be
included in a daughter nucleus during cell division.

See anaphase lag.
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Chromosome bridges (identified by arrows)

chromosome map See cytogenetic map, genetic
map.

chromosome painting a variation of fluorescence
in situ hybridization (FISH) (q.v.) technique using
fluorescent dye-tagged DNA segments that can hy-
bridize to numerous sites along each human chromo-
some. Because there are too few known fluorescent
dyes to distinctively mark each human chromosome,
a combinatorial approach is taken. Since the total
combinations given by a number of dyes (N) is 2~ —
1, as few as five dyes can give enough combinations
to produce probes that will individually label each
chromosome. The fluorochrome colors cannot be
distinguished by the unaided eye but can be de-
tected by using a series of filters or an interferometer
linked with computers to analyze the various dye
combinations assigned to each chromosome. Chro-
mosome painting is also known as multicolor fluo-
rescence in situ hybridization (MFISH). Cross spe-
cies-chromosomal painting and digital imaging are
now commonly used in studies of the evolution of
mammalian karyotypes. See Appendix C, 1997, Yang
et al.

chromosome polymorphism the presence in the
same interbreeding population of one or more chro-
mosomes in two or more alternative structural
forms.

chromosome puff See chromosomal puff.

chromosome rearrangement a chromosomal ab-
erration involving new juxtapositions of chromo-

somal segments; e.g., inversions, translocations.

chromosome scaffold when histones are removed
from isolated metaphase chromosomes and these are
centrifuged onto electron microscope grids, ex-
tremely long loops of DNA can be seen to project
from an irregular mass (the scaffold) whose dimen-
sions are similar to the original intact chromosome.

chromosome set a group of chromosomes repre-
senting a genome (q.v.), consisting of one represen-
tative from each of the pairs characteristic of the so-
matic cells in a diploid species. See polyploidy.

chromosome sorting See flow cytometry.

chromosome substitution replacement by a suit-
able crossing program of one or more chromosomes
by homologous or homoeologous chromosomes from
another source. This may be a different strain of the
same species or a related species that allows hybrid-
ization. See homoeologous chromosomes, homolo-
gous chromosomes.

chromosome theory of heredity the theory put
forth by W. S. Sutton in 1902 that chromosomes are
the carriers of genes and that their meiotic behavior
is the basis for Mendel’s laws (gq.v.).

chromosome walking the sequential isolation of
clones carrying overlapping restriction fragments to



span a segment of chromosome that is larger than
can be carried in a phage or a cosmic vector. The
technique is generally needed to isolate a locus of
interest for which no probe is available but that is
known to be linked to a gene that has been identified
and cloned. This probe is used to screen a genome
library. As a result, all fragments containing the
marker gene can be selected and sequenced. The
fragments are then aligned, and those segments far-
thest from the marker gene in both directions are
subcloned for the next step. These probes are used
to rescreen the genome library to select new collec-
tions of overlapping sequences. As the process is re-
peated, the nucleotide sequences of areas farther
and farther away from the marker gene are identi-
fied, and eventually the locus of interest will be en-
countered. If a chromosomal aberration is available
that shifts a particular gene that can serve as a
molecular marker to another position on the chro-
mosome or to another chromosome, then the chro-
mosome walk can be shifted to another position in
the genome. The use of chromosome aberrations in
experiments of this type is referred to as chromosome
jumping. See Appendix C, 1978, Bender, Spierer, and
Hogness.

chromotrope a substance capable of altering the
color of a metachromatic dye (g.v.).

chronic exposure radiation exposure of long dura-
tion. Applied to experimental conditions in which
the organism is given either a continuous low level
exposure or a fractionated dose.

chronocline
in the time dimension.

in paleontology, a character gradient

chronospecies a species that can be studied from
its fossil remains through a defined period of time.

chrysalis the pupa of a lepidopteran that makes no
cocoon (q.v.).

chrysomonads fresh water members of the
Chromista (g.v.). They are called golden algae be-
cause their cytoplasm contains yellow plastids. An
example is any species belonging to the genus Ochro-
monas. Each cell has two undulipodia attached to its
anterior pole. One is long and hairy, and the one
behind it is shorter with fewer lateral fibers. Ochro-

monas also contains a chloroplast ER.

chymotrypsin a proteolytic enzyme from the pan-
creas that hydrolyzes peptide chains internally at
peptide bonds on the carboxyl side of various amino
acids, especially phenylalanine, tyrosine, and trypto-
phan.

circadian rhythm 83

Ci abbreviation for curie (g.v.).

cichlid fishes cichlids (pronounced ‘sick-lid’) are a
family of freshwater fishes distributed throughout
the tropics and subtropics. There are about 1,300
species described so far, but almost 1,000 are found
in the rift lakes of East Africa (Lakes Victoria, Ma-
lawi, and Tanganyika). Speciation in the Rift Lake
cichlids has been extremely rapid and has resulted
in part from sexual selection (gq.v.). See Appendix A,
Chordata, Osteichythes, Neopterygii, Perciformes.

cilia (singular, cilium) populations of thin, motile
processes found covering the surface of ciliates or
the free surface of the cells making up a ciliated epi-
thelium. Each cilium arises from a basal granule in
the superficial layer of cytoplasm. The movement of
cilia propels ciliates through the liquid in which they
live. The movement of cilia on a ciliated epithelium
serves to propel a surface layer of mucus or fluid.
See axoneme.

ciliate a protozoan belonging to the phylum Cilio-
phora. See Appendix A, Protoctista.

Ciona intestinalis a species of ascidians, com-
monly called sea squirts. As adults they are her-
maphrodites that live as filter feeders in shallow seas.
They are sometimes called tunicates because each is
enclosed in a tough tunic made up of tunicin, a cel-
lulose-like fiber. Fertilized eggs develop into free-
swimming larvae, and each tadpole has a prominent
notochord and dorsal nerve tube. For this reason,
they are classified as Urochordates, a primitive
branch of the Acraniata (q.v.). Ciona has 14 chro-
mosomes and a genome size of about 156 mbp. Its
15,900 ORFs are more closely packed than those of
most vertebrates. About 1/6 of the Ciona genes have
vertebrate homologs. The Ciona homologs are gen-
erally present in only a few copies compared to the
multiple copies found in vertebrate gene families
(i.e., actin genes or myosin genes). See Appendix A,
Eumetazoa, Deuterostomia, Chordata, Acraniata,
Urochordata; Appendix C, 2002, Dehal et al.; iso-
forms, tunicin.

circadian rhythm an oscillation in the biochemis-
try, physiology, or behavior of an organism that has
a natural period of exactly 24 hours. If the organism
is placed under constant conditions, the rhythm will
continue with a period that is close to, but not ex-
actly, 24 hours. For example, in Neurospora the
number of hours between peaks of conidiation is
21.5 hours under constant conditions. This endoge-
nous periodicity can be reset to 24 hours by a change
in light level (e.g., a shift from constant darkness to
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a 12-hour light: 12-hour dark cycle). See clock mu-
tants, entrainment, frequency.

circular dichroism
show differences in absorption between the clock-
wise and counterclockwise component vectors of
a beam of circularly polarized light. Since helical
molecules in solution often exhibit these properties,
circular dichroism spectra have been used to study
coiling changes of physiological significance, which
various proteins can undergo. In the cases of chro-
matin fragments oriented in electric fields and ex-
posed to circularly polarized ultraviolet light, mea-

the property of molecules to

surements of circular dichroism allow conclusions
to be drawn as to the way nucleosomes (g.v.) are
stacked in 30-nanometer fibers.

circular linkage map the linkage map characteris-
tic of Escherichia coli. In preparation for genetic
transfer during conjugation, the ring-shaped chro-
mosome of an Hfr bacterium breaks in such a way
that when the ring opens the F factor is left attached
to the region of the chromosome destined to enter
the F cell last. Circular linkage maps have been con-
structed for several other bacteria and for certain vi-
ruses. See also linkage map.

circularly permuted sequences
muted sequences.

See cyclically per-

circular overlap the phenomenon in which a
chain of continuous and intergrading populations of
one species curves back until the terminal links over-
lap each other. Individuals from the terminal popu-
lations are then found to be reproductively isolated
from each other; that is, they behave as if they be-
longed to separate species. A ring of races so formed
is referred to as a Rassenkreis.

circumsporozoite protein See sporozoite.

cis-acting locus a genetic region affecting the ac-
tivity of genes on that same DNA molecule. Cis-act-
ing loci generally do not encode proteins, but rather
serve as attachment sites for DNA-binding proteins.
Enhancers, operators, and promoters are examples
of cis-acting loci. Contrast with trans-acting locus.

cis dominance the ability of a genetic locus to in-
fluence the expression of one or more adjacent loci
in the same chromosome, as occurs in lac operator
mutants of E. coli.

cis face See Golgi apparatus.

cisplatin
drugs, especially effective for the management of
testicular and ovarian cancers. When cisplatin binds
to DNA, it loses two chloride ions and forms two

one of the most widely used antitumor

platinum-nitrogen bonds with the N7 atoms of adja-
cent guanines on the same strand. This localized dis-
ruption of the double helix inhibits replication.

H3N \Pt /Cl
HBN/ \CI

cis-splicing the splicing together of the exons
within the same gene that occurs during the modifi-
cation of the primary RNA transcript in the nucleus.
Compare with trans-splicing and see posttranscrip-
tional processing.

cisterna a flattened, fluid-filled reservoir enclosed
by a membrane. See endoplasmic reticulum.

cis, trans configurations terminology that is cur-
rently used in the description of pseudoallelism. In
the cis configuration both mutant recons are on one
homolog and both wild-type recons are on the other
(a'a’/++). The phenotype observed is wild type. In
the trans configuration each homolog has a mutant
and a nonmutant recon (a'+/+a’), and the mutant
phenotype is observed. In the case of pseudoallelic
genes, the terms cis and trans configurations corre-
spond to the coupling and repulsion terminology used
to refer to nonallelic genes. See transvection effect.

cis-trans test a test used to determine whether
two mutations of independent origin affecting the
same character lie within the same or different cis-
trons. If the two mutants in the trans position yield
the mutant phenotype, they are alleles. If they yield
the wild phenotype, they represent mutations of dif-
ferent cistrons. However, different mutated alleles
may represent cistrons with mutations at different
sites. If these mutons are separable by crossing over,
it is possible to construct a double mutant with the
mutant sites in the cis configuration (m'm*/++). Indi-
viduals of this genotype show the wild phenotype.
See pseudoalleles.

cistron originally the term referred to the DNA
segment that specified the formation of a specific
polypeptide chain (see Appendix C, 1955, Benzer).
The definition was subsequently expanded to in-
clude the transcriptional start and stop signals. In
cases where an mRNA encodes two or more pro-
teins, it is referred to as polycistronic. The proteins
specified by a polycistron are often enzymes that
function in the same metabolic pathway. See gene,
transcription unit.

citrate cycle a synonym for citric acid cycle (q.v.).



citric acid cycle a cycle of enzyme-controlled re-
actions by which the acetyl-coenzyme A produced
by the catabolism of fats, proteins, and carbohy-
drates is oxidized, and the energy released used to
form ATP from ADP. The condensation of acetyl-
coenzyme A with a four-carbon compound (oxalo-
acetic acid) yields the six-carbon compound citric

Acetyl-CoA

O>;
H,C %C oA

PCO: N

Pyruvate
Pyruvate
dehydrogenase

I
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acid for which the cycle is named. Through a further
series of oxidative decarboxylations, citric acid is
broken down to oxaloacetic acid, and so the cycle is
completed. As a result, 1 molecule of activated ace-
tate is converted to 2 CO, molecules, 8 H atoms are
taken up and oxidized to water, and 12 molecules
of ATP are formed concurrently. The enzymes are
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localized in mitochondria (q.v.). The cycle was in-
vented by prokaryotes about 2.5 billion years ago,
and today virtually all organisms that use oxygen
employ the citric acid cycle. The cycle is illustrated
in the diagram on page 85. The sulfur atom in coen-
zyme A (q.v.) is the site where chemical groups are
exchanged at various stages in the cycle. This is the
reason for adding an S to the CoA-SH abbreviation.
See Appendix C, 1937, Krebs; adenosine phosphate,
ATP synthase, cytochrome system, glycolysis, glyoxy-
late cycle, nicotine-adenine dinucleotide (NAD).

citrullinuria  a hereditary disease in humans arising
from a deficiency of the enzyme arginosuccinate
synthetase. It is caused by a recessive gene on auto-
some 9. See ornithine cycle.

Citrus a genus of fruit-bearing trees including C.
aurantium, the Seville orange; C. aurantifolia, the
lime; C. paradisi, the grapefruit; C. limon, the lemon;
C. reticulata, the tangerine; C. sinensis, the sweet or-
ange. The navel orange is a cultivar (g.v.) of the last-
named species. See Appendix A, Plantae, Angio-
spermae, Dicotyledoneae, Sapindales.

clade 1. in classification, any group of organisms
that is defined by characters exclusive to all its mem-
bers and that distinguish the group from all others.
2. in evolutionary studies, a taxon or other group
consisting of a single species and its descendents; a
holophyletic group; a set of species representing a
distinct branch on a phylogenetic tree. Graphically
a clade includes the species represented by the node
and all branches that spring from it. See cladogram,
PhyloCode.

cladistic evolution splitting of a line of descent
into two species. Contrast with phyletic evolution.

cladistics a method of classification that attempts
to uncover the genealogic relationships between any
two species by stressing only the advanced charac-
teristics that they share. The graphic representation
of the results of such an analysis is the cladogram
(g.v.). See Appendix C, 1950, Hennig; apomorphic.

cladogenesis branching evolution; the splitting of
a lineage into two or more lineages. Contrast with
orthogenesis.

cladogram a branching diagram that displays the
relationship between taxa in terms of their shared
character states and attempts to represent the true
evolutionary branchings of the lineage during its
evolution from the ancestral taxon. In the accompa-
nying cladogram, we start with ancestral species A,
which is now extinct. It is characterized by six phe-
notypic characters (a—f) of taxonomic importance.

The lineage undergoes speciation events (denoted by
numbers 1 to 4) to produce five extant species, B-F.
Each character (except f) undergoes a single change
from the ancestral (plesiomorphic) state to a derived
(apomorphic) state. The time and place of the
change in the lineage is marked by letters carrying
primes. Note that species E and F, which have the
most recent common ancestor, share more apomor-
phic characters than species with more remote com-
mon ancestors. An ancestral character shared by sev-
eral species is called symplesiomorphic, and a
derived character shared by two or more species is
called synapomorphic. Thus, character f is symple-
siomorphic for the entire group, and character c is
synapomorphic for species E and F. See node.

class a grouping used in the classification of organ-
isms. It is a subdivision of a phylum, and it is in turn
subdivided into orders.

classification 1. the process of grouping organisms
on the basis of features they have in common, or on
the basis of their ancestry, or both. 2. the resulting
arrangement of living things into groups as a conse-
quence of the above process. The traditional division
of living organisms into two kingdoms (Plant and
Animal) dates back to Linnaeus. This was sup-
planted by a system of five kingdoms (Bacteria, Pro-
tists, Fungi, Plants, and Animals) proposed by Whit-
taker. An updated variant of this system is used in
Appendix A. More recently, a seven-kingdom system
has been proposed by T. Cavalier-Smith. This sys-
tem retains four of the five kingdoms but splits the
protists into three separate kingdoms: Archaeozoa,
Protozoa, and Chromista (all of which see).

class switching See heavy chain class switching.

clathrin  See receptor-mediated endocytosis.

CIB technique a technique invented by H. J. Mul-
ler and used for the detection of sex-linked lethal
and viable mutations in Drosophila melanogaster.
The name is derived from the X chromosome used.



It contains a Crossover suppressor (an inversion), a
lethal, and the dominant marker Bar eye.

cleavage the processes by which a dividing egg
cell gives rise to all the cells of the organism. Such
cleavages involve rapid cell divisions without inter-
vening periods of cell growth. Therefore the embryo
remains the same size, but the component cells get
smaller and smaller. Cleavage in some species fol-
lows a definite pattern, where it is said to be deter-
minate (permitting the tracing of cell lineages); in
other species the pattern is lost after the first few
cell divisions. See contractile ring, discoidal cleavage,
radial cleavage, spiral cleavage.

cleavage furrow See contractile ring.

cleidoic egg an egg enclosed within a shell that is
permeable only to gases.

cleistogamous designating a plant in which fertil-
ization occurs within closed flowers, and therefore
where self-pollination is obligatory. See chasmoga-
mous.

cline a gradient of phenotypic and/or gene fre-
quency change along a geographical transect of the
population’s range. See isophene.

clock mutants mutants that disrupt the normal
24-hour circadian cycle of an organism. The gene pe-
riod (q.v.) in Drosophila and frequency (q.v.) in Neu-
rospora are the best-studied clock mutants.

clomiphene any chemical that stimulates ovaries
to release eggs.

clonal analysis
genetic methods or surgical operations to investigate
cell-autonomous and cell-nonautonomous develop-
mental processes. Cell-autonomous genetic markers
are used to label cells at an early stage in develop-
ment, and the subsequent morphological fates of the
offspring of these cells can then be followed. See
compartmentalization.

the use of mosaics generated by

clonal selection theory a hypothesis for explain-
ing the specific nature of the immune response in
which the diversity among various cells for the rec-
ognition of specific antigens exists prior to their ex-
posure to the antigen. Subsequent exposure to a
particular antigen causes the appropriate cells to un-
dergo a clonal proliferation. See Appendix C, 1955,
Jerne; 1959, Burnet; B lymphocyte.

clone 1. a group of genetically identical cells or or-
ganisms all descended from a single common ances-
tral cell or organism by mitosis in eukaryotes or by
binary fission in prokaryotes. 2. genetically engi-
neered replicas of DNA sequences.
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cloned DNA any DNA fragment that passively
replicates in the host organism after it has been
joined to a cloning vector. Also called passenger
DNA. See recombinant DNA technology.

cloned library a collection of cloned DNA se-
quences representative of the genome of the organ-
ism under study.

cloning in its most common usage, creating an or-
ganism genetically identical to another organism.
This occurs naturally in the production of monozy-
gotic twins. The nine-banded armadillo regularly
produces a clone of four genetically identical off-
spring at each birth cycle. This type of cloning can
also be done artifically by embryo splitting. For ex-
ample, the eight-cell embryo of many animals can
be divided in halves or quarters, and each of these
portions can develop into identical twins or quadru-
plets. Mitotically produced cells are (barring muta-
tions) genetically identical, and thus all the somatic
cells of an individual are technically a clone. Like-
wise, bacterial cells produced by binary fission from
a single parent cell also form a clone (or produce a
colony on solid medium). A single individual or cell
may be referred to as a clone, but only with refer-
ence to at least one other genetically identical indi-
vidual or cell. Most plant cells are totipotent and
usually are easier to clone than animal cells through
asexual propagation (grafting, budding, cuttings,
etc.). In mammals, sheep, cows, goats, horses,
mules, pigs, rabbits, rats, mice, cats, and dogs have
been cloned experimentally. However, the rate of
success in such experiments has been low. See Ap-
pendix C, 1958, Steward, Mapes, and Mears; 1997,
Wilmut er al.; Dasypus, Dolly, gene cloning, mosaic,
nuclear reprogramming, nuclear transfer, sheep, ther-
apeutic cloning, totipotency, twins.

cloning vector, cloning vehicle See bacterial arti-
ficial chromosomes, cosmid, DNA vector, lambda
cloning vector, P1 artificial chromosomes, pBR322,
plasmid cloning vector, yeast artificial chromosome.

clonogenicity the ability of cells from multicellu-
lar organisms (e.g., malignant cells or stem cells) to
proliferate and form colonies (or clones), each con-
sisting of one or more cell types. A cell with this
ability is called a clonogenic cell.

clonotype the phenotype or homogenous product
of a clone of cells.

close pollination the pollination of a flower with
pollen of another flower on the same plant.

Clostridium botulinum an anaerobic, spore-form-
ing, Gram-positive bacterium that is often present in
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decaying food and can cause a severe type of food
poisoning called botulism (q.v.). See Appendix A,
Bacteria, Endospora.

club wheat Triticum compactum (N=21). See
wheat.

clutch a nest of eggs.
cM centimorgan. See Morgan unit.

C-meiosis colchicine-blocked meiosis. See meta-

phase arrest.

C-metaphase colchicine-blocked metaphase. See
metaphase arrest.

C-mitosis colchicine-blocked mitosis. See meta-

phase arrest.
c-myc See myc.
Cnidosporidia See microsporidia.

CNS abbreviation for central nervous system (the
brain and spinal cord).

coadaptation the selection process that tends to
accumulate harmoniously interacting genes in the
gene pool of a population.

coated pit, vesicle See receptor-mediated endocy-
tosis.

coat protein the structural protein making up the
external covering of a virus.

cobalamin vitamin By, a coenzyme for a variety
of enzymes. It is essential for deoxyribose synthesis.
The vitamin is characterized by a tetrapyrole ring
system similar to that of heme (q.v.). The molecule
contains a central cobalt atom linked to four pyrrole
nitrogens. The vitamin is unique in being synthe-
sized only by microorganisms. See Appendix C, 1964,
Hodgkin.

cobalt a biological trace element. Atomic number
27; atomic weight 58.9332; valence 2, 3"; most
abundant isotope Co”; radioisotope Co®, half-life
5.2 years, radiation emitted—beta and gamma rays
(used extensively as a gamma-ray source).
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coconversion the concurrent correction of two

sites during gene conversion.

cocoon 1. a covering of silky strands secreted by
the larva of many insects in which it develops as a
pupa. Commercial silk is derived from the cocoon
of Bombyx. 2. a protective covering of mucus se-
creted about the eggs of some species.

code for the genetic code dictionary, see amino
acid, start codon, stop codon.

code degeneracy See degenerate code.
coding strand  See strand terminologies.

coding triplet codon. See amino acid.

CODIS the acronym for the Combined DNA In-
dex System operated by the Federal Bureau of Inves-
tigation. This is a national DNA databank which uti-
lizes computer and DNA technologies to match
DNA profiles developed from crime scene evidence
against the profiles of individuals convicted of felony
sex offenses and other violent crimes. The profiles
stored in CODIS are generated using STR analysis
(g.v.). All 50 states have laws requiring that DNA
profiles of violent criminals be sent to CODIS,
where they are stored in its Convicted Offender
Index.

codominant designating genes when both alleles
of a pair are fully expressed in the heterozygote. For
example, the human being of AB blood group is
showing the phenotypic effect of both I and I® co-
dominant genes. See semidominance.

codon (also coding triplet) the nucleotide triplet
in messenger RNA that specifies the amino acid to
be inserted in a specific position in the forming poly-
peptide during translation. A complementary codon
resides in the structural gene specifying the mRNA
in question. The codon designations are listed in the
amino acid and genetic code entries. See start codon;
synonymous codons, termination codon.

codon bias the nonrandom use of synonymous co-
dons. Such biases have been observed in genes from
both prokaryotes and eukaryotes. For example, 90%
of the leucines in the outer membrane protein of E.
coli are encoded by one of the six synonymous leu-
cine codons. There seems to be a positive correlation
between the relative frequencies of the synonymous
codons in the genes of a given species and the rela-
tive abundances of their cognate tRNAs. So codon
usage may be determined by translational efficiency.
See genetic code, transfer RNA.
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coefficient of coincidence See coincidence.

coefficient of consanguinity the probability that
two homologous genes drawn at random, one from
each of the two parents, will be identical and there-
fore be homozygous in an offspring. The inbreeding
coefficient of an individual is the same as the coeffi-
cient of consanguinity of its parents. See Wright's in-
breeding coefficient.

coefficient of inbreeding Wright's inbreeding co-
efficient.

coefficient of kinship
(q.v).

coefficient of parentage
guinity (q.v.).

coefficient of consanguinity

coefficient of consan-

coefficient of relationship (r) the proportion of
alleles in any two individuals that are replicas inher-
ited from a common ancestor.

coefficient of selection (s) See selection coeffi-
cient.

coelacanth See living fossil.

coelenterate referring to a marine organism char-
acterized by radial symmetry, a simple diploblastic
body, a gastrovascular cavity, and usually showing
metagenesis (q.v.). See Appendix A, Animalia, Eu-
metazoa, Radiata, Cnidaria.

coelomate referring to animals having a coelom or
body cavity formed in and surrounded by meso-
derm. See Appendix A, Animalia, Eumatozoa, Bilat-
eria, Protostomia, Coelomata.

coenobium a colony of unicellular eukaryotes sur-
rounded by a common membrane.

coenzyme an organic molecule that must be
loosely associated with a given enzyme in order for
it to function. Generally, the coenzyme acts as a do-
nor or acceptor of groups of atoms that have been
added or removed from the substrate. Well-known
coenzymes include NAD, NADP, ATP, FAD, FMN,
and coenzyme A. Some coenzymes are derivatives
of vitamins.

coenzyme A  a coenzyme made up of adenosine di-
phosphate, pantothenic acid, and mercaptoethylam-
ine. The acetylated form of the coenzyme plays a
central role in the citric acid cycle (q.v.). See formula
illustrated on page 90.

coenzyme Q a molecule (illustrated on page 90)
that functions as a hydrogen acceptor and donor in
the electron transport chain (q.v.). See cytochrome

system (Q and QH,).
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coevolution the evolution of one or more species

in synchrony with another species as a consequence
of their interdependence. Such a reciprocal adaptive
evolution determines the patterns of host-plant utili-
zation by insects. Also, parasites often evolve and
speciate in harmony with their hosts. Even parasitic
DNA molecules—that is, lysogenic viruses and
transposable elements (q.v.)—coevolve with their
hosts to prevent serious disruptions in the gene ac-
tivities of the host that could reduce its fitness. See
Fahrenholz's rule, gene-for-gene hypothesis.

cofactor
ion required in addition to a protein enzyme for a
given reaction to take place.

a factor such as a coenzyme or a metallic

cognate tRNAs transfer RNA molecules that can
be recognized by aminoacyl-tRNA synthetase en-

zZymes.

cohesin
Saccharomyces cerevisiae that is essential for holding
sister chromatids together from the time of DNA

a multi-subunit complex first identified in

replication until the onset of anaphase. Cohesin is
assembled from four subunits (Smcl, Smc3, Sccl,
and Scc3). Loss of function mutations in any of the
genes that encode these proteins results in preco-
cious dissociation of sister chromatids. There are
high concentrations of cohesin in the pericentric re-
gions of chromosomes. The size of the pericentric
cohesin-rich domains is the same for all chromo-
somes. Cohesin is also found in intergenic regions of
the arms of yeast chromosomes at intervals of about
11 kb. The chromosomal regions to which cohesin
complexes bind contain DNA sequences that belong
to the Alu family (q.v.). During the anaphase stage
of mitosis, the cohesin complexes joining the chro-
matids are cleaved by separase (q.v.). Therefore the
chromatids become independent chromosomes and
can move to the opposite poles of the dividing cell.
During anaphase I of meiosis, the separase enzymes
cleave the cohesins in the arms of the chromatids,
so they are free to separate. However, the cohesins
loaded on the centromeric DNA are protected by
Sgo, and so the sister chromatids remain tethered at
their centromeres. Sgo is degraded during telophase
I, and therefore the centromeric cohesins are cleaved
during anaphase II. Now the sister chromatids are
independent chromosomes and are drawn to oppo-
site poles of the spindle. See meiosis, Sgo.

cohesive-end ligation the use of DNA ligase to
join double-stranded DNA molecules with comple-
mentary cohesive termini that base pair with one an-
other and bring together 3’-OH and 5’-P termini.
Compare with blunt-end ligation.



cohesive ends See restriction endonuclease, sticky
ends.

cohort a group of individuals of similar age within
a population.

coilin a protein that is concentrated in Cajal bod-
ies (q.v.) and serves as a cytological marker for this
organelle. Coilin shuttles between the nucleus and
cytoplasm and may function as part of a transport
system among the cytoplasm, Cajal bodies, and
nucleoli.

coincidence, coefficient of an experimental value
equal to the observed number of double crossovers
divided by the expected number.

coincidental evolution See concerted evolution.

cointegrate structure the circular molecule formed
by fusing two replicons, one possessing a transposon,
the other lacking it. The cointegrate structure has
two copies of the transposon located at both repli-
con junctions, oriented as direct repeats. The forma-
tion of a cointegrate structure is thought to be an
obligatory intermediate in the transposition process.
The donor molecule (containing the transposon) is
nicked in opposite strands at the ends of the transpo-
son by a site-specific enzyme. The recipient mole-
cule is nicked at staggered sites. Donor and recipient
strands are then ligated at the nicks. Each end of the
transposon is connected to one of the single strands
protruding from the target site, thereby generating
two replication forks. When replication is complet-
ed, a cointegrate structure is formed, which contains
two copies of the transposon oriented as direct re-
peats. An enzyme required in the formation of the
cointegrate structure is called a transposase. The co-
integrate can be separated into donor and recipient
units each of which contains a copy of the transpo-
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son. This process is called resolution of the cointe-
grate, and it is accomplished by recombination be-
tween the transposon copies. The enzyme involved
in resolution is called a resolvase.

coisogenic designating inbred strains of organisms
that differ from one another only by a single gene as
the result of mutation. Contrast with congenic
strains.

coitus
brates.

copulation; sexual intercourse in verte-

Colcemid trademark for a colchicine derivative ex-
tensively used as a mitotic poison.

colchicine an alkaloid that inhibits the formation
of the spindle and delays the division of centro-
meres. Colchicine is used to produce polyploid vari-
eties of horticulturally important species. It is also
used in medicine in the treatment of gout. Also used
to stop mitosis at metaphase (when chromosomes
are maximally condensed) for preparation of karyo-
types. See Appendix C, 1937, Blakeslee and Avery;
Colchicum, haploid sporocytes, paclitaxel.
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Colchicum the genus of crocuses, including: C.
autumnale, the autumn crocus, source of colchicine;
C. aureus, the Dutch crocus; C. sativus, the Saffron
crocus.

cold-sensitive mutant
low temperature but functional at normal tempera-

a gene that is defective at

ture.

coleoptile the first leaf formed during the germi-
nation of monocotyledons.

col factors bacterial plasmids that allow the cell to
produce colicins (g.v.).

colicin any of a group of proteins produced by cer-
tain strains of E. coli and related species that have
bactericidal effects. Colicinogenic bacteria are im-
mune to the lethal effects of their own colicins.
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coliform designating a Gram-negative, lactose-fer-
menting rod related to E. coli.

colinearity correspondence between the location
of mutant sites within a bacterial cistron and the lo-
cation of amino acid substitutions in its translational
product. This correspondence is not complete in
most eukaryotic genes because of the presence of
nontranslated introns (q.v.). See Appendix C, 1964,
Sarabhai et al., Yanofsky et al.

coliphage abacteriophage (g.v.) that parasitizes E.
coli. See lambda phage.

collagen the most abundant of all proteins in mam-
mals; the major fibrous element of skin, bone, ten-
don, cartilage, and teeth, representing one-quarter of
the body’s protein. The protein consists of a triple
helix 3,000 Angstroms long and 15 Angstroms across.
Five types of collagen are known, differing in amino
acid sequence of the three polypeptide chains. In
some molecules of collagen, the three chains are
identical; in others, two of the chains are identical
and the third contains a different amino acid se-
quence. The individual polypeptide chains are trans-
lated as longer precursors to which hydroxyl groups
and sugars are attached. A triple helix is formed and
secreted into the space between cells. Specific en-
zymes trim the ends of each helix. Type 5 collagen
is a minor collagen component present in adult skin.
It is encoded by the COL5AI gene located on hu-
man chromosome 9 at q34. The gene contains at
least 750 kb of DNA and is made up of 66 exons.
Mutations in COLS5SAI cause one form of Ehlers—
Danlos syndrome (q.v.). Mutations in collagen genes
also cause hereditary blistering diseases. See carti-
lage, dominant negative mutation, epidermolysis bul-
losa. Compare with keratin.

collagenase an enzyme that digests collagen.
collenchyma plant tissue composed of cells that fit
closely together and have thickened walls; in meta-
zoans, undifferentiated mesenchyme cells lying in a
gelatinous matrix.

collision, inelastic the event occurring when a
moving electron passes close to an atom. There is
repulsion between the moving electron and an
atomic electron sufficient to dislodge the latter from
its nucleus.

colony in bacteriology, a contiguous group of sin-
gle cells derived from a single ancestor and growing
on a solid surface.

colony bank See gene library.

colony hybridization an in situ hybridization (q.v.)
technique used to identify bacteria carrying chimeric
vectors whose inserted DNA is homologous with the
sequence in question. Colony hybridization is ac-
complished by transferring bacteria from a petri
plate to a nitrocellulose filter. The colonies on the
filter are then lysed, and the liberated DNA is fixed
to the filter by raising the temperature to 80°C.
After hybridization with a labeled probe, the posi-
tion of the colonies containing the sequence under
study is determined by autoradiography (q.v.). See
Appendix C, 1975, Grunstein and Hogness.

color blindness defective color vision in humans
due to an absence or reduced amount of one of the
three visual pigments. The pigments chlorolabe,
erythrolabe, and cyanolabe absorb green, red, and
blue light, respectively. The pigments are made of
three different opsins combined with vitamin A al-
dehyde. The green-blind individual suffers from deu-
teranopia and cannot make chlorolabe. The red-
blind individual suffers from protanopia and cannot
make erythrolabe. The blue-blind individual suffers
tritanopia and cannot make cyanolabe. Deuteranom-
aly, protanomaly and tritanomaly are conditions
caused by reduced amounts of the visual pigments
in question, rather than their complete absence. The
protan and deutan genes for red and green blindness,
respectively, occupy different loci on the X chromo-
some. Blue blindness is quite rare and due to an au-
tosomal gene. The famous physicist John Dalton was
color blind, and he gave the earliest account of this
condition. For this reason, protanopia is sometimes
called daltonism. See cone pigment genes (CPGs), dal-
ton, opsin, retina.

Colton blood group antigens produced by a gene
at human chromosome 7p14. The gene product be-
longs to the aquaporin (q.v.) family of water channel
proteins. For this reason, the gene is symbolized
AQPI. The gene has been cloned and is 13 kb long
and contains 4 exons. See Appendix C, Preston and
Agre.

Columba livia the domesticated pigeon. In nature
the species is called the rock dove. Its haploid chro-
mosome number is 40, and its C value is 1.46 pg of
DNA. Charles Darwin bred pigeons, and in his Ori-
gin of Species described the numerous variations that
had been selected by pigeon fanciers. There are cur-
rently at least 200 breeds, including those selected
for homing and racing. See Appendix A, Aves, Col-
umbiformes.



column chromatography the separation of or-
ganic compounds by percolating a liquid containing
the compounds through a porous material in a cylin-
der. The porous material may be an ion exchange
resin. See chromatography.

combinatorial association within a pool of im-
munoglobulin molecules, the association of mole-
cules from any class of heavy chain with molecules
from any type of light chain. Within a given immu-
noglobulin molecule, however, there is only one
class of heavy and one type of light chain. See immu-
noglobulin.

combinatorial translocation for an immunoglob-
ulin chain (heavy or light), the association of any
variable region gene with any constant region gene
within that same multigene family (q.v.). The two
genes are brought together by interstitial transloca-
tion that may involve deletion of intervening genetic
material. See immunoglobulin.

combining ability
of a strain in a series of crosses. 2. specific: deviation
of a strain’s performance in a given cross from that
predicted on the basis of its general combining
ability.

1. general: average performance

comb shape a character influenced by two nonal-
lelic gene pairs, Rr and Pp, in the chicken. One of
the early examples of gene interaction (g.v.). See
Gallus domesticus.

commaless genetic code successive codons that
are contiguous and not separated by noncoding bases
or groups of bases. Bacterial genes do not have in-
trons (q.v.), and therefore the sequences of amino
acids in polypeptides and of codons in the gene are
colinear. Most eukaryotic genes contain coding re-
gions called exons (specifying amino acids) inter-
rupted by noncoding regions called introns, and in
these situations the code is said to contain commas.
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commensalism the association of organisms of dif-
ferent species without either receiving benefits es-
sential or highly significant to survival. The species
may live in the same shell or burrow, or one may be
attached to or live within the other. See parasitism,
symbiosis.

community interacting populations of individuals
belonging to different species and occupying a given
region or a distinctive range of habitat conditions.

community genome sequencing the simultane-
ous sequencing of the genomes present in a specified
community of microorganisms. A sample is taken of
the species living in specific habitat, and the DNA
isolated from that sample is subjected to shotgun se-
quencing (q.v.). Advanced computer programs then
allow the sequenced fragments to be assembled into
groupings that represent the genomes of the most
common species in the sample. About 99% of all
known bacteria have never been cultured in labora-
tories, and genomes have been constructed for only
a small subset of the cultured species. Community
genome sequencing allows the construction of ge-
nomes for species that have never been cultured.
Such a study was made of samples from a biofilm in
a California mine. The film forms a scum on the sur-
face of a pool that has formed in a shaft that extends
1,400 feet into Iron Mountain. The water is hot
(106°F), very acidic, and rich in toxic metals. There
is little light or oxygen. Eighty mbp of DNA was
recovered from a sample of this biofilm and as-
sembled into five genomes. The two most complete
genomes belonged to extremophiles (g.v.). These
species were placed in the Leptospirillum and Fer-
roplasma groups of the Archaea. See Appendix C,
2004, Tyson et al., Venter et al.; Appendix F.

compartmentalization a phenomenon discovered
in Drosophila by Garcia-Bellido during investigations
of the distribution of genetically marked clones of
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cells during the development of imaginal discs (g.v.).
When such clones are analyzed it is found that they
do not randomly overlap any area of the disc, but
are confined to compartments and never cross the
borders between compartments. A compartment
contains all the descendants of a small number of
founder cells called a polyclone. As development pro-
ceeds, large compartments are progressively split
into smaller ones. The founder cells are related to
each other by position, not ancestry; the progeny of
the founder cells form the compartment under con-
sideration, and no other cells contribute to it. The
developmental prepattern (g.v.) of each compart-
ment is controlled by a selector gene. When selector
genes mutate, the cells in a compartment may de-
velop a pattern of cell types appropriate for another
compartment. The homeotic mutants (g.v.) are ex-
amples of mutated selector genes. See Appendix C,
1973, Garcia-Bellido et al.; 1975, Morata and Law-
rence; engrailed.

compatibility test any serological assay designed
to detect whether blood or tissue from a prospective
donor(s) can be transfused or transplanted without
immunological rejection. See cross matching, major
histocompatibility complex.

compensator genes sex-linked genes in Drosoph-
ila that when present in the female (in double dose)
reduce the activity of her two doses of a given “pri-
mary sex-linked gene” so as to make the total pheno-
typic effect equivalent to that seen in the male
(which has one dose of both the primary gene and
the compensator gene).

competence 1. the state of a part of an embryo
that enables it to react to a given morphogenetic
stimulus by determination and subsequent differen-
tiation, in a given direction. 2. in bacterial or eukary-
otic cells, the ability of cells to bind and internalize
exogenous DNA molecules, thereby allowing trans-
formation (gq.v.). Many bacteria are naturally compe-
tent at some stage of their life cycle, while others are
not. Bacteria in the latter category and eukaryotic
cells can be induced to become competent through
biochemical or physical treatments, such as expo-
sure to high concentration of calcium (Ca®) ions or
electroporation (g.v.).

competition 1. the mutually exclusive use of the
same limited resources (for example, food or a place
to live, to hide, or to breed) by two or more organ-
isms; 2. the mutually exclusive binding of two differ-
ent molecules to the same site on a third molecule.
For example, folic acid and aminopterin compete for
combination sites on various folic acid-dependent
enzymes.

competitive exclusion principle the assumption
that two species with identical ecological require-
ments cannot coexist in the same niche in the same
location indefinitely. One species will eventually
supplant the other, unless they evolve adaptations
that allow them to partition the niche and thereby
reduce competition.

complement a group of at least nine proteins (Cl1,
C2,...C9) normally found in vertebrate blood se-
rum that can be activated immunologically (by anti-
bodies of immunoglobulin classes IgG or IgM) or
nonimmunologically (by bacterial lipopolysaccha-
rides and other substances) through an alternate
(properdin) pathway. Activation of the system in-
volves sequential conversion of proenzymes to en-
zymes in a manner analogous to the formation of
fibrin through the blood-clotting sequence. Some ac-
tivated complement components enhance phagocy-
tosis (opsonic activity), some make antigen-anti-
body-complement complexes “sticky” and cause them
to become affixed to endothelial tissues or blood
cells (serological adhesion or immune adherence),
some cause release of vasoactive amines from blood
basophils or tissue mast cells (anaphylotoxins), and
some cause dissolution of bacterial cells (bacterioly-
sis). See HLA complex, immune response.

complementarity-determining region the seg-
ment of the variable region of an immunoglobulin
or T cell receptor molecule that contains the amino
acid residues that determine the specificity of bind-
ing to the antigen. See paratope.

complementary base sequence
polynucleotides related by the base-pairing rules.
For example, in DNA a sequence A-G-T in one
strand is complementary to T-C-A in the other
strand. A given sequence defines the complementary
sequence. See deoxyribonucleic acid.

a sequence of

complementary DNA  See cDNA.

complementary factors complementary genes.

complementary genes nonallelic genes that com-
plement one another. In the case of dominant com-
plementarity, the dominant alleles of two or more
genes are required for the expression of some trait.
In the case of recessive complementarity, the domi-
nant allele of either gene suppresses the expression
of some trait (i.e., only the homozygous double re-
cessive shows the trait).

complementary interaction the production by
two interacting genes of effects distinct from those
produced by either one separately.



complementary RNA  See cRNA.

complementation appearance of wild-type phe-
notype in an organism or cell containing two dif-
ferent mutations combined in a hybrid diploid or a
heterokaryon. See allelic complementation, comple-
mentation test.

complementation group mutants lying within the
same cistron; more properly called a noncomplemen-
tation group.

complementation map a diagrammatic represen-
tation of the complementation pattern of a series of
mutants occupying a short chromosomal segment.
Mutually complementing mutants are drawn as non-
overlapping lines, and noncomplementing mutants
are represented by overlapping, continuous lines.
Complementation maps are generally linear, and the
positions of mutants on the complementation and
genetic maps usually agree. A complementation map
is thought to show sites where lesions have been in-
troduced into the polypeptides coded for by the
DNA segment under study.

complementation test the introduction of two
mutant chromosomes into the same cell to see if the
mutations in question occurred in the same gene. If
the mutations are nonallelic, the genotype of the hy-
brid may be symbolized (a+/+b). The wild pheno-
type will be expressed, since each chromosome
“makes up for” or “complements” the defect in the
other. See also allelic complementation, cis-trans test.

complete dominance See dominance.

complete linkage a condition in which two genes
on the same chromosome fail to be recombined and
therefore are always transmitted together in the
same gamete.

complete medium in microbiology a minimal me-
dium supplemented with nutrients (such as yeast
extract, casein hydrolysate, etc.) upon which nutri-
tional mutants can grow and reproduce.

complete metamorphosis See Holometabola.

complete penetrance the situation in which a
dominant gene always produces a phenotypic effect
or a recessive gene in the homozygous state always
produces a detectable effect.

complete sex linkage See sex linkage.

complexity in molecular biology, the total length
of different sequences of DNA present in a given
preparation as determined from reassociation kinet-

ics; usually expressed in base pairs, but the value
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may also be given in daltons or any other mass unit.

complex locus a closely linked cluster of function-
ally related genes: e.g., the human hemoglobin gene
complex or the bithorax locus in Drosophila. See
pseudoalleles.

composite a plant of the immense family Com-
positae, regarded as comprising the most highly de-
veloped flowering plants. The family has over
25,000 species including asters, chrysanthemums,
dandelions, daisies, lettuce, sunflowers, and thistles.
See Appendix A, Angiospermae, Dicotyledonae,
Asterales.

composite transposon a DNA segment flanked
on each end by insertion sequences (g.v.), either or
both of which allow the entire element to transpose.

compound eye the multifaceted kind of eye of in-
sects. In Drosophila each compound eye contains
nearly 800 ommatidia. See Bar, eyeless.

compound heterozygote an individual that carries
two different recessive mutations at the same locus,
one on each homolog. An example would be an in-
dividual with a different mutation in each beta chain

gene. See hemoglobin genes.
compound X See attached X chromosomes.

Compton effect an attenuation process observed
for x- or gamma-radiation. An incident photon in-
teracts with an orbital electron of an atom to eject
an electron and a scattered photon of less energy
than the incident photon. A. H. Compton discov-
ered the phenomenon in 1923.

concanavalin A a lectin (g.v.) derived from Ca-
navalia ensiformis, the jack bean; abbreviated conA.
The compound stimulates T lymphocytes to enter
mitosis. Compare with pokeweed mitogen.

concatemer the structure formed by concatena-
tion of unit-sized components.

concatenation linking of multiple subunits into a
tandem series or chain, as occurs during replication
of genomic subunits of T7 phage.

conception See syngamy.

concerted evolution the production and mainte-
nance of homogeneity within families of repetitive
DNAs. An example of concerted evolution would
be the maintenance of the pattern of nucleotide se-
quences in each of the hundreds of tandemly ar-
ranged, rRNA genes of Xenopus laevis. These repeti-
tive DNAs differ in sequence from the rRNA genes
of X. borealis, which are also homogeneous within
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this species. See Appendix C, 1972, Brown, Wensink
and Jordan; Xenopus.

concordance the identity of traits displayed by
members of matched pairs of individuals. Twins, for
example, are said to be concordant for a given trait
if both exhibit the trait. Monozygotic twins are ex-
pected to show 100% concordance for genetically
determined traits. If the trait is influenced by envi-
ronmental factors, the degree of concordance will be
lowered. See twin studies.

consilience the bringing together of knowledge
from diverse disciplines to elucidate a complex
problem. For example, determining the history of
the domestication of maize requires the consilience
of archaeology, biochemistry, botany, computer
technology, evolutionary theory, and genetics.

conditional gene expression See gene expression.

conditional mutation a mutation that exhibits
wild phenotype under certain (permissive) environ-
mental conditions, but exhibits a mutant phenotype
under other (restrictive) conditions. Some bacterial
mutants are conditional lethals that cannot grow

above 45°C, but grow well at 37°C.

conditional probability the probability of an
event that depends upon whether or not some other
event has occurred previously or simultaneously. For
example, the probability of a second crossover be-
tween two linked genes is usually greater as its dis-
tance from the first crossover increases. See positive
interference.

conditioned dominance referring to an allele that
may or may not express itself depending upon envi-
ronmental factors or the residual genotype. Thus,
under different conditions the gene may behave as a
dominant or as a recessive in heterozygotes.

cone 1. one of the elongate, unicellular photore-
ceptors in the vertebrate retina (q.v.) involved with
vision in bright light and color recognition. 2. ovule-
or pollen-bearing scales, characteristic of conifers.

cone pigment genes (CPGs) the genes that en-
code the opsins (g.v.) synthesized by the cone cells

Cone Pigment Genes

of the retina (q.v.). The table compares the three
CPGs of humans. The green and red CPGs differ by
only 15 codons. The genes lie in tandem, with the
red CPG farther away from the telomere of Xq. The
green CPG may be present in two or three copies,
the result of unequal crossing over (g.v.). This has
also produced hybrid genes that contain coding se-
quences from both red and green CPGs. An upstream
sequence, 4 kilobases from the red gene and 43 kilo-
bases from the green gene, is essential for the activity
of both. Deletions of this 580 base pair element result
in a rare form of X-linked color blindness that is char-
acterized by the absence of both red and green cone
sensitivities. The blue opsin shows about 40% amino
acid sequence identity with either green or red opsins,
and the identity value is similar when the blue opsin
and the rod cell opsin are compared. All catarrhine
primates (q.v.) have the three cone pigment genes
mentioned. In contrast, platyrrhine monkeys (q.v.)
have only one X-linked and one autosomal color pho-
topigment gene. See Appendix C, 1986, Nathans et al;
color blindness, rhodopsin (RHO).

confidence limits the range of values about the
true value of a population parameter (such as the
mean) within which sample values (e.g., means)
may fall and from which inferences may be made,
with any desired degree of confidence, such that it
is unlikely that a disproportionate number of rejec-
tions of a true hypothesis should occur. Convention-
ally, the 95% confidence limits (also known as fidu-
cial limits) around the mean are +1.96 s\/ﬁ, where s
is the standard deviation (q.v.) and \n is the stan-
dard error (q.v.). See statistical errors.

confocal microscopy a form of light microscopy
that allows successively deeper layers of a fixed or
living specimen to be viewed with astonishing clar-
ity. In conventional light microscopy, the specimen
is illuminated throughout its depth, while the objec-
tive lens is focused only on a narrow plane within
the specimen. Therefore, an out-of-focus blur gener-
ated by regions above and below the focal plane of
interest reduces the contrast and resolution of the
image. Confocal microscopes are designed so that
mainly signals from the elements in the focal plane

Total Coding Total intron
CPGs Locus exons length (bp) length (bp)
blue 7q 31.3-32 5 1,044 2,200
green Xq 28 6 1,092 12,036
red Xq 28 6 1,092 14,000




are detected, and signals originating from above and
below the focal plane are filtered out. The name con-
focal indicates that the illumination, specimen, and
detector all have the same focus. The specimen vol-
ume assayed can be as small as 0.25 nanometers in
diameter and 0.5 nanometers in depth. The two-di-
mensional image is built up by collecting and inte-
grating signals as the light beam moves horizontally
and vertically across the specimen, and the image el-
ements are converted into a video signal for display
on a computer screen. Subsequently, stacks of opti-
cal sections can be reconstructed to produce a view
of the specimen in three dimensions.

confusing coloration a form of protective color-
ation that tends to confuse the predator by having a
different appearance according to whether its pos-
sessor is at rest or in motion.

congenic strains strains that differ from one an-
other only with respect to a small chromosomal seg-
ment. Several congenic mouse strains differ only in
the major or minor histocompatibility loci they con-

tain. Contrast with coisogenic.

congenital existing at birth. Congenital defects
may or may not be of genetic origin.

congression See chromosome congression.

congruence in cladistics, congruent characters are
shared features whose distribution among organisms
fully corresponds to that in the same cladistic group-
ing. The most likely cladogram is the one that pro-
vides the maximum congruence between all of the
characters involved.

conidium an asexual haploid spore borne on an ae-
rial hypha. In Neurospora two types of conidia are
found: oval macroconidia, which are multinucleate,
and microconidia, which are smaller, spherical, and
uninucleate. When incubated upon suitable me-
dium, a conidium will germinate and form a new
mycelium.

conifers plants characterized by needle-shaped
leaves and which bear their microsporangia and
megasporangia in cones. The class contains 50 gen-
era and 550 species, and among them are the largest
(the Pacific coast redwood, Sequoia gigantia) and the
longest-lived (the bristlecone pine, Pinus aristata)
species. See Appendix A, Trachaeophyta, Pteropsida,
Gymnospermae, Coniferophyta.

conjugation a temporary union of two single-
celled organisms or hyphae with at least one of them
receiving genetic material from the other. 1. In bac-

teria, the exchange is unidirectional with the “male”
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cell extruding all or a portion of one of its chromo-
somes into the recipient “female” (see F factor, pilus).
2. In Paramecium, as shown in the illustration on
page 98, entire nuclei are exchanged. See nuclear di-
morphism. 3. In fungi, conjugation also occurs be-
tween hyphae of opposite mating type to produce
heterokaryons (q.v.).

conjugation tube See pilus.

conjugon a genetic element essential for bacterial
conjugation. See fertility factor.

conodonts 1. the earliest known fossil elements
that contain dentine, ranging in age from 510 to 220
million years old; thought to have functioned as
teeth. 2. the earliest known vertebrates, intermedi-
ate between the more primitive hagfish/lamprey lin-
eages and the more complex armored jawless fishes
(ostracoderms). Mineralization apparently began in
the mouths of conodonts, rather than in the skin of
ostracoderms.

consanguinity genetic relationship. Consanguine-
ous individuals have at least one common ancestor
in the preceding few generations. See isonymous
marriage.

consecutive sexuality the phenomenon in which
most individuals of a species experience a functional
male phase when young, and later change through
a transitional stage to a functional female phase. A
situation common in some molluscs.

consensus sequence
sequence (q.v.).

synonymous with canonical

conservative recombination breakage and re-
union of preexisting strands of DNA in the absence
of DNA synthesis.

conservative replication an obsolete model of
DNA replication in which both old complementary
polynucleotides are retained in one sibling cell,
while the other gets the two newly synthesized

strands. Compare with semiconservative replication.

conservative substitution replacement of an
amino acid in a polypeptide by one with similar
characteristics; such substitutions are not likely to
change the shape of the polypeptide chain, e.g., sub-
stituting one hydrophobic amino acid for another.

conserved sequence
genetic material or of amino acids in a polypeptide
chain that either has not changed or that has
changed only slightly during an evolutionary period
of time. Conserved sequences are thought to gener-
ally regulate vital functions and therefore have been
selectively preserved during evolution.

a sequence of nucleotides in
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Nuclear changes that accompany conjugation in Paramecium aurelia. (1) Two parental animals, each with
one macronucleus and two diploid micronuclei. (2) Formation of eight haploid nuclei from the micronuclei of
each conjugant. (3) Seven nuclei in each conjugant disappear, the remaining nucleus resides in the paroral
cone; the macronucleus breaks up into fragments. (4-7) The nuclei in the paroral cones divide mitotically,
forming “male” and “female” gamete nuclei. The female nuclei pass into the interior of the parental animals,
while the male nuclei are transferred to the partners. Male and female haploid nuclei fuse. (8) Each fusion
nucleus divides twice mitotically. (9) Two of the four nuclei so formed differentiate into macronuclear anlagen
(white circles) while the other two become micronuclei. (10-12) Each micronucleus divides, and transverse
fission of the exconjugants produces four animals (two of which are shown in 11). Fragments of the old
macronucleus are gradually lost. In (12) transverse fission begins in the animals seen previously in (11).

conspecific belonging to the same species.

constant region See immunoglobulin.

constitutive enzyme
produced irrespective of environmental conditions.
See Appendix C, 1937, Karstrom.

an enzyme that is always

constitutive gene a gene whose activity depends
only on the efficiency of its promoter in binding
RNA polymerase.

constitutive gene expression See gene expres-
sion.
heterochro-

constitutive heterochromatin See

matin.

constitutive mutation a mutation that results in
an increased constitutive synthesis by a bacterium of
several functionally related, inducible enzymes.

Such a mutation either modifies an operator gene so



that the repressor cannot combine with it or modi-
fies the regulator gene so that the repressor is not
formed. See regulator gene.

constriction an unspiralized region of a metaphase
chromosome. Kinetochores and nucleolus organizers
are located in such regions.

contact inhibition the cessation of cell movement
on contact with another cell. It is often observed
when freely growing cells, tissue cultured on a petri
plate, come into physical contact with each other.
Cancer cells lose this property and tend to pile up
in tissue culture to form multilayers called foci.

containment in microbiology, measures taken to
diminish or prevent the infection of laboratory
workers by the products of recombinant DNA tech-
nology and the escape of such products from the
laboratory. Biological containment is accomplished by
using genetically altered bacteria, phages, and plas-
mids that are unable to carry out certain essential
functions (e.g., growth, DNA replication, DNA
transfer, infection, and propagation) except under
specific laboratory conditions. Physical containment
is accomplished by design and use of special facilities
and laboratory procedures such as limited access,
safety hoods, aerosol control, protective clothing, pi-
peting aids, etc.

contig an abbreviation for contiguous. When a col-
lection of cloned DNA fragments can be arranged so
that they overlap to provide gap-free coverage of a
chromosome, one has assembled the fragments
(contigs) into a contig map. See genomic library,
reads, scaffold, shotgun sequencing.

contiguous gene syndrome a situation where a
patient suffers from two or more genetic diseases si-
multaneously because of the simultaneous deletion
of neighboring genes. A classic example is an unfor-
tunate boy who had a deletion in Xp 21. This re-
moved a contiguous set of genes and resulted in a
complex array of syndromes, including Duchenne
muscular dystrophy (DMD) and retinitus pigmento-
sum (both of which see). DNA from this patient pro-
vided investigators with a means to clone the DMD
gene and subsequently to isolate dystrophin. See Ap-
pendix C, 1987, Hoffman, Brown, and Kunkel.

continental drift the concept that the world’s con-
tinents once formed a part of a single mass and have
since drifted into their present positions. The mod-
ern concept of plate tectonics (g.v.) has refined the
theory of continental drift by placing the continents
on larger sections of the earth’s crust (tectonic
plates) that are in motion. Continental drift began
in the Proterozoic era; the continents collided to
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form a giant land mass named Pangaea in the late
Permian period, and redispersed in the Mesozoic
era. See Appendix C, 1912, Wegener; 1927, du Toit;
geological time divisions, sea floor spreading.

continental island an island assumed to have been
once connected to a neighboring continent. Contrast

with oceanic island.

continuous distribution a collection of data that
yield a continuous spectrum of values. For example,
measurements such as height of plant or weight of
fruit, carried out one or more decimal places. See
discontinuous distribution.

continuous fibers the microtubules that connect
the two poles of the mitotic apparatus, as distinct
from traction fibers and astral fibers. See mitotic ap-
paratus.

continuous variation the phenotypic variation ex-
hibited by quantitative traits that vary by impercep-
tible degrees from one extreme to another. In hu-
man populations, phenotypes like body weight,
height, and intelligence show continuous variation.
See discontinuous variation, quantitative inberitance.

contractile ring a transitory organelle that, during
late anaphase and telophase, assumes the form of a
continuous equatorial annulus beneath the plasma
membrane of the cleavage furrow. The ring is com-
posed of an array of actin microfilaments aligned cir-
cumferentially along the equator of the cell. An in-
teraction between cytoplasmic myosin and these
actin molecules causes them to slide past one an-
other, closing down the contractile ring, and produc-
ing the cleavage furrow.

contractile vacuole an organelle found in fresh
water protozoans, like Paramecium. Contractile vac-
uoles are pumping structures that fill and then con-

tract to expel excess water from the cell.

control
ment established as a check of other experiments,

a standard of comparison; a test or experi-

performed by maintaining identical conditions ex-
cept for the one varied factor, whose causal signifi-
cance can thus be inferred.

controlled pollination
plant hybridization of bagging the pistillate flowers
to protect them from undesired pollen. When the
pistillate flowers are in a receptive condition, they
are dusted with pollen of a specified type.

a common practice in

controlling elements a class of genetic elements
that renders target genes unstably hypermutable, as
in the Dissociation-Activator system of corn (q.v.).

They include receptors and regulators. The receptor
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element is a mobile genetic element that, when in-
serted into the target gene, causes it to become inac-
tivated. The regulator gene maintains the mutational
instability of the target gene, presumably by its ca-
pacity to release the receptor element from the tar-
get gene and thus return that locus to its normal
function. See transposable elements.

controlling gene a genomic sequence that can
switch on or off the transcription of one or more
separate structural genes (q.v.). Also called a regulator

gene (q.v.).

convergence the evolution of unrelated species
occupying similar adaptive zones, resulting in struc-
tures bearing a superficial resemblance (e.g., the
wings of birds and insects).

convergent evolution See convergence.
conversion See gene conversion.

conversion factors for RNA and protein molecules
the average relative molecular mass (Mr) for an
amino acid is 110, while the Mr for a nucleotide is
330. With these values one can estimate, for exam-
ple, the approximate Mr of a protein containing a
given number of amino acids or the number of nu-
cleotides in a specific RNA with a known Mr value.

Cooley anemia the most severe form of beta tha-
lassemia (sometimes called thalassemia major). Few
or no functional beta globin chains are made, and
this results in a life-threatening anemia. The patient
requires lifelong blood transfusions, and these lead
to an iron overload that requires chelation therapy.
The eponym refers to Thomas Benton Cooley, an
American pediatrician who first described the condi-
tion in 1925. See Desferal, thalassemia.

coordinated enzymes enzymes whose rates of
production vary together. For example, the addition
of lactose to the medium causes the coordinated in-
duction of beta-galactosidase and beta-galactoside
permease in E. coli. Such enzymes are produced by
cistrons of the same operon. See regulator genes.

Cope law of the unspecialized the generalization
put forward by the nineteenth-century paleontolo-
gist Edward Drinker Cope that the evolutionary
novelties associated with new major taxa are more
likely to originate from a generalized, rather than
from a specialized, member of an ancestral taxon.

Cope size rule the general tendency for animals to
increase in body size during the course of phyletic
evolution (q.v.).

copia elements retrotransposons (q.v.) of Dro-
sophila existing as a family of closely related base se-
quences that code for abundant mRNAs. There are
usually between 20 and 60 copia elements per ge-
nome. The actual number depends on the Drosoph-
ila strain employed. The copia elements are widely
dispersed among the chromosomes, and the sites oc-
cupied vary between strains. Each copia element
ranges in size from 5 to 9 kilobase pairs, and it car-
ries direct terminal repeats about 280 base pairs
long. Several Drosophila mutations have been found
that result from the insertion of copia-like elements.
See Appendix C, 1985, Mount and Rubin.

copolymer a polymeric molecule containing more
than one kind of monomeric unit. For example, co-
polymers of uridylic and cytidylic acids (poly UC)
are used as synthetic messengers.

copper a biological trace element. Atomic number
29; atomic weight 63.45; valance 17, 2%; most abun-
dant isotope ®Cu; radioisotope *Cu, half-life 12.8
hours, radiations emitted—gamma rays, electrons,
and positrons. See Wilson disease.

copy-choice hypothesis
recombination based on the hypothesis that the new
strand of DNA alternates between the paternal and
maternal strands of DNA during its replication.
Therefore crossing over involves a switch by the
forming-strand between templates and does not re-
quire physical breakage and reunion of exchanged
strands.

an explanation of genetic

copy DNA  synonymous with complementary DNA.
See cDNA.
copy error a mutation resulting from a mistake

during DNA replication.

core 1. the region of a nuclear reactor containing
the fissionable material. 2. synaptonemal complex.

core DNA the segment of DNA in a nucleosome
(g.v.) that wraps around a histone octamer.

core granule RNP granules in the ommatidia of
Drosophila. The xanthomatins and drosopterins are
normally bound to these granules.

core particle a structural unit of eukaryotic chro-
mosomes revealed by digestion with micrococcal
nuclease to consist of a histone octamer and a 146
base pair segment of DNA. See nucleosome.

corepressor in repressible genetic systems, the
small effector molecule (usually an end product of a
metabolic pathway) that inhibits the transcription of
genes in an operon by binding to a regulator protein
(aporepressor). Also called a repressing metabolite.



corm a swollen vertical underground stem base
containing food material and bearing buds. It can
function as an organ of vegetative reproduction. The
crocus and gladiolus have corms.

corn Zea mays, the most valuable crop plant
grown in the United States, it ranks along with
wheat, rice, and potatoes, as one of the four most
important crops in the world. Corn is generally clas-
sified in five commercial varieties on the basis of ker-
nel morphology: (1) Dent corn (var. indentata), the
most common variety of field corn; the kernel is in-
dented, from drying and shrinkage of the starch in
the summit of the grain. (2) Flint corn (var. indur-
ata), the kernel is completely enclosed by a horny
layer and the grain is therefore smooth and hard;
flint corn is the fastest to mature. (3) Sweet corn
(var. saccharata), which is grown for human con-
sumption, is picked when it is filled with a milky
fluid, before the grain hardens. (4) Popcorn (var.
everta), the ear is covered with small kernels that are
enclosed by a tough coat; when heated the con-
tained moisture is turned to steam and the kernel
explodes. (5) Flour corn (var. amylacea), the ear
contains soft, starchy kernels; it requires a long
growing season and is therefore grown primarily in
the tropics. See double cross, hybrid corn, pod corn,
quantitative inheritance, teosinte, Zea mays.

coronavirus
tive-strand RNA genome and are characterized by a
viral envelope from which petal-shaped spikes pro-
trude. The virus causing severe acute respiratory
syndrome (SARS) in humans belongs to this family.
Its genome contains 27,727 nucleotides. See Balti-
more classification of viruses, enveloped viruses.

a family of viruses that have a posi-

corpus allatum an endocrine organ in insects that
synthesizes the allatum hormone (q.v.). In the larvae
of cyclorrhaphous diptera, the corpus allatum forms
part of the ring gland (q.v.).

corpus cardiacum
consisting of a central bundle of axons enveloped by
cortical cells. Axons from the corpus cardiacum en-
ter the corpus allatum. Most axons associated with
the corpus cardiacum have their cell bodies in the
pars intercerebralis. The cortical cells and many of
the axons contain numerous neurosecretory spheres
(g.v).

corpus luteum a mass of yellowish tissue that fills
the cavity left after the rupture of the mature ovum
from the mammalian ovary.

an endocrine organ in insects

correction in a hybrid DNA sequence, the re-
placement (i.e., by excision and repair) of illegiti-
mate nucleotide base pairs by bases that pair prop-
erly.
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correlated response the change in one character
occurring as an incidental consequence of the selec-
tion for a seemingly independent character. For ex-
ample, reduced fertility may accompany selection
for increased bristle number in Drosophila. See plei-
otropy.

correlation the degree to which statistical vari-
ables vary together. It is measured by the correlation
coefficient (r), which has a value from zero (no corre-
lation) to —1 or +1 (perfect negative or positive cor-
relation, respectively).

corresponding genes See gene-for-gene hypoth-
esis.

corridor
for certain species.

a migration route allowing easy dispersal

corticosterone one of a family of adrenal cortical
hormones influencing glucose metabolism.

corticotropin See adrenocorticotropic hormone.

Corynebacterium diphtheriae the bacterium re-
sponsible for diphtheria. This was the first disease
shown to be caused by a toxin secreted by a bacte-
rium and the first to be successfully treated by an
antitoxin (g.v.). See Appendix A, Bacteria, Actino-
bacteria; Appendix C, 1888, Roux and Yersin; 1890,
vonBehring; diphtheria toxin.

COS cells a monkey cell line that has been trans-
formed by an SV40 viral genome containing a defec-
tive origin of viral replication. When introduced into
COS cells, recombinant RNAs containing the SV40
origin and a foreign gene should replicate many
copies.

cosmic rays high-energy particulate and electro-
magnetic radiations originating outside the earth’s
atmosphere.

cosmid plasmid vectors designed for cloning large
fragments of eukaryotic DNA (i.e., in the size range
of 40-45 kilobases). The term signifies that the vec-
tor is a plasmid into which phage lambda cos sites
(q.v.) have been inserted. As a result, the plasmid
DNA can be packaged in a phage coat in vitro. See
Appendix C, 1977, Collins and Holm; genomic li-
brary, physical map.

cos sites cohesive end sites, nucleotide sequences
that are recognized for packaging a phage DNA mol-
ecule into its protein capsule.

cot the point (symbolized by Cyt,) in a reanneal-
ing experiment where half of the DNA is present
as double-stranded fragments; also called the half
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reaction time. If the DNA fragments contain only
unique DNA sequences and are similar in length,
then Cgyty, varies directly with DNA complexity
(g.v.). See reassociation kinetics.

cotransduction the simultaneous transduction of
two or more genes because the transduced element

contains more than one locus.

cotransformation 1. the simultaneous transforma-
tion of two or more bacterial genes; the genes co-
transformed are inferred to be closely linked because
transforming DNA fragments are usually small. Also
called double transformation. 2. in molecular biology,
introduction of two physically unlinked sets of
genes, one of which codes for a selectable marker,
into a cell. This technique is useful in animal cells in
which the isolation of cells transformed with a gene
that does not code for a selectable marker has been
problematic.

cotranslational sorting See protein sorting.
cotton See Gossypium.

Coturnix coturnix japonica the Japanese quail, a
small bird domesticated since the 12th century, and
currently used as a laboratory animal. The European
quail is Coturnix coturnix coturnix. See Appendix A,
Aves, Neognathae, Galliformes.

cot value See cot.

cotyledon the leaf-forming part of the embryo in
a seed. Cotyledons may function as storage organs
from which the seedling draws food, or they may
absorb and pass on to the seedling nutrients stored
in the endosperm. Once the cotyledon is exposed to
light, it develops chlorophyll and functions photo-
synthetically as the first leaf.

counteracting chromatographic electrophoresis
a group of methods for purifying specific molecules
from a mixture by the application of two counter-
acting forces; specifically, the chromatographic flow
of a solute down a separation column vs. solute elec-
trophoresis in the opposite direction.

countercurrent distribution apparatus
mated apparatus used for separating mixtures. The
method takes advantage of differences in the solubil-
ities of the components of the mixture in two im-
miscible solvents. An example of the usefulness of
the technique is in the separation of different trans-
fer RNA molecules.

an auto-

counterselection a technique used in bacterial
conjugation experiments to allow recovery of re-
combinant F~ cells, while at the same time selecting

against (preventing growth of) Hfr donor cells. For
example, suppose the Hfr donor strain is susceptible
to an antibiotic (such as streptomycin) and can syn-
thesize histidine; the streptomycin locus must be so
far from the origin of chromosome transfer that the
mating pairs, which inevitably break apart, have sep-
arated before the str locus has been transferred. Sup-
pose further that the recipient F~ cell cannot make
histidine (his") but is resistant to the antibiotic (Str").
Only His*Str' recombinants can survive on a me-
dium lacking histidine and containing streptomycin.
The desired gene (His" in this case) is called a selected
marker; the gene that prevents growth of the male
(str’ in this case) is called the counterselective marker.

coupled reactions chemical reactions having a
common intermediate and therefore a means by
which energy can be transferred from one to the
other. In the following pair of enzyme catalyzed re-
actions, glucose-1-phosphate is the common inter-
mediate that is formed in the first reaction and used
up in the second:
1. ATP + glucose — ADP + glucose-1-phosphate
2. glucose-1-phosphate + fructose —

sucrose + phosphate
A molecule of sucrose is synthesized from glucose
and fructose at the expense of the energy stored in
ATP and transferred by glucose-1-phosphate.

coupled transcription-translation a characteristic
of prokaryotes wherein translation begins on mRNA

molecules before they have been completely tran-

scribed.

coupling, repulsion configurations when both
nonallelic mutants are present on one homolog and
the other homologous chromosome carries the plus
alleles (a b/++), the genes are said to be in the cou-
pling configuration. The repulsion configuration re-
fers to a situation in which each homolog contains a
mutant and a wild-type gene (a+/+b). See cis-trans
configurations.

courtship ritual a characteristic genetically deter-
mined behavioral pattern involving the production
and reception of an elaborate sequence of visual, au-
ditory, and chemical stimuli by the male and female
prior to mating. Such rituals are interpreted as en-
suring that mating will occur only between the most
fit individuals of the opposite sex and the same spe-
cies. See allesthetic trait, gustatory receptor (GR)
genes, mate choice, sexual selection.

cousin the son or daughter of one’s uncle or aunt.
The children of siblings are first cousins. Children of
first cousins are second cousins. Children of second
cousins are third cousins, etc. The child of a first



cousin is a cousin once removed of his father’s or
mother’s first cousin. See consanguinity, inbreeding.

covalent bond
electron between the atoms in a covalent com-
pound. See disulfide linkage, glycosidic bonds, high-
energy bond, peptide bond, phosphodiester.

a valence bond formed by a shared

covariance a statistic employed in the computa-
tion of the correlation coefficient between two vari-
ables; the covariance is the sum of (x-X) (y-7)
over all pairs of values for the variables x and vy,
where X is the mean of the x values and y is the
mean of all y values.

cpDNA chloroplast DNA. Also abbreviated ct-
DNA. See chloroplast.

CPEB protein cytoplasmic polyadenylation element-
binding protein. A protein first identified in Xenopus
oocytes, where it activates dormant mRNAs by elon-
gating their poly(A) tails. Homologs of this protein
exist in humans, mice, flies, and marine mollusks.
In Aplysia, a neuronal isoform of CPEB protein is
expressed in central nervous system synapses and
functions to regulate local protein synthesis at acti-
vated synapses and to strengthen these synapses dur-
ing long-term memory formation. This protein is re-
markable in that it has prion-like properties in its
biologically functional state and it is thought that
this prion-like transformation is required for main-
taining synaptic changes associated with long-term
memory storage. See Appendix C, 2003, Si et al;
memory, prions.

CpG island See DNA methylation.

Craniata the subphylum of the Chordata contain-
ing animal species with a true skull. See Appendix A.

Crassostrea virginica See Pelecypoda.

creationism the belief that the universe and living
organisms originate from specific acts of divine cre-
ation, as in the biblical account, rather than by natu-
ral processes such as evolution; another term for cre-
ation science. See fundamentalism.

CREBs The abbreviation for cyclic AMP response
element binding proteins. These proteins are re-
quired for the consolidation of short-term memory
into long-term memory. Genes encoding CREBs
have been cloned in Drosophila. One of these genes,
dCREB2, encodes a protein, dCREBa, that activates
transcription of genes that enhance the ability of the
fly to consolidate short-term memory into long-term
memory. The isoform dCREBD inhibits this process.
See Appendix C, 1982, Kandel and Schwartz; 1994,
Tully er al., cyclic AMP.
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Cretaceous the most recent of the Mesozoic peri-
ods, during which the dinosaurs continued to diver-
sify. The first angiosperms appeared during the late
Cretaceous, and pollination interactions with insects
developed. The first marsupials and placental mam-
mals arose. At the end of the Cretaceous, there oc-
curred the second most severe of all mass extinc-
tions. About half of all animal families were wiped
out. All of the dinosaurs became extinct. The conti-
nents formed from Pangea were now widely sepa-
rated. See continental drift, geologic time divisions,
impact theory.

cretinism
development in humans due to a deficiency of thy-
roid hormones. Hereditary cretinism, which is often
accompanied by goiter (g.v.) and deafness, consists
of a group of metabolic disorders that results in a
failure in the formation of sufficient thyroxine and
triiodothyronine. The defects include the inability of
the thyroid gland to accumulate sufficient iodine,
to convert it into organically bound iodine, and to
couple iodotyrosines to form iodothyronines. All he-
reditary defects in thyroid hormonogenesis are in-
herited as autosomal recessives. See thyroid hor-
mones.

a stunting of bodily growth and mental

Creutzfeldt-Jakob disease a fatal degenerative
nervous disorder caused by infectious proteins called
prions (gq.v.). The prion protein PrP is a normal pro-
tein of the nervous system, and it is encoded by a
gene located in chromosome 20 p12-pter. The dis-
ease is caused by a mutant form of the protein,
which is infectious, and contains no detectable nu-
cleic acid. The syndrome gets its name from the
German physicians Hans G. Creutzfeldt and Alfons
M. Jakob, who gave the first description of patients
with the condition in 1920 and 1921, respectively.

Cricetulus griseus the Chinese hamster. The ro-
dent is a favorite for cytogenetic studies because of
its small chromosome number (N =11). A total of
about 40 genetic loci have been assigned to specific
chromosomes. See CHO cell line.

cri du chat syndrome  See cat cry syndrome.

Crigler-Najjar syndrome a defect in the metabo-
lism of bilirubin (g.v.) caused by a recessive muta-
tion in a gene located between q21 and 23 on hu-
man chromosome 1. The condition was first
described in 1952 by John Crigler and Victor Najjar.
Patients lack hepatic bilirubin UDP-glucuronyl
transferase. This enzyme functions to conjugate bili-
rubin with glucuronic acid prior to biliary excretion.
In the absence of the enzyme, excess bilirubin builds
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up in all tissues causing jaundice, brain damage, and

death.

crisis period the time interval of a primary cell
culture, following a number of cell divisions, during
which most secondary progeny die even though cul-
ture conditions are adequate to initiate a new pri-
mary culture of low cell density from a fresh isolate.
See Hayflick limit, tissue culture.

criss-cross inheritance referring to the passage of
sex-linked traits from mother to son and from father
to daughter.

cristae elaborate invaginations of the inner mito-
chondrial membrane.

CRM cross-reacting material (g.v.).

cRNA synthetic transcripts of a specific DNA mol-
ecule or fragment made by an in vitro transcription
system. This cRNA can be labeled with radioactive
uracil and then used as a probe (g.v.).

Cro-Magnon man Homo sapiens sapiens living in
the upper Pleistocene. Cro-Magnon replaced the
Neanderthal (g.v.) throughout its range.

Cro repressor
lator gene of lambda (A) bacteriophage (q.v.). The
cro gene lies alongside C; gene, with its promoter
to the immediate left. During transcription the host
transcriptase moves to the right. Movement of this
enzyme can be blocked by the lambda repressor
(g.v.), which binds to an operator that overlaps the
cro promoter. The cro repressor contains 66 amino
acids. The monomers associate in pairs to form the
active repressor, which binds to DNA via a helix-
term-helix motif (g.v.). The cro repressor is required
for the virus to enter the lytic cycle (g.v.). Since the
cro repressor represses the lambda repressor, it is
sometimes called an antirepressor. See Appendix C,
1981, Anderson et al.; regulator gene.

the protein encoded by the cro regu-

cross in higher organisms, a mating between ge-
netically different individuals of opposite sex. In mi-
croorganisms, genetic crosses are often achieved by
allowing individuals of different mating types to con-
jugate. In viruses, genetic crossing requires infecting
the host cells with viral particles of different geno-
types. The usual purpose of an experimental cross
is to generate offspring with new combinations of
parental genes. See backcross, conjugation, dihybrid,
E;, Fi, 13, monohybrid cross, P,, parasexuality, test
Cross.

cross-agglutination test one of a series of tests
commonly employed in blood typing in which
erythrocytes from a donor of unknown type are
mixed with sera of known types.

crossbreeding outbreeding (g.v.).

cross-fertilization union of gametes that are pro-
duced by different individuals. Compare with self-
fertilization.

cross hybridization (molecular) hybridization of
a probe (q.v.) to a nucleotide sequence that is less
than 100% complementary.

cross-induction the induction of vegetative phage
replication in lysogenic bacteria in response to com-
pounds transferred from UV-irradiated F* to nonir-
radiated F~ bacteria during conjugation.

crossing over the exchange of genetic material be-
tween homologous chromosomes. Meiotic crossing
over occurs during pachynema and involves the non-
sister strands in each meiotic tetrad. Each exchange
results in a microscopically visible chiasma (g.v.). In
order for proper segregation of homologs at the first
meiotic division, each tetrad must have at least one
chiasma. For this reason meiotic recombination is
enhanced in very short chromosomes. Crossing over
can also occur in somatic cells during mitosis. In
suitable heterozygotes this may result in twin spots
(q.v.). Exchange between sister chromatids can also
occur and is a sensitive indicator of DNA damage
caused by ionizing radiations and chemical muta-
gens. Sister chromatid exchanges normally do not re-
sult in genetic recombination. See Appendix C, 1912,
Morgan; 1913, Tanaka; 1931, Stern; 1931, Creighton
and McClintock; 1961, Meselson and Weigel; 1964,
Holliday; 1965, Clark; 1971, Howell and Stern; 1989,
Kaback, Steensma, and De Jonge; 1992, Story, We-
ber, and Steitz; genetic recombination, Holliday
model, human pseudoautosomal region, meiosis, Rec
A protein, site-specific recombination.

crossing over within an inversion See inversion.

cross-linking formation of covalent bonds be-
tween a base in one strand of DNA and an opposite
base in the complementary strand by mitotic poisons
such as the antibiotic mitomycin C or the nitrite ion.

cross-matching See cross-agglutination test.

crossopterygian a lobe-finned bony fish, one
group of which was ancestral to the amphibians. See

living fossil.

crossover fixation the spreading of a mutation in
one member of a tandem gene cluster through the
entire cluster as a consequence of unequal crossing
over.

crossover region the segment of a chromosome
lying between any two specified marker genes.



crossover suppressor or an inversion
(g.v.), that prevents crossing over in a pair of chro-
mosomes. The Gowen crossover suppressor gene
(g.v.) of Drosophila prevents the formation of synap-

tonemal complexes (q.v.).

a gene,

crossover unit a 1% crossover value between a

pair of linked genes.

cross-pollination the pollination of a flower with
pollen from a flower of a different genotype.

cross-reacting material any nonfunctional pro-
tein reactive with antibodies directed against its
functional counterpart. For example, some patients
with classical hemophilia (q.v.) produce a CRM that
reacts with anti-AHF serum, but this protein has lost
its ability to take part in the blood-clotting process.

cross-reaction, serological union of an antibody
with an antigen other than the one used to stimulate
formation of that antibody; such cross-reactions usu-
ally involve antigens that are stereochemically simi-
lar or those that share antigenic determinants.

cross reactivation See multiplicity reactivation.

crown gall disease an infection caused by the
soil-borne  bacterium Agrobacterium tumefaciens
(g.v.) that is characterized by tumor-like swellings
(galls) that often occur on the infected plant at the
stalk just above soil level (the crown). The neoplas-
tic outgrowths are composed of transformed cells
which synthesize metabolites specifically used by
the bacterium. Plants belonging to more than 90 dif-
ferent families are susceptible to crown gall disease.
See Appendix C, 1907, Smith and Townsend; pro-
miscuous DNA, selfish DNA, Ti plasmid.

crozier the hook formed by an ascogenous hypha
of Neurospora or related fungi previous to ascus de-
velopment. The hook is formed when the tip cell of
an ascogenous hypha grows back upon itself. Within
the arched portion of the hypha, cell walls are subse-
quently laid down in such a way that three cells are
formed. The terminal cell of the branchlet is uninu-
cleate, the penultimate one is binucleate, and the
antipenultimate one is uninucleate. Fusion of the
haploid nuclei of different mating types in the pen-
ultimate cell occurs, and it enlarges to form the as-
cus in which meiosis occurs.

CRP cyclic AMP receptor protein. See catabolite
activating protein (CAP).

cruciform structure a cross-shaped configuration
of DNA produced by complementary inverted re-
peats pairing with one another on the same strand
instead of with its normal partner on the other
strand. See palindrome.
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cryostat a device designed to provide low-temper-
ature environments in which operations (like sec-
tioning frozen tissues) may be carried out under con-
trolled conditions.

crypsis those mechanisms which enable a species
to remain hidden from its predators. Cryptic color-
ation is a form of camouflage that makes the species
inconspicuous against its natural backgrounds. Be-
havioral crypsis includes stealthy movements and
unflinching inactivity when a predator is nearby. See
adaptive melanism.

cryptic coloration See crypsis.

cryptic gene a gene that has been silenced by a
single nucleotide substitution, that is present at a
high frequency in a population, and that can be reac-
tivated by a single mutational event.

cryptic prophage a prophage that has lost certain
functions essential for lytic growth and the produc-
tion of infectious particles. However, these defective
viruses still retain some functional genes, and there-
fore they can rescue mutations in related bacterio-
phages by recombining with them to generate viable
hybrids. See Escherichia coli.

cryptic satellite a satellite DNA sequence that
cannot be separated from the main-band DNA by
density gradient ultracentrifugation. Cryptic satellite
DNA can be isolated from the main-band DNA by
its unique features (e.g., by the more rapid reanneal-
ing of the highly repeated segments that constitute
the satellite).

cryptic species phenotypically similar species that
never form hybrids in nature. See sibling species.

cryptogam a spore-bearing rather than a seed-
bearing plant. In older taxonomy a member of the
Cryptogamia, including the ferns, mosses, algae, and
fungi. See phanerogam.

cryptomonads a group of single-celled algae char-
acterized by a “nucleomorph,” sandwiched between
the membranes that surround the chloroplast.

Cryptomonads are thought to have arisen hundreds
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of millions of years ago by the fusion of a red algal
symbiont and a biflagellated protozoan. The proto-
zoan was the source of the conventional nucleus,
whereas the nucleomorph is all that remains of the
symbiont’s nucleus. It contains three minute linear
chromosomes with telomeres and densely packed
genes and is surrounded by a double envelope with
characteristic pores. Nucleomorphs represent nuclei
that have undergone the greatest genomic reduction
in the history of eukaryotes, See Appendix A, Protoc-
tista, Cryptomonada; Appendix C, 1999, Beaton and
Cavalier-Smith; C value paradox, serial symbiosis the-
ory, skeletal DNA hypothesis.

Cryptosporidium a genus of protozoan parasites
that cause gastrointestinal diseases of medical and
veterinary importance. These protoctists are placed
in the same phylum as the malaria parasites. How-
ever, they lack apicoplasts and have no second host,
unlike Plasmodium (g.v.). Cryptosporidia have com-
plex life cycles with motile and non-motile forms in
both asexual and sexual stages. They spend most of
their lives within the epithelial cells of the gut or in
its lumen. The infective phase of Cryptosporidium is
a cyst that contains several haploid sporozoites en-
closed in a thick capsule. The cysts are about 3 um
in diameter, are easily spread via water, are resistant
to most chemical disinfectants, and can be removed
from drinking water only by filtration. C. parvum,
the cause of cryptosporidosis in humans, has a ge-
nome size of 9 million base pairs distributed among
8 chromosomes. See Appendix A, Protoctista, Api-

complexa.
Cryptozoic a synonym for Precambrian (q.v.).
crystallins a family of structural proteins in the

lens of the vertebrate eye. However, some crystallins
play an enzymatic role in other tissues. For example,
in reptiles and birds a form of crystallin is found in
heart muscle, where it functions as a lactic dehydro-
genase.

c-src a cellular gene, present in various verte-
brates, that hybridizes with src, the oncogene of the
Rous sarcoma virus (q.v.). The c¢-src genes code for
pp60c-Src proteins that resemble pp60v-src proteins
in their enzymatic properties.

CTCF protein a highly conserved and ubiquitous
DNA binding protein of vertebrates. CTCF is an 82
kDa protein with 11 zinc fingers, and it binds to
DNA segments that contain the sequence CCCTC.
The CTCEF protein functions to silence transcription
by preventing enhancers from interacting with pro-
moters of genes on the other side of domain bound-

aries. See Appendix C, 2000, Bell and Felsenfield;
H19, insulator DNAs.

ctDNA chloroplast DNA. Also abbreviated cpDNA.
See chloroplast.

C-terminus that end of the peptide chain that car-
ries the free alpha carboxyl group of the last amino
acid. By convention, the structural formula of a pep-
tide chain is written with the C-terminus to the
right. See translation.

“C"-type particles a group of RNA viruses with
similar morphologies under the electron microscope,
having a centrally placed, spherical RNA-containing
nucleoid. These viruses are associated with many
sarcomas and leukemias. The “C” refers to “cancer.”

Cucumis a genus of nearly 40 species including
several of considerable economic importance, such
as the cucumber (C. sativus) and the muskmelon
(C. melo). Considerable genetic information is avail-
able for both these species.

Cucurbita a genus of about 27 species, including
5 that are extensively cultivated: C. pepo, summer
squash; C. mixta, cushaws: C. moschata, winter
squash; C. maxima, Hubbard squash; and C. ficifolia,
Malabar gourds. Most genetic information is available
for C. pepo and C. maxima.

Culex pipiens the most widely distributed species
of mosquito in the world. The genetics of insecticide
resistance has been intensively studied in this spe-
cies. Giant polytene chromosomes occur in the sali-
vary gland and Malpighian tubule cells of larvae.

cull to pick out and discard inferior animals or
plants from a breeding stock.

cultigen a plant that is known only under cultiva-
tion and whose place and method of origin is un-

known.

cultivar
tive breeding by humans and maintained by cultiva-
tion. See strain.

a variety of plant produced through selec-

curie the quantity of a radioactive nuclide disinte-
grating at the rate of 3.700 x 10" atoms per second.
Abbreviated Ci. 1 Ci=3.7 x 10" Bq.

cut
ecule. Compare with nick.

a double-strand incision in a duplex DNA mol-

cut-and-patch repair repair of damaged DNA
molecules by the enzymatic excision of the defective
single-stranded segments and the subsequent synthe-
sis of new segments. Using the complementary
strand as a template, the correct bases are inserted



and are interlinked by a DNA polymerase. A DNA
ligase joins the two ends of the “patch” to the broken
strand to complete the repair. See AP endonuclease,
repair synthesis, thymine dimer, xeroderma pigment-
osum.

cuticle the chitinous, acellular outer covering of
insects.

Cu Zn SOD  See superoxide dismutase.

C value the amount of DNA that comprises the
haploid genome for a given species. Diploid cells
that result from fertilization have the 2C value until
they enter the S phase of their cell cycle (q.v.). Fol-
lowing S, they will have the 4C amount until mitosis
produces two sibling nuclei, each with 2C. In species
where females are XXAA and males XYAA (A=
one set of autosomes), the diploid nuclei of females
usually contain more DNA than male nuclei because
the X chromosome has more DNA than the Y. In
Drosophila melanogaster, for example, measurements
reported in 1980 by P. K. Mulligan and E. M. Rasch
show that male nuclei have about 90% the amount
of DNA contained in female nuclei. The genome
sizes published for most organisms do not differenti-
ate separate values for the two sexes. The table illus-
trates the large range in the C values found among
multicellular organisms. See Appendix C, 1948, Boi-
vin, Vendrely, and Vendrely; 1950, Swift; Appendix
F; cell cycle, chromosome set, C value paradox, ge-
nome size.

C value paradox the paradox that there is often
no correlation between the C values of species and
their evolutionary complexity. For example, the C
values for mammals fall into a narrow range (between
2 and 3 pg). By contrast, the C values for amphibia
vary from 1 to 100 pg. However, the minimum C
values reported for species from each class of eukary-
otes does increase with evolutionary complexity. In
species with C values above the expected range, there
is a greater amount of noncoding DNA. Much of this
DNA is repetitive and may result from the replication
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of transposable elements (g.v.). See Appendix C, 1971,
Thomas; chromatin diminution, repetitious DNA,
selfish DNA, skeletal DNA hypothesis.

CVS chorionic villi sampling (g.v.).

cyanelles organelles that allow glaucocystophytes
(q.v.) to perform photosynthesis. Cyanelles occupy
an intermediate level of symbiotic integration be-
tween free-living cyanobacteria (g.v.) and chloro-
plasts (q.v.). Both cyanobacteria and cyanelles con-
tain chlorophyll a. The genomes of cyanelles are
about one-tenth the size of free-living cyanobacteria,
but they are similar in size to the genomes of the
chloroplasts of plants. The DNA genome in each cy-
anelle is present in about 60 copies. Unlike the situa-
tion in plants, where the large subunit of RuBisCO
is encoded by chloroplast genes and the small sub-
unit by nuclear genes, both subunits are encoded by
the cyanelle genomes. See ribulose-1, 5-bisphosphate
carboxylase-oxygenase (RuBisCO), serial symbiosis
theory.

Cyanidioschyzon merolae a red alga about 2 mp
in diameter that inhabits sulfate-rich hot springs (pH
1.5, 45° C). The whole-genome shotgun (WGS) as-
sembly (q.v.) method has been used to determine its
nuclear genome. This contains 16,520,305 bp of
DNA distributed among 20 chromosomes. The ge-
nome is unique in that only 26 of its 5,331 genes
contain introns. C. merolae has the smallest genome
of all photosynthetic eukaryotes so far studied. This
protoctist also has the smallest set of fRNA genes
known for any eukaryote. Each cell contains one mi-
tochondrion and one chloroplast. Both organelles
have had their DNAs sequenced, and the mitochon-
drion contains 32,211 bp and the chloroplast
149,987 bp of DNA. See Appendix A, Protoctista,
Rhodophyta; Appendix C, Matsuzaki et al.; Appendix

F; division rings, dynamin.

Cyanobacteria a phylum in the kingdom Eubac-
teria (see Appendix A). The cyanobacteria produce
oxygen gas, an ability that distinguishes them from

C values
Species Common names (gbp of DNA)
Takifugu rubripes pufferfish 0.4
Homo sapiens humans 3.2
Necturus punctatus salamanders 119
Fritillaria uva-vulpis lilies 125
Protopterus aethiopicus lungfish 127

Note that the smallest and the largest C values so far recorded belong to fish
species. There are Web sites for animal C values (http://www.genomes-

ize.com) and plant C values (http://www.kew.org.cval.org/databasel.html).


http://www.genomesize.com
http://www.genomesize.com
http://www.kew.org.cval.org/database1.html
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other photosynthetic bacteria. In the older litera-
ture, these bacteria were misclassified as blue-green
algae and placed in the phylum Cyanophyta. The
ancestors of present-day cyanobacteria were the
dominant life form in the Proterozoic era, and the
oxygen they generated from photosynthesis caused
a transformation some 2 billion years ago of the
earth’s atmosphere from a reducing to an oxidizing
one. The serial symbiosis theory (q.v.) derives chlo-
roplasts from cyanobacteria. See chlorophyll, cya-
nelle, photosynthesis, Prochloron, stromatolites, Sy-
nechocystis.

cyanocobalamin cobalamin.

cyanogen bromide BrCN, a reagent used for split-
ting polypeptides at methionine residues; commonly
used in studies of protein structure and the determi-
nation of amino acid sequences.

cyanolabe See color blindness.

a virus that has a cyanobacterium as

cyanophage
its host.

Cyanophyta See Cyanobacteria.

cyclically permuted sequences
of the same length containing genes in the same
linear order, but starting and ending at different
positions, as in a circle. For example, the genes
ABCDEFG can be circularly permuted to give
BCDEFGA, CDEFGAB, DEFGABC, and so forth.
In T4 DNA, each phage contains a different cycli-
cally permuted sequence that is also terminally re-
dundant. Cyclic permutation is a property of a pop-
ulation of phage DNA molecules, whereas terminal
redundancy is a property of an individual phage
DNA molecule. See headful mechanism, terminal re-
dundancy.

DNA sequences

cyclical selection selection in one direction fol-
lowed by selection in the opposite direction result-
ing from cyclical environmental fluctuations, such as
seasonal temperature changes. If the generation time
is short relative to the environmental cycle, different
genotypes will be selected at different times, and the

population will remain genetically inhomogeneous.

cyclic AMP
phosphate group bonded internally to form a cyclic
molecule; generated from ATP by the enzyme ade-
nylcyclase; abbreviated cAMP. Likewise, guanosine
monophosphate (GMP) can become a cyclic mole-
cule by a phosphodiester bond between 3’ and 5’
atoms. Cyclic AMP has been shown to function as
an acrasin in slime molds and to be active in the reg-
ulation of gene expression in both prokaryotes and
eukaryotes. In E. coli, cyclic AMP is required for the

adenosine monophosphate with the

transcription of certain operons. See Appendix C,
1957, Sutherland and Rall; adenylcyclase, catabolite
repression, cellular signal transductions, CREBs, G pro-
teins, protein kinase, second messenger.

NH,
|

N/C\C—“—N
l [ |

H-C C

\N/ \N/CH

cyclins a family of proteins whose concentrations
rise and fall during the cell cycle (g.v.). Cyclins form
complexes with specific protein kinases, thereby ac-
tivating them and regulating the passage of the cell
through the cell division cycle. The protein kinases
are called cyclin-dependent kinases (cdks) or cell-
division cycle (cdc) kinases. There are two main
classes of cyclins: G; cyclins, which bind cdks during
G, and are necessary for entry into the S phase, and
mitotic cyclins, which bind cdks during G, and sig-
nal entry into mitosis. Mitotic cyclins are destroyed
at the subsequent anaphase. Near their N-terminal
ends, all cyclin proteins contain a destruction box.
This refers to a sequence of amino acids that deter-
mines whether or not the cyclin will be degraded at
anaphase. Cyclins are posttranslationally modified
by the covalent attachment of multiple copies of
ubiquitin (q.v.) to a lysine residue to the right of the
destruction box. Polyubiquitin-containing proteins
are degraded by large protein complexes called pro-
teasomes. The attachment of ubiquitin to mitotic
cyclins requires the enzyme ubiquitin ligase and a rec-
ognition protein that attaches to the destruction box.
G, cyclins combine with different kinases than do
mitotic cyclins. The result is a start kinase, which
induces chromosome replication. See Appendix C,
1983, Hunt er al.; checkpoint, cyclin-dependent ki-
nase 2 (Cdk2), maturation promoting factor (MPF),
protein kinase.

cycloheximide an antibiotic synthesized by Strep-
tomyces griseus. The drug inhibits translation on 80S
ribosomes. Therefore, it suppresses cytosolic protein
synthesis without affecting the synthesis of proteins
in mitochondria or chloroplasts. Protein synthesis in
these organelles can be specifically inhibited by



chloramphenicol, erythromycin, or tetracycline. See
ribosome, ribosomes of organelles.
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cyclorrhaphous diptera flies belonging to the sub-
order Cyclorrhapha, which contains the most highly
developed flies. It includes the hover flies, the dro-
sophilids, house flies, blow f{lies, etc.

cyclosis cytoplasmic streaming.

cyclotron See accelerator.

cys cysteine (g.v.).

cysteine a sulfur-bearing amino acid found in bio-
logical proteins. It is important because of its ability
to form a disulfide cross-link with another cysteine,
either in the same or between different polypeptide
chains. See amino acid, cystine, insulin.

csyteine proteases proteolytic enzymes in which
a cysteine residue resides in the catalytic domain and
is required for enzymatic activity. These enzymes
form four large superfamilies consisting of at least 30
families, each of which has evolutionarily conserved
sequence domains. Examples of cysteine proteases
include papain, caspases, cathepsins, and various
deubiquitinating enzymes (all of which See).

TMD1
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cystic fibrosis (CF) the most common hereditary
disease of Caucasians. In the United States, the fre-
quency of homozygotes is 1/2,000, while heterozy-
gotes make up about 5% of the population. CF is a
generalized multiorgan system disease arising from
viscous mucous secretions that clog the lungs and di-
gestive tract. The disease is inherited as an auto-
somal recessive and is caused by mutations in a gene
residing on the long arm of chromosome 7 in region
31-32. The CF gene is approximately 250 kilobases
long, and its 27 exons encode a protein containing
1,480 amino acids. This has been named the cystic
fibrosis transmembrane-conductance regulator (CFTR).
The CF gene is expressed predominantly in mucus-
secreting epithelial cells, such as those of the submu-
cosal glands of the bronchi, the salivary glands, the
sweat glands, pancreas, testes, and intestines. The
CFTR functions as a channel for chloride ions. Prop-
er chloride transport is necessary for diluting and
flushing mucus downstream from mucus-secreting
glands. Frameshift, missense, nonsense, and RNA
splicing mutations have been isolated from victims
of the disease. The most common mutation is
AF508. The abbreviation indicates that there is a de-
letion (A) of phenylalanine (F) at position 508. This
mutation is present in 60-70% of the CF chromo-
somes from North American Caucasians. A study of
AF508 chromosomes in European families indicates
that the mutation arose during paleolithic times in a
population resembling the present-day Basques (q.v.).
AF508 results in a temperature-sensitive defect in
protein processing. At 27°C the chloride channels
are normal, but at 37°C transport of CFTR from the
endoplasmic reticulum to the cell membrane never
occurs. Therefore, CI” channels cannot form, and a
very severe form of CF results. The diagram of the
CFTR molecule shows that the AF508 mutation re-
sides in the first of two nucleotide-binding domains
(NBDs). The regulatory domain (RD) is a region
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Pore

+ + +

Cell Membrane

" -

NBD1

AF508

Inside

COCH

Cystic fibrosis transmembrane-conductance regulator (CFTR)
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that controls the response of CFTR to protein kin-
ases (g.v.). There are two transmembrane domains
(TMDs) where the protein folds back and forth,
spanning the lipid bilayer of the cell membrane six
times. Positively charged arginine and lysine mole-
cules (indicated by pluses in the diagram) are essen-
tial for the passage of anions through the pore. Mis-
sense mutations that replace these with neutral
amino acids also cause CF. CF heterozygotes appear
to be resistant to cholera, which may explain why
the mutants like AF508 have been retained in hu-
man populations. See Appendix C, 1989, Tsui et al.,
1993; Tabcharani et al.; 1994, Morral et al., Gabriel
et al.; ABC transporter, calnexin, cellular signal trans-
duction, cholera, gene. http://www.cff.org

cystine a derived amino acid formed by the oxida-
tion of two cysteine thiol side chains, which join to
form a disulfide covalent bond. Such bonds play an
important role in stabilizing the folded configura-
tions of proteins. See cysteine, insulin, posttransla-
tional processing.

cystoblast See cystocyte divisions.

cystocyte divisions the series of mitotic divisions
which generate the nurse cell/oocyte clones that
characterize insects with polytrophic meroistic ova-
ries (like Dorsophila). In D. melanogaster two or three
stem-line oogonia reside in each germarium (g.v.).
Each stem cell (S) divides into two daughter cells.
One behaves like its parent, and the other differenti-

ates into a cystoblast (C,). This cell, by a series of

four mitoses (M,-M,), each followed by incomplete
cytokinesis, produces a branching chain of 16 inter-
connected cells. In the diagram here, cystocytes
(represented by open circles) belong to the first, sec-
ond, third, or fourth generation. The area in each
circle is proportional to the volume of the cell. The
number of lines connecting any two cells shows the
division at which the ring canal (g.v.) joining them
was formed. Cells 1* and 2* enter the oocyte devel-
opmental pathway and form synaptonemal com-
plexes (q.v.). These cells are therefore called pro-
oocytes (g.v.). See insect ovary types, polyfusome,
stem cell.

cytidine See nucleoside.
cytidylic acid See nucleotide.

cytochalasin B a mold antimetabolite that pre-
vents cells from undergoing cytokinesis. See actin,
contractile ring.
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cytochromes a family of heme-containing proteins
that function as electron donors and acceptors dur-
ing the chains of reactions that occur during respira-
tion and photosynthesis. Electron transport depends
upon the continued oxidation and reduction of the
iron atom contained in the center of the porphyrin
prosthetic group (see heme). The first cytochrome is
thought to have arisen about two billion years ago,
and the genes that encode cytochromes have been
modified slowly by base substitutions since then.
The cytochromes were the first group of proteins for
which amino acid sequence data allowed the con-
struction of an evolutionary tree. See Appendix C,
1963, Margoliash; 1967, Fitch and Margoliash.
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Cytochrome system

cytochrome system a chain of coupled oxidation/
reduction reactions that transports the electrons pro-
duced during the oxidations occurring in the citric
acid cycle (q.v.) to the final hydrogen and electron
acceptor, oxygen, to form water. The molecules in-
volved in this chain are NAD (g.v.), FAD (g.v.), co-
enzyme Q (g.v.), and cytochromes b, ¢, a, and a;.
The sequence of reactions is diagrammed above. See
ATP synthase, electron transport chain, Leber heredi-
tary optic neuropathy (LHON), Leigh syndrome, mito-
chondrial proton transport.

cytogamy synonymous with autogamy (q.v.).

cytogenetic map a map showing the locations of
genes on a chromosome.

cytogenetics the science that combines the meth-
ods and findings of cytology and genetics. See sym-
bols used in human cytogenetics.

cytohet a eukaryotic cell containing two geneti-
cally different types of a specific organelle; the term
is an abbreviation for cyfoplasmically heterozygous.
For example, in the single-celled alga Chlamydomo-
nas, the frequency of rare cytohets (containing chlo-
roplasts from both parents) can be greatly increased
by treatment of one parent (mating type +) with ul-
traviolet light. See mitotic segregation.

cytokines
daeltons) involved primarily in communication be-
tween cells of the immune system. Unlike hormones
of the endocrine system, which can exert their ef-
fects over long distances, cytokines usually act lo-
cally on nearby cells. The term includes interleukins,
interferons, lymphokines, and tumor necrosis factors
(all of which see). Compare with autocrine.

a group of small proteins (5-20 kilo-

cytokinesis cytoplasmic division as opposed to
karyokinesis (g.v.) See cleavage, contractile ring.

cytokinins a family of N-substituted derivatives of
adenine (g.v.) synthesized mainly in the roots of
higher plants. Cytokinins (also called kinins and
phytokinins) promote cell division and the synthesis
of RNA and protein. The first molecule with these
properties was called kinetin (see Appendix C, 1956,

Miller). The first cytokinin obtained from a plant
was zeatin. It was isolated from maize kernels in

1964.
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cytological hybridization synonymous with in
situ hybridization (q.v.).

cytological map
the physical location of genes at specific sites, gener-
ally on dipteran giant polytene chromosomes or on
human mitotic chromosomes.

a diagrammatic representation of

cytology the branch of biology dealing with the
structure, function, and life history of the cell. See
Appendix C, 1838, Schleiden and Schwann; 1855,
Virchow; 1896, Wilson.

cytolysis the dissolution of cells.

cytophotometry quantitative studies of the local-
ization within cells of various organic compounds
using microspectrophotometry. Cytophotometric
techniques are employed, for example, to determine
changes in the DNA contents of cells throughout
their life cycle. See Appendix C, 1936, Caspersson;
microspectrophotometer.

cytoplasm the protoplasm exclusive of that within
the nucleus (which is called nucleoplasm).

cytoplasmic asymmetry uneven distribution of
cytoplasmic components in a cell. See cytoplasmic
determinants, cytoplasmic localization.

cytoplasmic determinants molecules that are lo-
calized in specific cytoplasmic regions of the unfer-
tilized egg or zygote and affect cell fate decisions by
segregating into different embryonic cells and con-



trolling distinct gene activities in these cells. In the
egg, such determinants are usually maternal mRNAs
and proteins. Cytoplasmic determinants are also
found in some post-embryonic cells, where they
produce cytoplasmic asymmetry (q.v.). In dividing
cells, this leads to asymmetric cell division in which
each of the daughter cells differentiates into a differ-
ent cell type. Also called localized cytoplasmic deter-
minants or morphogenetic determinants. See bicoid,
cytoplasmic localization, maternal effect gene, mater-
nal polarity mutants, pole plasm.

cytoplasmic inheritance non-Mendelian heredity
involving replication and transmission of extrachro-
mosomal genetic information found in organelles
such as mitochondria and chloroplasts or in intracel-
lular parasites such as viruses; also called extranu-
clear inheritance. See Appendix C, 1909, Correns and
Bauer; mtDNA lineages.

cytoplasmic localization the process whereby
maternally or zygotically synthesized molecules be-
come situated in specific spatial locations in the egg
or zygote. This has been most widely examined in
the Drosophila egg (e.g., in formation of the pole
plasm (q.v.) or in positioning of cytoplasmic deter-
minants (g.v.) that are later required for embryonic
body pattern formation) and thought to be a step-
wise process involving synthesis of the maternal
product, its transport to the desired location, an-
choring, and maintenance of localization. These
steps are dependent upon sequential gene expres-
sion, cytoskeletal elements, and cell organelles. See
Balbiani body, bicoid, maternal effect gene, maternal
polarity mutants, mitochondrial cloud, sponge body.

cytoplasmic male sterility (CMS) pollen abortion
due to cytoplasmic factors that are maternally trans-
mitted, but that act only in the absence of pollen-
restoring genes. Such sterility can also be transmit-
ted by grafting. In maize, pollen death is due to
“abortion proteins” secreted by mitochondria, and
the genes required to restore pollen fertility lower
the abundance of abortion proteins by reducing rates
of transcription of their mRNAs. Hybrid corn seed
is produced commercially by a breeding system in-

volving CMS. Unfortunately, the abortion proteins
also enhance susceptibility of the plants to fungal
toxins. See Appendix C, 1987, Dewey, Timothy, and
Levings, Bipolaris maydis, hybrid corn.

cytoplasmic matrix See microtrabecular lattice.

cytoplast the structural and functional unit of an
eukaryotic cell formed by a lattice of cytoskeletal
proteins to which are linked the nucleus and the cy-
toplasmic organelles.

cytosine See bases of nucleic acids, 5-hydroxymeth-
ylcytosine.

cytosine deoxyriboside See nucleoside.

cytoskeleton an internal skeleton that gives the
eukaryotic cell its ability to move, to assume a char-
acteristic shape, to divide, to undergo pinocytosis, to
arrange its organelles, and to transport them from
one location to another. The cytoskeleton contains
microtubules, microfilaments, and intermediate fil-
aments.

cytosol the fluid portion of the cytoplasm exclu-
sive of organelles; synonymous with hyaloplasm. See
cell fractionation.

cytostatic referring to any agent that suppresses
cell multiplication and growth.

cytotaxis
structure under the influence of preexisting cell

the ordering and arranging of new cell

structure. The information controlling the three-di-
mensional architecture of the eukaryotic cell is
thought to reside in the structure of the cytoplasmic
ground substance. Evidence for this comes from mi-
crosurgical experiments on Paramecium. Cortical
segments reimplanted with inverted polarity result
in a changed pattern that is inherited through hun-
dreds of generations. See microtrabecular lattice.

cytotoxic T lymphocyte a lymphocyte that binds
to a foreign cell and kills it. Such lymphocytes recog-
nize target cells on the basis of the antigenic proper-
ties of their class I histocompatibility molecules. See
helper T lymphocyte, T lymphocyte.
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d 1. dextrorotatory. 2. the dalton unit.
2,4D 2,4 dichlorophenoxyacetic acid (g.v.).

daf-2 a gene in Caenorhabditis that regulates its
life span. See insulin-like growth factors 1 and 2 (IGF-
1 and IGF-2).

dalton a unit equal to the mass of the hydrogen
atom (1.67 x 107 g) and equal to 1.0000 on the
atomic mass scale. The unit is named after John Dal-
ton (1766-1844), who developed the atomic theory
of matter. Abbreviated Da.

daltonism See color blindness.

dam the female parent in animal breeding. Com-
pare with sire.

Danaus plexippus the Monarch butterfly. See au-
tomimicry.

Danio rerio the fish that has become a model or-
ganism for the genetic study of vertebrate develop-
ment. The fish has a 3-month life cycle and produces
large, transparent embryos. Large-scale mutagenesis
experiments have generated a wealth of mutations
that produce a dazzling array of abnormal pheno-
types. The genome contains about 1,700 mbp of
DNA distributed among 25 chromosomes. See Ap-
pendix A, Chordata, Osteichthyes, Neopterygii,
Cyprinidontiformes; Appendix C, 1993, Mullins and
Niisslein-Volhard; Appendix E.

DAPI 4’,6-diamidino-2-phenylindole, a fluorescent
dye that binds to DNA. DAPI-staining of chromo-
somes within nuclei can be followed with the collec-
tion of three dimensional data sets obtained by re-
cording serial images at 0.25 um intervals. From
these, linearized maps of all the chromosomes can
be constructed. The structure of the DAPI molecule
is shown below.

dark-field microscope a microscope designed so
that the entering center light rays are blacked out
and the peripheral rays are directed against the ob-
ject from the side. As a result, the object being
viewed appears bright upon a dark background.

dark reactivation repair of mutagen-induced ge-
netic damage by enzymes that do not require light
photons for their action. See photoreactivating en-
zyme.

Darwinian evolution See Darwinism.

Darwinian fitness with

value (g.v.).

synonymous adaptive

Darwinian selection
lection (g.v.).

synonymous with natural se-

Darwinism the theory that the mechanism of bio-
logical evolution involves natural selection of adap-
tive variations. See gradualism, Origin of Species.

Darwin on the Web the most extensive collection
of Darwin’s writings (http://pages.britishlibrary.net/
charles.darwin/).

Darwin's finches a group of finches observed and
collected by Charles Darwin during his visit to the
Galapagos Islands in 1835. Birds of all 14 species are
seed eaters, but they are subdivided into one genus
of ground finches (Geospiza) and two genera of tree
finches (Camarhynchus and Cactospiza). The species
differ in beak morphology, coloration of plumage,
size, and habitat preferences. Darwin was the first to
suggest that the modern populations of these birds
are the end product of an adaptive radiation from a
single ancestral species. The evolutionary divergences
resulted from adaptations that allowed different pop-
ulations to utilize different food sources on different
islands and to avoid competition. This adaptive radia-
tion occurred in less than 3 million years. Recent
DNA analyses suggest that the ancestor to Darwin’s
finches was phenotypically similar to a warbler finch,
Certhidea olivacea, that currently inhabits many of
the islands. See Appendix C, 1835, Darwin; 1947,
Lack; 1999, Petren, Grant, and Grant.

Dasypus a genus of armadillos that contains six
species, all of which are always polyembryonic, pro-
ducing four genetically identical offspring per litter.
The nine-banded armadillo, Dasypus novemcinctus, is
the most studied species. See cloning.
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Datura stramonium the Jimson weed, a species
belonging to the nightshade family of plants. It is
found all over North America as a roadside weed.
The plant is dangerous to eat, since it synthesizes a
variety of toxic and hallucinogenic alkaloids (q.v.).
D. stramonium has 12 pairs of chromosomes. A set
of trisomics was developed, each with a different
chromosome in triplicate. Each primary trisomic dif-
fered from normal and from each other in character-
istic ways. This suggested that each chromosome
contained genes with morphogenetic effects and
that the abnormal phenotype that characterized
each trisomic was the result of increases in the rela-
tive doses of these genes. See Appendix A, Plantae,
Angiospermae, Dicotyledonae, Solanales; Appendix
C, 1920, Blakeslee, Belling, and Farnham; aneu-
ploidy, haploid sporophytes, haploidy, polyploidy.

dauermodification an environmentally induced
phenotypic change in a cell that survives in the gen-
erative or vegetative descendants of the cell in the
absence of the original stimulus. However, with
time the trait weakens and eventually disappears.

daughter cells (nuclei) the two cells (nuclei) re-
sulting from division of a single cell (nucleus). Pref-
erably called sibling or offspring cells (nuclei).

day-neutral referring to a plant in which flowering
is not controlled by photoperiod. See phytochrome.

DBM paper diazobenzyloxymethyl paper that
binds all single-stranded DNA, RNA, and proteins
by means of covalent linkages to the diazonium
group; used in situations where nitrocellulose blot-
ting is not technically feasible. See Appendix C,
1977, Alwine et al.

DEAE-cellulose diethylaminoethyl-cellulose, a sub-
stituted cellulose derivative used in bead form for
chromatography of acidic or slightly basic proteins
at pH values above their isoelectric point.

deamination the oxidative removal of NH, groups
from amino acids to form ammonia.

decarboxylation the removal or loss of a carboxyl
group from an organic compound and the formation

Of COZ

decay of variability the reduction of heterozygos-
ity because of the loss and fixation of alleles at vari-
ous loci accompanying genetic drift.

deciduous
off at the end of the growing season, as opposed to
evergreen. 2. designating teeth that are replaced by
permanent teeth.

1. designating trees whose leaves fall

decoy protein See sporozoite.

dedifferentiation the loss of differentiation, as in
the vertebrate limb stump during formation of a
blastema. In the regenerating mammalian liver, cells
undergo partial dedifferentiation, allowing them to
reenter, the cell cycle while maintaining all critical
differentiation functions. See differentiation, regen-
eration.

defective virus a virus that is unable to reproduce
in its host without the presence of another “helper”
virus (q.v.).

deficiency
ically visible segment of a chromosome. In a struc-
tural heterozygote (containing one normal and one
deleted chromosome), the nondeleted chromosome
forms an unpaired loop opposite the deleted seg-
ment when the chromosomes pair during meiosis.
See Appendix C, 1917, Bridges; cat cry sydrome.

in cytogenetics, the loss of a microscop-

deficiency loop in polytene chromosomes, defi-
ciency loops allow one to determine the size of the
segment missing. The illustration on page 115 shows
a portion of the X chromosome from the nucleus of
a salivary gland cell of a Drosophila larva structurally
heterozygous for a deficiency. Note that bands C2-
C11 are missing from the lower chromosome.

defined medium a medium for growing cells, tis-
sues, or multicellular organisms in which all the
chemical components and their concentrations are

known.

definitive host the host in which a parasite attains
sexual maturity.

deformylase an enzyme in prokaryotes that re-
moves the formyl group from the N-terminal amino
acid; fMet is never retained as the N-terminal amino
acid in functional polypeptides. See start codon.

degenerate code one in which each different
word is coded by a variety of symbols or groups of
letters. The genetic code is said to be degenerate be-
cause more than one nucleotide triplet codes for the
same amino acid. For example, the mRNA triplets
GGU, GGC, GGA, and GGG all encode glycine.
When two codons share the same first two nucleo-
tides they will encode the same amino acids if the
third nucleotide is either U or C and often if it is A
or G. See amino acids, codon bias, genetic code, wob-
ble hypothesis.

degrees of freedom the number of items of data
that are free to vary independently. In a set of quan-
titative data, for a specified value of the mean, only

(n— 1) items are free to vary, since the value of the
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Deficiency loop

nth item is then determined by the values assumed
by the others and by the mean. In a chi-square test
(g.v.) the number of degrees of freedom is one less
than the number of phenotypic classes observed.

dehiscent designating fruit that opens when ripe
to release seeds.

Deinococcus radiodurans a Gram-positive red-
pigmented, nonmotile, aerobic bacterium that is ex-
tremely resistant to a number of agents that damage
DNA (ionizing radiation, ultraviolet radiation, and
hydrogen peroxide). D. radiodurans can tolerate 3
million rads of ionizing radiation (the human lethal
dose is about 500 rads). The D. radiodurans genome
is composed of four circular molecules: chromosome
1 (2,649 kb), chromosome 2 (412 kb), a megaplas-
mid (177 kb), and a plasmid (46 kb). The genome
contains 3,187 ORFs, with an average size of 937
kb, and these occupy 91% of the genome. The spe-
cies possesses a highly efficient DNA repair system
that involves about 40 genes, many of which are
present in multiple copies. See Appendix A, Bacteria,
Deinococci; Appendix C, 1999, White et al.; Appen-
dix E; haploidy.

delayed dominance See dominance.

delayed hypersensitivity a cell-mediated immune
response manifested by an inflammatory skin re-
sponse 24-48 hours after exposure to antigen. Com-

pare with immediate hypersensitivity.

delayed Mendelian segregation See Lymnaea
peregra.

deletion the loss of a segment of the genetic mate-
rial from a chromosome. The size of the deletion can
vary from a single nucleotide to sections containing
a number of genes. If the lost part is at the end of a
chromosome, it is called a terminal deletion. Other-
wise, it is called an intercalary deletion. See indels.

deletion mapping 1. the use of overlapping dele-
tions to localize the position of an unknown gene on
a chromosome or linkage map. 2. the establishment
of gene order among several phage loci by a series of
matings between point mutation and deletion mu-
tants whose overlapping pattern is known. Recombi-
nants cannot be produced by crossing a strain bear-
ing a point mutant with another strain carrying a
deletion in the region where the point mutant re-
sides. See Appendix C, 1938, Slizynska; 1968, Davis
and Davidson.

deletion method a method of isolating specific
messenger RNA molecules by hybridization with
DNA molecules containing genetic deletions.

deletion-substitution particles a specialized trans-
ducing phage in which deleted phage genes are sub-
stituted by bacterial genes.

Delta the capital Greek letter (A) used in molecu-
lar biology to indicate a deletion of one or more
amino acids in a polypeptide chain. See cystic fibrosis
(CP).



116 delta chain
delta chain a component of hemoglobin A,. See
hemoglobin.

delta ray the track or path of an electron ejected
from an atomic nucleus when an ionizing particle
passes through a detection medium, especially through
a photographic emulsion.

delta T50H the difference between the tempera-
ture at which DNA homoduplexes and DNA het-
eroduplexes undergo 50% dissociation. The statistic
is often used to measure the genetic relationship be-
tween the nucleotide sequences of two or more spe-
cies. A AT50H value can be converted into an abso-
lute time interval if the fossil record can provide an
independent dating estimate. In primates, a AT50H
value of 1 equals about 11 million years. If repetitive
sequences have been removed from the DNAs, then
a ATS50H value of 1 represents about a 1% difference
in single-copy genes between the samples. See DNA
clock hypothesis, reassociation kinetics.

deme a geographically localized population within
a species.

denaturation the loss of the native configuration
of a macromolecule resulting from heat treatment,
extreme pH changes, chemical treatment, etc. De-
naturation is usually accompanied by loss of biologi-
cal activity. Denaturation of proteins often results in
an unfolding of the polypeptide chains and renders
the molecule less soluble. Denaturation of DNA
leads to changes in many of its physical properties,
including viscosity, light scattering, and optical den-
sity. This “melting” occurs over a narrow range of
temperatures and represents the dissociation of the
double helix into its complementary strands. The
midpoint of this transition is called the melting tem-
perature. See T.

denaturation map a map, obtained through elec-
tron microscopy using the Kleinschmidt spreading
technique (g.v.), of a DNA molecule that shows the
positions of denaturation loops. These are induced
by heating the molecules to a temperature where
segments held together by A=T bonds detach while
those regions held together by G=C base pairs re-
main double-stranded. Formaldehyde reacts irre-
versibly with bases that are not hydrogen bonded to
prevent reannealing. Thus, after the addition of
formaldehyde the DNA molecule retains its dena-
turation loops when cooled. Denaturation maps
provide a unique way to distinguish different DNA
molecules.

denatured DNA See denaturation.

denatured protein See denaturation.

dendrite one of the many short, branching cyto-
plasmic projections of a neuron. Dendrites synapse
with and receive impulses from the axons of other
neurons. These impulses are then conducted toward
the perikaryon.

Denhardt solution a solution consisting of Ficoll,
polyvinylpyrrolidone, and bovine serum albumin,
each at a concentration of 0.02% (w/v). Prein-
cubation of nucleic acid-containing filters in this
solution prevents nonspecific binding of single-
stranded DNA probes. The solution is named after
David T. Denhardt who formulated it in 1966.

de novo 1. arising from an unknown source. 2. de-
noting synthesis of a specified molecule from very
simple precursors, as opposed to the formation of
the molecule by the addition or subtraction of a side
chain to an already complex molecule.

de novo mutation a mutation that occurs in one
member of a family as a result of a mutation in a
germ cell of a parent or in a fertilized egg. For exam-
ple, there is no history of achondroplasia (g.v.) in
90% of the families that have one child with the
condition. In these situations a de novo mutation oc-
curred, and the parents have a very low chance of

having a second child with achondroplasia.

de novo pathway a process for synthesizing ribo-
nucleoside monophosphates from phosphoribosyl-
pyrophosphate, amino acids, CO,, and NHj, rather
than from free bases, as in the salvage pathway.

densitometer an instrument used for measuring
the light transmitted through an area of interest.
Densitometers are used for scanning chromatograms
and electropherograms and for measuring the black-
ening of photographic films.

density-dependent factor an ecological factor
(e.g., food) that becomes increasingly important in
limiting population growth as the population size
increases.

density-dependent selection selection in which
the values for relative fitness depend upon the den-

sity of the population.

density gradient equilibrium centrifugation See
centrifugation separation.

density gradient zonal centrifugation See centri-

fugation separation.



density-independent factor an ecological factor
(e.g., temperature) that is uncorrelated with varia-
tions in size of a population.

dent corn  See corn.

deoxyadenylic, deoxycytidylic, deoxyguanylic ac-
ids See nucleotide.

deoxyribonuclease any enzyme that digests DNA
to oligonucleotides or nucleotides by cleaving the
phosphodiester bonds. See deoxyribonucleic acid,
DNAase footprinting, DNAase protection, nucleotide,
oligonucleotide.

deoxyribonucleic acid DNA, the molecular basis
of heredity. DNA consists of a polysugar-phosphate
backbone from which the purines and pyrimidines
project. The backbone is formed by bonds between
the phosphate molecule and carbon 3 and carbon 5
of adjacent deoxyribose molecules. The nitrogenous
base extends from carbon 1 of each sugar. According
to the Watson-Crick model, DNA forms a double
helix that is held together by hydrogen bonds be-
tween specific pairs of bases (thymine to adenine
and cytosine to guanine). Each strand in the double

deoxyribonucleotide 117

helix is complementary to its partner strand in terms
of its base sequence. The diagram on page 118
shows that the two strands are aligned in opposite
directions. Thymine and guanine are connected in
the 3’ — 5’ direction and the O atom of deoxyribose
points down. Adenine and cytosine are linked in a
5" — 3’ direction, and the O atom of the pentose
points up. The antiparallel strands form a right-
handed helix that undergoes one complete revolu-
tion with each 10 nucleotide pairs. DNA molecules
are the largest biologically active molecules known,
having molecular weights greater than 1x 10° dal-
tons. In the adjacent diagram, only five nucleotide
pairs of the ladderlike DNA molecule are shown.
“Uprights” of the ladder consist of alternating phos-
phate (P) and deoxyribose sugar (S) groups. The
“cross rungs” consist of purine-pyrimidine base pairs
that are held together by hydrogen bonds (repre-
sented here by dashed lines). A, T, G, and C repre-
sent adenine, thymine, guanine, and cytosine, re-
spectively. Note that the AT pairs are held together
less strongly than the GC pairs. In reality, the ladder
is twisted into a right-handed double helix, and each
nucleotide pair is rotated 36° with respect to its
neighbor. A DNA molecule of molecular weight 2.5
x 107 daltons would be made up of approximately
40,000 nucleotide pairs. The type of DNA described
here is the B form that occurs under hydrated condi-
tions and is thought to be the principal biological
conformation. The A form occurs under less hy-
drated conditions. Like the B form, it, too, is a right-
handed double helix; however, it is more compact,
with 11 base pairs per turn of the helix. The bases
of the A form are tilted 20° away from perpendicu-
lar and displaced laterally in relation to the diad axis.
The Z form of DNA is a left-handed double helix.
It has 12 base pairs per turn of the helix, and pres-
ents a zigzag conformation (hence the symbolic des-
ignation). Unlike B DNA, Z DNA is antigenic. See
Appendix C, 1871, Meischer; 1929, Levine and Lon-
don; 1950, Chargaff;, 1951, Wilkins and Gosling;
1952, Franklin and Gosling; Crick; Brown and Todd;
1953, Watson and Crick; 1961, Josse, Kaiser, and
Kornberg; 1973, Rossenberg et al.; 1976, Finch and
Klug; Appendix E; antiparallel, C value, DNA grooves,
genome size, hydrogen bond, nucleic acid, nucleo-
some, photograph 51, promiscuous DNA, solenoid
structure, strand terminologies, zygotene (zy) DNA.

deoxyribonucleoside a molecule containing a pu-
rine or pyrimidine attached to deoxyribose.

deoxyribonucleotide
purine or pyrimidine base bonded to deoxyribose,
which in turn is bound to a phosphate group.

a compound consisting of a
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Deoxyribonucleic acid

deoxyribose the sugar characterizing DNA.

dependent differentiation differentiation of an
embryonic tissue caused by a stimulus coming from

other tissue and dependent on that stimulus.

depolymerization the breakdown of an organic
compound into two or more molecules of less com-
plex structure.

derepression an increased synthesis of gene prod-
uct accomplished by preventing the interaction of a
repressor with the operator portion of the operon in
question. In the case of inducible enzyme systems,
the inducer derepresses the operon. A mutation of
the regulatory gene that blocks synthesis of the re-
pressor or a mutation of the operator gene that ren-
ders it insensitive to a normal repressor will also re-
sult in derepression. See regulator gene.

derived
evolutionary lineage; the opposite of primitive.

the more recent stages or conditions in an

dermatoglyphics the study of the patterns of the
ridged skin of the palms, fingers, soles, and toes.

Desferal the trade name for desferrioxamine, an
iron chelator. Children with hereditary diseases that
cause red blood cells to die at an accelerated pace
receive frequent blood transfusions. Eventually their
systems become overloaded with iron, and this can
damage both heart and liver. Such children are often
fitted with an intravenous Desferal pump. This in-
fuses them with the chelator, which leaches the ex-
cess iron out of their bodies. See Cooley anemia, tha-
lassemia.

desmids green algae that exist as pairs of cells with
their cytoplasms joined at an isthmus that contains
a single shared nucleus. See Appendix A, Protoctista,
Gamophyta; Micrasterias thomasiana.

desmin a 51,000-dalton cytoskeletal protein. Des-
min molecules fall into the intermediate filament
class and are found in glial and muscle cells.

desmosome an intercellular attachment device. It
is a discontinuous button-like structure consisting of

two dense plaques on the opposing cell surfaces,



separated by an intercellular space about 25 nano-
meters wide. On each symmetrical half-desmosome
a thin layer of dense material coats the inner leaf of
the cell membrane, and bundles of fine cytoplasmic
filaments converge upon and terminate in this dense
substance.

desoxyribonucleic acid an obsolete spelling of de-
oxyribonucleic acid found in older literature.

destruction box See cyclins.

desynapsis the failure of homologous chromo-
somes that have synapsed normally during pachy-
nema to remain paired during diplonema. Desynap-
sis is usually the result of a failure of chiasma
formation. Contrast with asynapsis.

detached X an X chromosome formed by the de-
taching of the arms of an attached X chromosome
(g.v.), generally through crossing over with the Y
chromosome.

determinant 1. in immunology, the portion of the
antigen that is responsible for the specificity of the
response and that is recognized by the binding sites
of immunoglobulins and antigen-recognizing lym-
phocytes. 2. a factor that signals a cell to follow a
particular developmental pathway. See cytoplasmic
determinant.

determinant cleavages a successive series of
cleavages that follow a specific three-dimensional
pattern such that with each division, cells are pro-
duced, each of which can be shown to serve as the
progenitor of a specific type of tissue. In developing
mollusc eggs, for example, cell 4d, which is formed
at the sixth cleavage, is always the progenitor of all

primary mesodermal structures.

determinate inflorescence an inflorescence in
which the first flowers to open are at the tip or inner
part of the cluster, and the later ones are progres-

sively lower or farther out.

determination the establishment of a single kind
of histogenesis for a part of an embryo, which it will
perform irrespective of its subsequent situations.
Compare with differentiation.

deubiquitinating enzymes a large and heteroge-
neous group of cysteine proteases (g.v.) that specifi-
cally cleave off polyubiquitin chains from ubiquitin-
conjugated proteins or generate ubiquitin monomers
from polyubiquitin chains. These enzymes are
thought to have a broad range of substrate specifici-
ties and may play a regulatory role in protein ubiqui-
tination-related processes. See otu, ubiquitin, ubiqui-
tin-proteasome pathway (UPP).
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deutan See color blindness.
deuteranomaly See color blindness.
deuteranopia See color blindness.
deuterium See hydrogen.

deuteron the nucleus of a deuterium atom, con-

taining one proton and one neutron.

Deuterostomia one of the two subdivisions of the
Bilateria. It contains the echinoderms, the chordates,
and a few smaller phyla. The deuterostome egg un-
dergoes radial cleavage (g.v.), and the cells produced
in early cleavage divisions retain the ability to de-
velop into the complete embryo. The blastopore
(q.v.) becomes the anus, and the coelom arises as
pouches from the primitive gut. Compare with Pro-
tostomia. See Appendix A.

deuterotoky parthenogenesis in which both males
and females are produced.

developer a chemical that serves as a source of re-
ducing agents that will distinguish between exposed
and unexposed silver halide and convert the exposed
halide to metallic silver, thus producing an image on

a photographic film.

development an orderly sequence of progressive
changes resulting in an increased complexity of a bi-
ological system. See determination, differentiation,
morphogenesis.

developmental control genes genes which con-
trol the developmental decisions of other genes.
Such genes have been extensively studied in Dro-
sophila, Caenorhabditis, Danio, Mus, and Arabidop-
sis. See Appendix C, 1978, Lewis; 1980, Niisslein-
Volhard and Weischaus; 1981, Chalfie and Sulston;
1983, Bender et al., Scott et al.; 1984, McGinnis et
al.; 1986, Tomlinson and Ready, Noll et al.; 1987,
Niisslein-Volhard et al; 1988, Macdonald and
Struhl, Herr et al.; 1989 Driever and Niisslein-Volh-
ard, Zink and Paro; 1990, Malicki et al.; 1993, Mul-
lins and Niisslein-Volhard; 1994, Bollag et al.; 1995,
Halder et al.; 1996, Dubnau and Struhl, Krizek and
Meyerowitz; cell lineage mutants, compartmentaliza-
tion, floral identity mutations, gene networking, Hox
genes, metamerism, selector genes, T box genes, zy-
gotic segmentation mutations.

developmental genetics the study of mutations
that produce developmental abnormalities in order
to gain understanding of how normal genes control

growth, form, behavior, etc.
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developmental homeostasis canalization (g.v.).

developmental homology
due to derivation from a common embryological
source; e.g., the halteres of flies are developmentally
homologous to the hind wings of moths.

anatomical similarity

deviation the departure of a quantity (derived
from one or more observations) from its expected
value (usually the mean of a series of quantities).

Devonian the Paleozoic period during which car-
tilagenous and bony fishes evolved. On land, lyco-
pods, sphenophytes, and ferns were the abundant
plants and amphibians and wingless insects the most
common animals. A mass extinction occurred late in
the period. See geologic time divisions.

dex dextrorotatory. See optical isomers.

dextran a polysaccharide (composed of repeating
D-glucose subunits) synthesized by certain lactic
acid bacteria.

dextrose glucose (q.v.).
df, d.f., D/F degrees of freedom (gq.v.).
DHFR dihydrofolate reductase (q.v.). See amplicon.

diabetes insipidus (DI) excessive excretion of
normal urine; brought about because of inadequate
output of vasopressin (q.v.) or its receptor. In hu-
mans, autosomal dominant DI is caused by muta-
tions in a gene that encodes the vasopressin precur-
sor protein. DI inherited as an X-linked recessive is
due to mutations in a gene that encodes a vasopres-
sin receptor. This belongs to the family of G pro-

tein—coupled receptors. See aquaporins, G proteins.

diabetes mellitus a disease in humans marked by
glucose intolerance. It exists in two forms: type 1,
insulin-dependent diabetes mellitus (IDDM), and
type 2, non-insulin-dependent diabetes mellitus
(NIDDM). Since type 1 diabetes usually occurs be-
fore age 20, it is often called “juvenile-onset diabe-
tes.” It is usually caused by the autoimmune destruc-
tion of the beta cells of the pancreas, which secrete
insulin (g.v.). Type 1 diabetes can also result from
mutations in the coding region of the insulin gene
and from variations in the number of tandem repeats
of a segment containing 14 to 15 nucleotides that
resides upstream of the coding region. This region
may regulate the rate of transcription of insulin
mRNA. Since type 2 diabetes usually begins be-
tween the ages of 40 and 60, it is often called “matu-
rity-onset diabetes.” Genes on at least 10 different
chromosomes have been identified that increase sus-
ceptibility to NIDDM. This disease is far more com-

mon than IDDM, and its prevalence is rising in af-
fluent societies throughout the world where people
get little exercise, overeat, and tend to become
obese. J. V. Neel’s “thrifty gene hypothesis” (q.v.)
provides an evolutionary explanation for the pres-
ence in human populations of genes that predispose
their bearers to type 2 diabetes. See Appendix C,
1962, Neel; obese.

diakinesis See meiosis.

diallelic referring to a polyploid in which two dif-
ferent alleles exist at a given locus. In a tetraploid,

AAAA; and A;A;AA; would be examples.

dialysis the separation of molecules of differing
size from a mixture by their differential diffusibility
through a porous membrane. In the procedure
knowns as equilibrium dialysis, soluble molecules of
the same size are allowed to reach equivalent con-
centrations on either side of a semipermeable mem-
brane. At equilibrium, if more molecules are de-
tected on one side of the membrane, it indicates that
they have become bound to some other larger mole-
cules (e.g., repressor proteins, transport proteins, an-
tibodies, etc.) present only on that side of the mem-
brane, and thus are too large to pass through the
pores of the membrane. This procedure is also used
in immunology as a method of determining associa-
tion constants for hapten-antibody reactions.

2,6-diaminopurine a mutagenically active purine
analog. See bases of nucleic acids.
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diapause a period of inactivity and suspension of
growth in insects accompanied by a greatly decreased
metabolism. In a given species, diapause usually
takes place in a specific stage in the life cycle, and it
often provides a means of surviving the winter.

diaspora the dispersion of an originally homoge-
neous group of people from their homeland into for-
eign territories. Also, the people who have dispersed
from their homelands (e.g., those Jews who live in
communities outside the biblical land of Israel).

diasteromer epimer (q.v.).

diauxy the adaptation of a microorganism to cul-
ture media containing two different sugars. The or-
ganism possesses constitutive enzymes for one of the



sugars, which it utilizes immediately. Induced en-
zyme synthesis is required before the second sugar
can be metabolized.

dicentric designating a chromosome or chromatid
having two centromeres.

Dicer a nuclease (q.v.) that processes endogenous
or exogenous double-stranded RNA (dsRNA) (g.v.)
precursors to 22 nucleotides-long RNAs, such as
small interfering RNAs (g.v.) or small temporal
RNAs (gq.v.). The Dicer protein is evolutionarily
conserved and is found in fungi, plants, worms, flies,
and humans. The enzyme structure includes a heli-
case domain, domains related to the bacterial
dsRNA-specific endonuclease, RNase III, and RNA-
binding domains. Inactivation of Dicer in vertebrates
results in the cessation of microRNA (g.v.) produc-
tion, leading to early developmental arrest or lethal-
ity. In Caenorhabditis elegans inactivation of the
Dicer gene causes developmental timing defects. See
RNA interference (RNAI).

dichlorodiphenyltrichloroethane (DDT) an insec-
ticide to which many insect species have developed

resistant races.
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2,4-dichlorophenoxyacetic acid (2,4-d) a phyto-

hormone used as a weed killer.
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2,6-dichlorophenoxyacetic acid an antiauxin (g.v.).

dichogamous referring to flowers or hermaphro-
ditic animals characterized by male and female sex
organs that become mature at different times.

dichroism See circular dichroism.

Dicotyledoneae one of the two classes of flower-
ing plants (see Appendix A, Kingdom 5, Plantae).
The seeds of all dicots produce two primary leaves.
See cotyledon, Monocotyledoneae.
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dictyosome 1. a synonym for Golgi apparatus
(q.v.). 2. one of the flattened vesicles that make up
the Golgi apparatus. Most eukaryotes contain a
Golgi of stacked dictyosomes, but fungal cells gener-
ally contain dispersed dictyosomes.

Dictyostelium discoideum a protoctist that has
the ability to alternate between unicellular and
multicellular life-styles. Individual Dictyostelium
amoebas live in forest soil and eat bacteria and
yeasts. However, when challenged by adverse condi-
tions, such as starvation, groups of up to 100,000
cells signal each other by secreting acrasin (g.v.).
This chemical attractant causes the amoebas to ag-
gregate, forming a motile slug that is surrounded by
a slimy extracellular matrix. At the apex of the
mound, a fruiting body that produces spores differ-
entiates. Dictyostelids are placed in the phylum
Acrasiomycota (q.v.) and go by common names such
as slime molds, social amoebas, or amoebozoans.
They represent one of the earliest branches from the
last common ancestor of all eukaryotes. Slime molds
diverged after the split between the plants and opis-
thokonts (g.v.), but before the split of the fungi and
animals. Therefore the slime molds, fungi, and meta-
zoa are sister groups. D. discoidium has a genome
size of 34 mb of DNA distributed among six chro-
mosomes. The number of genes is about 12,500, and
many of these have orthologs among the genes of
opisthokonts. For example, there are 64 genes that
are orthologs of human disease genes, such as Tay-
Sachs, G6PD deficiency, and cystic fibrosis. The Dic-
tyostelium genome contains genes that encode cell
adhesion and signaling molecules (normally exclu-
sive to animals) and genes that encode proteins con-
trolling cellulose deposition and metabolism (nor-
mally exclusive to plants). See Appendix C, 2005,
Eichinger et al.

dictyotene stage a prolonged diplotene stage of
meiosis seen in oocytes during vitellogenesis. The
chromosomes that have already undergone crossing
over may remain in this stage for months or even
years in long-lived species.

2’,3’-dideoxynucleoside triphosphates analogs of
normal 2’-deoxyribonucleoside triphosphates used
in a modified “minus” technique for base sequencing
of DNA molecules. Because these analogs have no
oxygen at the 3’ position in the sugar, they act as
specific chain-terminators (q.v.) for primed synthesis
techniques (see DNA sequencing techniques). Nucle-
otides in which arabinose is substituted for deoxyri-
bose also exhibit this chain-terminating effect.

differential affinity
mologous chromosomes to pair during meiosis when

the failure of two partially ho-
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a third chromosome is present that is more com-
pletely homologous to one of the two. In its absence,
however, pairing of the partially homologous chro-
mosomes can occur. See autosyndesis, homoeolo-
gous chromosomes.

differential gene expression
the cells of a multicellular organism have the same
genetic content, but differ from one another in the
sets of genes that they express.

the principle that all

differential segment See pairing segment.
differential splicing See alternative splicing.

differentiation the complex of changes involved
in the progressive diversification of the structure and
functioning of the cells of an organism. For a given
line of cells, differentiation results in a continual re-
striction of the types of transcription that each cell
can undertake. See development, morphogenesis.
Compare with dedifferentiation, determination.

differentiation antigen a cell-surface antigen that
is expressed only during a specific period of embryo-
logical differentiation.

diffuse centromere (kinetochore) See centromere.

diffusion the tendency for molecules because of
their random heat motion to move in the direction
of a lesser concentration, and so make the concentra-
tion uniform throughout the system.

digenetic descriptive of organisms of the subclass
Digenea of the class Trematoda within the flatworm
phylum Platyhelminthes. The term means “two be-
ginnings,” referring to a life cycle with alternation of
generations, one parasitic and the other free-living.
Digenea is the largest group of trematodes and the
most important medically and economically. All
members are endoparasitic with two or more hosts
in the life cycle, the first host usually being a mol-
lusc. The digenetic flukes include blood flukes and
schistosomes that are generally considered to be the
most serious helminthic human parasite. See Appen-
dix A; schistosomiasis.

dihaploid a diploid cell, tissue, or organism having
arisen from a haploid cell by chromosome doubling.

dihybrid a genotype characterized by heterozygos-
ity at two loci. Mendel found that crosses between
pure lines of peas that differed with respect to two
unrelated traits produced genetically uniform F; di-
hybrid offspring. Intercrossing F, dihybrids produced
parental and recombinant types in the F, population.

dihydrofolate reductase (DHFR)
sential for de novo thymidylate synthesis. It regener-
ates an intermediate (tetrahydrofolate) in thymidylate

an enzyme es-

synthesis and is also essential for other biosynthetic
events that depend on tetrahydrofolate, such as the
synthesis of purines, histidine, and methionine. See
amplicon, folic acid.

dihydrouridine See rare bases.

2,5-dihydroxyphenylacetic acid homogentisic ac-
id (q.v.).

dimer a chemical entity consisting of an associa-
tion of two monomeric subunits; e.g., the association
of two polypeptide chains in a functional enzyme. If
the two subunits are identical, they form a homodi-
mer; if nonidentical, they form a heterodimer. Hex-
osaminidase (g.v.) is an example of a heterodimeric
enzyme.

dimethylguanosine See rare bases.

dimethyl sulfate protection a method for identi-
fying specific points of contact between a protein
(such as RNA polymerase) and DNA based on the
principle that, within an endonuclease-protected re-
gion (see DNAase protection), the adenines and gua-
nines in the site of contact are not available to be

methylated by exposure to dimethyl sulfate.

dimorphism the phenomenon of morphological
differences that split a species into two groups, as in
the sexual dimorphic traits distinguishing males
from females.

dinitrophenol (DNP)
vents the uptake of inorganic phosphate and the
production of energy-rich phosphorus compounds
like ATP. DNP is a commonly used hapten in im-
munological experiments.

a metabolic poison that pre-

NO,

dioecious having staminate or pistillate flowers on
separate unisexual plants. Compare with monoe-
cious. See flower.

diphtheria toxin a protein produced by certain ly-
sogenic strains of Corynebacterium diphtheriae that is
responsible for the symptoms of diphtheria. The
structural gene for the toxin is carried by certain
bacteriophages (e.g., corynephages beta, omega, and



gamma). The host bacterium regulates the expres-
sion of the gene. No syntheses of the toxin occur
until the intracellular level of iron falls below a cer-
tain threshold. See Appendix C, 1888, Roux and Yer-
sin; 1971, Freeman; prophage-mediated conversion.

diploblastic having a body made of two cellular
layers only (ectoderm and endoderm), as the coelen-
terates.

diplochromosome
abnormal duplication in which the centromere fails
to divide and the daughter chromosomes fail to
move apart. The resulting chromosome contains

a chromosome arising from an

four chromatids.

Diplococcus pneumoniae the former designation
given for Streptococcus pneuwmoniae, the cause of bac-
terial pneumonia. See Streptococcus.

diplo-haplont an organism (such as an embryo-
phyte) in which the products of meiosis form hap-
loid gametophytes that produce gametes. Fertili-
zation generates a diploid sporophyte in which
meiosis takes place. Thus, diploid and haploid gener-
ations alternate. Contrast with diplont, haplont.

diploid or diploidy
state in the life cycle where a cell or organism has
two sets of chromosomes: one from the mother and

referring to the situation or

one from the father. Diploidy results from the fusion
of the haploid egg nucleus and a haploid sperm nu-
cleus. See autosome, C value, merozygote, N value,
polyploidy, sex chromosome, syngamy.

diplonema See meiosis.

diplont an organism (such as any multicellular ani-
mal) characterized by a life cycle in which the prod-
ucts of meiosis function as gametes. There is no hap-
loid multicellular stage as in a diplo-haplont and
haplont (g.v.).

diplophase the diploid phase of the life cycle be-
tween the formation of the zygote and the meiosis.

diplospory a type of apomixis in plants in which a
diploid gametophyte is formed after mitotic divi-
sions of the spore-forming cells.

diplotene See meiosis.

Dipodomys ordii a species of jumping rodent
found in arid and desert regions of North America.
This kangaroo rat is famous for the large amount of
repetitious DNA (g.v.) in its genome.

dipole a molecule carrying charges of opposite
sign at opposite poles.

Diptera an insect order containing midges, mos-
quitoes, and flies. See Appendix A, Animalia, Arthro-
poda.
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directional selection selection resulting in a shift
in the population mean in the direction desired by
the breeder or in the direction of greater adaptation
by nature. For example, the breeder might select for
a number of generations seeds from only the longest
ear of corn in the population. See disruptive selec-
tion.

direct repeats identical or closely related DNA se-
quences present in two or more copies in the same
orientation in the same molecule, although not nec-
essarily adjacent.

DIS Drosophila Information Service (q.v.).

discoidal cleavage cleavage occurring at the sur-
face of an enormous yolk mass.

discontinuous distribution a collection of data re-
corded as whole numbers, and thus not yielding a
continuous spectrum of values; e.g., the number of
leaves per plant in a population of plants. See contin-

uous distribution.
discontinuous replication See replication of DNA.

discontinuous variations variations that fall into

two or more non-overlapping classes.

discordant twins are said to be discordant with re-
spect to a trait if one shows the trait and the other
does not.

disequilibrium  See gametic disequilibrium, linkage
disequilibrium.

disjunction the moving apart of chromosomes
during anaphase of mitotic or meiotic divisions.

disomy the presence in a cell of a pair of chromo-
somes of a specified kind. The normal condition for
a diploid cell is heterodisomy, where one member of
each autosomal pair is of maternal and the other of
paternal origin. If both chromosomes are inherited
from the same parent, the term uniparental disomy
is used. There are instances reported where a child
suffering from cystic fibrosis (g.v.) has two copies of
chromosome 7, both containing the CF gene from a
heterozygous mother. Here it is assumed that a diso-
mic egg produced by nondisjunction (q.v.) was fer-
tilized by a normal sperm to produce a trisomic, but
the paternal chromosome 7 was lost early in devel-
opment and only the disomic, diploid cell line sur-
vived.

dispersal mechanism
cies is aided in extending its range. For example,
sticky seeds can cling to animals and be transported
by them to new regions.

any means by which a spe-
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dispersive replication an obsolete model of DNA
replication in which parental and newly synthesized
daughter molecules are interspersed in an essentially
random fashion.

disruptive selection the selection of divergent
phenotypic extremes in a population until, after sev-
eral generations of selection, two discontinuous
strains are obtained. For example, the breeder might
select for a number of generations seeds from the
longest and the shortest ears of corn in a population.
See directional selection.

disseminule
plant.

a plant part that gives rise to a new

Dissociation-Activator system See Activator-Dis-
sociation system.

distal situated away from the place of attachment.
In the case of a chromosome, the part farthest from
the centromere.

distributive pairing the pairing of chromosomes
at metaphase I of meiosis that leads to their proper
distribution to daughter cells. Synaptonemal com-
plexes play no role in this type of chromosomal asso-
ciation.

distylic species
types of individuals each characterized by a different
flower morphology.

a plant species composed of two

disulfide linkage the sulfur-to-sulfur bonding of
adjacent cysteine residues in or between protein
molecules.

diurnal
in the period of a day; daily.

1. pertaining to the daytime. 2. recurring

divergence
ference between nucleotide sequences of two related
DNA segments or between amino acid sequences of
the two related polypeptide chains.

in molecular biology, the percent dif-

divergence node the branching point in an evolu-
tionary tree. The place where two lineages diverge
from a common ancestor. See cladogram, node.

divergent transcription the transcriptional orien-
tation of different DNA segments in opposite direc-
tions from a central region.

diversity in ecology, the number of species or
other taxa in a particular ecological unit.

Division See Appendix A: Classification.
dizygotic twins See twins.

D loop 1. a displacement loop formed early in the
replication of duplex DNA (either circular or linear)

consisting of a single, unreplicated, parental strand
on one side, and a double-stranded branch (com-
posed of one parental strand paired with the leading
strand, q.v.) on the other side. Because the leading
strand displaces the unreplicated parental strand, the
replication “bubble” or “eye” is called a displacement
or D loop. 2. a region of vertebrate mtDNA that is
noncoding but contains promoters and an origin for
the replication of mtDNA. Shortly after replication is
initiated, a temporary arrest in DNA elongation cre-
ates this displacement loop. The D loop is a bubble
in which one strand of the control region has been
copied and the other displaced. This D loop has been
used as a target region for sequence comparisons
when erecting phylogenetic trees. See Neandertal.

DNA deoxyribonucleic acid (q.v.). Also see insula-
tor DNA, promiscuous DNA.

DNA adduct See adduct.

DNA-agar technique a technique for testing the
degree of homology between nucleic acid molecules
from different sources by allowing fragments of
radioactive nucleic acid from one source to react
with nonlabeled nucleic acids from another source
trapped in an agar gel. This procedure binds to the
gel radioactive polynucleotide fragments that are
complementary to those trapped in the agar. See Ap-
pendix C, 1963, McCarty and Bolton; hybrid duplex
molecule.

DNA amplification See
chain reaction.

amplicon, polymerase

DNAase symbol for deoxyribonuclease (g.v.).

DNAase footprinting a technique for determining
the sequence of a DNA segment to which a DNA-
binding protein binds. In this technique, a double-
stranded DNA fragment is radioactively labelled at
the 5 end, partially digested with DNAase (g.v.) in
the presence and absence of the binding protein, and
the resulting fragments compared by electrophoresis
(q.v.) and autoradiography (q.v.) on a gel that also
runs in parallel the reaction products of a sequencing
reaction performed on the unprotected sample of
DNA. This produces an autoradiograph with ladders
of oligonucleotides of varying lengths, increasing in
single-nucleotide increments. The DNA region cov-
ered by the binding protein is protected from
DNAase degradation and appears as a gap, or a foot-
print, that is missing from the sample lacking the
protective protein. The footprint-containing ladder
aligned with DNA sequencing ladders then identifies
the exact sequence of bases in the footprint. See di-
methyl sulfate protection, DNAase protection, DNA
sequencing techniques.



DNAase protection the shielding of DNA se-
quences bound by a protein from degradation by an
endonuclease. DNAase protection is used to charac-
terize a DNA segment that binds a specific protein.
In this approach, the protein in question is bound to
the DNA, DNAase added to degrade the surround-
ing unprotected sequences, and the remaining
bound DNA isolated and analyzed. See dimethyl sul-
fate protection, DNAase footprinting.

DNA-binding motifs sites on proteins which facil-
itate their binding to DNA. See DNA Grooves, DNA
methylation, helix-turn-helix motif, homeobox, leu-
cine zipper, POU genes, T box genes, zinc finger pro-
teins.

DNA chip See DNA microarray technology.

DNA clock hypothesis the postulation that, when
averaged across the entire genome of a species, the
rate of nucleotide substitutions in DNA remains
constant. Hence the degree of divergence in nucleo-
tide sequences between two species can be used to
estimate their divergence node (g.v.). See Appendix
C, 1983, Kimura and Ohta.

DNA clone a DNA segment that has heen inserted
via a viral or plasmid vector into a host cell with the
following consequences: the segment has replicated
along with the vector to form many copies per cell,
the cells have mutiplied into a clone, and the insert
has been magnified accordingly.

DNA complexity a measure of the amount of non-
repetitive DNA characteristic of a given DNA sam-
ple. In an experiment involving reassociation kinet-
ics (q.v.), DNA complexity represents the combined
length in nucleotide pairs of all unique DNA frag-
ments. The DNA of evolutionarily advanced species
is more complex than that of primitive species.

DNA damage checkpoint a system that checks for
regions where DNA has single-stranded or mis-
matched regions or stalled replication forks. Further
progress through mitosis is then halted until the
damage is corrected. If it cannot be rectified, the cell
is diverted to apoptosis (q.v.). See Appendix C, 1989,
Hartwell and Weinert; Adriamycin, ATM kinase,
RAD.

DNA-dependent RNA polymerase RNA poly-
merase (q.v.). Contrast with RNA-dependent DNA
polymerase.

DNA-driven hybridization reaction a reaction in-
volving the reassociation kinetics of complementary
DNA strands when DNA is in great excess of a ra-

dioactive RNA tracer; employed in cot analysis to
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determine the repetition frequencies of the corre-
sponding genome sequences. See reassociation ki-
netics.

DNA duplex a DNA double helix. See deoxyribo-
nucleic acid.

DNA fiber autoradiography light microscopic au-
toradiography of tritiated thymidine-labeled DNA
molecules attached to millipore filters. The tech-
nique was devised by Cairns (1963) for studying
DNA replication in E. coli and later adapted by Hub-
erman and Riggs (1968) for visualizing the multiple
replicons of mammalian chromosomes.

DNA fingerprint technique a technique (more
properly termed DNA typing) that relies on the
presence of simple tandem-repetitive sequences that
are scattered throughout the human genome. Al-
though these regions show considerable differences
in lengths, they share a common 10-15 base pair
core sequence. DNAs from different individual hu-
mans are enzymatically cleaved and separated by
size on a gel. A hybridization probe containing the
core sequence is then used to label those DNA frag-
ments that contain complementary sequences. The
pattern displayed on each gel is specific for a given
individual. The technique has been used to establish
family relationships in cases of disputed parentage.
In violent crimes, blood, hair, semen, and other tis-
sues from the assailant are often left at the scene.
The DNA fingerprinting technique provides the fo-
rensic scientist with a means of identifying the assail-
ant from a group of suspects. See Appendix C, 1985,
Jeffries, Wilson, and Thien; alphoid sequences, DNA
forensics, fingerprinting technique, oligonucleotide
fingerprinting, restriction fragment length polymor-
phisms, VNTR locus.

DNA forensics the use of DNA technology during
the evidence-gathering phases of criminal investiga-
tions, as well as any use of DNA evidence in the
legal system. The first case in which a person was
convicted of a crime on the basis of DNA evidence
occurred in 1987. In 1989, the first conviction was
overturned on the basis of DNA evidence. DNA
profiling has also been successful in identifying vic-
tims of catastrophes, in establishing paternity, and in
determining the bacteria or viruses responsible for
outbreaks of infectious diseases. See CODIS, DNA
fingerprint technique, Romonov, STR analysis.

DNA glycosylases a family of enzymes, each of
which recognizes a single type of altered base in
DNA and catalyzes its hydrolytic removal from the
sugar-phosphodiester backbone. See AP endonucle-
ases.
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DNA grooves two grooves that run the length of
the DNA double helix. The major groove is 12 Ang-
stroms wide, while the minor groove is 6 Angstroms
wide. The major groove is slightly deeper than the
minor groove (8.5 versus 7.5 Angstroms). The
grooves have different widths because of the asym-
metric attachment of the base pairs to the sugar-
phosphate backbone. As a result the edges of the
base pairs in the major groove are wider than those
in the minor groove. Each groove is lined by poten-
tial hydrogen-bond donor and acceptor atoms, and
these interact with DNA-binding proteins that rec-
ognize specific DNA sequences. For example, endo-
nucleases bind electrostatically to the minor groove
of the double-helical DNA. The figure below shows
the binding of a helix-turn-helix motif (g.v.) to a
DNA segment. The minor groove, the major groove,
and the recognition helix are labeled G™, G, and
RH, respectively. See Antennapedia, deoxyribonu-
clease.

DNA gyrase See gyrase.
DNA helicase See helicase.

DNA hybridization a technique for selectively
binding specific segments of single-stranded DNA or
RNA by base pairing to complementary sequences
on ssDNA molecules that are trapped on a nitrocel-
lulose filter (q.v.). 1. DNA-DNA hybridization is
commonly used to determine the degree of sequence
identity between DNAs of different species. 2.
DNA-RNA hybridization is the method used to se-
lect those molecules that are complementary to a
specific DNA from a heterogeneous population of
RNAs. See Appendix C, 1960, Doty et al.; 1963, Mc-
Carty and Bolton; 1972, Kohne et al.; in situ hybrid-
ization, reassociation kinetics.

DNA library See genomic library.

DNA ligase genes in humans three genes have
been identified that encode DNA ligases. LIGI
(199q13.2-13.3) joins Okazaki fragments during
DNA replication (g.v.). LIG3 (17q11.2-q12) seals
chromosome breaks produced during meiotic re-
combination. LIG4 (13q22-q34) functions during
V(D)J recombination (g.v.).

DNA ligases enzymes that catalyze the formation
of a phosphodiester bond between adjacent 3’-OH
and 5’-P termini in DNA. DNA ligases function in
DNA repair to seal single-stranded nicks between
adjacent nucleotides in a duplex DNA chain. See
Appendix C, 1966, Weiss and Richardson; blunt-end
ligation, cohesive-end ligation, cut-and-patch repair,
mismatch repair, replication of DNA.

DNA looping
teins that bind to specific sites on a DNA molecule
while also binding to each other. The DNA loops
that form as a result stimulate or inhibit the tran-
scription of associated genes. Enhancer (q.v.) se-
quences may represent DNA segments involved in
DNA looping.

a phenomenon that involves pro-

DNA methylase See methyl transferase.

DNA methylation
to specific sites on a DNA molecule. Between 2 and
7% of the cytosines in the DNA of animal cells are
methylated, and the methylated cytosines are found
in CG doublets (often called CpG islands). The Cs
on both strands of a short palindromic sequence are
often methylated, giving a structure

the addition of methyl groups

5 *CpG *CpG 3’
3 GpC* GpC*5’

where asterisks represent methylated sites. Up-
stream elements that control the expression of genes
contain repeated CG doublets that may be methyl-
ated or unmethylated. The absence of methyl groups
is associated with the ability to be transcribed, while
methylation results in gene inactivity. Methylation
occurs immediately after replication. Methylation of
cytosine prevents transcription, and it has been sug-
gested that methylation is a mechanism that evolved
to suppress transcription by transposons and forms
of selfish DNA (g.v.). Proteins which recognize CpG
islands have been isolated from many animal and
plant species. These proteins have a methyl-CpG-
binding domain (MBD) that is about 70 amino acids
long. Such MBD proteins function as transcription
repressors. Some of the genes encoding MBD pro-
teins have been localized in mice and humans. One



MBD gene occurs on the X chromosome at the
same site in both species. In humans progressive
neurologic developmental disorders occur in individ-
uals hemizygous or homozygous for mutations in
this gene. See Appendix C, 1997, Yoder, Walsh, and
Bestor; 2000, Bell and Felsenfeld; H79, 5-methylcy-
tosine (5-mCyt), methyl transferase, parental imprint-
ing, telomeric silencing.

DNA microarray technology a technique which
allows the analysis of gene expression or gene struc-
ture in hundreds to thousands of genes simultane-
ously by measuring the extent of nucleic acid hy-
bridization (q.v.) in DNA microarrays. DNA
microarrays are small glass microscope slides, sili-
cone chips, or specialized membranes containing
hundreds or thousands of closely spaced spots, to
each of which are bound short, single-stranded gene
sequences. The DNA for the arrays is derived either
from genomic DNA or ¢cDNA (gq.v.) and applied
with a robotic instrument. Expression of genes rep-
resented on a DNA microarray can be assayed by
hybridization with fluorescently- or radioactively-
labeled cDNA (g.v.) or mRNA (q.v.) probes (g.v.)
and quantitative analysis of the extent of nucleic
acid hybridization (i.e., fluorescence or radioactiv-
ity) on each spot on the microarray. This approach
can be used to identify transcribed regions in a ge-
nome (q.v.). By simultaneous hybridization with dif-
ferent-colored fluorescent probes derived from dif-
ferent sources, one can compare gene expression in
different cell types, examine temporal and spatial
expression patterns, or identify genetic variations as-
sociated with disease. In an alternative approach, the
DNA for the microarray is synthesized directly on
the microarray support, using as templates (g.v.) sin-
gle-stranded oligonucleotides (g.v.) which have been
annealed to the support and which are derived from
individual genes. Hybridization of oligonucleotide
arrays (often called DNA chips) with genomic DNA
probes can detect mutations or polymorphisms in
gene sequences. A helpful Web site for microarray
users is www.biochipnet.de. One of the earliest
studies utilizing this technology involved Arabidopsis
(g.v.). The differential expression of 45 genes was
measured with a microarray of 45 cDNAs. See Ap-
pendix C, 1995, Schena et al; 1999, Evans and
Wheeler.

DNA modification See modification.

dna mutations mutations of E. coli that influence
DNA replication. The dna A, dna B, and dna C mu-
tations are defective in proteins that interact with
replication origins. The dna E, dna X, and dna Z
genes encode subunits of DNA polymerase III, and
dna G encodes primase (g.v.). Mutation in dnaQ
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damages the proofreading (g.v.) ability of the epsi-
lon subunit of DNA polymerase III and greatly in-
creases the mutation rate. See DNA polymerase, mu-
tator gene, repair synthesis, replisome.

DNA polymerase an enzyme that catalyzes the
formation of DNA from deoxyribonucleoside tri-
phosphates, using single-stranded DNA as a tem-
plate. Three different DNA polymerases (pol I, pol
II, and pol III) have been isolated from E. coli. Pol
III is the major enzyme responsible for cellular DNA
replication in this bacterium. The other two en-
zymes function primarily in DNA repair. Eukaryotes
contain a variety of polymerases that participate in
chromosomal replication, repair, and crossing over
and also in mitochondrial replication. In mammals,
DNA replicase alpha functions in the priming and
synthesis of the lagging strand, while replicase delta
catalyzes the synthesis of the leading strand. All
DNA polymerases extend the DNA chain by adding
nucleotides, one at a time, to the 3’ OH end of the
growing strand. Each base added must be comple-
mentary to the next nucleotide presented by the
template strand. To initiate replication, DNA poly-
merases require a priming RNA molecule. This
binds to the template DNA molecule and provides
the 3’ OH start point for the enzyme. DNA poly-
merase III of E. coli is the major polymerase involved
in replication. It is made up of 18 subunits. The cat-
alytic core contains three proteins (alpha, epsilon,
and theta). The epsilon subunit has a proofreading
function and is the product of the dnaQ gene. The
mutation frequency increases 10°- to 10°-fold in cells
carrying mutations in the dnaQ gene. See Appendix
C, 1956, Kornberg, Lehrman, and Simms; cut-and-
patch repair, dna mutations, Klenow fragment, poly-
merase chain reaction, replication of DNA, replicon,
replisome.

DNA probe See probe.
DNA puff See chromosomal puff.
DNA relaxing enzyme See topoisomerase.

DNA repair any mechanism that restores the cor-
rect nucleotide sequence of a DNA molecule that
has incurred one or more mutations, or that has had
its nucleotides modified in some way (e.g., methyla-
tion). See ATM kinase, cut-and-patch repair, error-
prone repair, mismatch repair, photoreactivating en-
zyme, proofreading, recombination repair, SOS re-
sponse, thymine dimer, xeroderma pigmentosum.

DNA replication See replication of DNA.

DNA restriction enzyme any of the specific endo-
nucleases (q.v.) present in many strains of E. coli that
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recognize and degrade DNA from foreign sources.
These nucleases are formed under the directions of
genes called restriction alleles. Other genes called
modification alleles determine the methylation pat-
tern of the DNA within a cell. It is this pattern that
determines whether or not the DNA is attacked by
a restriction enzyme. See modification methylases,
restriction endonuclease.

DNA-RNA hybrid a double helix consisting of one
chain of DNA hydrogen bonded to a complemen-
tary chain of RNA. Some RNA molecules produced
by an immunoglobulin gene remain attached to the
gene and mark it for retention after a DNA-cutting
enzyme removes all the other genes that code for
the constant region (Y-stem) of immunoglobulins
during “heavy chain class switching” (q.v.). See Ap-
pendix C, 1961, Hall and Spiegelman.

DNase
clease.

also symbolized DNAase. See deoxyribonu-

DNase protection See DNAase protection.

DNA sequencing techniques 1. the method de-
veloped by F. Sanger and A. R. Coulson (1975) is
known as the “plus and minus” method or the
“primed synthesis” method. DNA is synthesized in
vitro in such a way that it is radioactively labeled
and the reaction terminates specifically at the posi-
tion corresponding to a given base. After denatur-
ation, fragments of different lengths are separated by
electrophoresis and identified by autoradiography. In
the “plus” protocol, only one kind of deoxyribonu-
cleoside triphosphate (ANTP) is available for elonga-
tion of the ¥P-labeled primer. In the “minus” proto-
col, one of the four dNTPs is missing; alternatively,
specific terminator base analogs (2’,3’-dideoxyribo-
nucleoside triphosphates, q.v.) can be used instead
of the “minus” technique. 2. in the 1977 procedure
of A. M. Maxam and W. Gilbert (the “chemical”
method), single-stranded DNA (derived from dou-
ble-stranded DNA and labeled at the 5’ end with
2P) is subjected to several chemical (dimethyl sul-
fate-hydrazine) cleavage protocols that selectively
make breaks on one side of a particular base; frag-
ments are separated according to size by electropho-
resis on acrylamide gels and identified by autoradiog-
raphy.

DNA sequencers commercial robotic machines
that take the drudgery out of sequencing. The ABI
PRISM 3700 is an example. It is the invention of
Michael Hunkapillar, president of Applied Biosys-
tems, Inc., and it can produce as much as 1 million
bases of DNA sequence per day. Using 300 of these
synthesizers, Celera Genomics (q.v.) sequences

more than 1 billion nucleotides per month. See Ap-
pendix C, 1986, Hood et al.

DNA topoisomerase See topoisomerase.
DNA typing See DNA fingerprint technique.

DNA unwinding protein a protein that binds to
single-stranded DNA and facilitates the unwinding
of the DNA duplex during replication and recombi-
nation. See gene 32 protein.

DNA vaccines See vaccine.

DNA vector a replicon, such as a small plasmid or
a bacteriophage, that can be used in molecular clon-
ing experiments to transfer foreign nucleic acids into
a host organism in which they are capable of contin-
ued propagation. See bacterial artificial chromosomes
(BACs), cosmid, lambda cloning vector, P1 artificial
chromosomes (PACs), pBR322, P elements, plasmid
cloning vector, shuttle vector, Ti plasmid, yeast artifi-
cial chromosomes (YACs).

DNP 1. 2:4 dinitrophenol. 2. DNA-protein com-
plex.

docking protein See receptor mediated transloca-
tion.

dog breeds any of about 400 described breeds of
the species Canis familiaris (q.v.). According to the
“breed barrier” rule followed since the mid-19th
century, no dog may become a registered member
of a breed unless both dam and sire are registered
members. As a result, purebred dogs belong to a
closed gene pool. Some popular breeds include TER-
RIERS: Welsh, Bedlington, Dandie Dinmont, West
Highland White, Skye, Cairn, Scottish, Sealyham,
Fox (Smooth), Fox (Wire), Schnauzer, Airedale,
Irish, Kerry Blue, Bull, Manchester. POINTERS: Ger-
man Shorthaired Pointer, Irish Setter, English Setter,
Gordon Setter, Weimaraner, Pointer, Brittany Span-
iel. COURSING HOUNDS: Irish Wolfhound, Scottish
Deerhound, Greyhound, Whippet, Borzoi, Saluki,
Afghan. TRAILING HOUNDS: Basenji, Bloodhound,
Dachshund, Bassett, Beagle, Black and Tan Coon-
hound. MISCELLANEOUS HOUNDS: Otterhound, Nor-
wegian Elkhound. FLUSHING SPANIELS: English
Springer, English Cocker, American Cocker, Welsh
Springer. RETRIEVERS: Golden Retriever, Labrador
Retriever, Chesapeake Bay Retriever, Irish Water
Spaniel, Curly-coated Retriever. SHEEP DOGS: Bri-
ard, Kuvasz, Shetland Sheepdog, Collie, Belgian
Sheepdog. SLED DOGS: Siberian Huskie, Eskimo, Sa-
moyed, Alaskan Malamute. GUARD DOGS: Bouvier
de Flandres, Mastiff, Rottweiller, Boxer, Great Dane,
Bull Mastiff, Schnauzer, German Shepherd, Dober-



mann Pinscher. MISCELLANEOUS WORKING DOGS: St.
Bernard, Welsh Corgi (Cardigan), Welsh Corgi
(Pembroke), Newfoundland, Great Pyrenees. TOYS:
Maltese, Pug, Japanese Spaniel, English Toy Spaniel
(King Charles), Pekingese, Pomeranian, Yorkshire
Terrier, Griffon, Chihuahua, Papillon, Poodle (Toy),
Mexican hairless. NONSPORTING BREEDS: Lhasa
Apso, Poodle (Standard), Poodle (Miniature), Dal-
matian, Chow Chow, Keeshond, Schipperke, En-
glish Bulldog, French Bulldog, Boston Terrier.

Dollo law the proposition that evolution along any
specific lineage is essentially irreversible. For exam-
ple, no modern mammal can de-evolve back to a
form identical in all respects to the mammal-like,
reptilian ancestor from which it was derived. This
biological principle was formulated about 1890 by
Louis Dollo, a Belgian paleontologist. See rachet.

Dolly a sheep (q.v.) born in Scotland in 1996 and
the first mammal to be experimentally cloned. This
was done by fusing the nucleus of an adult somatic
cell from one sheep with an enucleated egg from an-
other, followed by implantation into a surrogate
mother. Dolly’s chromosomes were therefore genet-
ically identical to those of the somatic cell that pro-
vided the nucleus. When Dolly was two and a half
years old, the lengths of her telomeres were deter-
mined. The lengths corresponded to telomeres the
age of the nuclear donor, not to telomeres of her
chronological age. It was later found that the cloned
adult sheep contained mtDNA derived solely from
the recipient egg. So Dolly was actually a genetic
chimera (q.v.). Her cells contained nuclear DNA of
somatic origin, while her mitochondria were derived
from ooplasm. Dolly was euthanized in February of
2003 after developing progressive lung disease. Dol-
ly’s skin was used in a taxidermic mount currently
on display at the Royal Museum of Edinburgh. See
Appendix C, 1997, Wilmut et al; cloning, mitochon-
drial DNA (mtDNA), nuclear reprogramming, nuclear
transfer, telomere.

domain
or four homologous regions of an immunoglobulin
heavy chain that apparently evolved by duplication
and diverged by mutation. 2. any discrete, continu-
ous part of a polypeptide sequence that can be
equated with a particular function. 3. a relatively
short sequence of about 100 amino acids that adopts
a defined three-dimensional structure within a pro-
tein. Also known as a module. 4. any region of a
chromosome within which supercoiling is indepen-
dent of other domains. 5. an extensive region of
DNA including an expressed gene that exhibits pro-
nounced sensitivity to degradation by endonucleases.

1. a homology unit; i.e., any of the three
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See immunoglobulin domain superfamily, otu domain,
SH domain.

domesticated species See Appendix B.

dominance referring to alleles that fully manifest
their phenotype when present in the heterozygous,
heterokaryotic, or heterogenotic state. The alleles
whose phenotypic expressions are masked by domi-
nant alleles are termed recessive alleles. Sometimes
the dominant allele expresses itself late in develop-
ment (e.g., Huntington disease, q.v.), in which case
the allele is said to show delayed dominance. See co-
dominant, incomplete dominance, semidominance.

dominance variance genetic variance for a poly-
genic trait in a given population attributed to the
dominance effects of contributory genes.

dominant complementarily See complementary
genes.

dominant gene See recessive gene.

dominant negative mutation a mutation which
produces a product that binds to the product of the
normal allele. The heteropolymer that results dam-
ages the cell. A dominant negative mutation there-
fore has a more severe effect than the deletion of the
same gene. Several hereditary human diseases are
caused by dominant negative mutations in genes
that encode collagens and keratins (both of which

see).

donkey Equus asinus, a close relative of the
horse. The female is referred to as a jennet, the male
as a jack. See Equus, horse-donkey hybrids.

donor splicing site See left splicing junction.

DOPA the abbreviation for dihydroxyphenylala-
nine, a compound derived from the amino acid tyro-
sine, by the addition of a second hydroxyl group. See
albino, amino acids (page 21), melanism, tyrosinase.
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Dopamine the compound derived from DOPA
(q.v.) by removal of the carboxyl group. See Parkin-
sonism.
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dorsoventral genes genes that specify the dorsal
or ventral patterning program of the embryonic cells
in which they are expressed. In Drosophila, the gene
decapentaplegic specifies dorsal development, whereas
its mouse homolog, BMP4, specifies ventral develop-
ment. In Drosophila, the gene short gastrulation spec-
ifies ventral development, whereas the homologous
gene in the mouse, chordin, specifies the dorsal de-
velopment pattern. See Saint Hilaire hypothesis.

dosage compensation a mechanism that regulates
the expression of sex-linked genes that differ in dose
between females and males in species with an XX-
XY method of sex determination. In Drosophilia
melanogaster, dosage compensation is accomplished
by raising the rate of transcription of genes on the
single X chromosome of males to double that of
genes on either X chromosome in females. In mam-
mals, the compensation is made by inactivating at
random one of the two X chromosomes in all so-
matic cells of the female. The inactivated X forms
the Barr body or sex chromatin. In cases where mul-
tiple X chromosomes are present all but one are in-
activated. See Appendix C, 1948, Muller; 1961,
Lyon, Russell; 1962, Beutler, et al.; Fabry disease,
glucose-6-phosphate dehydrogenase deficiency, Lesch-
Nyhan syndrome, Lyon hypothesis, Lyonization, mo-
saic, MSL proteins, ocular albinism, Ohno hypothesis.

dose
gene is present in the nucleus of a cell. 2. radiation
dose—the radiation delivered to a specific tissue area
or to the whole body. Units for dose specifications
are the gray, roentgen, red, rep, and sievert.

1. gene dose—the number of times a given

dose-action curve dose-response curve (g.v.).

dose fractionation the administration of radiation
in small doses at regular intervals.

dose-response curve the curve showing the rela-
tion between some biological response and the ad-
ministered dose of radiation. See extrapolation
number.

dosimeter an instrument used to detect and mea-

sure an accumulated dosage of radiation.
dot blot See dot hybridization.

dot hybridization a semiquantitative technique
for evaluating the relative abundance of nucleic acid
sequences in a mixture or the extent of similarity
between homologous sequences. In this technique,
multiple samples of cloned DNAs, identical in
amount, are spotted on a single nitrocellulose filter
in dots of uniform diameter. The filter is then hy-
bridized with a radioactive probe (e.g., an RNA or
DNA mixture) containing the corresponding se-

quences in unknown amounts. The extent of hybrid-
ization is estimated semiquantitatively by visual
comparison to radioactive standards similarly spotted.

dot-matrix analysis a graphical method of com-
paring the nucleotide sequences or amino acid se-
quences along sections of two polymeric molecules
that may or may not be homologous. For example,
a comparison could be made of the exons from a
gene known for two different animal species (A and
B). A dot plot diagram is generated with the A gene
on the vertical axis and the B gene on the horizontal
axis. Dots are placed within this rectangular array at
every place where sequences from the two species
match. The technique allows all pairs to be compared
simultaneously, and regions of sequence similarity are
seen as a series of dots. If there is no homology, the
dots form a random pattern. If the dots form a diago-
nal line, the exons of the two genes have similar se-
quences and are arrayed in the same order.

Dotted a gene, symbolized by Dt residing on
chromosome 9 of maize, that influences the rate at
which a mutates to A. A is on chromosome 3 and
the gene controls the ability of the cells of the aleu-
rone (q.v.) layer of the kernel (g.v.) to produce col-
ored pigments. Clones of cells with restored pigment
production generate spots on the kernel, as shown
in the illustration. Dt was the first genetic element
to be called a mutator gene (q.v.). However, it is
now clear that it is a transposable element (q.v.) be-
longing to a different transposon family than Ac or
Ds. See Appendix C, 1938, Rhoades; Activator-Disso-
ciation system, genetic instability.

Dotted



double cross the technique used for producing
hybrid seed for field corn. Four different inbred lines
(A, B, C, and D) are used. A x B — AB hybrid and
CxD — CD hybrid. The single-cross hybrids (AB
and CD) are then crossed and the ABCD seed is
used for the commercial crop.

double crossover See double exchange.

double diffusion technique synonymous with

Ouchterlony technique (g.v.).

double exchange breakage and interchange occur-
ring twice within a tetrad involving two, three, or
four of the chromatids.

double fertilization a type of fertilization that dis-
tinguishes flowering plants from other seed plants.
As shown in the illustration, the pollen grain upon

Germinating
pollen grain

N = Vegetative
: nucleus

3N
endosperm
nucleus

Diploid
embryonic
nucleus

Antipodals
Polar nuclei

Synergids
Egg nucleus

Female gametophyte
in ovule
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germination forms a male gametophyte that injects
two sickle-shaped haploid sperm nuclei into the fe-
male gametophyte. The egg nucleus and the polar
nuclei are haploid and genetically identical. The
union of one sperm nucleus with the egg nucleus
produces a diploid nucleus from which the embryo
develops. The two polar nuclei fuse with the other
sperm nucleus to form a triploid nucleus. The endo-
sperm (g.v.) develops by the mitotic activity of this
3N nucleus. See Appendix A, Plantae, Pteropsida,
Angiospermae; Appendix C, 1898, Navashin; kernel,
pollen grain, synergid.

double haploids plants that are completely homo-
zygous at all gene loci, generated when haploid germ
cells, grown in tissue culture, double their chromo-
some sets. See anther culture.

double helix the Watson-Crick model of DNA
structure, involving plectonemic coiling (q.v.) of two
hydrogen-bonded polynucleotide, antiparallel (g.v.)
strands wound into a right-handed spiral configura-
tion. See deoxyribonucleic acid.

double infection infection of a bacterium with

two genetically different phages.

double-sieve mechanism a model that explains
the rarity of misacylation of amino acids by propos-
ing that an amino acid larger than the correct one is
rarely activated because (1) it is too large to fit into
the active site of the tRNA synthetase (first sieving),
and (2) the hydrolytic site of the same synthetase is
too small for the correct amino acid (second siev-
ing). Thus, an amino acid smaller than the correct
one can be removed by hydrolysis.

double-stranded RNA (dsRNA) an RNA duplex
in which a messenger RNA (g.v.) is bound to an anti-
sense RNA (gq.v.) containing a complementary se-
quence of bases. Endogenous or exogenous dsRNAs

provide a powerful means of silencing gene expres-
sion. See Morpholinos, RNA interference (RNAI).

double transformation See cotransformation.

double X
tric, double-length X chromosome arising as a radia-
tion-induced aberration. Such double X chromo-

in Drosophila melanogaster, an acrocen-

somes are superior to the ordinary metacentric,
attached X chromosomes (g.v.) for most stockkeep-
ing operations, since they do not break up by cross-
ing over with the Y. See also detached X.

doubling dose that dose of ionizing radiation that
doubles the spontaneous mutation rate of the spe-
cies under study.
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doubling time the average time taken for the cell
number in a population to double. The doubling
time will equal the generation time (g.v.) only if (1)
every cell in the population is capable of forming
two daughter cells, (2) every cell has the same aver-
age generation time, and (3) there is no lysis of cells.
The doubling time is generally longer than the gen-
eration time.

Dowex trademark of a family of ion-exchange
resins.

down promoter mutations
that decrease the frequency with which transcrip-
tion is initiated relative to wild type; promoters with
this property are called low-level or weak pro-
moters.

promoter alterations

downstream See strand terminologies, transcription
unit. Compare with upstream.

downstream genes genes whose expression is
subordinate to developmental control genes (q.v.).
Downstream genes are switched on or off at various
times and in different tissues by transcription factors
(q.v.) encoded by upstream regulatory genes. A mas-
ter controlling gene like eyeless (q.v.) will activate
some downstream genes that encode their own tran-
scription factors. The result will be a cascade of pro-
teins that each regulate their own subsets of down-
stream genes. See gene networking, Hox genes,
selector genes.

Down syndrome a type of mental retardation due
to trisomy of autosome 21. The syndrome is named
after the British physician, John Langdon Down,
who identified it in 1866. The underlying trisomy
was discovered 107 years later. Since the eyelid
openings of the patient are oblique and the inner
corner of the eyelid may be covered by an epicanthic
fold, the condition is sometimes called mongolism.
The frequency of such trisomic births increases with
advancing maternal age as shown in the table.

Maternal Trisomics per
age 1,000 live births
16-24 0.58
25-29 0.91
30-34 1.30
35-39 4
40-44 12.5
>45 40

Although most patients with Down syndrome have
a complete third copy of chromosome 21, the phe-
notype is due primarily to a segment, the Down syn-

drome chromosome region (DCR), between bands
21q 22.2 and 22.3. Within it lie five genes that seem
critical to the syndrome. Chromosome 21 and chro-
mosome 22 are similar in size, and both are acrocen-
trics. Chromosome 21 contains 225 genes, aligned
along a 33.8 Mb DNA molecule, whereas chromo-
some 22 contains 545 genes on a 33.4 Mb DNA
molecule. The relatively low density of genes on
chromosome 21 is consistent with the observation
that trisomy 21 is viable, while trisomy 22 is not. See
Appendix C, 1959, Lejeune, Gautier, and Turpin;
1968, Henderson and Edwards; 1999, Dunham et
al.; 2000, Hattori et al.; Alzheimer disease; AML1
gene; translocation Down syndrome. http://www.
nads.org.

Down syndrome cell adhesion molecule (DSCAM)
a protein encoded by a gene in band 22 of the long
arm of human chromosome 21. The gene contains
multiple exons which allow multiple mRNAs to be
transcribed by alternative splicing (q.v.). The tran-
scripts are differentially expressed in different sub-
structures of the adult brain. The DSCAM is a
member of the immunoglobulin domain superfamily
(q.v.). These isoforms may be involved in the pat-
terning of neural networks by selective adhesions be-
tween axons. See innate immunity.

DPN diphosphopyridine nucleotide. NAD is the
preferred nomenclature.

draft sequence in genome sequencing, a prelimi-
nary DNA sequence that has enough accuracy and
continuity to allow an initial genomic analysis and
annotation, but that is incomplete. It is separated by
small gaps of unknown sequence, and the order and
orientation of all the sequenced fragments are not
always fully determined. A draft sequence of the hu-
man genome was published in 2001. Compare with
finished sequence. See Appendix C, 2001, The Inter-
national Human Genome Sequencing Consortium,
Venter et al.; genomic annotation.

drift genetic drift (q.v.).

dRNA DNA-like RNA. RNA molecules that are
not included in the rRNA and tRNA classes. Much
of the dRNA is of high molecular weight, short half-
life, and never leaves the nucleus. See hnRNA.

Drosophila a genus of flies containing about 900
described species. The most extensively studied of
all genera from the standpoint of genetics and cytol-
ogy. The genus is subdivided into eight subgenera:
(1) Hirtodrosophila, (2) Pholadoris, (3) Dorsilopha,
(4) Phloridosa, (5) Siphlodora, (6) Sordophila, (7) So-
phophora, and (8) Drosophila. D. melanogaster, the
multicellular organism for which the most genetic
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information is available, belongs in the subgenus So-
phophora. See Appendix C, 1926, Chetverikov; 1936,
Sturtevant and Dobzhansky; 1944, Dobzhansky;
1952, Patterson and Stone; 1985, Carson; Drosoph-
ila virilis, Hawaiian Drosophilidae.

Drosophila databases See Appendix E.

Drosophila eye pigments the ommatidia of the
dull red compound eyes of Drosophila contain two
classes of pigments, one brown (the ommochromes)
and one bright red (the drosopterins). Studies of the
precursor compounds isolated from eye color mu-
tants played an important role in the development
of the one gene-one enzyme concept (see Appendix
C, 1935, Beadle and Ephrussi). An example of an
ommochrome is xanthommatin. Hydroxykynure-
nine, a compound biosynthesized from tryptophan,
serves as a precursor of xanthommatin. Flies lacking
the plus allele of the cinnabar gene are unable to
synthesize hydroxykynurenine, and therefore this is
sometimes called the cn” substance. Drosopterins are
pteridine derivatives. Sepiapterin is a precursor of
drosopterin that accumulates in sepia mutants. It
also gives the Drosophilia testis its yellow color.

Structural formulas are given above. See formyl-
kynurenine.

Drosophila immune peptides antimicrobial pep-
tides produced by Drosophila in response to infec-
tions. Drosomycin, a potent antifungal agent, is syn-
thesized under the control of Toll (q.v.), and
diptericin, an antibacterial agent, is synthesized un-
der the control of the immune deficiency gene (q.v.).
See Appendix C, 1996, Lemaitre et al.

Drosophila Information Service a yearly bulletin
that lists all publications concerning Drosophila that
year, the stock lists of major laboratories, the ad-
dresses of all Drosophila workers, descriptions of
new mutants and genetic techniques, research notes,
and new teaching exercises. See Appendix D.

Drosophila melanogaster commonly called the
“fruit fly,” this species is a model organism for the
study of specific genes in multicellular development
and behavior. Its haploid genome contains about
176 million nucleotide pairs. Of these, about 110
million base pairs are unique sequences, present in
the euchromatin (q.v.). The diagram on page 134
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shows the relative lengths of the sex chromosomes
(X and Y), the major autosomes (2 and 3), and the
microchromosome (4) as they appear at the meta-
phase stage of mitosis. The numbers give the amounts
of DNA in megabases for the adjacent segments.
About 13,000 genes are located in the euchromatin,
and about 20% of these have been defined chemi-
cally. The average gene contains four exons, and the
average transcript is made up of 3,060 nucleotides.
Many Drosophila genes show base sequence similari-
ties to human genes. For example, comparative
studies of 290 human genes that increase suscepti-
bility to cancer showed that 60% have Drosophila or-
thologs (g.v.). See Appendix A, Arthropoda, Insecta,
Diptera; Appendix C, 1910, 1911, 1912, 1919, Mor-
gan; 1913, 1925, 1926, Sturtevant; 1917, 1919,
1921, 1923, 1925, 1935, Bridges; 1916, 1918, 1927,
Muller; 1933, Painter; 1935, Beadle and Ephrussi;
1966, Ritossa et al.; 1972, Pardue et al.; 1973, Gar-
cia-Bellido et al.; 1974, Tissiers et al.; 1975, McKen-
zie et al; 1978, Lewis; 1980, Niisslein-Volhard and
Wieschaus; 1982, Bingham et al., Spradling and Ru-
bin; 1983, Scott et al., Bender et al.; 1984, Bargiello
and Young; 1987, Niisslein-Volhard et al.; 1988,
MacDonald and Struhl; 1990, Milicki et al.; 1993,
Maroni; 1994, Tully et al., Orr and Sohal; 1995,
Halder et al., Zhao, Hart, and Laemmli, Kerrebrock
et al.; 1996, Dubnau and Struhl, Rivera-Pomar et al.;
1998, Lim, Serounde, and Benzer; 2000, Adams et
al., Rubin et al.; Appendix E, Individual Databases;
centromere, Drosophila targeted gene expression
technique, heterochromatin, shotgun sequencing.

Drosophila salivary gland chromosomes the
most extensively studied polytene chromosomes.
During larval development, the cells of the salivary
gland undergo 9 or 10 cycles of endomitotic DNA
replications to produce chromosomes that contain
1,000-2,000 times the haploid amount of DNA.

The cytological map of the chromosomes of D. mel-
anogaster contains slightly over 5,000 bands. It is di-
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vided into 102 divisions, distributed as illustrated.
The solid circles represent the centromeres. Each di-
vision is subdivided into subdivisions lettered A-F,
and the subdivisions contain varying numbers of
bands. Genes have been localized within these bands
by studying overlapping deficiencies and, more re-
cently, by in situ hybridization with labeled probes.
Since the number of genes in the euchromatin of
Drosophila is known to be 13,000, the average band
in a giant chromosome must contain two or three
genes. The insertion of a transposable element (g.v.)
can generate new bands and interbands in the sali-
vary chromosomes. The cells of the larval salivary
gland are in interphase, and within each nucleus the
chromosomes show a typical orientation. The telo-
meres tend to be on the surface of the nuclear enve-
lope, opposite the portion of the envelope nearest to
the nucleolus, where all the centromeres are located.
The arms of each autosome remain close together,
whereas the relative positions of the arms vary. Dif-
ferent chromosomes are never entangled. The domi-
nant chromosome folding motif is a right-handed
coil. See Appendix C, 1933, Painter; 1935, Bridges;
1968, Semeshin et al.; 1988, Sorsa; biotinylated
DNA, chromosomal puff, deficiency loop, Drosophila
virilis, heterochromatin, insulator DNAs, Rabl orienta-
tion, salivary gland chromosomes.



Drosophila pseudoobscura the second Drosophila
species to have its genome sequenced. When the se-
quences of D. pseudoobscura and D. melanogaster
were compared, it was observed that the vast major-
ity of genes remained on the same chromosome
arms. However, within each arm the gene order was
extensively shuffled. See Appendix C, 1944, Dobz-
hansky; 2005, Richards et al; inversion, syntenic
genes.

Drosophila targeted gene expression technique
an experimental system that allows the selective ac-
tivation of a chosen regulatory gene in a variety of
tissues and organs during Drosophila development.
For example, the technique allowed the activation
of eyeless (q.v.), a gene that specifies the differentia-
tion of eye tissues in ectopic imaginal discs (g.v.).
The result was extra eyes developing on antennae,
legs, and wings. See Frontispiece illustration.

Drosophila virilis a species with polytene chro-
mosomes that are larger than those of Drosophila
melanogaster and exceptionally favorable for cytolog-
ical analysis. The virilis genome is one of the largest
in the genus (313 mb). D. virilis and D. melanogaster
are very distantly related, having diverged about 60
million years ago. The virilis karyotype is considered
to be ancestral for the genus. Its chromosomes X, 2,
3, 4, 5, 6 correspond to the chromosome arms X,
3R, 3L, 2L, 2R, and 4 of Drosophila melanogaster.
See Drosophila, Drosophila salivary gland chromo-
somes.

drosopterins See Drosophilia eye pigments.

drug resistance genes genes which confer upon
certain organisms or cell types resistance to the toxic
effects of specific chemicals. Examples of such genes
are those conferring antibiotic resistance upon bacte-
ria, insecticide resistance upon insects, or resistance
of cancer cells to anti-cancer drugs. See amp®, chloro-
quine, dichlorodiphenyltrichloroethane (DDT), meth-
othrexate, penicillin, pfcrt gene.

drug-resistant plasmid See R plasmid.

drumstick
the human polymorphonuclear leukocyte, found in
3 to 5% of these cells in females, but not in males.
See Barr body.

a small protrusion from the nucleus of

drupe a simple, fleshy fruit, such as an olive, de-
rived from a single carpel and usually single-seeded.

Dryopithecus a genus of fossil primates from
which the great apes and humans are thought to
have diverged about 25 million years ago.

Dscam the gene in Drosophila that encodes a ho-
molog of the Down syndrome cell adhesion mole-
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cule (DSCAM) (g.v.). This protein plays a role in
directing axons to the embryonic cells that will form
Bolwig organs (g.v.). See innate immunity.

dsDNA double-standed DNA.
dsRNA double-stranded RNA (g.v.).
D, trisomy syndrome See Patau syndrome.

dual recognition an immunological model pro-
posing that a T cell has two receptors, both of which
must simultaneously bind specific molecules in order
to activate the cell; one receptor binds to the anti-
gen, the other binds to a self-molecule of the major
histocompatibility system (g.v.); a form of associa-
tive recognition (q.v.).

Duchenne muscular dystrophy (DMD) a disease
named after G. A. B. Duchenne, who in 1868 pub-
lished the first histological account of the pathologi-
cal changes occurring in the muscles of patients.
DMD, the most common type in humans, is X-
linked, and it affects about 1 in 3,500 boys. The nor-
mal gene, DMD, is composed of about 2,300 kilo-
bases. It is the largest known gene and contains 79
exons. Over 99% of the gene is made up of introns.
It takes RNA polymerase II 16 hours to traverse this
giant gene. The processed mRNA is about 14 kilo-
bases, and it specifies a protein named dystrophin
(q.v.). Victims of Duchenne muscular dystrophy
have null mutations in their dystrophin genes. Less
severe mutations allow reduced amounts of dys-
trophin to be produced, resulting in a milder disease
called Becker muscular dystrophy (g.v.). There is a
mutational hot spot between exons 44 and 45. Or-
thologs of DMD occur in both dogs and cats. See
Appendix C, Hoffman, Brown, and Kunkel; Canis fa-
miliaris, calveolins, continuous gene syndrome, hot
spot, null allele, RNA polymerase. http://www.
mdausa.org.80.

Duffy blood group gene the first human genetic
locus to be localized on a specific autosome. The
gene (symbolized FY) is at 1q21-22, and its nucleo-
tide sequence has been determined. The gene en-
codes a protein that contains 338 amino acids orga-
nized into several transmembrane domains. The
protein functions as a receptor for various cytokines
(q.v.) and for Plasmodium vivax merozoites. Individ-
uals homozygous for mutations that repress the tran-
scription of Duffy gene in erythrocytes resist the in-
vasion of these malaria parasites. Practically all West
Africans are Duffy negative. The blood group was
named in 1950 after the patient whose blood con-
tained antibodies against the FY gene product. See
Appendix C, 1968, Donahue et al.; 1976, Miller et
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al.; Chaudhuri er al.; G proteins, malaria, Mendelian
Inheritance in Man (MIM), Plasmodium life cycle.

Duffy blood group receptor a soluble protein syn-
thesized by Plasmodium vivax that binds to the
Duffy receptor on human erythrocytes. The recep-
tor protein contains 1,115 amino acids, and it is en-
coded by a single-copy gene that has been cloned.
See Appendix C, 1990, Fang et al.

duplex See autotetraploid.

duplex DNA DNA molecules as described in the
Watson-Crick model; that is, with the two poly-
nucleotide chains of opposite 3’-5’ polarity inter-
twined and annealed.

duplication See chromosome aberration, gene du-
plication, repeat-induced point mutation (RIP).

durum wheat Triticum durum (N = 14), an ancient
wheat grown since Egyptian times. Used today in
the manufacture of macaroni. See wheat.

dwarf
usually suffering from achondroplasia (g.v.). Com-
pare with ateliosis, Laron dwarfism, midget, pituitary
dwarfism.

dyad 1. a pair of sister chromatids (q.v.). 2. the
products resulting from disjunction of tetrads at the
first meiotic division; dyads are contained in the nu-
clei of secondary gametocytes. See meiosis.

a short person with abnormal proportions,

dynamins a family of proteins that function in the
pinching off of vesicles. Specific dynamins are also
recruited for the division rings of mitochondria and

chroroplasts.

dynein a complex protein, generally composed of
two subunits, found in the armlike extensions of the
A microtubules of the nine peripheral doublets of

axonemes (g.v.). Dynein functions to couple a cycle
of ATP binding and hydrolysis with a mechanical
binding and release cycle to generate a sliding in re-
lation to one another of the microtubule doublets
in axonemes. Cytoplasmic dyneins also exist and are
thought to function in the translocation of organ-

elles. See Appendix C, 1963, Gibbons.

dysgenesis any morphological or biochemical ab-
normality that is evident at birth or during neonatal
development.

dysplasia the abnormal growth or development of
a tissue or organ. Subsequent microscopic study of-
ten shows that the component cells have abnormali-
ties, but are not cancerous.

dysploidy the situation where the species in a
genus have different diploid chromosome num-
bers, but the numbers do not represent a polyploid
series.

dystrophin a protein encoded by the Duchenne
muscular dystrophy (DMD) gene. This molecule
contains 3,685 amino acids, and it only represents
0.002% by weight of muscle. Dystrophin is located
at the cytoplasmic faces of the plasma membranes
of striated, smooth, and cardiac muscle cells. It binds
cytoskeletal actin at its N-terminal end and a trans-
membrane glycoprotein at its C-terminal end. A
number of shorter isoforms of dystrophin are local-
ized in brain liver and other tissues. These proteins
are translated from mRNAs transcribed from pro-
moters that reside in the DMD gene at positions to
the right of the one specific for muscle transcripts.
Other isoforms are the result of alternative splicing
(q.v.). See gene, isoforms, muscular dystrophy, utro-
phin.
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E,, E,, E; the first, second, and third generation of
organisms following some experimental manipula-
tion, such as irradiation with x-rays.

early genes genes expressed during early develop-
ment. In T4 bacteriophage, those genetic elements
that function in the period of phage infection before
the start of DNA replication. Compare with late
genes.

ecdysis 1. molting, the periodic shedding of the
cuticle of arthropods. Ecdysis is of great antiquity,
since fossil trilobites (g.v.) in exuvial condition have
been collected from Cambrian strata. 2. in dinoflag-

ellates, the shedding of the thecal wall layer.

ecdysones steriod hormones produced by the pro-
thoracic gland (g.v.) of insects, required for molting
and puparium formation; also called molting hor-

mones. The structural formulas for alpha and beta
ecdysone are illustrated. Beta ecdysone is sometimes
called 20-hydroxy-ecdysone (20 HE). The precursor
of alpha ecdysone is dietary cholesterol (g.v.). The
alpha ecdysone synthesized by the prothoracic gland
is converted in peripheral tissues, such as the fat
body, to beta ecdysone, which is the active molting
hormone. The conversion involves the addition of a
hydroxyl group at the position indicated by the
arrow. The relative concentrations of ecdysone and
allatum hormone (q.v.) determine whether juvenile
or adult development will follow a given molt. Tem-
perature-sensitive ecdysone mutants are known for
Drosophila melanogaster. See Appendix C, 1965, Karl-
son et al.; 1980, Gronemeyer and Pongs; ring gland.

Ecdysozoa a subdivision of the Articulata that
contains animals that grow by periodically molting.
It represents the largest clade in the animal kingdom,
since it contains the Annelid and Arthropod phyla.
The small phyla Onycophora and Tardigrada also
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belong to this subdivision. See Appendix A, Ani-
malia, Eumetazoa, Bilateria, Protostomia, Coelo-
mata, Articulata.

echinoderm an animal with an external skeleton
of calcareous plates and internal water-vascular sys-
tem (starfish, sea urchins, sea lilies, sea cucumbers,
etc.). Echinoderm embryos were used to isolate the
first histone genes (g.v.) and the first cyclins (g.v.).

See Appendix A, Echinodermata.

eclipsed antigens antigenic determinants of para-
site origin that resemble antigenic determinants of
their hosts to such a degree that they do not elicit
the formation of antibodies by the host. The forma-
tion of eclipsed antigens by parasites is termed molec-
ular mimicry.

eclipse period in virology, the time interval be-
tween infection and the first intracellular reappear-
ance of infective phage particles. See one-step
growth experiment. Compare with latent period.

eclosion the emergence of the adult insect from
its pupal case.

ecodeme a deme (q.v.) associated with a specific
habitat (a cypress swamp, for example).

ecogeographical divergence the evolution from a
single ancestral species of two or more different spe-
cies, each in a different geographical area and each
adapted to the local peculiarities of its habitat.

ecogeographic rules
concerning geographic variation within a species
that correlate adaptations with climate or other en-
vironmental conditions: e.g., Allen’s rule, Bergman’s
rule.

any of several generalizations

E. coli Escherichia coli (q.v.).

ecological genetics the analysis of the genetics of
natural populations and of the adaptations of these
populations to environmental variables.

ecological isolation a premating (prezygotic) iso-
lating mechanism in which members of different
species seldom, if ever, meet because each species
prefers to live (is adapted to) different habitats.

ecological niche the position occupied by a plant
or animal in its community with reference both to
its utilization of its environment and its required as-
sociations with other organisms.

ecology the study of the relationships between or-
ganisms and their environment.

ecophenotype a nongenetic phenotypic modifica-
tion in response to environmental conditions. See
phenotypic plasticity.

EcoRIl See restriction endonuclease.

ecosystem
tions of species grouped into communities in a local

an assemblage of interacting popula-

environment. Ecosystems vary greatly in size (e.g., a
small pool vs. a giant reef). See biome.

ecotype
to a certain environment. See Appendix C, 1948,
Clausen et al.

race (within a species) genetically adapted

ectoderm a germ layer forming the external cover-
ing of the embryo and neural tube (from which de-
velop the brain, spinal cord, and nerves). Ectodermal
derivatives include all nervous tissues, the epidermis
(including cutaneous glands, hair, nails, horns, the
lens of the eye, etc.), the epithelia of all sense or-
gans, the nasal cavity sinuses, the anal canal, and the
mouth (including the oral glands, and tooth enamel),
and the hypophysis. See Appendix C, 1845, Remak.

ectopic out of place; referring to a biological struc-
ture that is not in its proper location. In develop-
mental genetics the adjective is sometimes used to
describe the expression of a regulatory gene in the
wrong place. An example is the cluster of ommatidia
on the antenna of the fly head in the Frontispiece
illustration.

ectopic pairing nonspecific pairing of intercalary
and proximal heterochromatic segments of Drosoph-
ila salivary chromosomes.

ectoplasm the superficial cytoplasm of ciliates.

ectotherm vertebrates such as fishes, amphibians,
and reptiles that have little or no endogenous mech-
anisms for controlling their body temperature. Their
temperature is determined by environmental condi-
tions. Contrast with endotherm.

editing See proofreading, RNA editing.

EDTA
racetic acid. A molecule capable of reacting with

an abbreviation for ethylene diaminetet-

metallic ions and forming a stable, inert, water-solu-
ble complex. EDTA is used to remove metals that
occur in minute amounts even in distilled water.
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Edwards syndrome a well-defined set of congeni-
tal defects in humans caused by the presence of an
extra chromosome 18. Also called trisomy 18 syn-



drome or E; trisomy syndrome. The mean survival is
two months, and the incidence is 1/3,500 live births.
The condition was first described in 1960 by J. H.
Edwards and four colleagues. See human mitotic
chromosomes.

EEG electroencephalogram (g.v.).

Ef-1, Ef-Tu  See translation elongation factors.
effective fertility See fertility.

effective lethal phase the stage in development at
which a given lethal gene generally causes the death
of the organism carrying it.

effective population size the average number of
individuals in a population that contribute genes
to succeeding generations. If the population size
shows a cyclical variation as a function of season of
the year, predation, parasitism, and other factors,
the effective population size is closer to the number
of individuals observed during the period of maxi-
mal contraction.

effector 1. a molecule that affects (positively or
negatively) the function of a regulatory protein. 2.
an organ or cell that reacts to a nervous stimulus by
doing chemical or mechanical work; for example,
muscles, glands, electric organs, etc.

effector cell in immunology, a cell (usually a T
lymphocyte) that carries out cell-mediated cytotox-
icity.

effector molecules small molecules that combine
with repressor molecules and activate or inactivate
them with respect to their ability to combine with
an operator gene. See inducible system, repressible
system, regulator gene.

efferent leading away from an organ, cell, or point
of reference. In immunology, the efferent branch of
the immune response includes the events occurring
after the activation of the immune system (e.g., anti-
bodies combining with antigens or cytokines stimu-
lating specific cells). Compare with afferent.

efflux pump any cellular mechanism that expels
drugs (such as antibiotics) or other environmental
toxins from the cell.

EGF epidermal growth factor (q.v.).

egg a female gamete; an ovum. See Appendix C,
1651, Harvey; 1657, de Graff; 1827, von Baer.

egg chamber the insect ovarian follicle. In Dro-

sophila, it consists of a cluster of 16 interconnected
cystocytes surrounded by a monolayer of follicle
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cells. The oocyte is the most posterior cystocyte.
The remaining 15 cystocytes function as nurse cells

(q.v.).

Ehlers-Danlos syndrome a family of hereditary
diseases characterized by overelasticity and brittle-
ness of the skin and by excessive extensibility of the
joints. The underlying defects involve blocks in the
synthesis of collagen (q.v.). In type VI, for example,
a hydroxylysine-deficient collagen is produced that
is unable to form intermolecular cross-links. Both
X-linked and autosomal genes are involved. The syn-
drome gets its name from Edward Ehlers, a Danish
dermatologist, and Henri Danlos, a French physi-
cian, who published descriptions of the condition in
1901 and 1908, respectively.

einkorn
“one-grained” wheat, so called because it has a single
seed per spikelet. A wheat in cultivation since stone
age times. See wheat.

wheat Triticum monococcum (N=7),

ejaculate 1. the process of semen release in higher
vertebrates; also called ejaculation. 2. the semen re-
leased in a given copulatory interaction or in a given
artificially induced response.

elaioplast an oil-rich plastid.

elastin a rubber-like, 70 kilodalton glycoprotein
that is the main component of the elastic fibers
found in tendons, ligaments, and the walls of bron-
chi and arteries.

electroblotting See blotting.

electrode ecither terminal of an electrical appa-
ratus.

electroencephalogram the record of the rhythmi-
cal changes in the electrical potential of the brain.

electrofusion See Zimmermann cell fusion.

electrolyte a substance that when dissolved in wa-

ter conducts an electric current.

electron
stituent of every neutral atom. Its mass is 0.000549
atomic mass units. Compare with positron.

a negatively charged particle that is a con-

electron carrier an enzyme, such as a flavoprotein
or cytochrome, that can gain and lose electrons re-
versibly.

electron-dense said of a dense area seen on an
electron micrograph, since the region has prevented
electrons from passing through it. High electron
density may mean that the area contains a high con-

centration of macromolecules or that it has bound
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the heavy metals (Os, Mn, Pb, U) used as fixatives
and/or stains.

electron microscope a magnifying system that
uses beams of electrons focused in a vacuum by a
series of magnetic lenses and that has a resolving
power hundreds of times that of the best optical mi-
croscopes. Two main types of electron microscopes
are available. In the transmission electron microscope
(TEM), the image is formed by electrons that pass
through the specimen. In the scanning electron micro-
scope (SEM), image formation is based on electrons
that are reflected back from the specimen. Thus, the
TEM resembles a standard light microscope, which
is generally used to look at tissue slices, and the SEM
resembles a stereoscopic dissecting microscope, which
is used to examine the surface properties of biologi-
cal materials. See Appendix C, 1932, Knoll and
Ruska; 1963, Porter and Bonneville.

electron microscope techniques See freeze-etch-
ing, freeze-fracture, Kleinschmidt spreading tech-
nique, negative staining.

electron pair bond convalent bond.

electron transport chain a chain of molecules lo-
calized in mitochondria and acting as hydrogen and
electron acceptors. The chain functions to funnel
electrons from a given substrate to O,. The energy
released is used to phosphorylate ADP. See cyto-

chrome system, mitochondrial proton transport.

electron volt a unit of energy equivalent to the
amount of energy gained by an electron passing
through a potential difference of one volt. Larger
multiple units of the electron volt (eV) are fre-
quently used: keV =kilo (thousand) eV; MeV =
mega (million) eV; and GeV = giga (billion) eV.

electropherogram a supporting medium contain-
ing a collection of molecules that have been sepa-
rated by electrophoresis. The medium is generally in
the form of a sheet, much longer and wider than it
is thick, and it is often a gel such as agarose.

electrophoresis the movement of the charged
molecules in solution in an electrical field. The solu-
tion is generally held in a porous support medium
such as filter paper, cellulose acetate (rayon), or a
gel made of starch, agar, or polyacrylamide. Electro-
phoresis is generally used to separate molecules from
a mixture, based upon differences in net electrical
charge and also by size or geometry of the mole-
cules, dependent upon the characteristics of the gel
matrix. The SDS-PAGE technique is a method of
separating proteins by exposing them to the anionic
detergent sodium dodecyl sulfate (SDS) and poly-

acrylamide gel electrophoresis (PAGE). When SDS
binds to proteins, it breaks all noncovalent interac-
tions so that the molecules assume a random coil
configuration, provided no disulfide bonds exist (the
latter can be broken by treatment with mercapto-
ethanol). The distance moved per unit time by a
random coil follows a mathematical formula involv-
ing the molecular weight of the molecule, from
which the molecular weight can be calculated. See
Appendix C, 1933, Tiselius; pulsed field gradient gel
electrophoresis, zonal electrophoresis.

electroporation The application of electric pulses
to animal cells or plant protoplasts to increase the
permeability of their membranes. The technique is
used to facilitate DNA uptake during transformation
experiments.

electrostatic bond the attraction between a posi-
tively charged atom (cation) and a negatively charged
atom (anion), as in a crystal of common table salt
(NaCl); also known as an ionic bond. Electrostatic
bonds are called salt linkages in the older literature.
In proteins, the positively charged side groups of ly-
sine and arginine form electrostatic bonds with the
negatively charged side groups of aspartic and glu-
tamic acids. This stabilizes the tertiary and quater-
nary structures of these molecules. See amino acids,
protein structure.

element a pure substance consisting of atoms of
the same atomic number and that cannot be decom-
posed by ordinary chemical means. See chemical ele-
ments, periodic table.

ELISA enzyme-linked immunosorbent assay (q.v.).

Ellis-vanCreveld (EVC) syndrome a hereditary
disease characterized by shortening of the forearms
and lower legs, extra fingers, and congenital heart
malformations. The condition was first described by
Richard Ellis and Simon vanCreveld in 1940. Fifty
cases of EVC syndrome that occurred in the Amish
(q.v.) community of Lancaster County have been
traced back to a single couple who emigrated to
Pennsylvania in 1744. The disease has been shown
to be due to a mutation in an intron of the EVC
gene that causes aberrant splicing. This gene has
been mapped to 4p16, and it encodes a protein that
contains 992 amino acids. The function of the EVC
protein has not been determined. See posttranscrip-
tional processing.

Elodea canadensis a common pond weed that be-
haves as a facultative apomict (q.v.). See Appendix
C, 1923, Santos.



elongation factors proteins that complex with ri-
bosomes to promote elongation of polypeptide chains;
they dissociate from the ribosome when translation
is terminated. Elongation factor G (EF-G), also called
translocase, associated with the movement of the
peptidyl tRNA from the “A” site to the “P” site of
the ribosome. Elongation factor T (EF-T) is respon-
sible for alignment of the AA ~ tRNA complex in
the “A” site of the ribosome. See translation.

emasculation 1. the removal of the anthers from

a flower. 2. castration.

EMB agar a complex bacterial growth medium
containing two pH-sensitive dyes, eosin and methyl-
ene blue, and a sugar such as lactose. Lac’ cells pref-
erentially metabolize lactose oxidatively, resulting in
excretion of hydrogen ions; under low pH, the dyes
become deep purple. Lac™ cells that use amino acids
as a source of energy release NH;, thus raising pH;
this decolorizes the dyes and produces a white col-
ony. These color differences occur for all metaboliz-
able sugars and also for many other carbon sources.

EMBL Data Library European Molecular Biology
Laboratory Data Library. See Appendix E.

embryo a rudimentary animal or plant in the earli-
est stages of development, produced by zygotic
cleavages and dependent upon nutrients stored
within the membranes that enclose it (e.g., those
covering an egg or a seed). In humans, embryonic
development begins with the first zygotic division
and lasts until approximately the eighth week of ges-
tation, when an embryo becomes a fetus (q.v.). Early
development in viviparous (g.v.) animals is some-
times divided into two distinct stages, pre-embry-
onic and embryonic, which are separated by the
commencement of organ differentiation or by im-
plantation (g.v.). In humans, the cell mass resulting
from zygotic cell divisions up to about the four-
teenth day of gestation is called a pre-embryo, al-
though the use of this term is controversial. The
moral status of a human embryo is a major issue
area, particularly in embryonic stem cell research
and in in vitro fertilization (g.v.), where surplus em-
bryos may have to be destroyed. See gestation pe-
riod, stem cells.

embryonic induction  See induction.

embryonic stem cells See stem cells.

embryo polarity mutants
mutants.

See maternal polarity

embryo sac the female gametophyte of angio-
sperms. It contains several haploid nuclei formed by
the division of the haploid megaspore nucleus. See
synergid.
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embryo transfer (transplantation) artificial intro-
duction of an early embryo into the oviduct or
uterus of the biological mother or of a surrogate
mother. For example, a woman with blocked Fallo-
pian tubes may choose to have an egg fertilized in
vitro, and the resulting embryo may be introduced
into her uterus for implantation. In the case of a su-
perior dairy or beef cow, many eggs can be simulta-
neously artificially induced (superovulation), flushed
from the oviducts, fertilized in vitro, and each em-
bryo transferred to a different surrogate mother for
subsequent development.

emergent properties in a hierarchical system,
properties that are manifest at higher levels because
they are formed by measures or processes involving
aggregations of lower-level units. For example, in an
ecological hierarchy, populations have properties
not expressed by an individual; a community has
properties not expressed in a population, etc.

emmer wheat Triticum dicoccum (N =14) (also
called starch wheat or two-grained spelt), a wheat cul-
tivated since Neolithic times. See wheat.

EMS ethyl methane sulfonate (q.v.).

enantiomers, enantiomorphs
ing mirror-image isomerism.

compounds show-

Encephalitozoon cuniculi an intracellular parasite
that infects a wide range of eukaryotes from proto-
zoans to humans. Its genome is the smallest se-
quenced to date (2.71 Mbp). Its 11 chromosomes
range in size from 217 to 315 kbp. The genome has
been compacted by the shortening of intergenic
spacers and of the genes themselves. For example,
85% of the proteins translated by Encephalitozoon are
shorter than the homologous proteins of Saccharo-
myces, with a relative mean size difference of 15%.
E. cuniculi lacks mitochondria but contains genes
that have mitochondria-related functions. This sug-
gests that mitochondria were lost during the evolu-
tion of its parasitic way of life. See Appendix A, Pro-
toctista, Microspora; Appendix F.

endemic in epidemiology, referring to a disease
that occurs continually in a given geographical area.
In ecology, referring to a species that is native to a
region or place; not introduced. In its strictest sense,
endemic means entirely restricted to the area in
question. For example, more than 90% of the insect
species on the high Hawaiian islands are endemic.
Contrast with indigenous.

endergonic reaction a reaction requiring energy
from the outside before reactants will form prod-
ucts.
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end labeling the attachment of a radioactive
chemical (usually *P) to the 5’ or 3’ end of a DNA
strand.

endocrine system a system of ductless glands that
controls metabolism through the synthesis and re-
lease into the bloodstream of hormones (g.v.). See
autocrine.

endocytosis the uptake by a cell of particles, flu-
ids, or specific macromolecules by phagocytosis, pi-
nocytosis, or receptor-mediated endocytosis, respec-
tively. The functions in which endocytosis plays a
role include antigen presentation, nutrient acquisi-
tion, clearance of apoptotic cells, pathogen entry, re-
ceptor regulation, and synaptic transmission.

endocytotic vesicles See receptor-mediated endo-
cytosis.

endoderm the primary germ layer lining the prim-
itive gut (archenteron) in an early embryo, begin-
ning in the gastrula stage. The endoderm forms the
epithelial lining of the intestine and all of the out-
growths of the intestine (gill pouches and gills, the
larynx, wind pipe and lungs, the tonsils, thyroid, and
thymus glands, the liver, the gall bladder and bile
duct, the pancreas, and the urinary bladder and adja-
cent parts of the urogenital system). In the older lit-
erature, this layer is called entoderm. See Appendix
C, 1845, Remak.

endogamy the selection of a mate from within a
small kinship group. Inbreeding. Contrast with ex-

ogamy.

endogenote that portion of the original chromo-
some of a merozygote that is homologous to the ex-
ogenote (gq.v.).

endogenous originating within the organism.

endogenous virus an inactive virus that is inte-
grated into the chromosome of its host cell, and can

therefore exhibit vertical transmission (g.v.).

endokaryotic hypothesis the theory that the nu-
cleus of eukaryotes arose by capture of a guest pro-
karyote by an engulfing host prokaryote. Thus the
inner nuclear membrane would originally be the
guest’s plasma membrane and the outer nuclear
membrane would be the invaginated host’s cell
membrane. Phylogenetic studies of translation elon-
gation factors (q.v.) suggest that the eukaryotic nu-
cleus arose from a guest bacterium similar to an eo-
cyte, one of the sulfur-dependent thermophiles (g.v.).
See Appendix A, Archaea Crenarchaeota; Appendix
C, 1992, Rivera and Lake; endosymbiont theory.

endometrium the glandular lining of the uterus of
mammals that undergoes cyclical growth and regres-
sion during sexual maturity.

endomitosis somatic polyploidization taking place
within an intact nuclear envelope. No stages compa-
rable to the normal mitotic cycle are observed, but
the DNA content increases in multiples of the hap-
loid value. If the reduplicated chromosomes fail to
separate and remain in register, polytene chromo-
somes (q.v.) are formed.

endomixis a process of self-fertilization in which
the sperm and egg nuclei from one individual unite.

endonuclease an enzyme that breaks the internal
phosphodiester bonds in a DNA molecule. Endonu-
cleases of somatic tissue hydrolyze DNA by intro-
ducing double-strand breaks. Endonucleases isolated
from cells in meiotic prophase produce single-strand
breaks in the DNA with 5" hydroxy termini. Single-
strand breaks are essential first steps in replication
and recombination. See Appendix C, 1971, Howell
and Stern; 1972, Hedgepeth, Goodman, and Boyer;
restriction endonuclease.

endoplasmic reticulum a membranous system or-
ganized into a net-like labyrinth of branching tu-
bules and flattened sacs in the cytoplasm of most
eukaryotic cells. In places the endoplasmic reticu-
lum (ER) is continuous with the plasma membrane
or the outer membrane of the nuclear envelope. If
the outer surfaces of the ER membranes are coated
with ribosomes, the ER is said to be rough-surfaced;
otherwise it is said to be smooth-surfaced. The mem-
branes of the ER constitute over half of the total
membranes in the average animal cell, and the
highly convoluted space enclosed by the ER (the ER
cisternal space) occupies 10% or more of the total
cell volume. A protein synthesized on ribosomes
attached to the ER has one of two fates: (1) Water-
soluble proteins are fully translocated across the ER
membrane and released into its lumen. These pro-
teins may end up in the secretion granules or in lyso-
somes or peroxisomes (q.v.). (2) Transmembrane
proteins remain embedded in the ER membrane. As
the ER expands, it becomes the source of the mem-
branes of many of the cell’s organelles, including the
Golgi apparatus (g.v.), the mitochondrion (q.v.), the
lysosome (g.v.), the peroxisome (g.v.), and the plasma
membrane (q.v.). The ER was the first cellular com-
ponent to be revealed by the electron microscope
that had not already been identified by light micros-
copists. See Appendix C, 1953, Porter; 1960, Siekev-
itz and Palade; 1965, Sabatini et al; 1991, Simon
and Blobel; chloroplast er, leader sequence peptide,
microsome fraction, protein sorting, receptor-medi-



ated translocation, signal peptide, smooth endoplas-
mic reticulum (SER), sorting signals, translation, trans-
locon.

endopolyploidy the occurrence in a diploid indi-
vidual of cells containing 4C, 8C, 16C, 32C, etc.,
amounts of DNA in their nuclei. The nurse-cell nu-
clei in Drosophila egg chambers are good examples
of endopolyploidy. The highest level of endopoly-
ploidy known occurs in the larva of the silkworm
moth. The silk-producing cells have nuclei that are
at least 1 million—ploid. See Appendix C, 1979, Per-
dix-Gillot; Bombyx mori, silk.

Endopterygota Holometabola (q.v.).

endoreduplication cycles cycles of DNA replica-
tion in the absence of cell division, resulting in poly-
ploidy (g.v.). Almost all plants and animals produce
specific subpopulations of polyploid cells by this
process. For example, the ploidy of megakaryocytes
(the progenitor cells of blood platelets) ranges from
16N to 64N, that of cardiomyocytes (heart muscle
cells) from 4N to 8N, and that of hepatocytes (liver
cells) from 2N to 8N. Compare with polyteny.

endorphins one of a group of mammalian peptide
hormones liberated by proteolytic cleavage from a
29-kilodalton prohormone called pro-opiocortin.
Beta endorphins are found in the intermediate lobe
of the pituitary gland and are potent analgesics (pain
suppressors). The name “endorphin” is a contraction
of “endogenous morphine” because it is produced
within the body (endogenously), attaches to the
same neuron receptors that bind morphine, and pro-
duces similar physiological effects.

endoskeleton an internal skeleton, as in the case
of the bony skeleton of vertebrates.

endosperm a tissue found only in flowering plants
that acquires resources from the maternal sporo-
phyte and subsequently is digested by the develop-
ing embryo in its own seed. Endosperm develops
from a triploid cell formed by a double fertilization
(g.v.). The nucleus of each endosperm cell contains
one copy of the paternal genetic contribution to the
associated embryo and two copies of the maternal
contribution. See kernel, parental imprinting.

endosymbiont theory the proposal that self-repli-
cating eukaryotic organelles originated by fusion of
formerly free-living prokaryotes with primitive nu-
cleated cells. See Appendix C, 1972, Pigott and Carr;
1981, Margulis; serial symbiosis theory.

endotherm vertebrates that control their body
temperature by endogenous mechanisms (e.g., birds
and mammals). Contrast with ectotherm.
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endotoxins complex lipopolysaccharide molecules
that form an integral part of the cell wall of many
Gram-negative bacteria and are released only when
the integrity of the cell is disturbed. Endotoxins are
capable of nonspecifically stimulating certain im-
mune responses. Compare with exotoxin.

end product a compound that is the final product
in a chain of metabolic reactions.

end product inhibition the situation in which the
activity of an initial enzyme in a chain of enzymatic
reactions is inhibited by the final product; feedback
inhibition.

end product repression the situation in which the
final product in a chain of metabolic reactions func-
tions as a corepressor and shuts down the operon
turning out the enzymes that control the reaction
chain.

energy-rich bond a chemical bond that releases a
large amount of energy upon its hydrolysis. The ATP
molecule has an energy-rich phosphate bond, for ex-
ample.

engrailed (en) a segment polarity gene in Drosoph-
ila located at 2-62.0. In an organ that has undergone
developmental compartmentalization (q.v.), such as
an imaginal disc (q.v.) of a wing, en" functions as a
selector gene (q.v.) that directs cells in a posterior
compartment to form the posterior structures,
rather than anterior structures, and to avoid mixing
with anterior cells. Cells in the anterior compart-
ment do not require en’. The en" gene encodes a ho-
meobox (g.v.) protein that contains 552 amino acids
and acts as a transcription regulator. The gene is ex-
pressed in many different tissues of the embryo and
larva. Homologs of en occur in Caenorhabditis, the
mouse, and humans. See Appendix C, 1975, Morata
and Lawrence.

enhancers sequences of nucleotides that potenti-
ate the transcriptional activity of physically linked
genes. The first enhancer to be discovered was a 72-
base pair, tandem repeat located near the replication
origin of simian virus 40. Enhancers were subse-
quently found in the genomes of eukaryotic cells and
in RNA viruses. Some enhancers are constitutively
expressed in most cells, while others are tissue spe-
cific. Enhancers act by increasing the number of
RNA polymerase II molecules transcribing the
linked gene. An enhancer may be distant from the
gene it enhances. The enhancer effect is mediated
through sequence-specific DNA-binding proteins.
These observations have led to the suggestions that,
once the DNA-binding protein attaches to the en-
hancer element, it causes the intervening nucleotides
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to loop out to bring the enhancer into physical con-
tact with the promoter of the gene it enhances. This
loop structure then facilitates the attachment of
polymerase molecules to the transcribing gene. En-
hancers that specify the type of cell in which a given
gene will be expressed have been located within the
first introns of genes such as those that encode the
heavy-chain immunoglobin proteins and certain col-
lagens. See Appendix C, 1981, Banjerji et al.; 1983,
Gillies er al.; CTCF protein, DNA looping, H19, immu-
noglobin genes, insulator DNAs, intron.

enhancer trap a technique used in Drosophila to
demonstrate the occurrence of enhancers that switch
on genes in specific groups of cells during certain de-
velopmental periods. A reporter gene (q.v.) is used,
which has a promoter that requires the assistance of
an enhancer to be activated. The reporter gene, to-
gether with its “weak” promotor, is spliced into a
transposable element (q.v.). In Drosophila, P ele-
ments (g.v.) are used, and these insert themselves
at various chromosomal sites. When insertion occurs
near an enhancer that normally activates genes in
specific areas of a developing embryo, the reporter
gene intercepts the signal and reports the position of
the cells by its activity. In cases where the reporter
is lacZ, blue pigment appears in specific cells; for ex-
ample, in localized regions of the developing central
nervous system. Once insertions that generate inter-
esting staining patterns are identified, stable strains
of flies carrying the insertions can be produced. Such
lines are called transposants. Cytological mapping
has shown that insertions occur throughout the ge-
nome. Since the enhancers are generally positioned
within a few hundred base pairs of the start site of
their target genes, these can be subsequently cloned
and sequenced. See Appendix C, 1987, O’Kane and
Gehring.

enkephalins pentapeptides with opiate-like activ-
ity (compare with endorphins), first isolated in 1975
from pig brain. Met-enkephalin has the amino acid
sequence Tyr-Gly-Gly-Phe-Met; Leu-enkephalin has
the sequence Tyr-Gly-Gly-Phe-Leu. See polyprotein.

enol forms of nucleotides See tautomeric shift.

enrichment methods for auxotrophic mutants
See filtration enrichment, penicillin enrichment
technique.

Ensembl genome database a joint project be-
tween the European Bioinformatics Institute, the
European Molecular Biology Laboratory, and the
Wellcome Trust-Sanger Institute. Ensemble contin-
ues to update the annotations of the genomes of a
large sample of eukaryotes including Homo sapiens,

chimpanzee, mouse, rat, dog, chicken, Xenopus,
pufferfish, fruitfly, mosquito, honeybee, Caenorhab-
ditis, and Ciona. http://www.ensembl.org/.

enterovirus
ing viruses (including poliomyelitis virus) inhabiting
the human intestine.

a member of a group of RNA-contain-

entoderm endoderm (q.v.).

entomophilous designating flowers adapted for
pollination by insects.

entrainment dragging along after itself. In refer-
ence to circadian rhythm (q.v.), the resetting of an
endogenous clock to exactly 24 hours by environ-
mental cues, such as 12 hours of light (or warmth),

followed by 12 hours of darkness (or cold).

Entrez a powerful search engine allowing access to
the databases maintained by the National Center for
Biotechnology Information. See Appendix E, Master
Web Sites.

enucleate to remove the nucleus from a cell.

enucleated lacking a nucleus.

enveloped viruses viruses that have envelopes
surrounding their nucleocapsids. Each viral envelope
is derived from the host cell, and as a result the vi-
ruses will contain lipids, as well as nucleic acids and
proteins. Spikes often project from the envelopes,
and these contain virus-encoded proteins. The co-
rona viruses, herpes viruses, HIVs, influenza viruses,
Sendai viruses, and smallpox viruses are examples of
viruses with envelopes.

100 nm

Rhabdoviridae

Orthomyxoviridae

Retroviridae Coronaviridae

Enveloped viruses
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environment the complex of physical and biotic
factors within which an organism exists.

environmental sex determination any mecha-
nism of sex determination (q.v.) in which the sex
of an organism is permanently established not by its
genetic constitution, but by environmental condi-
tions (such as temperature, local hormonal concen-
trations, or population density) in which it develops.
For example, sex is determined in turtles and croco-
diles by the prevailing temperature during the incu-
bation of the fertilized eggs. Compare with genotypic
sex determination.

environmental variance that portion of the phe-
notypic variance caused by differences in the envi-
ronments to which the individuals in a population
have been exposed.

enzyme fusion See histidine operon.

enzymes protein catalysts. Enzymes differ from
inorganic catalysts in their extreme specificity. They
catalyze reactions involving only one or a few closely
related compounds, and they are able to distinguish
between stereoisomers. All chemical reactions have
potential energy barriers. In order to pass this bar-
rier, the reactant must be activated to reach a transi-
tion state from which the products of the reaction
can be released. During an enzyme-catalyzed reac-
tion, an enzyme-substrate complex is formed. The
E-S complex has a lowered activation energy, and
this allows the reaction to occur at body tempera-
ture. A systematic classification of enzymes has been
established by the Commission on Enzymes of the
International Union of Biochemistry. All known en-
zymes have been grouped into six classes: (1) oxido-
reductases, (2) transferases, (3) hydrolases, (4) ly-
ases, (5) isomerases, and (6) ligases. Each specific
enzyme is given a classification code by the Enzyme
Commission, which consists of EC and four figures.
For example, EC 3.1.21.1 is the code designation for
deoxyribonuclease 1. The first three numbers define
various properties of the subfamily of enzymes to
which DNase 1 belongs, while the last number
uniquely specifies this enzyme. See Appendix C,
1876, Kiihne; 1926, Sumner; Appendix E, Individual
Databases; abzymes, DNA glycosylases, DNA ligases,
DNA methylase, DNA polymerase, DNA restriction
enzyme, DNase, endonuclease, exonuclease, first-
order kinetics, kinase, papain, pepsin, peptidyl trans-
ferase, phosphodiesterase |, ribozyme, RNA ligase,
RNA polymerase, RNA replicase, RNase, substrate,
topoisomerase, trypsin, triptophan synthetase, tyrosi-
nase, zymogen.
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enzyme-linked immunosorbent assay (ELISA) an
immunochemical technique that avoids the hazards
of radiochemicals and the expense of fluorescence
detection systems. Instead, the assay uses enzymes
as indicators. This ELISA technique can be illus-
trated by its use in detecting the AIDS virus in se-
rum samples. First, antibodies are prepared in rab-
bits against specific proteins present in the coat of
the virus. Next, a reporter antibody is prepared in
goats against rabbit immunoglobulins. Then, the en-
zyme horseradish peroxidase (q.v.) is covalently
attached to the goat-antirabbit Ig-antibody. Serum
from a donor is incubated in a plastic dish. The pro-
teins in the serum sample bind to the surface of the
dish. Now the AIDS-specific rabbit antibody is
added. If virus coat proteins are present, they have
been bound to the dish and the antibody now binds
to them. The dish is washed to remove any unbound
rabbit antibodies. Next, the goat antibody-peroxi-
dase conjugate is added, and it binds to the rabbit
antibody-viral protein complex. A reagent is then
added, which becomes colored when dehydroge-
nated by the peroxidase. The amount of color devel-
oped in a specified time is a measure of the amount
of virus in the serum sample. See HIV.

eobiogenesis the first instance of the generation

of living matter from inorganic material.

Eocene the second epoch in the Tertiary period.
The angiosperms and gymnosperms were the domi-
nant plants, and representatives of all mammalian
orders were present. Huge flightless birds were ma-
jor predators. Whales evolved in the oceans. See
geologic time divisions, Hyracotherium.

eocytes See sulfur-dependent thermophiles.

Eohippus See Hyracotherium.

eon the most inclusive of the divisions of geologic
time. See geologic time divisions.

Ephestia kiihniella the Mediterranean meal moth.
Numerous mutants affecting the color pattern of the
forewing and eye pigmentation have been studied in
this species. It is parasitized by Habrobracon jug-
landis (q.v.). See Appendix C, 1935, Kuhn and Bu-
tenandt.

epicanthus a fold of skin extending over the inner
corner of the eye characteristic of members of the

Mongoloid race.

epicotyl the portion of the seedling above the cot-
yledons that develops into the shoot and its deriva-
tives.
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epidemiology the study of disease epidemics, with
an effort to tracing down the cause.

epidermal growth factor (EGF) a mitogen that
stimulates cell proliferation in a wide variety of eu-
karyotic cells. It is a protein containing 53 amino
acids. The receptor for EGF is a protein kinase
(g.v.), which is activated when the mitogen attaches.
Once bound to the cell surface, the complex is inter-
nalized. EGF is generated by enzymatic cleavage be-
tween repeated EGF domains carried in an EGF
precursor protein, which is embedded in cell mem-
branes by a membrane-spanning domain. The EGF
precursor molecule of humans contains 1,207 amino
acids. EGF repeats facilitate interactions between
proteins and calcium binding, and they are found in
a wide variety of proteins. These include transmem-
brane proteins like the low-density lipoprotein re-
ceptor (gq.v.), extracellular matrix proteins like fi-
brillin (g.v.), and soluble, secreted proteins like the
plasma thromboplastin component (q.v.). See Ap-
pendix C, 1962, Cohen; familial hypercholesterol-
emia, neuregulins (NRGs), Notch.

epidermolysis bullosa a group of diseases usually
showing autosomal dominant inheritance. They are
characterized by blistering owing to fragility of the
skin and mucous membranes. The blistering is due
to separation of epidermal tissues from the underly-
ing dermis. In EB simplex, tissue separation occurs
within the basal layer of the epidermis, and the de-
fect arises from mutations in a gene located at
12q11-13. This encodes keratins, which are synthe-
sized by basal keratinocytes. In junctional EB, the
separation occurs within the basement membrane
zone of the lamina lucida, and the defect arises from
mutations in a gene located at 1q25-31. This en-
codes a laminin protein component of the basement
membrane. In dystrophic EB, the separation is in the
papillary dermis at the level of the fibrils that con-
nect the lamina lucida to the dermis. The defect
arises from mutations in a gene located at 3p2l,
which encodes a type of collagen that is a major
component of the anchoring fibrils.

epigamic serving to attract or stimulate members
of the opposite sex during courtship.

epigamic selection See sexual selection.

epigenesis the concept that an organism develops
by the new appearance of structures and functions,
as opposed to the hypothesis that an organism devel-
ops by the unfolding and growth of entities already
present in the egg at the beginning of development
(preformation).

epigenetics the study of the mechanisms by which
genes bring about their phenotypic effects. Clones
of cells may inherit phenotypic changes that are not
due to changed nucleotide sequences in the genome.
DNA-binding proteins encoded by regulatory genes
sometimes produce epigenetic changes that can be
preserved during the mitotic division of the cells of
different somatic tissues in a multicellular organism.
However, meiosis seems to reset the genome to
some baseline epigenetic state, so that the develop-
mental program of the species unfolds anew with
each new generation.

epigenotype the series of interrelated develop-
mental pathways through which the adult form is
realized.

epimers organic compounds that are partial iso-
mers in that they differ from each other only in the
three-dimensional positioning of atoms about a sin-
gle asymmetric carbon atom.

epinephrine a hormone from the adrenal medulla
that elevates blood glucose by mobilizing glycogen

reserves.
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episome a class of genetic elements of which
phage lambda and sex factor F are examples in E.
coli. Episomes may behave (1) as autonomous units
replicating in the host independent of the bacterial
chromosome, or (2) as integrated units attached to
the bacterial chromosome and replicating with it.

Compare with plasmid.

epistasis the nonreciprocal interaction of nonalle-
lic genes. The situation in which one gene masks the
expression of another. The recessive gene apterous
(ap) in Drosophila produces wingless homozygotes.
In such individuals, any other recessive gene affect-
ing wing morphology will have its action masked.
The apterous gene is said to be epistatic to a gene
like curled wing, which is hypostatic to ap. See Ap-
pendix C, 1900, Bateson; Bombay blood group.



epistatic gene See epistasis.

epithelium a tissue that forms the surface of an or-
gan or organism. For example, the outer skin is an
epithelial tissue; the cells lining the gut and respira-

tory cavities are also epithelial cells.

epitope the antigenic determinant on an antigen
to which the paratope on an antibody binds.

epizoite a nonparasitic sedentary protoctist or ani-
mal living attached to another animal.

epoch in geological time, a major subdivision of a
geological period. See geologic time divisions.

eponym a word, phrase, or abbreviation derived
from the name of a person or place. Eponyms often
honor the discoverers of laws or other phenomena
and the inventors of methods or techniques. Exam-
ples are Hardy-Weinberg law, Lyon hypothesis, Hal-
dane rule, Batesian mimicry, Rabl orientation,
Ouchterlony technique, and Miller spread. Genetic
diseases are often named after the physicians who
first described them (e.g., Down syndrome and Tay-
Sachs disease), or, more rarely, after the patients in
which the conditions were first recognized (e.g.,
Christmas disease and hemoglobin Lepore). Names
of places and institutions are sometimes used as
medical eponyms (e.g., Bombay blood group and he-
moglobin Barts). The names of scientists who gave
the first descriptions of various organs, organelles,
and submicroscopic life forms are also honored with
eponyms (e.g., Malpighian tubule, Golgi apparatus,
Cajal body, and Epstein-Barr virus). In most epo-
nyms the possessive form (’s) is avoided. There are
about 120 eponyms distributed among the definition
headings of this dictionary.

epoxide a family of chromosome-breaking, alkyl-
ating agents. Di(2,-3 epoxy)propyl ether is an ex-
ample.
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Epstein-Barr virus (EBV) a DNA virus of the her-
pes group discovered in 1964 by M. A. Epstein and
Y. M. Barr in cultures of Burkitt lymphoma cells.
EBV is the cause of infectious mononucleosis, and it
has an integration site on human chromosome 14.
See Burkitt lymphoma, virus.
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equational division a division of each chromo-
some into equal longitudinal halves that are incorpo-
rated into two daughter nuclei. It is the type of divi-

sion seen in mitosis.
equatorial plate See mitosis.

Equidae the horse family and its extinct ancestors.
Living species include the domesticated horse,
Equus caballus; the donkey, E. asinus; and three spe-
cies of zebras. The earliest horse genus in the fossil
record is Hyracotherium (q.v.). See Appendix A,
Mammalia, Perissodactyla; horse; horse-donkey hy-
brids.

equilibrium centrifugation See centrifugation sep-
aration.

equilibrium dialysis See dialysis.

equilibrium population a population in which the
allelic frequencies of its gene pool do not change
through successive generations. An equilibrium can
be established by counteracting evolutionary forces
(e.g., a balance between selection and mutation
pressures) or by the absence of evolutionary forces.

See Hardy-Weinberg law.

equine referring to members of the horse family,

especially the domestic horse Equus caballus.

Equus the genus that contains two domesticated
species: E. caballus, the horse (2N = 64), and E. asi-
nus, the donkey (2N =62). E. przewalskii, the Asi-
atic wild horse or taki (2N = 66), can produce fertile
hybrids with domesticated horses. The species name
comes from Nikolai Przewalski, the Russian natural-
ist who described takis in 1883. Takis are descen-
dants of the horses like those shown in the ancient
cave paintings of Lascaux, France. About 50 genes
have been mapped for E. caballus. See Appendix E;
horse (for a listing of breeds), horse-donkey hybrids.

ER endoplasmic reticulum (g.v.).

era in geological time, a major division of a geo-
logical eon. See geologic time divisions.

ergastoplasm
ulum.

rough-surfaced endoplasmic retic-

ergosome polysome (g.v.).

error-prone repair a process first demonstrated in
E. coli exposed to UV light that allows DNA replica-
tion to occur across thymine dimers (q.v.), but at the
cost of fidelity of replication. The resulting strand
often has incorrect nucleotides inserted opposite the
UV photoproducts in the template. See Appendix C,
1967, Witkin; SOS response.
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errors See statistical errors.

erythroblastosis the discharge of nucleated red
blood corpuscles from the blood-forming centers
into the peripheral blood.

erythroblastosis fetalis a hemolytic disease of in-
fants due to Rh incompatibilities between the fetus
and its mother. See Appendix C, 1939, Levine and
Stetson; Rh factor, RhnoGAM.

erythrocyte the hemoglobin-containing cell found
in the blood of vertebrates.

erythrolabe See color blindness.

erythromycin an antibiotic (illustrated above) pro-
duced by Streptomyces erythieus. It inhibits protein
synthesis by binding to the 50S subunits of 70S ribo-
somes. See cyclohexamide, ribosome, ribosomes of
organelles.

erythropoiesis the production of erythrocytes

(q-v).

erythropoietin a glycoprotein cytokine (q.v.) pro-
duced by the kidney; it regulates the production of
red blood cells. See Janus kinase 2.

escaper See breakthrough.

Escherichia coli the “colon bacillus,” the organism
about which the most molecular genetics is known.
The genus is named after Theodore Escherich, the
German bacteriologist who first described E. coli in
1885. The distances between genes presented on its
circular linkage map are measured in minutes, based
on interrupted mating experiments (q.v.). E. coli is
of preeminent importance in recombinant DNA re-
search, since it serves as a host for a wide variety
of viral, plasmid, and cosmid cloning vectors. Given
glucose and inorganic salts, E. coli can synthesize all
the compounds it requires for life. Its chromosome
is a circular DNA molecule that contains 4,639,221

base pairs. Some 4,288 ORFs have been identified.
The functions of 40% of these are unknown. The
average distance between genes is 118 bp. The aver-
age size of a protein encoded by an ORF is 317
amino acids. The arrangement of genes that control
flagellar synthesis is nearly identical to that of Salmo-
nella typhimurium. The largest functional group of
genes consists of 281 that encode transport and
binding proteins. Of these, 54 are ABC transporters
(q.v.). The E. coli chromosome is a host for many
prophages and cryptic prophages (g.v.). See Appen-
dix A, Bacteria, Proteobacteria; Appendix C, 1946,
Lederberg and Tatum; 1953, Hayes; 1956, 1958, Ja-
cob and Wollman; 1961, Jacob and Monod, Niren-
berg and Matthaei; 1963, Cairns, Jacob and Brenner;
1969, Beckwith et al.; 1972, Jackson et al.; 1973,
Cohen et al.; 1997, Blattner et al., Lawrence and
Oschman; Appendix E, Individual Databases; inser-
tion sequence, lambda (A) bacteriophage, operon, Sal-
monella, sympatric speciation, virulence plasmids.

Escherichia coli databases See Appendix E.

essential amino acids
diet of a species because these molecules cannot be
synthesized from other food materials; in contrast to
nonessential amino acids that can be synthesized by
normal members of the species. See amino acid.

amino acids required in the

EST expressed sequence tag. See sequence tagged
site (STS).

established cell line a cell line (g.v.) that demon-
strates the potential to be subcultured indefinitely in
vitro. HeLa cells (q.v.) represent an established cell
line.

estivate aestivate (g.v.).
estradiol a steroidal estrogen.
estrogen an ovarian hormone that prepares the

mammalian uterus for implantation of an embryo;
also responsible for development of secondary sex-
ual characteristics in females.
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estrous cycle a seasonal cycle of reproductive ac-
tivity dependent upon endocrine factors. If the or-
ganism has one estrous period per year, it is called
monestrous, if more than one, polyestrous.

estrus 1. the period of reproductive activity. 2. the

estrous cycle.

ethidium bromide a compound used to separate
covalent DNA circles from linear duplexes by den-
sity gradient centrifugation. Because more ethidium
bromide is bound to a linear molecule than to a co-
valent circle, the linear molecules have a higher den-
sity at saturating concentrations of the chemical and
can be separated by differential centrifugation. It is
also used to locate DNA fragments in electropho-
retic gels because of its fluorescence under ultravio-
let light.

—Ch\ /C—C\\ //C—NHZ

c—C c—CH
N =N* Br
= r
g=c/ \CH
/ N\ \2
HC CH CH
\ C// 3
H

Ethiopian designating or pertaining to one of the
six biogeographic realms (q.v.) of the world; it in-
cludes Africa, Iraq south of the Tropic of Cancer,
Madagascar, and the adjacent islands.

ethological behavioral.

ethological isolation the failure of related species
or semispecies to produce hybrid offspring because
of differences in their mating behaviors. See alles-
thetic trait, courtship ritual, mate choice, species rec-

ognition.
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the scientific study of animal behavior,

ethology

particularly under natural conditions.

ethylene a gas (H,C=CH,) generated by plant
cells, which functions as a growth regulator. It inhib-
its the elongation of stems, while promoting their
growth in diameter. It also accelerates the ripening
of fruit and, in conjuction with auxin (q.v.), can
stimulate the growth of lateral roots. In Arabidopsis
thaliana, mutations of the ETRI gene confer resis-
tance to ethylene. The protein encoded by ETRI
contains ethylene-binding sites and so plays a role in
transduction of the ethylene signal.

ethylene dinitrilotetra-acetic acid See EDTA.

ethyl methane sulfonate (EMS) one of the most
commonly used mutagenic alkylating agents. The
most common reaction of EMS is with guanine
(q.v.), where it causes an ethyl group to be added to
the number 7 nitrogen. Alkylation of guanine allows
it to pair with thymine. Then, during replication,
the complementary strand receives thymine rather
than cytosine. Thus, EMS causes base substitutions
of the transition type.

1
cmcnz-o—klcl,—cri3

etiolation
light, consisting of small, yellow leaves and abnor-

a plant syndrome caused by suboptimal

mally long internodes.
etiology the study of causes, especially of disease.
E, trisomy syndrome See Edwards syndrome.

Euarchontoglires a clade which groups together
five mammalian orders because of similarities in the
sequences of the nucleotides in a sample of their
genes. It contains the Rodentia, Lagomorpha, Scan-
dentia, Dermoptera, and Primates. See Appendix A.

Eubacteria a subkingdom of the Prokaryotae (see
Appendix A) composed of bacteria that, unlike the
archaebacteria, contain neuraminic acid (gq.v.) in
their cell walls. They also differ from archaebacteria
in the composition of their tRNAs, rRNAs, and their
RNA polymerases. See TATA box-binding protein.

eucaryote See eukaryote.
Eucaryotes See Eukaryotes.
euchromatic containing euchromatin.

euchromatin the chromatin that shows the stain-
ing behavior characteristic of the majority of the
chromosomal complement. It is uncoiled during in-
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terphase and condenses during mitosis, reaching a
maximum density at metaphase. In polytene chro-
mosomes, the banded segments contain euchroma-
tin. See heterochromatin.

eugenics the improvement of humanity by alter-
ing its genetic composition by encouraging breeding
of those presumed to have desirable genes (positive
eugenics), and discouraging breeding of those pre-
sumed to have undesirable genes (negative eugen-

ics). The term was coined by Francis Galton.

Euglena gracilis a flagellated protoctist belonging
to the Euglenida (See Appendix A). It was in this spe-
cies that circular molecules of DNA from chloro-
plasts were first observed. Later when the complete
nucleotide sequence of chDNA was determined,
genes were identified with introns and twintrons (in-
trons within introns). See Appendix C, 1961, Man-
ning et al; 1972, Pigott and Carr; 1993, Hallick
et al.

eukaryon the highly organized nucleus of an eu-
karyote.

eukaryote a member of the superkingdom Eukary-
otes (q.v.).
Eukaryotes the superkingdom containing all or-

ganisms that are, or consist of, cells with true nuclei
bounded by nuclear envelopes and that undergo
meiosis. Cell division occurs by mitosis. Oxidative
enzymes are packaged within mitochondria. The su-
perkingdom contains four kingdoms: the Protoctista,
the Fungi, the Animalia, and the Plantae. See Appen-
dix A, Eukaryotes; Appendix C, 1937, Chatton; TATA
box-binding protein. Contrast with Prokaryotes.

eumelanin one of the pigment molecules found in
the coat and pigmented retinal epithelium of mam-
mals. It is derived from the metabolism of tyrosine
and is normally black in color. Its precise coloration
is affected by a large number of mutant genes. See
agouti, MCTR gene, melanin.

Eumetazoa the subdivision of the animal kingdom
containing organisms possessing organ systems, a
mouth, and digestive cavity. See Appendix A.

euphenics the amelioration of genotypic malad-
justments brought about by efficacious treatment of
the genetically defective individuals at some time in
their life cycles.

euploid
mosome number is an exact multiple of the basic
number of the species from which it originated. See

polyploidy.

a polyploid cell or organism whose chro-

eupyrene sperm See sperm polymorphism.

eusocial a social system in which certain individu-
als incur obligate sterility, but enhance their fitness
by aiding their collateral kin to rear their offspring.
For example, sterile female worker bees may rear
the offspring of their fertile sister queens. Eusocial
animals exhibit (1) cooperative care of the young;
(2) a reproductive division of labor (i.e., certain
castes are sterile or less fecund); and (3) an overlap
of at least two generations (i.e., the offspring assist
the parents during some period of their lives). Many
eusocial species, such as bees and ants, are haplodi-
ploid (g.v.). However, in eusocial naked mole rats
and snapping shrimp (Synalpheus regalis) both males
and females develop from fertilized (diploid) eggs.
See inclusive fitness.

euthenics the control of the physical, biological,
and social environments for the improvement of hu-
manity.

eV electron volt.

evagination an outpocketing.

eversporting
individuals that, instead of breeding true, produce
variations of a specific sort in succeeding genera-
tions. Such strains generally contain mutable genes.

referring to a strain characterized by

evocation the morphogenetic effect produced by
an evocator (g.v.).

evocator the morphogenically active chemical
emitted by an organizer.

evolution those physical and biological changes
that take place in the environment and the organ-
isms occupying it during geological time. The organ-
isms undergo hereditary transformations in their
form, functioning, and behavior making their de-
scendants different from their ancestors in adaptive
ways. Therefore lineages accumulate successive ge-
netic adaptations to the way of life that characterizes
the species. Potentially reversible changes in the
gene pool of a population constitute microevolution.
Irreversible changes result in either anagenesis (g.v.)
or cladogenesis (g.v.). The production of novel adap-
tive forms worthy of recognition as new taxa (e.g.,
the appearance of feathers on a reptilian ancestor) is
considered to define a new taxon—Aves (birds).
Such changes are classified as macroevolutionary.
See adaptive radiation, Archaeopteryx, cladogram,
concerted evolution, Darwin's finches, Dollo law,
founder effect, genetic drift, gradualism, intron ori-
gins, in vivo evolution, Linnean Society of London,
mtDNA lineages, natural selection, Origin of Species,



orthogenesis, parasite theory of sex, punctuated equi-
limbrium, sexual selection, speciation.

evolutionarily derived character
classification.

See phylogenetic

evolutionarily primitive character
netic classification.

See phyloge-

evolutionary clock See DNA clock hypothesis, pro-
tein clock hypothesis.

evolutionary rate rapid evolution is called rachy-
telic, slow evolution is called bradytelic, and evolu-
tion at an average rate is called horotelic.

evolutionary studies: milestones See Appendix
C, 1858, Darwin and Wallace; 1859, Darwin; 1868,
Huxley; 1872, Gulick; 1876, Wallace; 1891, Tutt;
1911, Robertson; 1917, Winge; 1930, Fisher; 1931,
Wright; 1932, Haldane; 1936, Sturtevant and Dobz-
hansky; 1937, Dobzhansky, Chatton; 1945, White;
1947, Mourant; 1948, Clausen, Keck, and Hiesey;
1952, Patterson and Stone, Bradshaw; 1955, Flor;
1956, Brown and Wilson; 1958, Kettlewell; 1961,
von Eherenstein and Lipman; 1962, Zukerkandl and
Pauling; 1963, Margoliash, Mayr; 1964, Hamilton;
1967, Spiegelman, Mills, and Peterson, Fitch and
Margoliash; 1968, Kimura, Wright; 1972, Kohne,
Chisson, and Hoger; 1974, Stebbins; 1977, Woese
and Fox; 1978, Schwartz and Dayhoff; 1981, Mar-
gulis; 1983, Kimura and Ohta; 1985, Carson; 1987,
Cann, Stoneking and Wilson; 1988, Kazazian et al;
1990, Maliki, Schughart and McGinnis; 1991, Bal-
dwin et al., Sogin, Ijdo et al.; 1992, Rivera and Lake,
Haig; 1993, Baldauf and Palmer; 1994, Morral et al.;
1995, Nilsson and Pelger, Wilson and Szostak, Horai
et al.; 1996, Burgher et al.; 1997, Krings et al.; 1999,
Petren, Grant, and Grant; 2000, Lemieux, Otis and
Thurmel, Singh and Kulathinal; 2001, Masden et
al., Nachman, Hoehstra and D’ Agostino; 2004, Rice
et al.

ewe a female sheep. See ram.

exaptation a character that provides a selective
advantage under current conditions but had a differ-
ent original function. For example, the metabolic
enzymes aldehyde dehydrogenase, glutathione trans-
ferase, and transketolase have been appropriated
(have undergone exaptation) as lens crystalins. Parts
of the old reptilian jaw became the ear bones of
mammals. The term predaption (g.v.) is also used for
molecules or more complex structures that were
present earlier and then switched function in re-
sponse to changed selective pressures. Exaptation is
the preferred term, since it does not suggest fore-
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sight or preplanning for the ultimate use of the
structure. See aptation.

exchange pairing the type of pairing of homolo-
gous chromosomes that allows genetic crossing over
to take place. Synaptonemal complexes (g.v.) play a
critical role in exchange pairing.

excision the enzymatic removal of a polynucleo-
tide segment from a nucleic acid molecule. See im-
perfect excision.

excisionase an enzyme required (in cooperation
with an integrase) for deintegration of prophage
from the chromosome of its bacterial host.

excision repair
synthesis.

See cut-and-patch repair, repair

excitation the reception of a quantum of energy
by an atomic electron: an altered arrangement of
planetary electrons in orbit about an atom resulting
from absorption of electromagnetic energy.

exclusion principle the principle according to
which two species cannot coexist in the same local-
ity if they have identical ecological requirements.

exclusion reaction the healing reaction of a
phage-infected bacterium that strengthens its enve-
lope and prevents entry of additional phages.

exconjugant 1. ciliates (e.g., paramecia) that were
partners in conjugation and therefore have ex-
changed genetic material. 2. a female (F) recipient
bacterial cell that has separated from a male (Hfr)
donor partner after conjugation and therefore con-

tains some of the donor’s DNA.

exergonic reaction a reaction proceeding sponta-
neously and releasing energy to its surroundings.

exocrine referring to endocrine glands that release
their secretory products into ducts that open on an
epithelial surface. Examples would be the sweat
glands and glands secreting mucus. Compare with
endocrine system.

exocytosis the discharge from a cell of materials
by reverse endocytosis (q.v.).

exogamy the tendency of an individual to mate se-
lectively with nonrelatives. Contrast with endogamy.

exogenic heredity transmission from generation
to generation of information in the form of knowl-
edge and various products of the human mind (i.e.,
books, laws, inventions, etc.).
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exogenote the new chromosomal fragment do-
nated to a merozygote (q.v.).

exogenous DNA DNA that originates outside an
organism (e.g., from another cell or virus).

exogenous virus a virus that replicates vegeta-
tively (productively in lytic cycle) and is not verti-
cally transmitted in a gametic genome.

exon a portion of a split gene (g.v.) that is in-
cluded in the transcript of a gene and survives pro-
cessing of the RNA in the cell nucleus to become
part of a spliced messenger of a structural RNA in
the cell cytoplasm. Exons generally occupy three dis-
tinct regions of genes that encode proteins. The first,
which is not translated into protein, signals the be-
ginning of RNA transcription and contains sequences
that direct the mRNA to the ribosomes for protein
synthesis. The exons in the second region contain
the information that is translated into the amino
acid sequence of the protein. Exons in the third re-
gion are transcribed into the part of the mRNA that
contains the signals for the termination of translation
and for the addition of a polyadenylate tail. See Ap-
pendix C, 1978, Gilbert; alternative splicing, intron,
leader sequence, polyadenylation, posttranscriptional
processing, terminators.

exon shuffling the creation of new genes by bring-
ing together, as exons of a single gene, several coding
sequences that had previously specified different
proteins or different domains of the same protein,
through intron-mediated recombination.

exonuclease an enzyme that digests DNA, begin-
ning at the ends of the strands.

exonuclease Ill an enzyme from E. coli that at-
tacks the DNA duplex at the 3’ end on each strand;
used together with S1 nuclease (q.v.) to create dele-
tions in cloned DNA molecules. Compare with Bal
31 exonuclease.

exonuclease IV an enzyme that specifically de-
grades single-stranded DNA. It initiates hydrolysis at
both the 3’ and 5’ ends to yield small oligonucleo-
tides. This enzyme is active in the presence of EDTA.

exopterygota hemimetabola (g.v.).

exoskeleton a skeleton covering the outside of the
body, characteristic of arthropods.

exotoxin a poison excreted into the surrounding
medium by an organism (e.g., certain Gram-positive
bacteria such as those causing diphtheria, tetanus,
and botulism). Exotoxins are generally more potent
and specific in their action than endotoxins (q.v.).

experimental error 1. the chance deviation of ob-
served results from those expected according to a
given hypothesis; also called random sampling error.
2. uncontrolled variation in an experiment. See anal-

ysis of variance.

explant
used to initiate an in vitro culture.

an excised fragment of a tissue or an organ

exponential growth phase that portion of the
growth of a population characterized by an expo-
nential increase in cell number with time. See sta-
tionary phase.

exponential survival curve a survival curve with-
out a shoulder, or threshold region, and that plots as

a straight line on semilog coordinates.

expressed sequence tags (ESTs) partial cDNA
(q.v.) sequences, generally 200-400 base pairs in
length, which are used as “tags” to isolate known or
new genes from genomic DNA. ESTs from hun-
dreds of organisms, including model organisms such
as the fruitfly, zebrafish, and mouse, are screened,
annotated, and stored in a publicly accessible com-
puter database, called dbEST. A database search us-
ing tools such as BLAST (gq.v.) can be undertaken for
sequence similarity between the EST and a putative
disease gene or between the EST’s amino acid se-
quence and partial amino acid sequence from a pro-
tein of interest. If sequence similarity is found, the
EST can be used as a probe (q.v.) to screen a library
(q.v.) for the gene in question. ESTs are a powerful
tool for quickly isolating a gene that codes for a
known protein, for identifying new genes, for identi-
fying transcription units in genomic sequences and
on physical maps (g.v.), and for gene comparisons
between organisms. See Appendix E, Individual Data-
bases; sequence tagged sites (STS).

expression vector cloning vehicles designed to
promote the expression of gene inserts. Typically, a
restriction fragment carrying the regulatory se-
quences of a gene is ligated in vitro to a plasmid con-
taining a restriction fragment possessing the gene
but lacking its regulatory sequences. The plasmid
with this new combination of DNA sequences is
then cloned under circumstances that promote the
expression of the gene under the control of the regu-
latory sequences.

expressivity the range of phenotypes expressed by
a given genotype under any given set of environmen-
tal conditions or over a range of environmental con-
ditions. For example, Drosophila homozygous for
the recessive gene “eyeless” may have phenotypes
varying from no eyes to completely normal eyes, but



the usual condition is an eye noticeably smaller than
normal.

expressor protein the product of a regulatory
gene, necessary for the expression of one or more
other genes under its positive transcriptional control.

extant living at the present time, as opposed to ex-
tinct.
exteins external protein sequences that flank an in-

tein (q.v.) and are ligated during protein splicing
(g.v.) to form a mature protein.

extended phenotype See phenotype.

extinction termination of an evolutionary lineage
without descendants. See mass extinction, pseudoex-
tinction, taxonomic extinction.

extrachromosomal inheritance See extranuclear

inheritance.

extragenic reversion
ond gene that eliminates or suppresses the mutant
phenotype of the first gene. See suppressor mutation.

a mutational change in a sec-

extranuclear inheritance non-Mendelian heredity
attributed to DNA in organelles such as mitochon-
dria or chloroplasts; also called extrachromosomal
inheritance, cytoplasmic inheritance, maternal in-
heritance.

extrapolation number in target theory (q.v.) the
intercept of the extrapolated multitarget survival
curve with the vertical logarithmic axis specifying
the survival fraction. The extrapolation number
gives the number of targets that each must be hit at
least once to have a lethal effect on the biological
system under study.

3.0

extrapolation number
2.0k

Fraction Surviving

0.4 L 1 1 L s
1 2 3 4 5 6
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extremophiles archaean microbes that not only
can survive in environments that are too hot, cold,
salty, acidic, or alkaline for most bacteria (and all
eukaryotes) but also in some cases require one or
more of these extremes to survive. Heat-loving mi-
crobes are referred to as thermophilic (q.v.). Those
that prefer both heat and acid conditions are called
thermoacidophiles (q.v.). Psychrophils are cold lovers,
barophils survive at high pressures, and alkaliphils
survive best at a pH of about 8 (above pH 8, RNA
molecules begin to break down). Salt-loving mi-
crobes are termed halophiles (q.v.). Some of the en-
zymes produced by extremophiles can function well
outside the range of environments in which the en-
zymes of most other organisms would be inacti-
vated. These catalysts are termed extremozymes. Ex-
tremophiles use a variety of processes to maintain
a less harsh milieu within their cells. For example,
acidophils tend to prevent acid from entering the
cell and may also produce some molecules that re-
side on the cell wall and underlying cell membranes
that provide protection from low pH in the external
environment. Tag DNA polymerase (g.v.) is an ex-
tremozyme that allowed automation of the poly-
merase chain reaction (q.v.). More recently, Taq
polymerase has been replaced by Pfu DNA polymer-
ase (q.v.) from the hyperthermophile Pyrococcus furi-
osus because it works best at 100°C and has superior
proofreading activity that produces high-fidelity am-
plification.

extremozymes See extremophiles.

exuvial an adjective describing an animal in the
process of molting. The word is derived from exu-
viae, the cast-off exoskeletons of arthropods. See ec-
dysis.

ex vivo referring to experiments in which geneti-
cally defective cells from an individual are removed
and cultured in vitro. After a period of multiplica-
tion, wild-type genes are added to the cells to cor-
rect the defect. These modified cells are then re-
turned to the donor. See gene therapy.

eye evolution modeling Nilsson-Pelger model of
eye evolution (q.v.).

eyeless (ey) a Drosophila gene located at 4-2.0
that controls eye development. Mutations result in
the complete loss or the reduction in size of the
compound eye. Also severe defects occur in the
brain structures essential for vision, olfaction, and
the coordination of locomotion. The most studied
mutation, ey’, is caused by the insertion of a trans-
posable element (gq.v.) in the first intron of the gene.
The ey’ phenotype is the result of cell death in the



eye imaginal discs (q.v.) during the third larval in-
star. The ey gene is expressed in the eye primordium
in the embryo during the development of the eye
imaginal disc and in the pupa when rhodopsin (q.v.)
is being synthesized. Also, eyeless is expressed in the
cells of Bolwig organs (q.v.) which serve as larval
eyes. The ey transcription unit is about 16 kb long.
Two transcripts are produced by alternative splicing
(g.v.). The Ey proteins are 838 and 857 amino acids
long, and they function as transcription factors
(q.v.). The proteins contain an N-terminal paired
(g.v.) domain and a homeobox (q.v.). The wild-type
allele of eyeless is a master control gene for eye mor-
phogenesis in this species. This has been shown by
experimentally activating the gene in imaginal discs
that normally give rise to organs other than eyes.
After eclosion, flies appear with organized clusters

of ommatidia on their antennae, legs, halteres, and
wings. A Drosophila head that bears a “minieye” on
one antenna is shown in the frontispiece. Since eye
development in Drosophila is controlled by more
than 2,500 genes, most of these must be under the
direct or indirect control of ey’. The Small eye (Sey)
(q-v.) genes of mice and rats and the Aniridia (q.v.)
gene of humans are homologs of the eyeless gene. Ey
homologs have also been found in the zebrafish,
quail, chicken, sea urchin, and squid. The squid ho-
mologous gene when activated in developing Dro-
sophila also initiates the formation of ectopic eyes.
These findings suggest that all metazoans share the
same master control genes for eye morphogenesis.
See Appendix C, 1995, Halder et al.; developmental
control genes, downstream genes, Drosophila tar-
geted gene expression technique.
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F 1. Wright’s inbreeding coefficient 2. fluorine. 3.
Fahrenheit. 4. fertility factor.

F, first filial generation; the offspring resulting
from the first experimental crossing of plants or ani-
mals. The parental generation with which the ge-
netic experiment starts is referred to as P, (q.v.). See
Appendix C, 1900, Bateson.

F, the progeny produced by intercrossing or self-
fertilization of F, individuals.

Fab that fragment of a papain-digested immuno-
globulin molecule that bears a single antigen-binding
site and contains one intact light chain and a portion
of one heavy chain. See immunoglobulin.

F(ab), fragment that fragment of a pepsin-digested
immunoglobulin molecule that contains portions of
two heavy chains and two intact light chains and
bears two antigen-binding sites. See immunoglobulin.

Fabry disease a hereditary disease of glycosphin-
golipid metabolism in humans. The disease results
from a mutation in the X-linked gene that codes for
lysosomal alpha galactosidase A (q.v.). The enzyme
defect causes the accumulation of glycosphingolipids
in lysosomes of blood vessels and leads to vascular
malfunctions. Fabry disease can be detected in utero
by demonstration of a lack of alpha galactosidase A
activity in amniocytes of XY fetuses. Heterozygous
females can be documented by cloning cultured skin
fibroblasts followed by the demonstration of two cell
populations, one normal and one lacking enzyme
activity (see dosage compensation). Hemizygotes
survive to sexual maturity, so the mutation is trans-
mitted by both heterozygotes and hemizygotes.
Prevalence 1/40,000 males. The disease was de-
scribed in 1898 by the German dermatologist Johan-
nes Fabry. An English surgeon, William Anderson,
discovered it independently in the same year. The
condition is most commonly referred to as Fabry dis-
ease but sometimes as Fabry-Anderson or Anderson-
Fabry disease or syndrome.

facet ommatidium (gq.v.).
factor 8 See antihemophilic factor.
factor 9 See plasma thromboplastin component.

factorial a continuing product of factors, calling
for the multiplication together of all the integers

from one to the given number. Factorial four means
1 x 2 x 3 x4=24. The usual factorial symbol is an
exclamation point (1) following the largest number
in the series. Thus factorial four is written 4!

facultative having the capacity to live under more
than one specific set of environmental conditions.
For example, a facultative parasite need not live as a
parasite (if another food source is available). A facul-
tative apomict may reproduce sexually or asexually
depending upon environmental conditions. Compare
with obligate.

facultative heterochromatin  See heterochromatin.
FAD flavin adenine dinucleotide, a coenzyme (g.v.).
Fagus sylvatica the European beech tree.

Fahrenholz rule the hypothesis that in groups of
permanent parasites the classification of the parasites
corresponds directly with the natural relationships of
their hosts. For example, closely related species of
mammals are generally parasitized by closely related
species of lice. The rule is based on the assumption
that the intimate associations of parasites with their
hosts necessitate that they evolve and speciate in
harmony with their hosts. As a result of this coevo-
lution, speciation and patterns of divergence in host
taxa are paralleled by their parasites. An underlying
assumption of the Fahrenholz rule is that there is no
dispersal of parasites between unrelated hosts. The
eponym honors the German entomologist, Heinrich
Fahrenholz, who formulated the concept. See re-
source tracking.

falciparum malaria See malaria.

fallout the radioisotopes generated by nuclear
weapons that are carried aloft and eventually fall to
the earth’s surface and contaminate it.

false negative, false positive See statistical errors.

familial Down syndrome See translocation Down
syndrome.

familial amyotrophic lateral sclerosis (FALS) the
hereditary form of amyotrophic lateral sclerosis
(ALS) (g.v.). Five to ten percent of the cases of ALS
are hereditary and about 20% of these are due to
SOD mutations. See superoxide dismutase.
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156 familial hypercholesterolemia (FH)

familial hypercholesterolemia (FH) a human he-
reditary disease characterized by an elevation in the
plasma concentration of low-density lipoproteins
(LDLs). FH is inherited as an autosomal dominant,
and the gene responsible resides on the short arm of
chromosome 19 at region 13.2-3. The prevalence of
heterozygotes is about 1/500 among American, Eu-
ropean, and Japanese populations, and this makes
FH among the most common hereditary diseases.
Homozygotes are rare (1 per million in the U.S.A.).
The gene is 45 kilobase pairs long and contains 18
exons that encode the low-density lipoprotein re-
ceptor (LDLR). This glycoprotein is made up of 839
amino acids, which are grouped into five domains.
These are (1) the ligand-binding domain, (2) the
domain showing homology to the precursor of the
epidermal growth factor (g.v.), (3) the domain con-
taining bound chains of carbohydrates, (4) the trans-
membrane domain, and (5) the cytoplasmic domain.
The first domain is negatively charged, and it binds
to the positively charged LDL particle. The second
is essential for the normal recycling of the receptors.
The third stabilizes the receptor. The fourth con-
tains hydrophobic amino acids, and it spans the
plasma membrane and anchors the LDLR to the
cell. The fifth is necessary for clustering the recep-
tors into coated pits. There is a direct relationship
between the structural domains and exon sequences.
For example, domain 2 is encoded by exons 7-14
and domain 5 by exons 17 and 18. Mutations of the
LDLR gene result from insertions, deletions, and
missense or nonsense mutations. Most mutations pre-
vent the synthesis of LDLRs. The second most com-
mon mutant class generates LDLRs that cannot exit
the endoplasmic reticulum. In a third mutant class
LDLRs are transported to the cell surface, but can-
not bind LDL particles. Finally, there is a rare group
of mutant LDLRs that can bind LDL particles, but
cannot cluster into coated pits. In most heterozy-
gotes, receptor activity is one-half normal and in
homozygotes LDLRs are absent. Deficient receptor-
mediated endocytosis (g.v.) causes LDLs to accumu-
late in the plasma. Cholesterol is deposited on arte-
rial walls and atherosclerosis results. The disease is
far more serious in homozygotes than in heterozy-
gotes. See Appendix C, 1975, Goldstein and Brown;
plasma lipoproteins, WHHL rabbit.

family 1. in taxonomy, a cluster of related genera.
2. a set of parents (mother and father, sire and dam,
etc.) together with their children (progeny, off-
spring) constitutes a nuclear family; an extended fam-
ily could include half-sibs, aunts, uncles, grandpar-
ents, and/or other relatives. 3. gene family. See
multigene family.

family selection artificial selection of an individu-
al(s) to participate in mating(s) based on the merits
of other members of the same family exclusive of

parents and ancestors (e.g., full sibs or half sibs).

Fanconi anemia the first inherited disease in
which hereditary chromosome fragility was estab-
lished. The disease is characterized by a pronounced
reduction in the number of erythrocytes, all types of
white blood cells, and platelets in the circulating
blood. Chromosome aberrations are common and
usually involve nonhomologous chromosomes. In
the Bloom syndrome (gq.v.), most chromosome inter-
changes are between homologous chromosomes.
The disease may result from a defect in the transport
of enzymes functioning in DNA repair from cyto-
plasm to nucleus.

fast component 1. in reassociation kinetics, the
first components to renature, containing highly re-
petitive DNA. 2. in electrophoresis, the molecules
that move farthest in a given time from the origin.

fast green an acidic dye used in cytochemistry.
The structure is shown on page 157.

fat a glycerol ester of fatty acids. Glycerol tripalmi-
tate may be taken as an example:

Hz—cl_o—co—(cm)“cn3
H—C—0—CO—(CH,),,CH,
H,—C—0~CO—(CH,);,CH,

fat body the adipose tissue found in larval and
adult insects. These organs behave in many ways like
the livers of vertebrates. The fat body is involved in
the metabolism of glycogen and fats. It synthesizes
and secretes into the hemolymph proteins such as
vitellogenin (q.v.) which are taken up by the oocyte.
The fat body responds to different infections by syn-
thesizing and secreting peptides with antifungal
properties like drosomycin or antimicrobial proper-
ties like diptericin. See innate immunity.

fate map a map of an embryo in an early stage of
development that indicates the various regions
whose prospective significance has been established
by marking methods.

fatty acid an acid present in lipids, varying in car-
bon content from C, to Cs,. Palmitic acid may be
taken as an example: CH;3(CH,);;COOH.

fauna the animal life in a given region or period of
time.

favism a hemolytic response to the consumption
of beans produced by Vicia faba (q.v.). Breast-fed
babies whose mothers had ingested fava beans have
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also developed favism. Various compounds in fava
beans are enzymatically hydrolyzed to quinones,
which generate oxygen radicals. Red blood cells de-
ficient in glucose-6-phosphate dehydrogenase (g.v.)
have a marked sensitivity to oxidating agents and
lyse when oxygen radicals are abundant. The toxic
properties of fava beans have been known for centu-
ries in Mediterranean cultures where glucose-6-
phosphate dehydrogenase deficiency (g.v.) is a com-
mon hereditary disease. Favism generally occurs in
males hemizygous for the A” or M alleles of the Gd
gene.

FBNI  See fibrillin.

F" cell a bacterial cell possessing a fertility (F) fac-
tor extrachromosomally in a plasmid. An F* cell can
donate the F factor to an F~ cell during conjugation.
If the F factor integrates into the bacterial chromo-
some, the cell becomes an Hfr (g.v.), capable of
transferring chromosomal genes. See F factor.

F~ cell a bacterial cell devoid of an F factor and
that therefore acts only as a recipient (“female”) in
bacterial conjugation.

Fc fragment that crystallizable fragment (hence
the name) of a papain-digested immunoglobulin
molecule that contains only portions of two heavy
chains and no antibody binding sites. This fragment
does, however, bind complement and is responsible
for the binding of immunoglobulin to various types
of cells in a non-antigen-specific manner. See immu-
noglobulin.

F. receptor a cell-surface component of many cells
of the immune system responsible for binding the F.

portion of immunoglobulin molecules.
F-duction See sexduction.

fecundity potential fertility or the capability of re-
peated fertilization. Specifically, the term refers to
the quantity of gametes, generally eggs, produced
per individual over a defined period of time. See fer-
tility.

feedback the influence of the result of a process
upon the functioning of the process.

feedback inhibition end product inhibition (q.v.).

feeder cells irradiated cells, capable of metaboliz-
ing but not of dividing, that are added to culture me-
dia to help support the growth of unirradiated cells.

feline leukemia virus an oncogenic RNA virus.

Felis catus the house cat, a domesticated version
of the African wild cat Felis silvestris. Its haploid
chromosome number is 19, and about 600 genes
have been mapped. Of all the non-primate species
for which DNA sequences are available, the cat’s ge-
nome is the closest to the human. Cats and humans
have about 200 disease-associated genes that are or-
thologs. The complete 17,009 bp sequence is known
for the mtDNA of cats. See Appendix A, Animalia,
Eutheria, Carnivora, Appendix E; cat for a listing of
breeds, tortoiseshell cat.
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female carrier in human pedigrees, a woman who
is heterozygous for a recessive, X-chromosomal gene.

female gonadal dysgenesis

(q-v)-

female pronucleus the haploid nucleus of a fe-
male gamete, which functions in syngamy.

Turner syndrome

female-sterile mutation one of a class of muta-
tions that cause female sterility generally because of
a developmental block during oogenesis. Recessive
female-sterile mutations are common in Drosophila
melanogaster and Bombyx mori. Dominant female-
steriles are much rarer.

female symbol ¢ the zodiac sign for Venus, the
goddess of love and beauty in Roman mythology.
The sign represents a looking glass.

F-episome See fertility factor.

F’-episome an F-episome carrying a genetically
recognizable fragment of bacterial chromosome.

feral pertaining to formerly domesticated animals
now living in a wild state.

fermentation an energy-yielding enzymatic break-
down of sugar molecules that takes place in bacteria
and yeasts under anaerobic conditions. See Appendix
C, 1861, Pasteur.

ferritin an iron storage protein found in the liver
and spleen, containing up to 20% of its weight in
the form of iron. It consists of a protein component
(apoferritin) and colloidal micelles of ferric hydrox-
ide-ferric phosphate. Ferritin is often conjugated to
proteins such as immunoglobulins, thus enabling
their locations within tissues to be determined in
electron micrographs due to the great electron scat-
tering property of the iron atoms. See Appendix C,
1959, Singer.

ferritin-labeled antibodies See ferritin.

fertile crescent a crescent-shaped region in the
Middle East that in ancient times stretched along the
eastern shore of the Mediterranean Sea through the
valleys of the Tigris and Euphrates Rivers to the Per-
sian Gulf. This region was a very early center of agri-
culture and was the place where most of the major
domesticated animals and several of the world’s
crops were first farmed (9,000 to 4,500 B.C.).

fertility the productivity of an individual or popu-
lation in terms of generating viable offspring. The
term is often used to refer to the number of off-
spring generated by a female during her reproduc-
tive period. In human genetics, the term effective fer-

tility is used to refer to the mean number of offspring
produced by individuals suffering from a hereditary
disease as compared to the mean number of off-
spring produced by individuals free from the disease,
but otherwise very similar. Effective fertility thus
gives an indication of the selective disadvantage of
the disease. Compare with fecundity.

fertility factor F factor (q.v.).

fertility restorer a dominant nuclear gene in corn
that nullifies the effect of a cytoplasmic male-steril-
ity factor.

fertilization the union of two gametes to produce
a zygote. See Appendix C, 1769, Spallanzani; 1875,
Hertwig; double fertilization, syngamy.

fertilization cone a conical projection protruded
from the surface of certain eggs at the point of con-
tact with the fertilizing sperm.

fertilization membrane
outward from the point of contact of the egg and
sperm and rapidly covers the surface of the egg.

a membrane that grows

fertilizin a substance secreted by the ovum of
some species, that attracts sperm of the same spe-
cies.

fetus (alternative spelling, foetus) a post-embry-
onic, unborn or unhatched vertebrate that has devel-
oped to a stage where its major body parts resemble
those of the mature animal. The term is usually ap-
plied to viviparous (q.v.) animals. In humans, a fetus
is identified from approximately the eighth week of
gestation until birth. Determination of the legal and
moral status of a human fetus is a major area of de-
bate in ethics, law, and public policy. See embryo,
gestation period.

Feulgen-positive stained by the Feulgen proce-
dure and therefore containing DNA.

Feulgen procedure a cytochemical test that uti-
lizes the Schiff reagent (q.v.) as a stain and is specific
for DNA. See Appendix C, 1924, Feulgen and Ros-
senbeck; 1950, Swift; 1951, Chiba; 1959, Cheévre-
mont et al.

F factor (fertility factor) a supernumerary sex
chromosome, symbolized by F, that determines the
sex of E. coli. In the presence of the F episome, the
bacterium functions as a male. F is a circular DNA
molecule made up of about 94,000 base pairs, about
2.5% the amount in the E. coli chromosome. About
one-third of the genes in the F chromosome are in-
volved in the transfer of male genetic material to the
female, including the production of the F-pilus, a



hollow tube through which DNA is transferred dur-
ing conjugation. See circular linkage map, F-prime fac-
tor, Hfr strain, MS2, pilus.

F’ factor

fibrillin a 2,871 amino acid glycoprotein associ-
ated with microfibrils about 10 nanometers in diam-
eter. The protein is found in skin, tendon, bone,
muscle, lung, kidney, blood vessels, and the suspen-
sory ligament of the lens. Fibrillin contains 49 EGF
domains. The protein is encoded by a gene symbol-
ized by FBN1, and mutations in it are responsible
for an inherited disease called Marfan syndrome
(g.v.). See epidermal growth factor.

See F-prime factor.

fibrin  See blood clotting.
fibrinogen See blood clotting.
fibroblasts spindle-shaped cells responsible for the

formation of extracellular fibers such as collagen
(q.v.) in connective tissues.

fibroin the major protein component of silk (q.v.).
fibronectin a dimer made up of two similar pro-
tein subunits. Each has an Mr of 250,000, and the
two are joined at one end by disulfide bonds. The
proteins are modular in the sense that they are di-
vided into a series of domains, each with specific
binding properties. For example, there are different
domains that bind specifically to actin, to collagen,
and to certain receptor proteins embedded in the
plasma membranes of cells. Fibronectin mediates
the attachment of cells to collagenous substrates,
participates in the organization of stress fibers, and
facilitates cell-to-cell adhesions. The fibronectin
gene contains a series of exons, and there is one-to-
one correspondence of exons to the protein-binding
domains. Fibronectins exist in a variety of isoforms,
many of which result from alternative splicing (q.v.).
See peripheral protein.

fiducial limits See confidence limits.

field See prepattern.
filaform thread-shaped.

filamentous phage a bacterial virus (e.g., M13,
fd) that specifically infects male (donor) cells and
carries a single strand of DNA within a filamentous
protein coat. A filamentous phage forms a double-
stranded replicative form (g.v.) during its life cycle.

filial generations any generation following the pa-
rental generation. Symbolized F,, F,, etc.

filopodia very thin, fingerlike extensions of the
plasma membrane; used by cells that move by amoe-
boid locomotion.
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filter hybridization exposing DNA, denatured to
single strands and immobilized on a nitrocellulose
filter, to a solution of radioactively labeled RNA or
DNA; only hybrid double-stranded molecules re-
main on the filter after washing. Compare with liquid
hybridization. See Appendix C, 1975, Benton and
Davis.

filter route a migration path along which only a
few species can easily disperse.

filtration enrichment a method for the isolation
of nutritional mutants in fungal genetics. Mutagen-
ized spores are placed upon a minimal medium.
Normal spores germinate and send out an exten-
sive mycelial network. These colonies are then fil-
tered off, and the remaining germinated spores that
show poor mycelial development are grown upon
a supplemented medium, where each produces
enough mycelia to allow further propagation and
study.

fimbria (plural fimbriae) a thin filament that ex-
tends from the surface of a microorganism and func-
tions to facilitate the adhesion of the cell to other
cells or to the substratum. Fimbriae occur in large
numbers on a given cell, and they are not to be con-
fused with conjugative pili. Fimbriae occur on Gram-
negative bacteria and certain fungi. Each fimbria
consists of linear repeating molecules of a protein

called fimbrillin. See P blood group, pilus.
fimbrillins
Bacteria that are able to synthesize fimbrillin H
avoid destruction by phagolysosomes (g.v.). This is

adhesive proteins of fimbriae (q.v.).

because endocytosis by caveolae (q.v.) is triggered
when FimH binds to a receptor in the caveolae in
the host cell.

finalism
ing directed (by some rational force) toward an ulti-
mate goal. See teleology (of which this is a special
case); see also orthogenesis.

a philosophy that views evolution as be-

fine-structure genetic mapping the high-resolu-
tion analysis of intragenic recombination down to
the nucleotide level.

fingerprinting technique
od employed to determine differences in amino acid

in biochemistry, a meth-

sequences between related proteins. The protein un-
der study is enzymatically cleaved into a group of
polypeptide fragments. These are separated in two
dimensions: first by paper electrophoresis that sepa-
rates peptides on the basis of net charge and second
by partition chromatography that separates peptides
on the basis of their degree of polarity (affinity for
the hydrated cellulose support, which is highly po-
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lar). The result will be a two-dimensional array of
spots, the “fingerprint.” This is compared to the stan-
dard fingerprint. The difference in the position of
one spot in the case of the Hb® and Hb" fingerprints
led to the discovery that the normal and mutant he-
moglobins differed in a single amino acid substitu-
tion. See Appendix C, 1957, Ingram; nucleic acid fin-
gerprinting.

finished sequence in genome sequencing, a high-
quality DNA sequence that is contiguous (or nearly
contiguous) and has a high rate of sequence accu-
racy. With an error rate of 0.01%, i.e., just one error
per 10,000 bases, The Human Genome Project
(q.v.) produced data with 99.99% accuracy. The
finished sequence of the human genome was ready
in 2003. Compare with draft sequence. See Appendix
C, 2003, The International Human Genome Se-
quencing Consortium.

fireflies beetles belonging to the family Lampyri-
dae. They are unique in being able to flash their ab-
dominal luminescent organs on and off. The rhythm
of the flashes is species specific. Males fly about in
the evening flashing their signals. Receptive females
on the ground respond with a delayed signal which
guides males to them. See luciferase, mimicry.

first-arriver principle a theory proposing that the
first individuals to colonize a new environment or to
become adapted to a specific niche acquire thereby
a selective advantage over later arrivals, merely be-
cause they got there first; also known as “king-of-
the-mountain” principle.

first cousin  See cousin.

first-degree relative when referring to a specific
individual in a pedigree (g.v.), any relative who is
only one meiosis away from that individual (a par-
ent, a sibling, or an offspring). Any relative with
whom one half of one’s genes are shared. Contrast
with second-degree relative.

first-division segregation ascus pattern in asco-
mycetes, a 4-4 linear order of spore phenotypes
within an ascus. This pattern indicates that a pair
of alleles (e.g., those controlling spore pigmentation)
separated at the first meiotic division, because no
crossovers occurred between the locus and the cen-

tromere. See ordered tetrad.

first-order kinetics the progression of an enzy-
matic reaction in which the rate at which the prod-
uct is formed is proportional to the prevailing sub-
strate concentration, with the result that the rate
slows gradually, and the reaction never goes to com-
pletion. See zero-order kinetics.

FISH fluorescence in situ hybridization (q.v.).

fission 1. binary fission (q.v.). 2. nuclear fission
(a.v).

fitness the relative ability of an organism to sur-
vive and transmit its genes to the next generation.

fixation
rations of tissues for microscopic study. The proce-
dure aims at killing cells and preventing subsequent
decay with the least distortion of structure. See fixa-
tive, genetic fixation, nitrogen fixation.

the first step in making permanent prepa-

fixative
sues for cytological or histological study. It precipi-
tates the proteinaceous enzymes of tissues and so
prevents autolysis, destroys bacteria that might pro-
duce decay of the tissue, and causes many of the cel-
lular constituents to become insoluble.

a solution used for the preparation of tis-

fixing in photography, the removal of the un-
changed halide after the image is developed. An
aqueous solution of sodium thiosulfate (hypo) is
used.

flagellate a protoctist belonging to the Zoomasti-
gina or Euglenophyta. See Appendix A.

flagellin a member of a family of proteins that are
a major component of the flagellae of prokaryotes.
The flagellins found in the archaea are distinct in
composition and assembly from those of bacteria.

flagellum (plural flagella) 1. in prokaryotes, a
whip-like motility appendage present on the surface
of some species. Bacterial flagellae range in length
from 2 to 20 nanometers. Bacteria having a single
flagellum are called monotrichous; those with a tuft
of flagella at one pole are called lophotrichous; and
those with flagella covering the entire surface are
called peritrichous. Antigens associated with flagella
are called H antigens. Compare with pilus. 2. in eu-
karyotes, flagellum refers to a threadlike protoplas-
mic extension containing a microtubular axoneme (q.v.)
used to propel flagellates and sperm. Flagella have
the same basic structure as cilia (q.v.), but are longer
in proportion to the cell bearing them and are pres-
ent in much smaller numbers (most sperm are mo-
notrichous). In recent literature, flagellum is restricted
to prokaryotic mobility appendages, and the term
flagellum in eukaryotes has been replaced by unduli-
podium (q.v.).

flanking DNA nucleotide sequences on either side
of the region under consideration. For example, the
hallmarks of a transposon (g.v.) are (1) it is flanked
by inverted repeats at each end, and (2) the inverted
repeats are flanked by direct repeats.
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Flavin adenine dinucleotide

flavin adenine dinucleotide (FAD)
composed of riboflavin phosphate and adenylic acid.
FAD forms the prosthetic group of enzymes such as
d-amino acid oxidase and xanthine oxidase.

a coenzyme

flavin mononucleotide riboflavin phosphate, a
coenzyme for a number of enzymes including 1-
amino acid oxidase and cytochrome ¢ reductase.
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a protein requiring FMN or FAD to

flint corn  See corn.

flora the plant life in a given region or period of
time.

floral organ identity mutations homeotic muta-
tions (g.v.) in which one floral organ has been re-
placed by another. For example, in Arabidopsis thali-
ana (q.v.) the apetala 2 mutations have sepals
converted into carpels and petals into stamens. In
apetala 3 mutants, petals are converted into sepals
and stamens into carpels. In the agamous mutant,

stamens are converted to petals and carpels to sepals.
The ingenious “ABC model” illustrated on page 162
explains the bizarre phenotypes of the mutant flow-
ers. In the normal flower (matrix I) a class A gene
(APETALA 2) produces an A morphogen, a class B
gene (APETALA 3) produces a B morphogen, and a
Class C gene (AGAMOUS) produces a C morpho-
gen. Whorl 1 (W)) meristems produce sepals when
A morphogen is present. Whorl 2 (W,) meristems
produce petals when A and B morphogens are pres-
ent. W3 meristems produce stamens when B and C
are present, and W, meristems produce carpels
when only C is present. The apetala 2 mutant lacks
morphogen A (matrix II), the apetala 3 mutant lacks
morphogen B (matrix III), and the agamous mutant
lacks morphogen C (matrix IV). Furthermore, C
genes must inhibit A genes in W3 and W, (matrix
IV), and A genes must inhibit C genes in W, and W,
(matrix II). Homeotic mutations allow the genes,
normally inactivated, to express themselves. The po-
sitions in the matrices where this happens are
starred. The proteins encoded by homeotic floral
identity genes contain a conserved sequence of 58
amino acids. This presumably binds to DNA in much
the same way as the homeobox of Hox genes (g.v.).
See Appendix C, 1996, Krizek and Mayerowitz; An-
tennapedia, Antirrhinum, cadastral genes, floral organ
primordia, meristems.

floral organ primordia meristematic cells that give
rise to the organs of flowers. The primordia are ar-
ranged into four concentric whorls as shown on page
162. The leaf-like sepals form whorl number 1 at the
periphery. The showy petals form whorl 2, inside the
first. The stamens, the male reproductive organs,
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form whorl 3 (inside whorl 2), and the carpels, the
female reproductive organs, form central whorl 4. See
Appendix A, Plantae, Angiospermae; Arabidopsis
thaliana, floral identity mutations, meristems.

floret a small flower from an inflorescence, as in a
grass panicle.

flour corn  See corn.

flow cytometry a technology that utilizes an in-
strument in which particles in suspension and
stained with a fluorescent dye are passed in single
file through a narrow laser beam. The fluorescent
signals emitted when the laser excites the dye are
electronically amplified and transmitted to a com-
puter. This is programmed to instruct the flow
cytometer to sort the particles having specified prop-
erties into collecting vessels. Human mitotic chro-
mosomes can be sorted to about 90% purity by this
technique.

flower the specialized reproductive shoot of angio-
sperms (q.v.). Perfect flowers bear both pistils and
stamens. Imperfect flowers bear either pistils or sta-
mens. A plant bearing solely functional staminate or
pistillate flowers is said to be dioecious. A plant bear-
ing (1) imperfect flowers of both sexual types (corn
is an example), or (2) perfect flowers (the garden
pea), or (3) staminate, pistillate, and perfect flowers
(the red maple, for example) is said to be monoe-
cious. See androgynous.

FLP/FRT recombination a system of site-specific
recombination (g.v.) found in the yeast and based
on the yeast two-micron plasmid. This plasmid is an

autonomously replicating, circular plasmid of 6,318
base pairs, which exists in many copies in most
strains of S. cerevisiae (g.v.). It encodes a site-specific
recombinase (g.v.) called the FLP (pronounced
‘flip’) protein. FLP acts on the FLP recombination
target (FRT) located within two 599-base pair in-
verted repeats in the plasmid DNA and catalyzes re-
combination between the inverted repeats. This re-
combination event inverts, or ‘flips’, part of the
plasmid with respect to the remainder, and this is
essential for plasmid amplification. FLP can also in-
duce recombination between direct FRT repeats or
between FRTs on different DNA molecules. In the
former case, the recombination event results in exci-
sion of intervening DNA and an FRT. This fact has
been exploited to experimentally induce site-specific
recombination in Drosophila and other organisms. In
Drosophila this is done by placing FLP under the
control of a heat shock protein promoter, and the
gene under study between two flanking FRT direct
repeats. These DNAs are then integrated into the
Drosophila genome by germ line transformation
(q.v.). Under heat-shock conditions, FLP catalyzes
recombination between the FRTs, resulting in exci-
sion of the gene of interest. The descendants of cells
without such a gene show a null phenotype. This
system can thus produce somatic or germ line mosa-
ics for specific genes.

fluctuation test a statistical analysis first used by
Luria and Delbriick to prove that selected variants
(q.v.), such as bacteriophage-resistant bacteria, are
spontaneous mutants that arose prior to the expo-
sure to the selective agent. They reasoned that if



bacterial mutation is an event that is rare, discontin-
uous, and random, then there should be a marked
fluctuation in the number of resistant variants pres-
ent, at a given time, in a large number of indepen-
dent cultures, each of which was grown from a small
inoculum. The number of variants per sample would
fluctuate because some cultures would contain large
numbers of variants arising from the division of an
early mutant, while in other cultures mutants occur-
ring later during the growth of the culture would
produce clones of smaller size. Conversely, in sepa-
rate samples taken from a single culture inoculated
under identical conditions the variability in the
number of mutants should be much less. However,
if the agent used for selection induced the muta-
tions, then the distribution of the number of mu-
tants in any population of samples should be inde-
pendent of the previous history of the culture. Since
it was found that the variance was much larger when
samples came from independent cultures than when
they were taken from the same culture, it was con-
cluded that spontaneous mutation was the source of
the variants. See Appendix C, 1943, Luria and Del-
briick.

fluid mosaic concept a model in which the cell
membrane is considered to be a two-dimensional
viscous solution consisting of a bilayer of highly ori-
ented lipids. The layer is discontinuous, being inter-
rupted by protein molecules that penetrate one or
both layers. See Appendix C, 1972, Singer and Nich-

olson; lipid bilayer model.

fluke
the class Trematoda. Flukes of medical importance
are members of the order Digenea. These parasites
have molluscs as intermediate hosts. See schistosomi-
asis.

a common name for flatworms belonging to

fluourescein an orange-red compound that yields
a bright-green fluorescence when exposed to ultravi-
olet light. When conjugated to a specific antibody,
this dye provides a means of localizing the antigen
when the stained cell is viewed with a fluorescence
microscope.

fluorescence See luminescence.

fluorescence in situ hybridization (FISH) this
technique uses synthetic polynucleotide strands that
bear sequences known to be complementary to spe-

flying spot cytometer 163

cific target sequences at specific chromosomal sites.
The polynucleotides are bound via a series of linking
molecules to a fluorescent dye that can be detected
by a fluorescence microscope. This probe is then in
situ hybridized to the cells to be tested. The fluo-
rescence signals observed under the microscope per-
mit the number, size, and location of the target se-
quences to be determined with speed and precision.
See chromosome painting, in situ hybridization.

fluorescence microscopy the usual methods of
microscopical examination are based on observing
the specimen in the light transmitted or reflected by
it. Fluorescence microscopical preparations are self-
luminous. In most biological preparations the tissue
sections are stained with a fluorochrome, a dye that
emits light of longer wavelength when exposed to
blue or ultraviolet light. The fluorescing parts of the
stained object then appear bright against a dark
background. The staining techniques are extremely
sensitive and can often be used in living materials.
See Appendix C, 1970, Caspersson, Zech, and Johan-

sson.

fluorescent antibody technique a method for lo-
calizing a specific protein or other antigen in a cell
by staining a section of the tissue with an antibody
specific for that antigen. The antibody is tagged di-
rectly or indirectly by a fluorochrome for detection
under a fluorescence microscope. See immunofluo-

rescence.

fluorescent screen a sheet of material coated with
a substance such as calcium tungstate or zinc sulfide
that will emit visible light when irradiated with ion-
izing radiation. Such screens are used in TV sets and

as the viewing screens of electron microscopes.

fluorine a biological trace element. Atomic num-
ber 9; atomic weight 18.9984; valence 17; most
abundant isotope '°F.

fluorochrome a fluorescent dye that can be conju-
gated to a compound that binds to a specific cell
component. An example would be a fluorescein-
labeled antibody of rodaminylphalloidin (g.v.).

flush end synonymous with blunt end. See restric-
tion endonuclease.

flying spot cytometer an instrument used in cyto-
metric DNA measurements. The heterogenous dis-
tribution of Feulgen stain within a nucleus leads to
distributional errors when a single measurement is
made of light transmission to estimate the amount
of dye bound in the nucleus. Flying spot cytometers
scan a defined microscopic area while making thou-
sands of measurements with a minute measuring
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spot. The sum of these point absorbance measure-
ments as determined by a built-in computer is pro-
portional to the true absorbance of the specimen.
See Feulgen procedure, microspectrophotometer.

F-mediated transduction sexduction.

f-met N-formylmethionine (q.v.)

f-met-tRNA the complex between N-formylme-
thionine and its transfer RNA.

FMN flavine mononucleotide, a coenzyme.

FMR-1 gene See fragile X-associated mental retar-
dation.

foci 1. regions of growth of tumor cells appearing
as raised clusters above a confluent monolayer of
cells in tissue culture. 2. opaque pocks appearing on
the chorioallantoic membrane of a developing chick
embryo that has been infected with certain viruses
such as herpes viruses.

focus map a fate map (q.v.) for regions of the Dro-
sophila blastoderm determined to become adult
structures, inferred from the frequencies of specific
kinds of mosaics.

foldback DNA
that have renatured by intrastrand reassociation be-
tween inverted repeats; hairpin DNA.

single-stranded regions of DNA

folic acid the anti-pernicious-anemia vitamin. It is
a compound made up of three components: a pteri-
dine (q.v.), p-aminobenzoic acid, and glutamic acid.
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Pteridine
derivative

p-amino-
benzoic acid

glutamic acid

The active form of folic acid is tetrahydrofolate.
This compound contains hydrogen atoms attached
to nitrogens 5 and 8 and carbons 6 and 7. The en-
zyme dihydrofolate reductase catalyzes certain of
these addition reactions. Tetrahydrofolate is an es-
sential coenzyme in the biosynthesis of thymidylic
acid. Thus, folic acid analogs like aminopterin and
methotrexate block nucleic acid synthesis. Exposure
to ultraviolet radiation causes the breakdown of fo-
late. In light-skinned people, half the folate in the
bloodstream can be lost during an hour’s exposure
to sunlight. Women should take folic acid before
and during pregnancy because too low folate levels
can cause neural tube defects in fetuses.
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follicle-stimulating hormone (FSH) a glycopro-
tein hormone that stimulates the growth of ovarian
follicles and estrogen secretion. It is produced by the
adenohypophysis of vertebrates.

Folling disease See phenylketonuria.

footprinting a technique for identifying a segment
of a DNA molecule that is bound to some protein
of interest, on the principle that the phosphodiester
bonds in the region covered by the protein are pro-
tected against attack by endonucleases. A control
sample of pure DNA and one of protein-bound
DNA are subjected to endonuclease attack. The re-
sulting fragments are electrophoresed on a gel that
separates them according to their lengths. For every
bond position that is susceptible, a band is found on
the control gel. The gel prepared from the protein-
bound DNA will lack certain bands, and the missing
bands identify the length of the site covered by the
protein.

Forbes disease a hereditary glycogen storage dis-
ease in humans arising from a deficiency of the en-
zyme amylo-1,6-glucosidase. Inherited as an auto-
somal recessive. Prevalence 1/100,000.

forensic DNA analysis See DNA forensics.

formaldehyde CH,O, a colorless gas readily solu-
ble in water and having mutagenic properties. See
Appendix C, 1946, Rapoport; formalin.

formalin an aqueous solution of formaldehyde
(q.v.) commonly used as a fixative, which functions
through cross linking protein molecules.

formamide a small organic molecule that com-
bines with the free NH, groups of adenine and
prevents the formation of A-T base pairs, thereby
causing denaturation of double-stranded DNA. See
stringency. o
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formylkynurenine the vermilion-plus substance
(g.v.) in Drosophila melanogaster. See Drosophila eye
pigments.
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formylmethionine See N-formylmethionine.
forward genetics See reverse genetics.

forward mutation a change in a gene from wild-
type (normal) allele to a mutant (abnormal) allele.

fossil any remains or traces of former life, includ-
ing shells, bones, footprints, etc. exposed in rocks.
Compare with living fossil.

founder cells See compartmentalization.

founder effect the principle that when a small
sample of a larger population establishes itself as a
newly isolated entity, its gene pool carries only a
fraction of the genetic diversity represented in the
parental population. The evolutionary fates of the
parental and derived populations are thus likely to
be set along different pathways because the different
evolutionary pressures in the different areas occu-
pied by the two populations will be operating on dif-
ferent gene pools. See Appendix C, 1947, Mourant;
1980, Templeton; cystic fibrosis (CF), Huntington dis-
ease (HD), peripatric speciation, porphyrias, Rh factor.

fox See Vulpes vulpes.

FOXP2
ment of speech in children. See speech-language dis-
order 1 (SPCH1).

a gene required for the proper develop-

fowl  See poultry breeds.

fowl achondroplasia hereditary chondrodystro-
phy affecting certain breeds of chickens (Scots,
Dumpies, Japanese Bantams). The condition is in-
herited as an autosomal dominant. Homozygotes die
as embryos. See achondroplasia.

fowl leukosis See leukemia.
F-pilus See F factor.

F-prime (F’) factor a bacterial episomal fertility
(F) factor containing an additional portion of the
bacterial genome. F-prime factors have been most
extensively studied in E. coli.

fragile X-associated mental retardation
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fractionated dose the treatment of an organism
by a series of short exposures to mutagenic radia-
tions.

fraction collector an automated instrument that
collects consecutive samples of fluids percolating

through a column packed with porous material.

Frageria a genus of perennial, stoloniferous herbs
belonging to the order Rosales. Various species are
cultivated for their delicious fruits. Frageria vesca,
the wood strawberry, is diploid, while F. ananassa,
the garden strawberry, and F. chiloensis, the Chilean
strawberry, are both octoploids. The haploid chro-
mosome number is 7, and the haploid genome is 164
Mbp of DNA. See modular organism, runner.

fragile chromosome site a nonstaining gap of
variable width that usually involves both chromatids
and is always at exactly the same point on a specific
chromosome derived from an individual or kindred.
Such fragile sites are inherited in a Mendelian co-
dominant fashion and exhibit fragility as shown by
the production of acentric fragments and chromo-
some deletions. In cultured human cells, fragile sites
are expressed when the cells are deprived of folate
or thymidine or if methotrexate is added to the me-
dium. See folic acid, fragile X—associated mental retar-
dation. http://www .fraxa.org.

fragile X-associated mental retardation a mod-
erate degree of mental retardation (IQs around 50)
found in males carrying an X chromosome that has
a fragile site at the interface of bands q27 and g28.
The frequency of such hemizygotes is about 1.8 per
1,000. X-linked mental retardation accounts for
about 25% of all mentally retarded males. The frag-
ile X site contains a gene that is expressed in human
brain cells. The gene designated FMR-1 (fragile X
mental retardation 1) generates a 4.8-kilobase mRNA,
which encodes a protein containing 657 amino acids.
Upstream of the coding region of the gene is a seg-
ment in which the CGG triplet is repeated about 30
times. In cases where the CGG repeat is expanded
50-200 times, the cytologically detectable fragile X
phenotype appears. Males with this X* show normal
intelligence, but are transmitters. F, daughters who
receive this X" also have normal intelligence; how-
ever, the expansion of the CGG repeat is activated
in the X" once it is transmitted to the next genera-
tion. Since the expansion occurs during early devel-
opment, the F, children are genetic mosaics. Their
germ cells contain maternal X's with 50-200 re-
peats, but cells in other tissues may have thousands
of repeats. The FMR-1 gene is evidently inactivated
under such circumstances, and mental development
is impaired. Some 30% of the females and 50% of
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the males in this F, generation are retarded. See Ap-
pendix C, 1969, Lubs; 1991, Verkerk et al.; CpG is-
land, DNA methylation, fragile chromosome site, pa-
rental imprinting, trinucleotide repeats.

fragile X syndrome  See fragile X-associated mental
retardation.

frameshift mutation See reading frame shift.

framework region the highly conserved, relatively
invariant portion of the variable (V) region of an im-
munoglobulin chain, as distinguished from the hy-
pervariable segments of the V region.

fraternal twins See twins.

free energy that component of the total energy of
a system that can do work. See thermodynamics, sec-
ond law of.

freemartin a2 mammalian intersex arising due to
the masculinization of a female twin by hormones
from its male sibling when the fetal circulations are
continuous.

free radical
cule, bearing an atom with an unpaired electron,
that nonspecifically attacks a variety of organic struc-
tures, including DNA. The interaction of ionizing
radiation with water can generate hydroxyl and hy-
droperoxyl groups (free radicals that are potent oxi-
dizing agents). See superoxide anion.

an unstable and highly reactive mole-

free radical theory of aging aging due to the pro-
duction of reactive free radicals of oxygen that inflict
molecular damage to cell organelles, especially
DNA. These lesions accumulate with time and cause
a progressive reduction in viability. See antioxidant
enzymes.

freeze-drying a method of dehydrating a cell or
solution by rapidly freezing its moisture content to
ice. The solid material is then dried in the frozen
state under vacuum, so that ice sublimes directly to
water vapor with a minimization of shrinkage. See

lyophilize.

freeze-etching a technique for preparing biologi-
cal material for electron microscopy. Live or fixed
specimens are frozen in a liquid gas, such as freon or
nitrogen, and then placed in a Balzer freeze-fracture
apparatus. This is an instrument that allows frozen
tissues to be sectioned in a vacuum. The exposed
surface is allowed to sublime slightly (to etch), so
that surface irregularities that reflect the type and
distribution of cell constituents are accentuated. The
surface is then replicated, and the replica is stripped
away and viewed under the electron microscope.

Preparations made in this way provide useful infor-
mation concerning three-dimensional organization
of protein particles embedded in the lipoidal mem-
branes of cells.

freeze fracture a method for preparing samples for
electron microscopy; frozen samples are fractured
with a knife and the complementary surfaces are
cast in metal. See Appendix C, 1961, Moor et al.

frequency the most studied gene, which controls
the biological clock of Neurospora. Mutations of frq
either shorten or lengthen the period between co-
nidiations. The frq gene has been cloned, and it gives
rise to at least two processed transcripts. The longer
transcript arises from an ORF of 2,364 base pairs.
Although the predicted protein product of frq has
an amino acid sequence that shows no extended
similarities to any previously described protein,
there is a segment about 50 amino acids long with
sequence similarities to the per gene of Drosophila.
See period.

frequency-dependent fitness a phenomenon in
which the adaptive value of a genotype varies with
changes in allelic frequencies. For example, in Bate-
sian mimicry, mimics have greater fitness when they
are rare relative to their models. See mimicry.

frequency-dependent selection selection involv-
ing frequency-dependent fitness (g.v.). See Appendix
C, 1937; L’Héritier and Tiessier; 1951, Petit; minor-

ity advantage.

Freund adjuvant a widely used adjuvant contain-
ing killed, dried mycobacteria suspended in the oil
phase of a water-in-oil emulsion. The bacteriologist
Jules T. Freund developed this infusion and found
that it prolonged antibody synthesis when injected
together with the antigen.

Friend leukemia virus (FLV) a virus inducing leu-
kemia in mice and rats. It was discovered in 1956
by Charlotte Friend, who later showed that it was a
retrovirus (g.v.). It proved to be superior to work
with than the two other mammalian cancer viruses
previously discovered (mouse mammary tumor virus
and Gross mouse leukemia virus).

Fritillaria a genus of lilies. Species of this genus are
widely used in cytogenetic investigations because of
their large chromosomes. In fact the largest C value
(q.v.) so far recorded for a plant is 12.5 x 10" bp of
DNA for Fritillaria uva-vulpis.

frizzle a feather mutation in domestic fowl. FF in-
dividuals are “extreme frizzle,” with bristle feathers

that wear off easily; whereas Ff individuals are “mild



frizzle,” with more normal curly feathers. Frizzle
feather keratin shows a poorly ordered crystalline
structure, and its amino acid composition is ab-
normal.

fructification 1. a reproductive organ or fruiting
body. 2. the generation of fruit or spore-producing
structures by plants.

fructose a six-carbon hexose sometimes called lev-
ulose. It is a component of sucrose.
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fructose intolerance
metabolism inherited as an autosomal recessive. Pa-
tients lack fructose-1,6-diphosphatase. Symptoms
disappear if dietary fructose is restricted.

a disorder of carbohydrate

fruit the ripened ovary of the flower that encloses
the seeds.

fruit fly See Drosophila.
FSH follicle-stimulating hormone (g.v.).

F~ strain Escherichia coli behaving as recipients
during unidirectional genetic transfer.

F' strain  Escherichia coli behaving as donors during
unidirectional genetic transfer. See F factor.

F test See analysis of variance.
Fugu rubripes Takifugu rubripes (q.v.).

functional cloning in human genetics, the identi-
fication of the gene responsible for a disease from a
knowledge of the underlying molecular defect. If the
protein encoded by the gene is known, it is often
possible to isolate the appropriate mRNAs and to
use them, or cDNAs derived from them, as probes
for the gene. This was the first method used success-
fully to clone genes responsible for certain hereditary
diseases, such as sickle cell anemia, Tay-Sachs dis-
ease, and phenylketonuria. Contrast with positional
cloning. See cDNA, hereditary disease, mRNA, probe.

fundamentalism a conservative religious ideology
that holds the origin and diversity of life is by divine
creation, based upon a literal interpretation of the
biblical account of Genesis. See creationism.
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fundamental theorem of natural selection a the-
orem developed by R. A. Fisher according to which
the increase in fitness of a population at any given
time is directly proportional to the genetic variance
in fitness of its members.

Fungi the kingdom that contains yeasts, molds,
smuts, rusts, mushrooms, and other saprophytes.
These organisms are placed at the bottom of most
phylogenies that show the evolution of the eukaryo-
tic kingdoms. Their primitive characters include mi-
tochondria with plate-shaped cristae, a Golgi made
up of individual dictyosomes, and mitosis with an
endonuclear spindle. Fungi cannot perform endocy-
tosis, and they lack undullipodia and centrioles.
They reproduce by forming spores. See Appendix A,
Kingdom 3; opisthokonta.

funiculus the plant stalk bearing on ovule.

fused gene See fusion gene.

fused protein a hybrid protein molecule produced
when a gene of interest is inserted by recombinant
DNA techniques into a recipient plasmid and dis-
places the stop codon for a plasmid gene. The fused
protein begins at the amino end with a portion of
the plasmid protein sequence and ends with the pro-
tein of interest. Compare with polyprotein. See Ap-
pendix C, 1970, Yourno et al.

fushi tarazu (ftz) one of the pair rule selector
genes of Drosophila. The name means segment defi-
cient in Japanese. The ftz gene is located at 3-47.5,
within the Antennapedia complex, and it is first ex-
pressed within 7 vertical stripes of cells in the early
embryo. It has later functions during metamorphosis
when it specifies the identities of individual neurons
in the developing central nervous system. FTZ, the
protein encoded by ftz, contains a PEST sequence
(q.v.) and a homeobox (g.v.). FTZ functions as an
activator of the transcription of segment polarity
genes such as engrailed. But FTZ can also function as
a suppressor of transcription for genes such as wing-
less. See zygotic segmentation mutants.

fusidic acid an antibiotic that prevents translation
by interfering with elongation factor G.

fusion gene 1. a hybrid gene, composed of parts
of two other genes, arising from deletion of a chro-
mosomal segment between two linked genes or by
unequal crossing over. Hemoglobin Lepore (g.v.) is
an example of such a fused gene. See cone pigment
genes (CPGs), Philadelphia chromosome. 2. a labora-
tory construct consisting of regulatory elements from
one gene ligated to the structural elements of another.
Transgenic animals (q.v.) often carry fused genes.



fusome
the proper formation of germ line syncytia during
gametogenesis in both male and female insects. The

a cytoplasmic organelle that is required for

fusome arises from endoplasmic reticulum that tra-
verses the ring canals (g.v.) formed during successive
cycles of incomplete mitotic germ cell divisions.
After each division, a plug of fusomal material accu-
mulates in each newly-formed ring canal. This mate-
rial then fuses with the fusome(s) formed from the
previous division(s),
branched structure called a polyfusome is produced.

and ultimately a mature,

The polyfusome entry illustrates how this structure
directs the pattern of cystocyte interconnections by
anchoring one pole of each mitotic spindle, thus ori-
enting the plane of cell division. The first Drosphila

mutant shown to have fragmented fusomes was called
otu because it formed ovarian tumors made up of hun-
dreds of cells, most of which were not connected by
ring canals and which never differentiated into either
oocytes or nurse cells. Mitotic effectors such as cyclin
A (g.v.) have been shown to bind transiently with fu-
somes during G2 and prophase, and this suggests that
the fusomal system plays a role in the timing, syn-
chronization, and eventual cessation of cystocyte divi-
sions (g.v.). Among the other components identified
in fusomes are alpha and beta spectrins, ankyrin, an
adducin-like protein, dynein, and a protein encoded
by the bag of marbles gene. Mutations in this gene also
produce ovarian tumors. See adducin, bag of marbles
(bam), hu-li tai shao (hts).
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g gravity; employed in describing centrifugal
forces. Thus, 2,000 X g refers to a sedimenting force
2,000 times that of gravity.

G guanine or guanosine.

Gy, Gy, G, See cell cycle.

ga/gigaannum one billion years. The age of the
earth is 4.6 ga. See Appendix C, 1953, Patterson.

gain of function mutation a genetic lesion that
causes a gene to be overexpressed or expressed at
the wrong time. Such mutations often affect up-
stream elements that control the time in the life cy-
cle when a gene is turned on or the specific tissue in
which it is expressed. Gain of function mutations are
often dominant. Contrast with loss of function muta-
tions.

GAL4 a transcriptional activator protein encoded
by the gal4 gene of yeast and required for the ex-
pression of genes encoding galactose-metabolizing
enzymes. The GAL4 protein consists of two separa-
ble but essential domains (g.v.): an N-terminal (g.v.)
domain which binds to specific DNA sequences up-
stream (q.v.) from the various target genes, and a C-
terminal (q.v.) domain which is required to activate
transcription. These properties of GAL4 have been
exploited to develop the yeast two-hybrid system
(g.v.) for detecting protein-protein interactions and
the Drosophila targeted gene expression technique
(g.v.) for studying the functioning of master control
genes in various targeted tissues. See Appendix C,
1989, Field and Song; 1995, Halder et al.

galactose a six-carbon sugar that forms a compo-
nent of the disaccharide lactose and of various cereb-
rosides and mucoproteins. See beta galactosidase.
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galactosemia a hereditary disease in humans in-
herited as an autosomal recessive due to a gene on
the short arm of chromosome 9. Homozygotes suf-
fer from a congenital deficiency of the enzyme ga-
lactosyl-1-phosphate uridyl-transferase, and galac-
tose-1-phosphate accumulates in their tissues. They
exhibit enlargement of the liver and spleen, cata-
racts, and mental retardation. Symptoms regress if
galactose is removed from the diet. Prevalence 1/
62,000. See Appendix C, 1971, Meril et al.

galactosidase See alpha galactosidase, beta galac-
tosidase.

Galapagos finches See Darwin's finches.

Galapagos Islands a cluster of 14 islands that
straddle the equator 650 miles west of Ecuador.
Many of its species are found nowhere else in the
world, such as marine iguanas, flightless cormorants,
giant tortoises, and a special group of finches. The
five weeks Darwin spent exploring these islands in
1835 were the crucial weeks of his scientific life. See
Appendix C, 1837, Darwin; Darwin's finches; hot
spot archipelago.

Galapagos rift  See rift.

gall

an abnormal growth of plant tissues.

gallinaceous resembling domestic fowl.

Gallus gallus domesticus the domesticated
chicken, the bird for which the most genetic infor-
mation is available. Its ancestor is the Asian red jun-
gle fowl, from which it was domesticated around
8,000 BC. Its genome size is about 1 gbp and its
number of protein coding genes is ~23,000. Birds,
snakes, and lizards have two classes of chromo-
somes: macrochromosomes and microchromosomes.
In chickens there are 10 macrochromosomes and 29
microchromosomes. The fifth chromosome in length
is the metacentric Z, which occurs in duplicate in
males. The female has one Z and a smaller w chro-
mosome. The macrochromosomes including the Z
replicate synchronously. All the microchromosomes
replicate late and so does the w of females. Roughly
60% of all the protein coding genes in the chicken
have human orthologs. The haploid chromosome
number is 39. The female is the heterogametic sex
(ZW), whereas the male is the homogametic sex
(ZZ). There are over 200 genes that have been
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mapped. Estimated genome size is 1.125 x 10° base
pairs. See Appendix A, Chordata, Aves, Galliformes;
Appendix E; comb shape, plumage pigmentation
genes, poultry breeds.

Galton apparatus
cis Galton (illustrated below) consisting of a glass-
faced case containing an upper reservoir where balls
are stored. Below the reservoir are arranged row
after row of equally spaced pegs that stand out from
the wall, and below these is a series of vertical slots.
The balls are allowed to fall one at a time through a
central opening at the bottom of the reservoir. Since
each ball after striking a peg has an equal probability
of bouncing to the left or right, most will follow a
zigzag course through the pegs and will eventually
land in a central slot. The final distribution of balls
in the slots will be a bell-shaped one. The apparatus
demonstrates how the compounding of random
events will generate a family of bell-shaped curves.
See Appendix C, 1889, Galton.

an apparatus invented by Fran-
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Galton apparatus

gametangium an organ in which gametes are
formed. See antheridium, oogonium.

gamete a haploid germ cell. See Appendix C, 1883,
van Beneden.

game theory
the determination of optimum strategies where the
policies adopted depend on the most likely behav-
iors of two or more competitors. Game theory is

a mathematical theory dealing with

employed in mathematical models of species com-
petition.

gametic disequilibrium the nonrandom distribu-
tion into the gametes in a randomly mating popula-
tion of the alleles of genes occupying different loci.
The nonrandom distribution may result from linkage
of the loci in question or because the loci interact
with respect to their effects on fitness. See linkage
disequilibrium.

gametic meiosis See meiosis.

gametic mutation any mutation in a cell destined
to become a gamete, and therefore potentially he-
reditary. Compare with somatic mutation.

gametic number the haploid number of chromo-
somes (symbolized by N) characterizing a species.

gametoclonal variation the appearance of new
traits in haploid plants that grow in tissue culture
from anthers or other reproductive material rather
than from diploid body tissue as in somatoclonal
variation (q.v.).

gametocyte a cell that will form gametes through
division; a spermatocyte or oocyte.

gametogamy the fusion of gamete cells or nuclei.
gametogenesis the formation of gametes.

gametophore
gametangia.

a branch bearing a gametangium or

gametophyte the haploid phase (of the life cycle
of plants undergoing an alternation of generations)
during which gametes are produced by mitosis. See

sporophyte.

gamma chain one of the two polypeptides found
in fetal hemoglobin (g.v.).

gamma field a field where growing plants may be
exposed to chronic irradiation from a centrally
placed multicurie “Co gamma-ray source.

gamma globulin an antibody-containing protein
fraction of the blood. See Appendix C, 1939, Tiselius
and Kabat.

gamma ray an electromagnetic radiation of short
wavelength emitted from an atomic nucleus under-
going radioactive decay.

gamogony a series of cell or nuclear divisions that

eventually lead to the formation of gametes.

gamone a compound produced by a gamete to fa-
cilitate fertilization. Chemotactic sperm attractants
produced by eggs are examples.



gamont the haploid adult form of those protoctists
that have both haploid and diploid phases in their
life cycles. Gamonts function in sexual reproduc-
tion; they undergo gametogony to produce diploid
agamonts. Meiosis takes place in agamonts, and the
haploid agametes that result disperse, undergo mi-
totic divisions, and differentiate into gamonts, com-
pleting the cycle.

gamontogamy
sexual reproduction and the fusion of gamont nuclei
to produce agamonts.

the aggregation of gamonts during

ganglion
numerous cell bodies.

a small nervous-tissue mass containing

ganglioside a family of complex lipids containing
sphingosine, fatty acids, carbohydrates, and neura-
minic acid. The Gm2 ganglioside that accumulates
in the brain of patients with Tay-Sachs disease (q.v.)
is shown below. See Appendix C, 1935, Klenk.

gap the position where one or more nucleotides
are missing in a double-stranded polynucleotide con-
taining one broken chain.

Stearic Acid
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gap

gap genes a class of Drosophila genes that control
embryogenesis. Loss of function mutations result in
the loss of contiguous body segments, and therefore
gaps appear in the normal pattern of segmented
structures in the embryo. See zygotic segmentation
mutants.

gargoylism a term covering two genetically dis-
tinct hereditary diseases of connective tissue in hu-
mans, Hunter syndrome (q.v.) and Hurler syndrome

(q.v).
Garrod disease See alkaptonuria.

gas chromatography a chromatographic technique
in which an inert gas is used to sweep through a col-
umn the vapors of the materials to be separated.
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172 gas-flow radiation counter

gas-flow radiation counter a counter in which an
appropriate atmosphere is maintained in the sensi-
tive volume by allowing a suitable gas to flow slowly

through it.

gastrin a hormone secreted by the stomach that
causes secretion of digestive enzymes by other stom-
ach cells.

Gastropoda the class of molluscs containing the
snails. See Appendix A.

gastrula the stage of embryonic development
when the gastrulation movements occur.

gastrulation the complex cell movements that
carry those cells whose descendants will form the fu-
ture internal organs from their largely superficial
position in the blastula to approximately their de-
finitive positions inside the animal embryo. Prior to
gastrulation, the amphibian embryo relies on RNA
molecules pre-loaded into the ooplasm during oo-
genesis. During gastrulation, however, newly synthe-
sized nuclear gene products are required.

Gaucher disease the most common hereditary
disorder of glycolipid metabolism, due to mutations
in a gene on chromosome 1 at position q21. The
gene contains 11 exons, that encode a 7,500 base
pair transcript that specifies the enzyme glucocere-
brosidase. This cleaves glucose from cerebrosides,
and glucocerebrosides accumulate in lysosomes when
the enzyme is defective. Although the enzyme defi-
ciency exists in all the cells of persons with the dis-
ease, the cell primarily responsible for the syndrome
is the macrophage (g.v.). Macrophages swollen by the
accumulation of glucocerebrosides are called Gaucher
cells. An effective treatment involves infusing the
patient with a genetically engineered glucocerebrosi-
dase, which is specifically targeted to Gaucher cells.
Unfortunately, the treatment is tremendously ex-
pensive, amounting to $200,000 per year or more.
The most common mutations of the cerebrosidase
gene are missense mutations, and the positions of

the amino acid substitutions often determine whether
the condition will be mild or severe. Five common
mutations collectively account for over 95% of the
cases of Gaucher disease in the Ashkenazi Jewish
population. These alleles occur in a frequency far
higher than could be sustained by mutation. Hetero-
zygotes can be identified because their peripheral
leukocytes show lower enzyme levels. Homozygotes
can be detected in utero by assays run on cells ob-
tained by amniocentesis. Adjacent to the Gaucher
disease gene is a pseudogene that also contains 11
exons. In the regions present in both sequences, 96%
of the nucleotides are identical. The pseudogene is
smaller because of large deletions in four of the in-
trons and small deletions in two of the exons. Some
alleles responsible for Gaucher disease symptoms
appear to have arisen by rearrangements between
the structural gene and the pseudogene. The first de-
scription of the disease was published in 1882 by Dr.
Philippe Gaucher, hence the eponym. See Appendix
C, 1989, Horowitz et al.; Ashkenazi, cerebrosidase,
lysosomal storage diseases, Tay-Sachs disease. http://
www.gaucherdisease.org.

Gaussian curve See normal distribution.

G banding See chromosome banding techniques.
gb, gbp See gigabase, gigabase pairs.

GDB Genome Data Base (human) See Appendix E.

Geiger-Mueller (G-M) counter
filled radiation-measuring device.

a sensitive gas-

gel diffusion technique See immunoelectrophore-
sis, Ouchterlony technique, Oudin technique.

gemma (plural, gemmae) a multicellular, asexual
reproductive structure, such as a bud or a plant frag-
ment.

gemmules pangenes. See pangenesis.

gene the definition of a gene changes as more of
its properties are revealed. In the classical literature
it is defined as a hereditary unit that occupies a spe-

Characteristics of Genes Responsible for Five Human Diseases

Gene Size  mRNA Size No. of
Genetic Disease Protein Product (Kbp) (Kb) Introns
sickle-cell anemia beta chain of hemoglobin 1.6 0.6 2
hemophilia B factor 9 34 1.4 7
phenylketonuria phenylalanine hydroxylase 90 2.4 12
cystic fibrosis CF transmembrane- 250 6.5 26

conductance regulator

Duchenne muscular dystrophy  dystrophin, plus shorter 2300 14 78

isoforms



http://www.gaucherdisease.org
http://www.gaucherdisease.org

cific position (locus) within the genome or chromo-
some; a unit that has one or more specific effects
upon the phenotype of the organism; a unit that can
mutate to various allelic forms; and a unit that
recombines with other such units. Two classes are
now recognized: (1) genes that are transcribed into
mRNAs, which enter ribosomes and are translated
into polypeptide chains, and (2) genes whose tran-
scripts (tRNAs, rRNAs, snRNAs, etc.) are used di-
rectly. Class 1 genes are called structural genes or cis-
trons in the earlier literature. As shown in the table
on page 172, structural genes vary greatly in size.
Some genes that are transcribed into mRNAs can
undergo alternative splicing and generate a series of
structurally related proteins. There are also shorter
DNA segments that are not transcribed but serve as
recognition sites for enzymes and other proteins that
function during transcription or replication. Some of
these elements (i.e., operators) fulfill the classical
definition of genes, but now they are generally called
regulatory sequences. These should not be confused
with regulatory genes, which encode (1) proteins that
bind to regulatory sequences in other parts of the ge-
nome or (2) RNAs that inactivate entire chromo-
somes. The i gene of the lac operon is an example of
a regulatory gene of the first type. The Xist gene is an
example of the second type. It encodes an RNA that
inactivates an entire X chromosome and is responsi-
ble for dosage compensation in female mammals. See
Appendix C, 1909, Johannsen; 1933, Morgan; 1955,
Benzer; 1961, Jacob and Monod; 1975, King and
Wilson; dosage compensation, isoform, lac operon,
replicon, selector gene, transcription unit, Xist.

gene activation See genetic induction.

genealogy
group, or person from an ancestor or ancestors; lin-
eage; pedigree.

a record of the descent of a family,

gene amplification
DNA sequences are replicated to a disproportion-
ately greater degree than their representation in the
parent molecules. During development, some genes
become amplified in specific tissues; e.g.,, TRNA
genes amplify and become active during oogenesis,
especially in some amphibian oocytes (see [DNA am-
plification, Xenopus). Genes encoding Drosophila
chorion proteins are also amplified in ovarian follicle
cells. Gene amplification can be induced by treating
cultured cells with drugs like methotrexate (g.v.).
Gene amplification is a common and critically im-
portant defect in cancer cells. For example, a specific
set of autosomal genes is overexpressed in oral squa-
mous cell carcinomas. See Appendix C, 1968, Gall,
Brown, and Dawid; 1978, Schimke et al.; 2002, Hu-

any process by which specific
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ang et al.; amplicon, genomic equivalence, Podospora
anserina, Rhynchosciara, TAOS 1.

gene bank See genomic library.

GeneCards a database of human genes, their prod-
ucts, and their involvement in diseases assembled by
M. Rebhan and three colleagues at the Weizmann
Institute of Science, Rehovot, Israel. http://bioinfor-
matics.weizmann.ac.il/cards.

gene cloning
tical organisms, containing recombinant DNA mole-
cules, which can be propagated and grown in bulk,
thus amplifying the recombinant molecules.

creation of a line of genetically iden-

gene cloning vehicle See lambda cloning vector,
plasmid cloning vector.

gene cluster See multigene family.

gene conversion a situation in which the products
of meiosis from an AA” individual are 34 and 1A’ or
1A and 3A’, not 2A and 2A’ as is usually the case.
Thus, one gets the impression that one A gene has
been converted to an A’ gene (or vice versa). Gene
conversion is thought to involve a rare error in DNA
repair that occurs while recombination is going on
during meiotic prophase. A double-strand break in
one bivalent is enlarged to eliminate one allele of the
sister strand. When the gap is repaired, a non-sister
strand carrying the alternate allele is used as a tem-
plate, with the result that the tetrad comes to con-
tain three copies of one allele and one of the other.
Therefore gene conversion leads to the unequal re-
covery of alleles from DNA molecules that each
carry a pair of alleles, one normal and one defective.
The human Y chromosome contains several palin-
dromes (q.v.) in which are imbedded structural
genes that function in spermatogenesis. Within each
palindrome, multiple copies of structural genes
function as templates for repair of mutated genes. In
this way gene conversion prevents the Y from accu-
mulating sterility mutations. See Appendix C, 1935,
Lindgren; 2003, Skaletsky et al.

gene dosage the number of times a given gene is
present in the nucleus of a cell.

gene duplication the production of a tandem re-
peat of a DNA sequence by unequal crossing over
(q.v.) or by an accident of replication. Duplicated
genes created in these ways may subsequently evolve
new functions. See hemoglobin genes, repeat-in-
duced point mutation (RIP).

gene expression the display of genetic activity by
the synthesis of gene products that affect the pheno-
type. Some genes are active throughout the life of
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the cell or organism. Such genes, which are contin-
ually transcribed, show constitutive expression. Other
genes are transcribed only under certain environmen-
tal conditions or at specific times during develop-
ment. These genes show conditional expression. Most
genes are expressed in direct proportion to their
ploidy levels in the nucleus. However, there is a
small number of genes whose transcription rates are
increased disproportionally, or even decreased, as
polyploidy levels rise. See Appendix C, 1999, Galitski
et al.; constitutive mutation, derepression, DNA meth-
ylation, inducible system, operon, parental imprinting,
repressible system, selector gene, selfish operon.

gene family See multigene family.

gene flow the exchange of genes between differ-
ent populations of the same species produced by mi-
grants, and commonly resulting in simultaneous
changes in gene frequencies at many loci in the re-
cipient gene pool.

gene-for-gene hypothesis the proposal that dur-
ing their evolution a host and its parasite develop
complementary genetic systems, with each gene that
provides the host with resistance matched by a gene
in the parasite that confers susceptibility. The inter-
acting genes from the two species are called corre-
sponding genes, since for each gene that conditions
resistance in the host there is a corresponding gene
that conditions avirulence in the parasite, and the
products of the two genes interact. The product of
the resistance gene serves as a receptor for a ligand
produced by the parasite, directly or indirectly
through expression of an avirulence gene. The bind-
ing of receptor and ligand is the recognition event
that elicits through cellular signal transduction
(g.v.), a cascade of defense responses that constitute
the resistant phenotype. See Appendix C, 1955, Flor;
coevolution, Linum usitatissimum, Melampsora lini.

gene frequency the percentage of all alleles at a
given locus in a population represented by a specific
allele. Also referred to as allelic frequency (q.v.).

gene fusion the union by recombinant DNA tech-
niques of two or more genes that code for different
products, so that they are subject to control by the
same regulatory systems.

gene gun See particle-mediated gene transfer.

gene insertion any technique that inserts into a
cell a specific gene or genes from an outside source,
including cell fusion, gene splicing, transduction,
and transformation.

gene interaction interaction between different

genes residing within the same genome in the pro-

duction of a particular phenotype. Such interactions
often occur when the products of the nonallelic
genes under study function at steps in a sequence of
reactions that result in compounds which generate
the phenotype in question. These interactions can
produce variations from the classical genetic ratios.
An example would be the inheritance of aleurone
color in Zea mays. In order for the corn kernel to
possess colored aleurone, at least one A and one C
gene must be present. Given A and C in the hetero-
zygous or homozygous condition and, in addition, R
in the heterozygous or homozygous condition, then
a red pigment is produced. Purple pigment is syn-
thesized if P is present in addition to A, C, and R.
All four genes reside on different chromosomes.
Thus, if a plant of genotype AaCCRRPp is self-polli-
nated, the offspring will contain the following aleu-
rone classes: purple, red, and white in a 9: 3 : 4 ratio.
Here the 9:3:3:1 ratio has been converted into a
9:3:4 ratio, because the P gene cannot be ex-
pressed in the absence of A.

gene knockout See knockout.
gene library See genomic library.

gene machine an automated DNA synthesizer for
producing short DNA probes (generally 15-30 base
pairs long) or primer DNA (gq.v.) for use in a poly-
merase chain reaction (g.v.).

gene manipulation the formation of new combi-
nations of genes in vitro by joining DNA fragments
of interest to vectors so as to allow their incorpora-
tion into a host organism where they can be propa-
gated. See DNA vector, genetic engineering.

gene mapping assignment of a locus to a specific
chromosome and/or determining the sequence of
genes and their relative distances from one another

on a specific chromosome.

gene networking the concept that there exist func-
tional networks of genes which program early devel-
opment, and that genes which encode proteins with
multiple conserved domains serve to cross-link such
networks. Thus, a set of genes containing domain A
and a set containing domain B are linked by genes
containing both domains. The segmentation gene
paired (prd) of Drososphila illustrates the theory. It
contains a homeobox (q.v.) and a histidine-proline
repeat domain. This prd-specific repeat occurs in at
least 12 other genes, while the homeobox defines a
second gene set. Presumably, the prd product can in-
teract with products of genes containing only the
homeobox sequence or the histidine-proline repeat,
or both. The conserved domains are thought to serve
as the sites to which the proteins bind to specific



chromosomal regions to regulate neighboring genes.
See Appendix C, 1986, Noll et al.; eyeless.

Genentech, Inc. the first company to specialize in
recombinant DNA technology. It is located in South
San Francisco, California, and its name is a contrac-
tion of Genetic Engineering Technology. See Appen-
dix C, 1976, Boyer and Swanson; 1982, Eli Lilly.

gene pair in a diploid cell, the two representative
genes (either identical or nonidentical alleles) at a
given locus on homologous chromosomes.

gene pool the total genetic information possessed
by the reproductive members of a population of sex-
ually reproducing organisms.

gene probe See probe.

gene product for most genes, the polypeptide
chain translated from an mRNA molecule, which in
turn is transcribed from a gene; if the RNA tran-
script is not translated (e.g.,, rRNA, tRNA), the
RNA molecule represents the gene product.

gene 32 protein the first DNA unwinding protein
(g.v.), to be isolated. It is the product of gene 32 of
phage T4 and is essential for its replication. The pro-
tein has a molecular weight of 35,000 daltons and
binds to a stretch of DNA about 10 nucleotides
long. See Appendix C, 1970, Alberts and Frey.

generalized in evolution theory, an unspecialized
condition or trait, usually considered to have a
greater potential for evolving into a variety of alter-
native conditions than that possessed by a highly
specialized one. Primitive traits tend to be general-
ized; derived or advanced traits tend to be more spe-
cialized.

generalized transduction  See transduction.

generation time (Tg) the time required for a cell
to complete one growth cycle. See doubling time.

gene redundancy the presence in a chromosome
of many copies of a gene. For example, the nucleolus
organizer of Drosophila melanogaster contains hun-
dreds of duplicate copies of the cistrons that code
for the 18S and 28S rRNA molecules.

gene silencing a phenomenon in which genes
near certain chromosomal regions, such as centro-
meres or telomeres, are rendered transcriptionally
inactive. See antisense RNA, DNA methylation, het-
erochromatin, position effect, RNA interference, so-
matoclonal variation, telomeric silencing.

gene splicing See recombinant DNA technology.

genetic assimilation 175

gene substitution the replacement of one gene by
its allele, all the other genes (or all other relevant
genes) remaining unchanged.

gene superfamily a collection of genes that are all
products of gene duplication and have diverged from
one another to a considerable degree. The repeated
copies of an ancestral gene can follow three evolu-
tionary pathways: (1) they can be inactivated by mu-
tation, (2) they can acquire new functions, or (3)
they can retain their original function. The globin
superfamily of genes provides examples of genes
that (1) mutated to pseudogenes (q.v.), (2) acquired
new functions (the gene for myoglobin [g.v.] versus
the alpha chain gene of hemoglobin), and (3) re-
tained their original functions (the Gy and Ay
genes). See hemoglobin genes.

gene targeting a technique for inserting into labo-
ratory mice genetic loci modified in desired ways.
Standard recombinant DNA techniques are used to
introduce desired chemical changes into cloned
DNA sequences of a chosen locus. The mutated se-
quence is then transferred into an embryo-derived,
stem-cell genome, where it is allowed to undergo
homologous recombination (gq.v.). Microinjection of
mutant stem cells into mouse blastocysts is then per-
formed to generate chimeras. The stem cells come
from a black mouse line, and the recipient embryos
are from a white strain. Therefore, chimeras can be
identified by their variegated coat colors. Large
numbers of these chimeras are mated together, and
in the F, rare black progeny are observed. Some of
these will be homozygous for the targeted gene. If
the mutation represents a null allele (q.v.), the func-
tions of the normal allele can be inferred from the
abnormal phenotypes shown by the homozygotes.
See Appendix C, 1988, Mansour er al.; knockout.

gene therapy addition of a functional gene or
group of genes to a cell by gene insertion (q.v.) to
correct a hereditary disease. See Appendix C, 1983,
Mann, Mulligan, and Baltimore; 1990, Anderson;
1996, Penny et al.; ex vivo.

genetic anticipation the occurrence of a heredi-
tary disease with a progressively earlier age of onset
in successive generations. In those diseases caused by
expansion of trinucleotide repeats (q.v.) anticipation
results from an intergenerational increase in repeat
lengths. However, reversion of the triplet repeat
lengths to the normal size range can also occur, al-
though this happens less often.

genetic assimilation the process by which a phe-
notypic character initially produced only in response
to some environmental influence becomes, through
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a process of selection, taken over by the genotype,
so that it is formed even in the absence of the envi-
ronmental influence that at first had been necessary.

genetic background all genes of the organism other
than the one(s) under consideration; also known as
the residual genotype.

genetic block a block in a biochemical reaction
generally due to a mutation that prevents the syn-
thesis of an essential enzyme or results in the forma-
tion of a defective enzyme. If the defective enzyme
has limited activity, the block may be a partial one,

and the mutant is referred to as “leaky.”
genetic bottleneck See bottleneck effect.
genetic burden See genetic load.
genetic coadaptation See coadaptation.

genetic code the consecutive nucleotide triplets
(codons) of DNA and RNA that specify the sequence
of amino acids for protein synthesis. The code
shown below is used by most organisms, but there
are exceptions (see universal code theory). The
mRNA nucleotide sequences are written 5’ to 3’ left
to right, respectively, because that is the direction in
which translation occurs. Thus, an mRNA segment
specifying proline-tryptophan-methionine would be
(5") CCU-UGG-AUG (3%), whereas its complemen-
tary, antiparallel DNA template strand would be

Genetic Code

(3") GGA-ACC-TAC (5). The code is degenerate
in that all amino acids, except methionine and tryp-
tophan, are specified by more than one codon. Most
of the degeneracy involves the third nucleotide at
the 3’ end of the codon (see wobble hypothesis). The
code is read from a fixed starting point, in one direc-
tion, in groups of three consecutive nucleotides. The
start codon is AUG, and in bacteria it specifies the
insertion of N-formylmethionine (q.v.). When AUG
occupies an internal position in the mRNA, it speci-
fies methionine. See Appendix C, 1961, von Eh-
renstein and Lipmann, Crick et al., Nirenberg and
Matthaei; 1966, Terzaghi et al; 1967, Khorana;
1968, Holley et al.; 1979, Barrell et al.; 1985, Horo-
witz and Gorowski, Yamao; codon bias, strand termi-
nologies, transcription unit.

genetic code dictionary See amino acid, universal
code theory.

genetic colonization introduction of genetic ma-
terial from a parasite into a host, thereby inducing
the host to synthesize products that only the parasite
can use. See Agrobacterium tumefaciens, opine.

genetic counseling the analysis of risk of produc-
ing genetically defective offspring within a family,
and the presentation to family members of available
options to avoid or ameliorate possible risks. See in-
formed consent.

SECOND BASE

THIRD
FIRST BASE U C A G BASE

0] phe ser tyr cys U
phe ser tyr cys C

leu ser Ter Ter A

leu ser Ter trp G

C leu pro his arg U
leu pro his arg C

leu pro gln arg A

leu pro gln arg G

A ile thr asn ser U
ile thr asn ser C

ile thr lys arg A

S, 1 thr lys arg G

G val ala asp gly U
val ala asp gly C

val ala glu gly A

val ala glu gly G

See amino acids entry for three-letter symbols. S = Start codon for met for eukaryotes (N-
formylmethionine for prokaryotes). I = Internal codon for met. Ter = Termination codon.



genetic death death of an individual without re-
producing. See reproductive death.

genetic detasseling a breeding technique used in
the commercial production of corn seed. The breed-
ing scheme produces pollen abortion with the result
that the plants are no longer hermaphroditic and can
only be cross-fertilized.

genetic differentiation the accumulation of dif-
ferences in allelic frequencies between isolated or
semi-isolated populations due to various evolution-
ary forces such as selection, genetic drift, gene flow,
assortative mating, etc.

genetic dissection analysis of the genetic basis of
a biological phenomenon through the study of mu-
tations that affect that phenomenon. For example,
spermatogenesis can be “genetically dissected” by in-
ducing and then characterizing mutations that steril-
ize male Drosophila.

genetic distance 1. a measure of the numbers of
allelic substitutions per locus that have occurred
during the separate evolution of two populations or
species. 2. the distance between linked genes in
terms of recombination units or map units.

genetic divergence See genetic differentiation.

genetic drift the random fluctuations of gene fre-
quencies due to sampling errors. While drift occurs
in all populations, its effects are most evident in very
small populations. See Sewall Wright effect.

genetic engineering an all-inclusive term to cover
all laboratory or industrial techniques used to alter
the genetic machinery of organisms so that they can
subsequently synthesize increased yields of com-
pounds already in their repertoire, or form entirely
new compounds, adapt to drastically changed envi-
ronments, etc. Often, the techniques involve manip-
ulating genes in ways that bypass normal sexual or
asexual transmission. The vector of choice in plant
genetic engineering is the Ti plasmid of Agrobacterium
tumefaciens (q.v.). Genes of commercial importance
are inserted into Ti DNA under laboratory conditions,
and they become integrated into the genomes of host
plants when the Ti DNA is transfected. See biotech-
nology, recombinant DNA technology.

genetic equilibrium the situation reached in a
population containing, as an example, the allelic
genes A and a, where the frequencies of both alleles
are maintained at the same values generation after
generation. See Hardy-Weinberg law.

genetic fine structure See fine-structure genetic
mapping.
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genetic fingerprinting See DNA fingerprint tech-
nique.

genetic fitness the contribution to the next gener-
ation of a specified genotype in a population in rela-
tion to the contributions of all other genotypes of
that same population.

genetic fixation the status of a locus in which all
members of a population are homozygous or hemi-
zygous for a given allele; the frequency of the fixed
allele is 1.0; all other alleles at that locus have been
lost, and therefore their frequencies are zero. See

monomorphic population.
genetic hitchhiking See hitchhiking.

genetic homeostasis the tendency of a popula-
tion to equilibrate its genetic composition and to re-
sist sudden changes.

genetic identity a measure of the proportion of
genes that are identical in two populations.

genetic induction the process of gene activation
by an inducer molecule, resulting in transcription of
one or more structural genes. See inducible system.

genetic information the information contained in
a sequence of nucleotide bases in a nucleic acid mol-

ecule. See exon, intron.

genetic instability a term that generally refers to
chromosomal or other wide-scale genetic alterations
that vary from cell to cell. They often arise from an
overall deficit in systems that control the replication
or repair of DNA or the checkpoints (q.v.) of the
cell cycle. Widespread instabilities may also be
caused by transposable elements (g.v.) or breakage-
fusion-bridge cycles (g.v.) due to chromosome aber-
rations. See DNA repair, Dotted, helicase, mitotic ar-
rest-deficient (mad) mutations, mutator genes, RAD9.
Contrast with genomic instability.

genetic load 1. the average number of lethal
equivalents per individual in a population. 2. the rel-
ative difference between the actual mean fitness of
a population and the mean fitness that would exist
if the fittest genotype presently in the population
were to become ubiquitous. The genetic load of a
given species may contain several components. The
mutational load is due to recurrent mutations occur-
ring in beneficial loci. Most new mutations are reces-
sive, hypomorphic, and slow to be eliminated. The
segregational load is caused by genes segregating from
favored heterozygotes that generate less fertile or
less viable homozygotes. There may also be an input
load due to migrant individuals with an average fit-
ness less than that of the original population. See
heterozygote advantage, migrant selection, substitu-
tional load.
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genetic map the linear arrangement of mutable
sites on a chromosome as deduced from genetic re-
combination experiments. See Appendix C, 1913,
Sturtevant. Compare with physical map.

genetic marker a gene, whose phenotypic expres-
sion is usually easily discerned, used to identify an
individual or a cell that carries it, or as a probe to
mark a nucleus, chromosome, or locus.

genetic polymorphism the long-term occurrence
in a population of two or more genotypes in fre-
quencies that cannot be accounted for by recurrent
mutation. Such polymorphism may be due to muta-
tions that are (a) advantageous at certain times and
under certain conditions and (b) disadvantageous
under other circumstances, and which exist in habi-
tats where situations (a) and (b) are encountered
frequently. Genetic polymorphism may also result if
genotypes heterozygous at numerous loci are gener-
ally superior to any homozygous genotype. See bal-
anced polymorphism, transient polymorphism.

genetic predisposition
ity to a specific pathological condition due to the
presence of one or more mutated genes or a combi-
nation of alleles. In some cases all that is known is
that there is a family history which indicates a ge-
netic susceptibility to the condition.

the increased susceptibil-

genetic recombination in eukaryotic organisms
the occurrence of progeny with combinations of
genes other than those that occurred in the parents,
due to independent assortment (q.v.) or crossing
over (g.v.). In bacteria recombination of genes may
occur as a result of conjugation, sexduction, trans-
duction, or transformation (all of which see). In bac-
terial viruses an infection of a host by two or more
genetically distinct bacteriophages may result in pro-
duction of recombinant phage. See Appendix C,
1961, Meselson and Weigle; beads on a string, Holli-
day model, Visconti-Delbriick hypothesis.

genetics the scientific discipline dealing with 1.
the study of inheritance and variation of biological
traits, and 2. the study of genes, including their
structure, function, variation, and transmission. See
Appendix C, 1856, 1865, 1866, Mendel; 1900, Bate-
son; biochemical genetics, gene, heredity, Mendelian
genetics, molecular genetics, population genetics,
trait, transmission genetics, variation.

genetic sex determination genotypic sex determi-
nation (q.v.).

genetic surgery replacement of one or more genes
of an organism with the aid of plasmid vectors, or
the introduction of foreign genetic material into cells

by microsyringes or micromanipulators.

genetic variance the phenotypic variance of a trait
in a population attributed to genetic heterogeneity.

genic balance a mechanism of sex determination,
originally discovered in Drosophila, that depends
upon the ratio of X chromosomes to sets of auto-
somes (A). Males develop when the X/A ratio is 0.5
or less; females develop when the X/A ratio is 1.0
or greater; an intersex develops when the ratio is be-
tween 0.5 and 1.0. See Appendix C, 1925, Bridges;

metafemales, metamales, sex determination.

genital disc the imaginal disc from which the re-
productive duct system and the external genitalia are
derived in Drosophila.

genome in prokaryotes and eukaryotes, the total
DNA in a single chromosome and in a haploid chro-
mosome set (g.v.), respectively, or all of the genes
carried by this chromosome or chromosome set; in
viruses, a single complement of DNA or RNA, or all
of the genes encoded therein. See C value, eukaryote,
haploid or haploidy, genome size, Human Genome
Project, metabolic control levels, prokaryote, virus.

genome annotation conversion of raw sequence
data into useful information that concerns the posi-
tions of structural genes on each chromosome, the
methods by which they are switched on and off, and
the functions of their products. Genes whose end
products are RNA molecules must also be anno-
tated. The sequence organization of specialized chro-
mosomal regions, like centromeres, replicons, and
telomeres, must be worked out. Finally, there is the
puzzle of annotating chromosomal sequences that
contain repetitive sequences that function somehow
to facilitate the shortening of chromosomes during
mitotic prophase, their pairing during synaptonemal
complex formation, and the condensation of an X
chromosome in the somatic cells of mammalian fe-
males. See centromere, gene, heterochromatin, insu-
lator DNAs, meiosis, mitosis, repetitious DNA, repli-
con, selfish DNA, shotgun sequencing, telomere, X/ST.

Genome Sequence Database accession number
See Appendix E, Haemophilus influenzae.

genome size the amount of DNA in the haploid
genome. It is often measured in picograms, kilo-
bases, megabases, or gigabases when organisms the
size range of eukaryotes are being considered. Pro-
karyotic genomes are smaller and are sometimes
measured in daltons (q.v.). When one refers to viral
genomes or those of mitochondria or chloroplasts,
the size is generally given in kilobase pairs. One kbp
of DNA equals 1.02 x 107 picograms or 618,000
daltons. One pg of double-stranded DNA equals



0.98 x 10° kbp or 6.02 x 10" daltons. See Appendix
F; C value, gigabase, kilobase, megabase, picogram.

genomic blotting See Southern blotting.

genomic equivalence the theory that all cells of
an organism contain an equivalent complement of
genetic information. Genomic equivalence has been
confirmed for most cells, but exceptions occur in
some animal cells where loss, gain, or rearrangement
of nuclear DNA has been observed. Examples of
such exceptions include chromatin diminution (q.v.)
in somatic cells of some nematodes, selective ampli-
fication of rRNA genes in Xenopus oocytes, and
DNA excision and rearrangement during mamma-
lian lymphocyte maturation that result in the gener-
ation of antibody diversity. See gene amplification,
immunoglobulin genes.

genomic exclusion an abnormal form of conjuga-
tion occurring in Tetrahymena pyriformis between
cells with defective micronuclei and normal cells.
The progeny are heterokaryons; each has an old
macronucleus but a new diploid micronucleus de-
rived from one meiotic product of the normal mate.

genomic formula a mathematical representation
of the number of genomes (sets of genetic instruc-
tions) in a cell or organism. Examples: N (haploid
gamete or monoploid somatic cell), 2N (diploid),
3N (triploid), 4N (tetraploid), 2N — 1 (monosomic),
2N + 1 (trisomic), 2N — 2 (nullisomic), etc.

genomic imprinting See parental imprinting.

genomic instability the term is generally used to
refer to a localized instability due to a chromosomal
site that contains a small number of nucleotides re-
peated in tandem. As a result of slippage during rep-
lication the number of repeated sites may be in-
creased or decreased. If this repeated segment is in a
structural gene, it may be converted to a poorly or
nonfunctioning allele. The term microsatellite insta-
bility is used synonymously. See Huntington disease
(HD). Contrast with genetic instability.

genomic library a collection of cloned DNA frag-
ments representing all the nucleotide sequences in
the genome (g.v.) of an organism. A genomic library
is usually constructed by cutting genomic DNA into
random fragments, ligating the resulting fragments
into a suitable cloning vector, and transforming a
host cell. The library can then be screened with a
molecular probe (g.v.) to identify a clone of interest,
or used for sequence analysis. Compare with cDNA
library. See Appendix C, 1978, Maniatis et al.; bacte-
rial artificial chromosomes (BACs), cosmid, DNA vec-
tor, lambda phage vector, plasmid cloning vector, P1
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artificial chromosomes (PACs), restriction endonucle-
ase, transformation, yeast artificial chromosomes
(YACs).

genomic RNA the genetic material of all viruses
that do not use DNA as genetic material. All cells
and the vast majority of viruses use DNA as genetic
material, but some bacteriophages and a few plant
and animal viruses use RNA as genetic material. Ex-
amples include tobacco mosaic virus (TMV) and all
retroviruses such as the human immunodeficiency
virus (HIV) responsible for AIDS (acquired immu-
nodeficiency syndrome).

genomics the scientific study of the structure and
functioning of the genomes of species for which ex-
tensive nucleotide sequences are available. The ge-
nome includes both nuclear DNA and that of mito-
chondria and chloroplasts. In the case of structural
genomics, high-resolution genetic, physical, and
transcript maps are constructed for each species.
Functional genomics expands the scope of research
to the simultaneous study of large numbers of struc-
tural genes that respond to a suitable stimulus.
Evolutionary genomics contrasts the genomes of dif-
ferent species to follow evolutionary changes in ge-
nome organization. A common exercise in genomics
is the in silico (q.v.) investigation of orthologs (q.v.).
A recent study of comparative genomics showed
that Drosophila has orthologs to 177 of 289 human
disease genes. See Appendix C, 1997, Lawrence and
Oschman; 1999, Galitski et al.; 2000, Rubin et al;
DNA chip, genomic RNA, genome annotation.

genopathy
fect.

a disease resulting from a genetic de-

genophore the chromosome equivalent in viruses,
prokaryotes, and certain organelles (e.g., the dis-
crete, ringlike structure occurring in some algal chlo-
roplasts). Genophores contain nucleic acids but lack
associated histones.

genotype the genetic constitution of a cell or an
organism, as distinguished from its physical and be-
havioral characteristics, i.e., its phenotype (q.v.). See
Appendix C, 1909, Johannsen.

genotype-environment interaction an inference
drawn from the observation that the phenotypic ex-
pression of a given genotype varies when measured

under different environmental conditions.

genotype frequency the proportion of individuals
in a population that possess a given genotype.

genotypic sex determination any mechanism of
sex determination (q.v.) in which a genetic factor
(such as the nature of the sex chromosomes in the
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fertilized egg or the X:A ratio (g.v.) of the embryo)
is the primary sex-determining signal. Also called ge-
netic sex determination. Compare with environmental
sex determination.

genotypic variance the magnitude of the pheno-
typic variance for a given trait in a population attrib-
utable to differences in genotype among individuals.
See heritability.

genus (plural genera) a taxon that includes one or
more species presumably related by descent from a

common ancestor. See hierarchy.

geochronology a science that deals with the mea-
surement of time in relation to the earth’s evolution.
See Appendix C, 1953, Patterson; 1954, Barghoorn

and Tyler; 1980, Lowe.

geographical isolate a population separated from
the main body of the species by some geographical
barrier.

geographic speciation the splitting of a parent
species into two or more daughter species following
geographic isolation of two or more parental popula-
tions; allopatric speciation.

geologic time divisions See page 181.

geometric mean the square root of the product of
two numbers; more generally, the nth root of the
product of a set of n positive numbers.

geotropism the response of plant parts to the
stimulus of gravity.

germarium the anterior, sausage-shaped portion of
the insect ovariole. It is in the germarium that cysto-
cyte divisions occur and the clusters of cystocytes
become enveloped by follicle cells. See insect ovary
types, vitellarium.

germ cell
matozoan; a reproductive cell that fuses with one
from the opposite sex in fertilization to form a sin-
gle-celled zygote.

a sex cell or gamete; egg (ovum) or sper-

germinal cells cells that produce gametes by mei-
osis: e.g., oocytes in females and spermatocytes in
males.

germinal choice the concept advocated by H. J.
Muller of progressive human evolution by the volun-
tary choice of germ cells. Germ cells donated by in-
dividuals possessing recognized superior qualities
would be frozen and stored in germ banks. In subse-
quent generations these would be available for cou-

ples who wished to utilize these rather than their
own germ cells to generate a family. Such couples
are referred to as “preadoptive” parents.

germinal mutations genetic alterations occurring
in cells destined to develop into germ cells.

germinal selection 1. selection by people of the
germ cells to be used in producing a subsequent gen-
eration of a domesticated species. Such selection has
been suggested for human beings. 2. selection during
gametogenesis against induced mutations that retard
the proliferation of the mutated cells. Such selection
introduces errors in estimating the frequency of mu-
tations induced in gonial cells.

germinal vesicle the diploid nucleus of a primary
oocyte during vitellogenesis. The nucleus is generally
arrested in a postsynaptic stage of meiotic prophase.
See Appendix C, 1825, Purkinje.

germination inhibitor any of the specific organic
molecules present in seeds that block processes es-
sential to germination and therefore are often the
cause of dormancy.

germ layers three primordial cell layers from
which all tissues and organs arise. See Appendix C,
1845, Remak; ectoderm, endoderm, mesoderm.

germ line pertaining to the cells from which ga-
metes are derived. When referring to species, the
cells of the germ line, unlike somatic cells, bridge
the gaps between generations. See Appendix C, 1883,
Weismann.

germinal granules polar granules (q.v.).

germ line sex determination the genetic and de-
velopmental process that specifies sexual identity
and sex-specific development of the germ line cells
of an organism. Compare with somatic sex determi-
nation. See sex determination.

germ line transformation See transformation.

germ plasm
the egg or zygote (g.v.) in many vertebrate and in-
vertebrate species where germ cell determinants are
localized. Removal or destruction of the germ plasm
results in the absence of germ cells in the embryo.
The germ plasm was first identified by Theodore
Boveri in the nematode Ascaris in the late 1800s.
2. The hereditary material transmitted to the next
generation through the germ cells or used for plant
propagation through seeds or other materials. See
Appendix C, 1883, Weismann; pole plasm.

1. a specialized cytoplasmic region of

gerontology the study of aging.
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gestation period in a viviparous animal, the time
from conception to birth. The average gestation pe-
riods in days for representative mammals are mouse
19, rat 21, rabbit 31, dog 61, cat 63, chimpanzee
238, woman 267, cow 284, mare 340, and elephant
624.

GFP green fluorescent protein (q.v.).

GH, GHIF, GHRH growth hormone, growth hor-
mone inhibiting factor, growth hormone releasing
hormone. See human growth hormone.

Giardia lamblia a species of protoctists (some-
times called G. intestinalis) that is the most common
flagellated protozoan found in the human digestive
tract and is often a cause of diarrhea in hikers. Giar-
dia was first described about 1681 by van Leeuwen-
hoek. The parasite is tear-drop shaped, about 12 um
long, and is binucleate. The stationary phase tropho-
zoites arrest in the G2 phase with a ploidy of 8N (2
nuclei, each with 4N ploidy). The haploid number
of chromosomes is 5 and the C value is 10-12 Mb.
Each cell has 4 pairs of flagella, but lacks conven-
tional mitochondria. However, the cells each con-
tain several dozen mitosomes (g.v.). These provide
clusters of iron and sulfur atoms that the Giardia
need to synthesize ATP (q.v.). Giardia trophozoites
form a Golgi apparatus as they differentiate into
cysts, but no Golgi can be identified within non-
cysting cells. Comparative analyses of the 16 S-like
RNAs of Giardia and several other eukaryotes show
that Giardia represents the earliest diverging lineage
in the eukaryotic line of descent yet encountered.
See Appendix A, Protoctista, Archaeprotista; Appen-
dix C, 1677, van Leeuwenhoek; Archaeprotista, ribo-
somes.

gibberellin one of a family of phytohormones of
widespread distribution in plants. Many single-gene,
dwarf mutants in Pisum, Vicia, and Phaseolus are
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cured by the application of gibberellins. Gibberellins
also promote seed germination, the breaking of dor-
mancy, and flowering. In maize, hybrids contain
higher concentrations of gibberellins than their ho-
mozygous parents. This suggests that heterosis (q.v.)
has a phytohormonal basis.

gibbon See Hylobates.

gigabase a unit of length for DNA molecules,
consisting of one billion nucleotides; abbreviated gb,
or gbp for gigabase pairs. The genomes for Homo sa-
piens and Pisum sativum are 3.2 and 4.1 gigabases,
respectively. See base pair, megabase.

gland an organ that synthesizes specific chemical

compounds (secretions) that are passed to the out-
side of the gland. See endocrine system, exocrine.

glaucocystophytes a group of protoctists that are
able to live photoautotrophically with the aid of cya-
nelles (g.v.). Glaucocystophytes are all freshwater
organisms that are rarely seen in nature. The most
frequently encountered species belong to the genera
Glaucocytis (see illustration on page 183) and Cya-
nospora. C. paradoxa has provided most of the data
on cyanelle DNA. These species are of interest be-
cause of the support they give to the theory of the
evolution of eukaryotic cells by symbiogenesis. See
Appendix A, Protoctista, Glaucocystophyta; serial
symbiosis theory.

glaucophytes synonym for glaucocystophytes (q.v.).

gln glutamine. See amino acid.

globins a widespread group of respiratory proteins
including the tetrameric hemoglobins of protochor-
dates and various invertebrates, the monomeric my-
oglobins, and the leghemoglobins. In the case of
myoglobins and the vertebrate hemoglobins, phylo-

genetic trees have been constructed showing that the
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Glaucocystophyte

Glaucocystis nostochinearum. C, cyanelle; G, Golgi; M, mitochondrion with tubular cristae; N, nucleus; R,
endoplasmic reticulum; S, starch granule; U, paired, short undulipodia; V, vacuole; Z, cell wall.

globin sequences have diverged during evolution at
a constant rate. From these data, the timing of the
gene duplications that gave rise to the family of he-
moglobins has been deduced. See hemoglobin genes,
myoglobin gene.

globulin  any of certain proteins that are insoluble

in distilled water, but soluble in dilute aqueous salt
solution. See albumin, immunoglobulin.

Glossina
as vectors of trypanosomes. G. morsitans is the Afri-
can tsetse fly. See Trypanosoma.

a genus of viviparous dipterans that serve

glu glutamate; glutamic acid. See amino acid.

glucagon a polypeptide hormone from the alpha
cells of the pancreas that promotes the breakdown
of liver glycogen and the consequent elevation of
blood glucose.

glucocerebroside any of certain compounds re-
lated to sphingomyelins. They differ in that the
phosphorylcholine seen in sphingomyelin (q.v.) is
replaced by glucose. See cerebroside, Gaucher dis-
ease.

glucocorticoids steroid hormones produced by
the adrenal cortex having effects on intermediary
metabolism, such as stimulating glycogen deposition
by the liver. Some glucocorticoids, such as cortisone,
produce anti-inflammatory effects.

gluconeogenesis the formulation of glucose or
other carbohydrates such as glycogen (glyconeogen-
esis) from noncarbohydrate precursors such as glyco-
genic amino acids, lactate, and Krebs TCA cycle in-
termediates. Gluconeogenesis occurs in mammalian
liver under conditions such as starvation or low car-
bohydrate intake.

glucose a six-carbon sugar widely distributed in
plants, animals, and microorganisms. In aqueous so-
lution, less than 1% of the glucose molecules are in
an open chain form, the majority being in a cyclic
form. The C1 aldehyde in the linear glucose mole-
cule reacts with the C5 hydroxyl group, resulting in
the formation of the glucose ring. The structure on
page 184 represents the chair conformation of B-D-
glucose, the predominant form of glucose. The
heavy lines in the ring are closest to the reader. This
structure shows that the glucose ring is not planar;
rather, C1 and C4 atoms lie either above or below
the average plane defined by the C2, C3, C5, and
OS5 atoms of the ring. The labels o and P specify that
the hydroxyl group attached to C1 is below or above
the plane of the ring, respectively. The o and B
forms of glucose interconvert rapidly by way of the
open-chain. The D designation indicates that glu-
cose is dextrorotary, i.e., it rotates polarized light to
the right. For this reason, glucose is also known as
dextrose. Glucose is a basic monosaccharide unit in
some disaccharides (e.g., maltose, lactose, and su-
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crose). It is also the repeating monomer from which
some polysaccharides (e.g., starch, cellulose, and gly-
cogen) are made.

H OH
HO h H
H OH
HO OH
H H
Glucose

glucose-6-phosphate dehydrogenase (G6PD) an
enzyme catalyzing the conversion of glucose-6-phos-
phate to 6-phosphogluconate. G6PD from human
erythrocytes is a dimer consisting of identical sub-
units, each containing 515 amino acids. About 400
genetic variants of this enzyme are known. The four
most common forms of the enzyme are

ENZYME ACTIVITY SOURCE
B 100% widespread
A 90% African blacks
A~ 8-20% African blacks
M 0-7% Mediterranean whites

glucose-6-phosphate dehydrogenase deficiency
(G6PD) the most common disease-producing en-
zyme deficiency of humans. It affects about 400 mil-
lion humans. The gene (Gd") encoding G6PD re-
sides at Xq28. The red blood cells of males with the
A" or M forms of the enzyme have a reduced life
span, and exposure to antimalarial drugs such as pri-
maquine results in life-threatening hemolysis. As a
result of random X chromosome inactivation, fe-
males heterozygous for the mutant G6PD gene have
some erythrocytes with the normal enzyme and
some with the defective enzyme. Mutant G6PD al-
leles are kept in some human populations because of
the heterozygote advantage (q.v.) occurring during
infections by Plasmodium falciparum. Gd'/Gd fe-
males show lower levels of parasitemia than Gd'"/
Gd" females. See Appendix C, 1962, Beutler et al.,
dosage compensation, favism, malaria.

glucose-sensitive operons bacterial operons whose
activity is inhibited by the presence of glucose. This
lowers the level of cyclic AMP, thereby blocking a
required positive control signal.

glucose-6-phosphate dehydrogenase (G6PD)

glucosylceramide lipidosis Gaucher disease (g.v.).

glume a chaffy bract, pairs of which enclose the
base of grass spikelets.

glutamic acid See amino acid.
glutamine See amino acid.

glutathione a tripeptide containing glutamic acid,
cysteine, and glycine and capable of being alter-
nately oxidized and reduced. Glutathione plays an
important role in cellular oxidations.

gly glycine. See amino acid.

glycerol a trihydric alcohol, that combines with
fatty acids to form fats (g.v.).

H
H-(IZ-—OH
H—-CIT—-OH
H-—-C—-OH

é

Glycine max the soybean, a legume native to
China. Its haploid chromosome number is 20, and
its genome size is 1.1 gigabases. The bean is the
source of oil used in industry and protein used in
human and livestock consumption. The soft, cheese-
like bean curd is known as tofu or tubu. The soybean
is an example of a nodulating legume (g.v.). See Ap-
pendix A, Plantae, Tracheophyta, Angiospermae, Di-
cotyledonae, Leguminales; Appendix E, Rhizobium.

glycogen a soluble polysaccharide (see formula on
page 165) built up of numerous glucose molecules.
Carbohydrate is stored as glycogen by vertebrates,
especially in liver and muscles.

glycogenesis glycogen synthesis from carbohy-
drates. See glyconeogenesis.

the liberation of glucose from gly-

glycogenolysis

cogen.
glycogenosis glycogen storage disease (q.v.).

glycogen storage disease
genital and familial disorders characterized by the
deposition of either abnormally large or abnormally
small quantities of glycogen in the tissues. Anderson,
Forbes, von Gierke, Hers, McArdles, and Pompe dis-
eases are examples.

any of a group of con-
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glycolipid a lipid containing carbohydrate.
glycolysis the sequential series of anaerobic reac-
tions diagrammed on page 186 found in a wide vari-
ety of tissues that constitutes the principal route of
carbohydrate breakdown and oxidation. The process
starts with glycogen, glucose, or fructose and ends
with pyruvic or lactic acids. The conversion of a
molecule of glucose to two molecules of pyruvic
acid generates two ATP molecules. Under aerobic
conditions, the yield is eight ATP molecules. The
pyruvic acid formed is broken down by way of the
citric acid cycle (q.v.). See pentosephosphate path-
way.

glycolytic participating in glycolysis.

glyconeogenesis See gluconeogenesis.
glycophorin A a protein containing 131 amino
acids that is encoded by the GYPA gene. It spans the
plasma membrane of the human red blood cell once
and presents its amino terminal end to the extracel-
lular surface. There are two polymorphic versions of
glycophorin A in humans. The only differences are
at positions 1 and 5 in the extracellular portion of
the molecule. The M antigen contains serine and
glycine at positions 1 and 5 in the chain, while the
N antigen has leucine and glutamic acid at these po-
sitions. See MN blood groups.

glycoprotein an organic molecule consisting of a
protein covalently linked to one or more carbohy-
drate molecules. The carbohydrate components of
glycoproteins are usually small sugars, which attach
to the protein post-translationally at either an aspar-
agine (N-glycans), or at a serine or threonine (O-gly-
cans). The attachment of the carbohydrate(s) is
thought to affect protein folding, its stability and
physical properties, and its recognition by other
molecules. See amino acids, carbohydrate, glycosyla-
tion, post-translational processing, mucoprotein.

glycoside a compound yielding a sugar upon enzy-
matic hydrolysis.

glycosidic bonds the bonds coupling the mono-
saccharide subunits of a polysaccharide.

glycosome a microbody (g.v.), found in parasitic
protozoa like trypanosomes, which contains most of
the enzymes functioning in the conversion of glu-
cose to 3-phosphoglyceric acid. See glycolysis.

glycosylation addition of one or more sugars to
other molecules such as lipids and proteins; these
molecules so modified are called glycolipids and glyco-
proteins, respectively. Glycoproteins appear to be
universal in eukaryotic cells but are rare in or absent
from bacteria. Glycosylation of proteins occurs within
the lumen of the endoplasmic reticulum (ER) by
glycosyltransferase enzymes. These glycoproteins are
transported by clathrin-coated vesicles to the Golgi
apparatus, where some sugars are removed and new
ones added. This last phase of modification is termed
terminal glycosylation to distinguish it from core glyco-
sylation that occurs in the ER. In most glycoproteins,
sugars are usually added to the hydroxy-group oxy-
gen (O-linked) of serine or threonine; N-linked sug-
ars are attached to amide nitrogens of asparagine.
Most proteins in the cytosol or nucleus are not gly-
cosylated. See oligosaccharide.

glyoxylate cycle an alternative to the citric acid
cycle. This series of metabolic reactions is catalyzed
by enzymes localized to glyoxysomes (gq.v.). The cy-
cle plays an important role in the photorespiration
of plants and in the utilization of fat reserves by

seedlings. See peroxisomes.

glyoxysome a membrane-bound organelle, found
in germinating seeds and other plant tissues; it con-
tains enzymes of the glyoxylate cycle (q.v.). See mi-
crobody.

Glyptotendipes barbipes a midge possessing ex-
ceptionally large polytene chromosomes in the sali-
vary glands of larvae and therefore a favorite for cy-
tological studies.
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GMO an acronym for genetically modified organ-
isms (i.e., transgenic bacteria, plants, or animals).
See Bt designer plants, promoter 35S, Roundup, trans-
formation.

gnotobiosis the rearing of laboratory animals in a
germ-free state or containing only microorganisms
known to the investigator.

gnotobiota the known microfauna and microflora
of a laboratory animal in gnotobiosis (g.v.).

goiter a chronic enlargement of the thyroid gland
that is due to hyperplasia, not neoplasia.

Golgi apparatus (or body or complex or material)
a cell organelle identified in electron micrographs as
a complex made up of closely packed broad cister-
nae and small vesicles. The Golgi apparatus is distin-
guished from the endoplasmic reticulum by the ar-
rangement of the membranous vesicles and by the
lack of ribosomes. The Golgi apparatus functions to
collect and sequester substances synthesized by the
endoplasmic reticulum. The Golgi apparatus in a
typical animal cell appears as a stack of six to eight
flattened membranous sacs. Plant Golgi often have
20 or more of these cisternae. The Golgi apparatus
is differentiated into a cis face, the receiving surface,
which is closest to the ER. Protein-rich vesicles bud
off the ER and fuse with the cis face of the Golgi.
While in the medial region of the Golgi, the carbo-
hydrate units of glycoproteins are chemically modi-
fied in various ways that target them to their final
destinations. Eventually the finished proteins are ex-
ported from the cisterna farthest from the ER. They
are enclosed in vesicles that bud off the trans face
and function as secretory vesicles (q.v.) or are re-
tained as lysosomes (q.v.). See Appendix C, 1898,
Golgi; 1954, Dalton and Felix; dictyosome, protein
sorting signal peptide.

gonad a gamete-producing organ of an animal; in
the male, the testis; in the female, the ovary.

gonadotropic hormones pituitary hormones (such
as LH and FSH, gq.v.) that stimulate the gonads; also
called gonadotropins.

gonadotropin-releasing hormone (GnRH)
rohormone from the hypothalamus that stimulates
release of luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from the pituitary gland.

a neu-

gonochorism a sexual system in which each indi-
vidual is either a male or a female. Compare with
hermaphrodite, monoecy.

gonophore 1. in sessile coelenterates, the bud pro-
ducing the reproductive medusae. 2. in higher ani-
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mals, any accessory sexual organ, such as an oviduct,
or a sperm duct. 3. in plants, a stalk that bears sta-
mens and pistils.

gonomery the separate grouping of maternal and
paternal chromosomes during the first few mitoses
following fertilization as occurs in some insect em-
bryos.

gonotocont an auxocyte (g.v.).

goosecoid a gene that maps to 14q32.1 in hu-
mans. It encodes a homeodomain transcription fac-
tor with a DNA-binding specificity identical to the
morphogen encoded by the Drosophila gene bicoid
(q.v.). Microinjection of gsc mRNAs into the ventral
sides of Xenopus embryos leads to the formation of
an additional complete body axis. Therefore the
product of the gsc gene can mimic the natural orga-
nizer (g.v.). Genes homologous to gsc have been iso-
lated from the mouse, chick, and zebrafish. See ho-
meobox, Spemann-Mangold organizer.

Gorilla gorilla the gorilla, a primate with a hap-
loid chromosome number of 24. About 40 biochem-
ical markers have been found to be distributed
among 22 linkage groups. See Hominoidea.

Gossypium a genus of plants composed of about
50 diploid and tetraploid species, four of which have
been domesticated and produce most commercial
cotton worldwide. These species are G. herbaceum
(African-West Asian cotton), G. arboreum (Paki-
stani-Indian cotton), G. hirsutum (Mexican cotton)
and G. barbadense (South American cotton). Of
these, G. hirsutum and G. barbadense are the pre-
dominant species for commercial cotton production.
The comparative genetics of these species has been
intensively studied. See Appendix A, Plantae, Tra-
chaeophyta, Angiospermae, Dicotyledonae, Mal-
vales; Appendix E.

gout a hereditary disorder of purine metabolism
characterized by increased amounts of uric acid in
the blood and recurrent attacks of acute arthritis.

Gowen crossover suppressor a recessive gene on
the third chromosome of Drosophila melanogaster
symbolized by ¢(3)G. It was discovered in 1917 by
Marie and John Gowen, who showed that crossing
over was suppressed in homozygous females. Later
it was observed that mutant oocytes lacked synapto-
nemal complexes (g.v.), and the wild-type allele was
found to encode a protein component of that organ-
elle. C(3)G and the Zip 1 gene of Saccharomyces cer-
evisiae are orthologs. See centromeric coupling.
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GPCRs G protein-coupled receptors (q.v.).

G6PD glucose-6-phosphate dehydrogenase (g.v.).

G6PD deficiency See glucose-6-phosphate dehy-
drogenase deficiency.

Go, G4, G, phases  See cell cycle.

G proteins guanine nucleotide-binding regulatory
proteins. They are activated by the binding of a sig-
naling ligand, such as a hormone, to a transmem-
brane receptor protein. This interaction causes the
receptor to change its shape so that it can now react
with a G protein. G proteins are heterotrimeric mol-
ecules made up of alpha, beta, and gamma chains.
G proteins are active when GTP is bound to them
and inactive when GDP is present instead. Activated
G proteins dissociate from their receptors and acti-
vate effector proteins that control the level of second
messengers (q.v.). If, for example, adenylcyclases
were the effector proteins, cAMP would be gener-
ated. See Appendix C, 1970, Rodbell and Birm-
baumer; 1977, Ross and Gilman; cellular signal trans-
duction, cholera, diabetes insipidus, G protein-coupled
receptors (GPCRs).

G protein-coupled receptors (GPCRs) integral
proteins belonging to a large superfamily of cell sur-
face receptors, each of which contains 7 membrane-
spanning, alpha helix (g.v.) domains and a bound G
protein. GPCRs bind ligands, such as hormones,
odorants, growth factors, and neurotransmitters on
the cell surface, and transmit signals to the interior
of the cell to regulate cell functions, such as hor-
monal regulation, olfactory perception, cell growth,
and transmission of nerve impulses. See cellular signal
transduction, G proteins, growth factor, hormone, in-
tegral protein, ligand, odorant, odorant receptor,
seven transmembrane domain (7 TM) receptor, taste
receptor gene.

G quartet See guanine quartet model.

Graafian follicle a fluid-filled spherical vesicle in
the mammalian ovary, containing an oocyte attached
to its wall. See Appendix C, 1657, de Graaf.

grade a stage of evolutionary advance. A level
reached by one or more species in the development
of a structure, physiological process, or behavioral
character. Different species may reach the same
grade because they share genes that respond in the
same way to an environmental change. When two
species that do not have a common ancestry reach
the same grade, the term convergence is used to de-
scribe this evolutionary parallelism.

gradient a gradual change in some quantitative
property of a system over a specific distance (e.g., a
clinal gradient; density gradient).

gradualism
evolution that represents an updating of the original
ideas set forth by Charles Darwin. According to this
model, those individuals with hereditary traits that
best adapt them to their habitat are most likely to
survive and to transmit these adaptive genes to their
offspring. As a result, with the passage of time the
frequencies of beneficial genes rise in the popula-
tion, and when the composition of the gene pool of
the evolving population becomes sufficiently differ-
ent from that of the original population, a new spe-
cies will have arisen. Since a beneficial mutation

a model explaining the mechanism of

must spread through an entire population to pro-
duce detectable evolutionary changes, speciation
will be a gradual and continuous process. Contrast
with punctuated equilibrium.

Graffi leukemia virus a virus that induces myeloid
leukemia in mice and rats.

graft 1. a relatively small piece of plant or animal
tissue implanted into an intact organism. 2. the act
of transferring a part of an organism from its normal
position to another position in the same or another
organism. In the case of relatively giant cells, cyto-
plasmic regions of characteristic morphology can be
transplanted. Grafts between species of Acetabularia
(q.v.) are examples. See allograft, autograft, hetero-
graft, homograft, scion, stock, transplantation, xeno-
graft.

graft hybrid a plant made up of two genetically

distinct tissues due to fusion of host and donor tis-
sues after grafting.

graft rejection a cell-mediated immune response
to transplanted tissue that causes destruction of a
graft. Rejection is evoked by the histocompatibility
antigens (g.v.) of the foreign cells.

graft-versus-host reaction a syndrome arising
when an allograft, containing immunocompetent
cells, mounts an immune response against a host
that is unable to reject it because the host is immu-
nologically immature or immunologially compro-
mised or suppressed (e.g., by radiation or drugs);
synonymous with allogeneic disease, runt disease

(q.v).

gram atomic weight the quantity of an element
that has a mass in grams numerically equal to its
atomic weight.



gram equivalent weight the mass of an acid or a
base that will release or neutralize one gram mole-
cule (mole) of hydrogen ion. A 1-mole solution of
H,SO, contains 2 gram equivalents. A thousandth
of a gram equivalent weight is a millequivalent. See
normal solution.

gramicidin S
Bacillus brevis.

a cyclic antibiotic synthesized by
The molecule has the structure

d-phe-pro—val-orn-leu
leu—orn—val-pro-d-phe

and it contains amino acids not usually found in pro-
teins—namely, ornithine (orn) and d-phenylalanine
(rather than the usual l-isomer). The synthesis of
gramicidin S constitutes one of the best understood
examples of a polypeptide that is not synthesized on
a ribosome. Two enzymes are required (E; and E,),
which are bound together, forming a unit called
gramicidin synthetase. One molecule each of pro-
line, valine, ornithine, and leucine bind in that se-
quence to sulfhydryl groups of E,. E, functions to
isomerize - to d-phenylalanine and to transfer it to
the proline attached to E,. The two identical poly-
peptides are then joined head to tail to form a deca-
peptide. This rare type of polypeptide synthesis is
very uneconomical and cannot generate molecules
greater than 20 amino acids long.

gram molecular weight the quantity of a com-
pound that has a mass in grams numerically equal to
its molecular weight. Gram molecular weight is of-
ten shortened to gram-mole or mole.

Gram staining procedure a staining technique
that allows bacteria to be divided into two groups,
Gram-positive (which stain deep purple) and Gram-
negative (which stain light pink). The staining differ-
ences lie in the permeability properties of the cell
walls of the two groups of bacteria. Agrobacterium,
Escherichia, Haemophilus, Salmonella, Serratia, Shi-
gella, and Vibrio are all Gram-negative; Bacillus, Myco-
bacterium, Staphylococcus, and Streptococcus are exam-
ples of Gram-positive bacterial genera. See Appendix
C, 1884, Gram.

grana (singular granum) long columns of dense
discs found in chloroplasts (g.v.). Each disc contains
a double layer of quantasomes (g.v.).

grandchildless genes
mutants to produce progeny that are sterile and of-
ten show other developmental abnormalities. See
maternal effect gene, pole plasm.

genes that cause female

granulocytes white blood cells possessing distinct
cytoplasmic granules and a multilobed nucleus; in-
cludes basophils, eosinophils, and neutrophils; also

called polymorphonuclear leukocytes.

group-transfer reactions 189

grass any species of monocotyledon belonging to
the family Gramineae. Such species are character-
ized by leaves with narrow, spear-shaped blades, and
flowers borne in spikelets of bracts.

gratuitous inducer a compound not found in na-
ture that acts as an inducer although it cannot be
metabolized. See IPTG, ONPG.

an animal that is swollen from accumulated

gravid

eggs or embryos.

Gray (Gy) a unit that defines that energy absorbed
from a dose of ionizing radiation equal to one joule
per kilogram. 1 Gy = 100 rad.

green fluorescent protein (GFP) a protein pro-
duced by the jellyfish Aequorea victoria. It is made
up of 238 amino acids and produces a green emis-
sion when it is excited by blue light. This green
fluorescence is stable and shows very little photo-
bleaching. GFP provides an excellent means for cy-
tologically localizing the product from any foreign
gene that can be spliced to the GFP open reading
frame. The fused protein is often fully functional
and can be localized to its normal site in the cell by
its green fluorescence. See Appendix C, 1994, Chalfie
et al.. Compare with luciferase.

grid 1. a network of uniformly spaced horizontal
and vertical lines. 2. a specimen screen used in elec-
tron microscopy.

griseofulvin an antibiotic synthesized by certain
Penicillium species that is used as a fungicide.

gRNA guide RNA. See RNA editing.
groove See DNA grooves.

Gross mouse leukemia virus (GMLV) a filterable
RNA virus discovered by Ludwig Gross in 1951. It
caused leukemia when injected into newborn mice.

group selection natural selection acting upon a
group of two or more individuals by which traits are
selected that benefit the group rather than the indi-
vidual. See Hamilton's genetical theory of social be-
havior.

group-transfer reactions chemical reactions in-
volving the exchange of functional groups between
molecules (excluding oxidations or reductions and
excluding water as a participant). The enzymes that
catalyze group-transfer reactions are called transfer-
ases or synthetases. For example, activation of an
amino acid involves transfer of an adenosine mono-
phosphate group from ATP to the COO™ group of
the amino acid.



190 growth curve

growth curve in microbiology, a curve showing
the change in the number of cells in a growing cul-
ture as a function of time.

growth factor a specific substance that must be
present in the growth medium to permit cell multi-
plication.

growth hormone See human growth hormone.

growth hormone deficiencies
hormone deficiencies.

See hereditary growth

GSH reduced glutathione.

GT-AG rule intron junctions start with the dinu-
cleotide GT and end with the dinucleotide AG, cor-
responding to the left and right (“donor and ac-
ceptor”) splicing sites, respectively.

GTP guanosine triphosphate (gq.v.).

guanine See bases of nucleic acids.

guanine deoxyriboside See nucleoside.
guanine-7-methyl transferase See methylated cap.

guanine quartet model a three-dimensional ar-
rangement of guanine molecules which explains the
interactions occurring within DNA strands that con-
tain repeating units rich in guanine, such as telome-
ric repeats. One, two, or four DNA strands can fold
into a compact unit containing a planar array of four
guanines, as shown above. Each guanine serves both
as a proton donor and acceptor with its neighbors,
and so the quartet is held together by eight hydrogen
bonds. The quartets can stack one above another.
This stacking is facilitated by axially located mono-
valent cations. For example, Na" fits exactly in the
central cavity, and the slightly larger potassium ion
can fit by binding in the cavity between adjacent
quartets. See Appendix C, 1989, Williamson, Rag-
huraman, and Czech; hydrogen bond, telomere.

guanine tetraplex See guanine quartet model.
guanosine See nucleoside.

guanosine triphosphate
(analogous to ATP) that is required for the synthesis
of all peptide bonds during translation.

an energy-rich molecule

guanylic acid See nucleotide.

guanylyl transferase See methylated cap.
guide RNA See RNA editing.

guinea pig See Cavia porcellus.

guppy See Lebistes reticularis.
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Guanine quartet model

gustatory receptor (GR) genes genes which en-
code in chemosensory neuron proteins that function
as taste receptors. For example, in Drosophila mela-
nogaster there are male-specific GR genes that are
expressed on appendages including the labial palps
of the proboscis, the taste bristles of the fore tarsi,
and the maxillary palps. They perceive pheromones
(q.v.) that are utilized during mating displays. See
courtship rituals.

Guthrie test a bacterial assay for phenylalanine de-
veloped by R. Guthrie. He not only developed this
methodology of newborn screening but also pro-
moted the passage of state laws that mandated
screening. Newborn screening and dietary treatment
that begins within the first weeks of life have virtu-
ally eliminated mental retardation from phenylke-
tonuria (g.v.) in the United States. See Appendix A,
1961, Guthrie.

Gy abbreviation for gray (q.v.).

gymnosperm a primitive plant having naked seeds
(conifers, cycads, ginkgos, etc.).

gynander synonymous with gynandromorph (g.v.).

gynandromorph an individual made up of a mo-
saic of tissues of male and female genotypes. The
fruit fly illustrated on page 191 is a bilateral gynan-
dromorph, with the right side female and the left
side male. The zygote was ++/w m. Loss of the X
chromosome containing the dominant (+) genes oc-
curred at the first nuclear division. The cell with the
single X chromosome containing the recessive
marker genes gave rise to the male tissues. There-



fore, the left eye is white and the left wing is minia-
ture. Note the male abdominal pigmentation and
the sex comb.

a sexual dimorphism in plants having

gynodioecy

both bisexual and separate female individuals.

gynoecium a collective term for all the carpels of

a flower.

gynogenesis
requiring stimulation by a spermatozoan for the acti-

1. reproduction by parthenogenesis

vation of the egg; synonymous with pseudogamy
(g.v.). 2. production of a diploid embryo having two
sets of maternal chromosomes by nuclear transfer
(g.v.). Compare with androgenesis.

sex comb

gyrase 191

a cell or embryo produced by gyno-

gynogenote
genesis. Compare with androgenote.

GYPA  See glycophorin A.

gyrase the colloquial name for a type II topoiso-
merase (g.v.) of E. coli that converts relaxed closed-
circular, duplex DNA to a negatively superhelical
form both in vitro and in vivo. This enzyme prepares
the DNA for proteins that require unwinding of the
duplex or single-stranded regions in order to partici-
pate in such processes as replication, transcription,
repair, and recombination. Several drugs are known
to inhibit gyrase, including adriamycin, naladixic
acid, and novobiocin. See Appendix C, 1976, Gellert
et al.; replisome.



H 1. symbol for broad heritability (also symbolized
H?); h? for narrow heritability. 2. symbol for hy-
drogen.

H1, H2A, H2B, H3, H4 See histones.

H19 a gene that encodes one of the most abundant
RNAs transcribed by the mouse embryo. The prod-
uct of H19 is not a protein but an RNA particle with
a sedimentation coefficient of 28S. HI9 lies on chro-
mosome 7, about 10 kb downstream from Igf2, the
gene that encodes a protein called the insulin-like
growth factor 2. The genes are oppositely imprinted,
with H19 and Igf2 being expressed in the maternal
and paternal homologs, respectively. Imprinting is
controlled by the imprinting control region (ICR).
The mechanism for parental imprinting of H19 and
Igf2 is illustrated here. Each embryonic cell has two
homologs of chromosome 7, one maternally derived
(M) and one paternally derived (P). ICR, lying be-
tween the two genes, contains binding sites (s1-s4)
for the CTCF protein (q.v.). Methylation (CH;) of
these sites prevents attachment of CTCF to the ICR.
The enhancer (E) is free to loop over to the pro-
moter of Igf2 and facilitate its transcription (II).
When ICR is unmethylated (I), CTCF binds to it

and insulates (i) Igf2 from E. So Igf2 is silenced, and
H19 is switched on by its interaction with E. See Ap-
pendix C, 2000, Bell and Felsenfeld; enhancers, insu-
lator DNAs, insulin-like growth factors 1 and 2 (IGF-1
and IGF-2), parental imprinting.

*H  See tritium.
habitat the natural abode of an organism.
Habrobracon juglandis See Microbracon hebetor.

Hadean the geologic eon beginning with the origin
of the earth about 4.6 billion years ago and ending
with the formation of the earliest rocks about 4 bil-
lion years ago. See geologic time divisions.

Haemanthus katherinae the African blood lily. A
favorite species used for the time-lapse photographic
study of mitotic endosperm cells.

haemoglobin See hemoglobin.

Haemophilus influenzae a Gram-negative bacte-
rium parasitic on the mucous membranes of the hu-
man respiratory tract. It is the most common cause
of middle ear infections in children. This bacterium
is the first free-living organism to have its entire ge-
nome sequenced. Therefore, L. 42023, which repre-
sents its Genome Sequence Database accession number
(q.v.), is of historic significance. The Haemophilus

CTCF
7NN

51 s2

53 s4

ICR

ICR

H19

192



genome consists of a circular chromosome containing
1,830,173 base pairs. The number of genes it con-
tains is estimated to be 1,743, and 60% of these have
sequences similar to genes previously described in
other bacteria. The remainder have unknown func-
tions. See Appendix A, Bacteria, Proteobacteria; Ap-
pendix C, 1995, Fleischmann, Venter er al.; Appendix
E; shotgun sequencing, TIGR.

hairpin loops any double-helical regions of DNA
or RNA formed by base pairing between adjacent
inverted complementary sequences on the same
strand. See attenuator, palindrome, terminators.

hairpin ribozyme the catalytic center of the 359-
base, negative strand of the satellite RNA (g.v.) of
the tobacco ringspot virus; it consists of a catalytic
segment 50 bases long and a 14-base substrate. The
catalytic RNA forms a closed loop during the cleav-
age reaction, hence the term hairpin ribozyme (HR).
The HR has been engineered to bind to and cleave
specific foreign RNAs. One of these is the transcript
from a gene of the HIV-I virus that is essential for
its replication. Suitably engineered ribozymes may
someday play an important role in AIDS therapy.
See AIDS, HIV, plus (+) and minus (=) viral strands,
ribozyme.

Haldane rule the generalization that when one sex
is absent, rare, or sterile, in the offspring of two dif-
ferent animal races or species, that sex is the hetero-
gametic sex. The Haldane rule is known to apply for
various species of mammals, birds, and insects. In
Drosophila and Mus, the X and Y chromosomes in-
teract during spermatogenesis, with the Y repressing
the transcription of certain X-linked loci. Presum-
ably, when the X and Y chromosomes are from dif-
ferent species, such regulation does not take place
and sterility results. Thus, the Haldane rule may be
explained by the nonharmonious interaction of X-
and Y-linked fertility genes in the hybrid. See Ap-
pendix C, 1922, Haldane.

half-chromatid conversion See chromatic conver-
sion.

half-life 1. biological the time required for the
body to eliminate one-half of the dose of a given
substance. This time is approximately the same for
both stable and radioactive isotopes of any element.
2. radioactive the time required for half the mass of

a radioactive substance to decay into another sub-
stance. Each radionuclide has a unique half-life.

half-sib mating mating between half brother and
half sister. Such individuals have one parent in
common.

half-tetrad analysis recombinational analysis where
two of the four chromatids of a given tetrad can be
recovered, as in the case of attached X chromosomes
in Drosophila.

half-value layer the thickness of a specified mate-
rial that reduces the flux of radiation by one-half.

halide

a fluoride, chloride, bromide, or iodide.

Halobacterium species NRC-1 an archaeon spe-
cies that can be easily cultured. It grows readily at
40°C-50°C on a well aerated tryptone-yeast extract-
salt medium. Its genome has been recently se-
quenced and shown to consist of a large chromo-
some (2,014,239 bp) and two minichromosomes
(191,346 bp and 365,425 bp). The chromosomes
are a home for a total of 91 insertion sequences
(q.v.) belonging to 12 different families. The ge-
nome contains 2,682 coding genes, and 972 of these
are URFs. Among the genes with known functions
are many that encode proteins which control the ac-
tive transport of anions and cations. See Appendix A,
Archaea, Euryarchaeota; Appendix C, 2000, Ng et
al.; halophiles.

halogen fluorine (F), chlorine (Cl), bromine (Br),
or iodine (I).

halophiles bacteria that require high salt concen-
trations in order to survive. They are found in salt
lakes and evaporating brine.

halteres paired club-shaped appendages that ex-
tend from the metathorax of Dipterans. They serve
as gyroscopic sense organs adapted to perceive devi-
ations from the plane of their vibration. Halteres are
evolutionarily equivalent to the hind pair of wings
in other insects. In Drosophila, certain homeotic mu-
tations (q.v.) convert halteres into wings and vice
versa. See bithorax.

Hamilton genetical theory of social behavior a
theory put forth by W. D. Hamilton to explain how
altruism can evolve when it increases the fitness of
relatives. The theory proposes that a social act is fa-
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vored by natural selection if it increases the inclusive
fitness of the performer. Inclusive fitness consists of
the individual’'s own fitness as well as his effects on
the fitness of any genetically related neighbors. The
idea is that genetic alleles change in frequency in a
population owing to effects on the reproduction of
relatives of the individual in which the character is
expressed, rather than on the personal reproduction
of the individual. According to Hamilton, altruism
is favored when k is greater than 1 divided by r,
where r is the relatedness between individuals and k
is the ratio of gain to loss of the behavior being stud-
ied. The Hamilton theory is often referred to as kin
selection. For example, a mutation that affected the
behavior of a sterile worker bee so that she fed her
fertile queen but starved herself would increase the
inclusive fitness of that worker because, while her
own fitness decreased, her actions increased the fit-
ness of a close relative. See Appendix C, 1954, Ham-
ilton.

hammerhead ribozyme a folded RNA structure
found in the genome of the satellite tobacco ring
spot virus and other RNA viruses of plants. The vi-
rus replicates by a rolling circle mechanism to pro-
duce a concatomeric molecule. This is self-cleaved
by the hammerhead to generate single genomic mol-
ecules. See hairpin ribozyme, rolling circle, viroid.

hamster common laboratory rodent. See Cricetu-
lus griseus, Mesocricetus auratus.

hanging drop technique a method for micro-
scopic examination of organisms suspended in a
drop on a special concave microscope slide. The

technique was invented by Robert Koch in 1878.

Hansen disease the preferred term for leprosy
(g.v.). The eponym honors the scientist who discov-
ered the leprosy bacterium.

Hansenula wingei a yeast that has provided infor-
mation concerning the genetic control of mating

type (q.v.).

H antigens 1. histocompatibility antigens gov-
erned by histocompatibility genes (g.v.). 2. flagellar
protein antigens of motile Gram-negative enterobac-
teria. Compare with O antigens.

haplo- the prefix haplo-, when followed by a sym-
bol designating a particular chromosome, indicates
an individual whose somatic cells lack one member
of the designated chromosome pair. Thus, in Dro-
sophila, haplo-IV means a fly that is monosomic for
chromosome 4.

haplodiploidy a genetic system found in some ani-
mals (such as the honey bee) in which males de-
velop from unfertilized eggs and are haploid, where-
as the females develop from fertilized eggs and are

diploid.

haplodiplomeiosis See meiosis.

haploid cell culture See anther culture.

haploidization a phenomenon taking place during
the parasexual cycle in certain fungi during which a
diploid cell is transformed into a haploid cell by the
progressive loss of one chromosome after another by
nondisjunction.

haploid or haploidy
stage in the life cycle where a cell or organism has a
single set of chromosomes. N refers to the normal
haploid chromosome number for a species, while C
is the haploid amount of DNA. Prokaryotic cells are
characterized by a single large chromosome and are
therefore haploid. However, Deinococcus radiourans
(q.v.) is an exception. It has multiple chromosomes
each of which is present in quadruplicate in each cell
during the stationary phase (g.v.). See autosome,
chromosome set, diploid or diploidy, merozygote, sex
chromosome.

referring to the situation or

haploid parthenogenesis the situation in which a
haploid egg develops without fertilization, as in the

honey bee.

haploid sporophytes
productive cycle in which a diploid sporophytic
phase alternates with a haploid gametophytic phase.
The plant represents the sporophyte, and the ga-
metophytes are microscopic. As illustrated in the
double fertilization entry on page 131, the male ga-
metophyte is the pollen grain and the female ga-
metophyte is the embryo sac. However, parthenoge-
netic development of unfertilized eggs can occur,
but it is very rare. Haploid sporocytes were first re-
ported in Datura stramonium (q.v.). The frequency
of haploid plants can be greatly increased using an-
ther culture (g.v.). Homozygous diploid plants can
then be generated by treatment with colchicine
(q.v.). See Appendix C, 1922, Blakeslee et al; alter-
nation of generations.

flowering plants have a re-

haploinsufficiency the situation in which a single
copy of a normal gene is not enough to ensure the
normal phenotype. Therefore the heterozygote or an
individual carrying a deletion of the gene in one ho-
molog is detectably abnormal.

haplont an organism in which only the zygote is
diploid (as in the algae, protozoa, and fungi). It im-
mediately undergoes meiosis to give rise to the

haplophase. See diplo-haplont, diplont.



Haplopappus gracilis a species of flowering plant
showing the lowest number of chromosomes (N =
2), and therefore studied by cytologists. See Appen-
dix A, Dicotyledoneae, Asterales.

haplophase the haploid phase of the life cycle of
an organism, lasting from meiosis to fertilization.

haplosis the establishment of the gametic chro-

mosome number by meiosis.

haplotype the symbolic representation of a spe-
cific combination of linked alleles in a cluster of re-
lated genes. The term is a contraction of haploid ge-
notype and is often used to describe the combination
of alleles of the major histocompatibility complex
(g.v.) on one chromosome of a specific individual.
Compare with phenogroup.

hapten an incomplete antigen; a substance that
cannot induce antibody formation by itself, but can
be made to do so by coupling it to a larger carrier
molecule (e.g., a protein). Complex haptens can react
with specific antibodies and yield a precipitate; sim-
ple haptens behave as monovalent substances that
cannot form serological precipitates.

Harvey rat sarcoma virus 195

haptoglobin a plasma glycoprotein that forms a
stable complex with hemoglobin to aid the recycling
of heme iron. In man this protein is encoded by a
gene on chromosome 16.

Hardy-Weinberg law the concept that both gene
frequencies and genotype frequencies will remain
constant from generation to generation in an infi-
nitely large, interbreeding population in which mat-
ing is at random and there is no selection, migration,
or mutation. In a situation where a single pair of al-
leles (A and a) is considered, the frequencies of
germ cells carrying A and a are defined as p and q,
respectively. At equilibrium the frequencies of the
genotypic classes are p> (AA), 2 pq (Aa), and ¢
(aa). See illustration below and Appendix C, 1908,
Hardy, Weinberg.

harlequin chromosomes See 5-bromodeoxyuri-
dine.

Harvey rat sarcoma virus a virus carrying the on-
cogene v-ras that was discovered in 1964 by J. J.
Harvey and is homologous to its cellular proto-onco-
gene c-ras. Human DNA sequences homologous to
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196 HAT medium

the c-ras gene have been identified, and the homolog
has been mapped to human locus 11p15.5. See ret-
rovirus, T24 oncogene.

HAT medium a tissue culture medium containing
hypoxanthine, aminopterin, and thymidine. Mutant
cells deficient in or lacking the enzymes thymidine
kinase (TK") and hypoxanthine-guanine-phosphori-
bosyl transferase (HGPRT) cannot grow in HAT
medium because aminopterin blocks endogenous (de
novo) synthesis of both purines and pyrimidines.
Normal TK* HGPRT" cells can survive by utilizing
the exogenous hypoxanthine and thymidine via the
salvage pathway (q.v.) of nucleotide synthesis. HAT
medium has been used to screen for hybridomas
(g.v.) by mixing TK* HGPRT myeloma cells with
antigen-stimulated TK™ HGPRT" spleen cells. The
hybrid TK* HGPRT" clones that survive in HAT me-
dium are then assayed for monoclonal antibodies
specific to the immunizing antigen. See Appendix C,
1964, Littlefield; 1967, Weiss and Green.

Hawaiian Drosophilidae
cies of Drosophila living on the Hawaiian islands that
have undergone a remarkable adaptive radiation
(g.v.). Over one hundred of these species are much
larger than familiar fruit flies and are called picture-
winged because of the striking pattern of spots they
have on their wings. Over 90% of them are single
island endemics, and all are derived from one or two
ancestral lines. All have undergone parapatric speci-
ation (q.v.). See Appendix A, 1985, Carson; courtship
ritual, hot spot archipelago, mate choice, sexual selec-
tion.

about a thousand spe-

Hayflick limit an experimental limit to the num-
ber of times a normal animal cell seems capable of
dividing; mouse and human cells divide 30 to 50
times before they enter the “crisis period” (gq.v.).
See Appendix C, 1961, Hayflick and Moorehead;
marginotomy, passage number, telomerase.

Hb hemoglobin. Hb* symbolizes normal hemoglobin;
Hb', fetal hemoglobin: Hb®, sickle hemoglobin, etc.

HbO, oxyhemoglobin (g.v.).

H chain See immunoglobulin.

H-2 complex the major histocompatibility com-
plex of the mouse lying in a segment of chromosome
17, which carries a number of polymorphic loci as-
sociated with various aspects of the immune system.
It consists of four regions (K, I, S, D) that contain
genes coding for classical transplantation antigens, Ia
antigens and complement components, as well as
immune response genes. The I region is further sub-
divided (see | region).

Region

Class of Alloantigens Encoded

H-2 complex

hCs
mone.

somatomammotropin. See human growth hor-

headful mechanism a mechanism of packaging
DNA in a phage head (e.g., T4) in which concatem-
eric DNA is cut, not at a specific position, but rather
when the head is filled. This mechanism accounts
for the observations of terminal redundancy and cy-
clic permutation in T4.

heat in reproductive biology, that period of the
sexual cycle when female mammals will permit
coitus; estrus.

heat-shock proteins proteins synthesized in Dro-
sophila cells within 15 minutes after a heat shock.
These proteins are named in accordance with their
molecular weights (in kilodaltons). Hsp 70 is the
major protein involved in tolerance to high tempera-
tures in Drosophila. Similar proteins have been iso-
lated from bacteria, fungi, protozoa, birds, and
mammals, including humans. It now appears that
heat-shock proteins combine with target proteins
and prevent their aggregation and denaturation at
high temperatures, and they promote the normal re-
folding of the target proteins when cells are returned
to normal temperatures. Comparative studies of the
base sequences of genes encoding heat-shock pro-
teins from diverse organisms show that these genes
have been highly conserved during evolution. See
Appendix C, 1974, Tissiers et al.; 1975, McKenzie et
al.; chaperones.

heat-shock puffs a unique set of chromosomal
puffs induced in Drosophila larvae exposed to ele-
vated temperatures (for example, 40 minutes at
37°C). In D. melanogaster, there are nine heat-induc-
ible puffs. Heat shock results in the transcription of
a specific set of mRNAs by the genes that form the
puffs in polytene chromosomes. In culture, heat-
shocked Drosophila cells also transcribe these same
mRNAs into specific heat-shock proteins. See Ap-
pendix C, 1962, Ritossa.

heat-shock response the transcriptional activity
that is induced at a small number of chromosomal
loci following exposure of cells to a brief period of
elevated temperature. At the same time, other loci
that were active prior to the heat shock are switched



off. This phenomenon appears to be universal, since
it has been observed in Drosophila, Tetrahymena, sea
urchin embryos, soybeans, chick fibroblasts, etc. See
ubiquitin.

heavy chain in a heteromultimeric protein, the
polypeptide chain with the higher molecular weight
(e.g., in an immunoglobulin molecule, the heavy
chains are about twice the length and molecular
weight of the light chains); abbreviated H chain; the
smaller molecules are called light (L) chains. The
heavy chain determines the class to which the im-
munoglobulin belongs.

heavy chain class switching the switching of a B
lymphocyte from synthesis of one class of antibodies
to another. For example, a B lymphocyte first syn-
thesizes IgM, but it may later switch to the synthesis
and secretion of IgG, and both antibodies will have
the same antigen specificity. Thus, only the constant
regions of the heavy chains differ between these two
classes of antibodies. Class switching of this type in-
volves both somatic recombination prior to tran-
scription and processing of transcripts by eliminating
some segments and splicing the fragments. See so-
matic recombination, V(D)J recombination.

heavy isotope an atom, such as N, that contains
more neutrons than the more frequently occurring
isotope, and thus is heavier.

heavy metals elements such as cobalt, nickel,
manganese, copper, zinc, arsenic, antimony, mer-
cury, lead, and bismuth, which are toxic pollutants
found in the tailings left behind in gold, silver, and
iron mines. The development of resistance to such
heavy metals in plants growing in mine entrances is
an example of recent evolution by natural selection.

See Appendix C, 1952, Bradshaw.

heavy-metal stain one of the elements of high
atomic weight, often used as stains in electron mi-
croscopy (U, Pb, Os, Mn).

heavy water nontechnical term for deuterium

oxide.

hedgehog (hh) a segment polarity gene of Dro-
sophila located at 3-81.2. This selector gene (g.v.) is
responsible for the proper development of both
wings and legs. Homologs of hh have been found in
fish, birds, and mammals. See Sonic hedgehog (Shh).

Hela cells an established cell line (g.v.) consisting
of an aneuploid strain of human epithelial-like cells,
maintained in tissue culture since 1951; originating
from a specimen of tissue from a carcinoma of the
cervix in a patient named Henrietta Lacks. H. Lacks
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eventually died from her cancer. However, her can-
cer cells are subcultured in laboratories all over the
world. It is estimated that the combined weight of
these cells is now 400 times Henrietta’s adult body
weight. HeLa cells have been used to investigate the
cell cycle (g.v.), to develop the polio vaccine, and to
study the behavior of human cells in the environ-
ment of outer space. Because of sloppy subculturing,
HeLa cells contaminate other cell lines in many lab-
oratories throughout the world. See Appendix C,
1951, Gey; 1968, Gartler; 1995, Feng et al.

Helianthus annuus the sunflower.

helicase a DNA-binding protein that functions to
unwind the double helix. Such unwinding is neces-
sary at replication forks so that DNA polymerases
can advance along single strands. Unwinding is also
necessary for cut and patch repair (q.v.). Loss of
function mutations in genes that encode helicases
can result in cancer or premature aging. For exam-
ple, mutations of genes that encode enzymes belong-
ing to the RecQ family of human DNA helicases
cause Bloom syndrome and Werner syndrome (both
of which see). See nucleolus, replisome, xeroderma
pigmentosum.

Helicobacter pylori a bacterium that is thought to
infect the gastric mucosa of over half the adults over
the age of 60 in industrial countries. Attachment of
the parasite to the stomach wall is facilitated by re-
ceptors on the surface of the mucous cells to which
the bacterium binds. In humans most stomach ulcers
are caused by H. pylori. It is but one of a dozen spe-
cies of Helicobacter that inhabit the gastrointestinal
tract of birds and mammals. Humans with AB anti-
gens (g.v.) are less susceptible to gastric ulcers than
type O individuals. See Appendix A, Bacteria, Pro-
teobacteria; Appendix E; Lewis blood group.

heliotropism a synonym for phototropism (g.v.).

helitron a DNA segment that transposes as a roll-
ing-circle transposon. Unlike other transposons
(q.v.), helitrons lack terminal repeats and do not du-
plicate the insertion sites of their hosts. They carry
5" TC and 3’ CTTR termini and are always inserted
between nucleotides A and T of the host DNA. Hel-
itrons were uncovered by an in silico analysis of ge-
nomic sequences from Arabidopsis, rice, and Caenor-
habditis, and a helitron was later isolated as an
insertion in a mutated Sh2 gene of Zea mays. See
Appendix C, 2001, Kapitonov and Jura; rolling circle.

helix a curve on the surface of a cylinder or cone
that cuts all the elements of the solid at a constant
angle. Applied especially to the circular helix on a
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right circular cylinder. It resembles the thread of a

bolt.

Helix a genus of gastropod containing common
garden snails. Species from this genus are favorite
experimental animals for the experimental analysis
of molluscan development.

helix-destabilizing proteins any protein that
binds to single-stranded regions of duplex DNA cre-
ated by “breathing” (q.v.), and thereby causes un-
winding of the helix; e.g., helicase (g.v.); also called
relaxation proteins or melting proteins.

helix-turn-helix motif a term describing the three-
dimensional structure of a segment that character-
izes certain DNA-binding proteins. Regulatory pro-
teins like the lambda and cro repressors (g.v.) are
examples. The protein bends so that two successive
alpha helices are held at right angles by a turn that
One of the two helices
lies across the major groove of the DNA, while the
other sits within the major groove, where it can
make contacts with these nucleotides of the DNA
that are in a specific sequence. This “recognition he-
lix” modulates the expression of the gene to which it
binds. See Antennapedia, DNA grooves, motifs, myc.

contains four amino acids.

Helminthosporium maydis See Bipolaris maydis
(the preferred nomenclature).

helper T lymphocytes a T lymphocyte that ampli-
fies the activity of B lymphocytes, other T lympho-
cytes, and macrophages. Once a helper T lympho-
cyte recognizes an antigen, it divides and its progeny
start to synthesize and secrete a variety of lympho-
kines (q.v.). These cause B lymphocytes to divide
and differentiate into plasma cells, inactive precur-
sor T cells to develop into cytotoxic T lymphocytes,
and macrophages to be recruited and activated. See
AIDS, cytotoxic T lymphocyte, T lymphocyte.

helper virus
already infected by a defective virus, is able to sup-
ply something the defective virus lacks, thus en-
abling the latter to multiply. See satellite RNA.

a virus that, by its infection of a cell

HEMA the gene, located at Xq28, which encodes
factor 8, the antihemophilic factor (q.v.). HEMA
contains 189 kilobases of DNA and is one of the
largest human genes. It has 26 exons and 25 introns.
One of these (number 22) is gigantic (32 kb), and it
contains a CpG island (g.v.). This serves as a bidirec-
tional promoter for two genes (A and B). Gene A
contains no introns and is transcribed in the opposite
direction from factor 8. Gene B is transcribed in the
same direction as factor 8. Its first exon is in intron
22, and this exon is spliced to exons 23-26 to form

the complete transcript. The A and B transcripts are
found in many different tissues, but the functions of
the proteins they encode are not known. Two addi-
tional copies of gene A also lie about 500 kilobases
upstream of HEMA. Intrachromosomal recombina-
tion between the A gene within intron 22 and either
of these duplicates can yield an inversion that dis-
rupts HEMA. Such inversions are thought to cause
25% of all cases of hemophilia A. The gene is ex-
pressed in the liver. The first human mutations
caused by transposable elements were discovered in
HEMA. See Appendix C, 1988, Kazazian et al.; he-
mophilia.

hemagglutinins 1. antibodies involved in specific
aggregation of red blood cells. 2. glycoproteins,
formed on the surfaces of cells infected with certain
viruses (e.g., influenza virus) or on the surfaces of
enveloped viruses released from such cells, that can
aggregate red blood cells of certain species. 3. lectins

(q.v).
hematopoiesis the formation of red blood cells.
hematopoietic pertaining to hematopoiesis.

HEMB the gene, located at Xq27, which encodes
factor 9, the plasma thromboplastin component
(q.v.). HEMB is much smaller than HEMA. HEMB
contains 34 kilobases of DNA and is made up of 8
exons. Most individuals suffering from hemophilia B
have deletions in the factor 9 gene. The liver is the
site of transcription and translation of the HEMB
mRNA. See gene, hemophilia.

heme an iron-containing molecule that forms the
oxygen-binding portion of hemoglobin (q.v.). Heme
consists of a tetrapyrrole ring, named protoporph-
orin IX, and a ferrous ion. An oxygen molecule can
reversibly bind to the iron atom which in turn is co-
valently attached to the nitrogens of the four pyrrole
molecules. Heme-containing proteins also occur in
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bacteria and archaeans, where they generate signals
in response to their binding oxygen. Presumably the
signals are of adaptive significance to these microor-
ganisms. See bilirubin.

Hemimetabola a superorder of primitive insects
having incomplete metamorphosis (mayflies, dragon
flies, stoneflies, roaches, etc.). Synonymous with Ex-
opterygota. See Appendix A.

hemimetabolous
which metamorphosis is simple and gradual. Each
insect gradually acquires wings during a period of
growth interrupted by several molts. Immature
forms are called nymphs if terrestrial, naiads if
aquatic. Contrast with holometabolous.

referring to those insects in

hemipteran a true bug; a member of the order
Hemiptera. See Appendix A.

hemizygous gene a gene present in single dose. It
may be a gene in a haploid organism, or a sex-linked
gene in the heterogametic sex, or a gene in the ap-
propriate chromosomal segment of a deficiency het-
erozygote.

hemochromatosis impaired functioning of a tissue
or organ due to the storage of excessive amounts of
iron in its cells. Hereditary hemochromatosis is the
result of homozygosity of a recessive gene (HLA-H)
on the short arm of human chromosome 6. The gene
appears to be one of the most common disease-
producing genes, at least in populations of European
origin. People with one copy of HLA-H absorb in-
creased amounts of iron from their diets but do not
show symptoms of hemochromatosis. When both
copies of the flawed gene are present the disease oc-
curs, but usually after the reproductive period is
over. Premenopausal females rarely show symptoms,
possibly because of iron loss due to bleeding during
menstruation. It is possible in the past that heterozy-
gotes had a selective advantage in regions where
their diets contained suboptimal amounts of iron.

hemocoel a body cavity of arthropods and mol-
luscs that is an expanded part of the blood system.
The hemocoel never communicates with the exte-
rior, and never contains germ cells.

hemocyte an amoeboid blood cell of an insect. It

is analogous to a mammalian leukocyte.

hemoglobin the oxygen-carrying pigment (molec-
ular weight 64,500 daltons) of red blood cells. Each
hemoglobin molecule is a spheroid with dimensions
50 x 55 x 65A. In red blood cells where hemoglobin
is very concentrated, the molecules are only about
10A apart. However, they can still rotate and flow
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past one another. Hemoglobin is a conjugated pro-
tein composed of four separate chains of amino acids
and four iron-containing ring compounds (heme
groups). The protein chains of adult hemoglobin
(HbA) occur as two pairs, a pair of alpha chains and
a pair of beta chains. Each alpha chain contains 141
amino acids, and each beta chain contains 146
amino acids. Normal human adults also have a mi-
nor hemoglobin component (2%) called A,. This he-
moglobin has two alpha chains and two delta pep-
tide chains. The delta chains have the same number
of amino acids as the beta chains, and 95% of their
amino acids are in sequences identical to those of
the beta chains. The hemoglobin of the fetus (HbF)
is made up of two alpha chains and two gamma
chains. Each gamma chain also contains 146 amino
acids. There are two types, G gamma and A gamma,
which differ only in the presence of glycine or ala-
nine, respectively, at position 136. The earliest em-
bryonic hemoglobin tetramer consists of two zeta
(alphalike) and two epsilon (betalike) chains. Begin-
ning about the eighth week of gestation, the zeta
and epsilon chains are replaced by alpha and gamma
chains, and just before birth the gamma chains begin
to be replaced by beta chains. See Appendix C, 1960,
Perutz et al.; 1961, Dintzis, Ingram; 1962, Zucker-
kandl and Pauling; leghemoglobin.

hemoglobin Bart's hemoglobin made up of ho-
motetramers of gamma globin chains. In alpha tha-
lassemia, the underproduction of alpha globin chains
stimulates the expression of gamma globin genes. As
a result, gamma globin tetramers become predomi-
nant. In fetuses homozygous for deletions in alpha
hemoglobin genes, the level of Bart’s hemoglobin is
80%-100%, and hydrops fetalis (g.v.) results. The
hemoglobin was identified at St. Bartholomew’s
Hospital in London. This venerable hospital,
founded in 1123, is nicknamed “Bart’s.” See hemo-
globin fusion genes.

hemoglobin C a hemoglobin with an abnormal
beta chain. Lysine is substituted for glutamic acid at
position 6. Hemoglobin C is thought to protect
against malaria by interfering with the production of
adhesion knobs on the surface of infected red blood
cells. AC and CC erythrocytes show reduced adhe-
sion to endothelial monolayers. Therefore parasit-
ized cells are more likely to be swept into the spleen
and destroyed. See hemoglobin S.

hemoglobin Constant Spring a human hemoglo-
bin possessing abnormal alpha chains that contain
172 amino acids, rather than the normal number of
141. Hb Constant Spring seems to be the result of a
nonsense mutation that converted a stop codon into
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a codon specifying an amino acid (glutamine, in this
case). The 30 additional amino acids must be coded
by adjacent base sequences that normally are not
transcribed, or, if transcribed, not translated. The
designation Constant Spring comes from the region
of the island of Jamaica where the mutant hemoglo-
bin was discovered.

hemoglobin fusion genes abnormal hemoglobin
genes arising as a result of unequal crossing over be-
tween genes sharing homologous nucleotide se-
quences. Examples are the fused gamma-beta gene
that codes for the non-alpha chain of Hb Kenya and
the variety of fused delta-beta genes that code for
the non-alpha chains of the Hb Lepore (gq.v.).

hemoglobin genes
hemoglobins are located on chromosomes 11 and
16. As illustrated above, chromosome 11 contains
the epsilon chain gene, two gamma chain genes
(symbolized by Gy and Ay), a delta chain gene, and
a beta chain gene. Chromosome 16 contains a zeta
gene and two alpha chain genes (o, and o). There
are also DNA segments that are structurally similar
to the expressed hemoglobin genes. These pseudo-
genes were probably functional in the past but are
now incapable of generating a product because of
mutations they contain. These pseudogenes are rep-
resented by black boxes in the diagram above. The
globin genes on chromosome 16 (the alpha-like clus-
ter) and on chromosome 11 (the beta-like cluster)
are thought to have arisen by the duplication of a
single ancestral gene some 450 million years ago.
The table below shows the segmental organization
of the transcription units (TUs) from the globin
genes. All contain 5 and 3’ ends (which are not
translated), three exons (E,, E,, E3), and two introns
(I, and ) that are spliced out of the mature mRNA.

the genes coding for human

The numbers represent base pairs. The major differ-
ence between the two gene clusters is that the sec-
ond introns of the beta-like genes contain about six
times as many base pairs as the second introns of
alpha-like genes. Transcription begins 40 to 50 base
pairs upstream of E,;, and ends about 100 base pairs
downstream from E,. Subsequently the 5 end re-
ceives a methylated cap (gq.v.), and the 3’ end loses
a segment of about 25 nucleotides but gains a tail of
50 or more adenylic acids. See Appendix C, 1961,
Ingram; 1976, Efstratiadis et al.; 1977, Tilghman et
al.; 1979, Fritsch et al.; 1985, Saiki et al.; 1986, Con-
stantini et al.; compound heterozygote, gene, heredi-
tary persistence of hemoglobin F, myoglobin gene,
polyadenylation,  posttranscriptional  processing,
sickle-cell anemia, thalassemias, transcription unit.

hemoglobin H See hemoglobin homotetramers,
thalassemias.

hemoglobin homotetramers abnormal hemoglo-
bins made up of four identical polypeptides. Exam-
ples are Hb Bart’s (only gamma chains) and Hb H
(only beta chains).

hemoglobin Kenya See hemoglobin fusion genes.

hemoglobin Lepore an abnormal hemoglobin
named after the Italian family in which it was first
found. The protein contains a pair of normal alpha
chains and a pair of abnormal chains, each chain
made up of 146 amino acids. Each abnormal chain
appears to be a hybrid molecule consisting of an N-
terminal end containing amino acids in a sequence
characteristic of the left end of the delta chain and a
C-terminal end containing amino acids in a sequence
characteristic of the right end of a beta chain. He-
moglobin Lepore is presumed to have arisen by un-

Globin TU 5’ end E, I E, L E; 3’ end
alpha 37 93 113 204 141 129 112
beta 50 93 130 222 850 126 132
gamma 53 93 122 222 886 126 87
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equal crossing over between a mispaired delta and
beta cistron.

hemoglobin S a hemoglobin with a glutamic acid
replaced by a valine at position 6 of the beta chains.
The substitution replaces a charged side chain with
a hydrophobic residue, and this results in a hydro-
phobic patch on the surface of the molecule. This
patch can fit into a pocket in an adjacent hemo-
globin S, and therefore adjacent molecules stack up
to form fibers that deform the cell. The stacking
only occurs when hemoglobin is in the deoxyge-
nated state, and it occurs to only a minor degree in
the cells of heterozygotes. Misshapen red blood cells
in venous blood are a diagnostic feature of sickle-cell
anemia (g.v.). See Appendix C, 1949, Pauling; 1957,
Ingram; 1973, Finch et al.; gene, sickle-cell trait.

hemoglobinuria the excretion of hemoglobin in
solution in the urine.

hemolysis the rupturing of blood cells.

hemolytic anemia See anemia.

hemophilia a hereditary disease characterized by a
defect in the blood-clotting mechanism. Hemophilia
was the first human trait recognized to show sex-
linked inheritance. Hemophilia A (classical hemo-
philia) is due to a deficiency of functional antihe-
mophilic factor (factor 8). Hemophilia B (Christmas
disease) results from a deficiency of plasma thrombo-
plastin component (factor 9). The clotting factors are
proteins encoded by genes (HEMA and HEMB) that
reside at a considerable distance from one another
on the X chromosome. The hemophilic population
consists of hemizygotes for HEMA and for HEMB in
a ratio of 4: 1. The hemoglobin genes have also mu-
tated in various domesticated animals, since hemo-
philia A occurs in cats, dogs, horses, and sheep, and
hemophilia B is known in cats and dogs. See Appen-
dix C, 1820, Nasse; 1988, Kazazian et al.; anti-hemo-
philic factor, blood clotting, HEMA, HEMB, plasma
thromboplastin component, royal hemophilia, von
Willebrand disease. http://www.hemophilia.org.

hemopoiesis See hematopoiesis.
hemopoietic See hematopoietic.

hemopoietic histocompatibility (Hh) used in ref-
erence to transplantation of bone marrow in inbred
strains of mice and their hybrids. As measured by
the growth of the transplanted marrow cells in the
spleen, a unique form of transplantation genetics
seems to apply whereby hybrid recipients resist pa-
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rental bone marrow grafts, but parental recipients
accept hybrid bone marrow.

hemozoin a non-toxic form of hemoglobin depos-
ited in the food vacuole of the Plasmodium tropho-
zoite (q.v.). See malaria, vacuoles.

herb a plant with no persistent parts above
ground, as distinguished from a shrub or tree.

herbage herbs collectively, especially the aerial
portion.

herbarium a collection of dried and pressed plant
specimens.
herbicide a chemical used to kill herbaceous

plants. See Roundup.
herbivore a plant eater.

hereditary disease a pathological condition
caused by a mutant gene. See Appendix C, 1966,
McKusick, human genetic diseases.

hereditary growth hormone deficiencies a defi-
ciency in human growth hormone (g.v.) often due
to deletions or point mutations at the GHI locus.
Deletions result in severe dwarfism by 6 months of
age. hGH replacement is initially beneficial, but
anti-hGH antibodies subsequently develop and may
arrest the response to exogenous hGH. The lack of
immunological tolerance to hGH occurs because the
mutant fetus never produced hGH during the period
when its immune system was being programmed not
to respond to self-proteins. In cases where a biologi-
cally inactive, mutant hGH is produced, treatment
with synthetic hGH is usually effective. See human
growth hormone gene, human growth hormone re-
ceptor.

hereditary hemochromatosis  See hemochroma-
tosis.

hereditary nonpolyposis colorectal cancer (HNPCC)
a human cancer syndrome due to mutations in the
MSH?2 gene. This gene has been mapped to 2p22-
p21, and it encodes an enzyme that functions in mis-
match repair (g.v.).

hereditary persistence of hemoglobin F (HPHF)
the continued synthesis of fetal hemoglobin in
adults. One form of HPHF results from large dele-
tions that remove the 8 and B globin genes from
chromosome 11. Under these circumstances, the Gy


http://www.hemophilia.org

202 hereditary spherocytosis (HS)

and Ay genes are switched on and y globin chains
are synthesized. In the nondeletion form of HPHF,
missense mutations have been found 158-202 base
pairs upstream of the Gy chain ORF. These base
substitutions presumably prevent a control element
from switching off production of gamma chains. See
Appendix C, 1984, Collins et al.; hemoglobin, hemo-
globin genes.

hereditary spherocytosis (HS) a highly variable
genetic disorder affecting the red blood cell mem-
brane and characterized by anemia (q.v.), jaundice
(q.v.), enlargement of the spleen, and hemochro-
matosis (q.v.). HS results from a defect or deficiency
in one of the cytoskeletal proteins associated with
the erythrocyte membrane. 35%-65% of all HS
cases are associated with mutations in the ANKI
gene, and this form of HS is also called ankyrin-1
deficiency, ankyrin-R deficiency, or erythrocyte ankyrin
deficiency. Erythrocytes in HS patients are smaller,
rounder, and more fragile than normal, get trapped
in narrow blood vessels, particularly in the spleen,
and hemolyze, resulting in HS symptoms. This dis-
order is most common in people of northern Euro-
pean ancestry. See ankyrin.

heredity a familial phenomenon wherein biologi-
cal traits appear to be transmitted from one genera-
tion to another. The science of genetics has shown
that heredity results from the transmission of genes
from parents to offspring. The genes interact with
one another and with their environment to produce
distinctive characteristics or phenotypes. Offspring
therefore tend to resemble their parents or other
close relatives rather than unrelated individuals who
do not share as many of the same kinds of genes.

heritability an attribute of a quantitative trait in
a population that expresses how much of the total
phenotypic variation is due to genetic variation. In
the broad sense, heritability is the degree to which a
trait is genetically determined, and it is expressed as
the ratio of the total genetic variance to the pheno-
typic variance (V¢/Vp). In the narrow sense, herita-
bility is the degree to which a trait is transmitted
from parents to offspring (i.e., breeding value), and
it is expressed as the ratio of the additive genetic
variance to the total phenotypic variance (V,/V3).
The concept of additive genetic variance makes no
assumption concerning the mode of gene action in-
volved. Heritability estimates are most commonly
made by (1) regression-correlation analyses of close
relatives (e.g., parent-offspring, full sibs, half sibs),
(2) experiments involving response to selection, and
(3) analysis of variance components. Traits with
high heritabilities respond readily to selection.

hermaphrodite an individual having both male
and female reproductive organs. A simultaneous her-
maphrodite has both types of sex organs throughout
life. A sequential hermaphrodite may have the ovary
first (protogyny), to be replaced by a testis later, or
may develop the testis first (protandry), to be re-
placed later by an ovary. See consecutive sexuality,
sperm sharing.

herpes virus
ing a duplex DNA molecule within an icosahedral
capsid. They range in size from 180 to 250 nanome-
ters and produce internuclear inclusions in host cells.
If the virus infects humans, the acronym is given an
initial “H.” HHV1 (herpes simplex virus) causes cold
sores. HHV2 (genital herpes virus) causes lesions
and is sexually transmitted. HHV3 (varicella zoster
virus) causes chicken pox and shingles. See enve-
loped viruses, Epstein-Barr virus (EBV), human cyto-
megalovirus (HCMV), human papillomavirus, virus.

one of a group of animal viruses hav-

Hers disease a hereditary glycogen storage disease
in humans arising from a deficiency of the enzyme
hepatic phosphorylase. It is inherited as an autoso-
mal recessive trait with an incidence of 1/200,000.

het a partially heterozygous phage.

heterauxesis the relation of the growth rate of a
part of a developing organism to the growth rate of
the whole or of another part. If the organ in question
grows more rapidly than the organism as a whole, it
shows tachyauxesis; if less rapidly, bradyauxesis; if
at the same rate, isauxesis. See allometry.

heteroalleles alternative forms of a gene that dif-
fer at nonidentical muton sites. Intragenic recombi-
nation between mutant heteroalleles can yield a
functional cistron. Compare with homoalleles. See
Appendix C, 1955, Pritchard; 1962, Henning and
Yanofsky.

heterobrachial inversion pericentric inversion.

hetrocapsidic virus See segmented genome.

heterocaryon heterokaryon.

heterochromatin chromosomal material that, un-
like euchromatin (q.v.) shows maximal condensation
in nuclei during interphase. Chromosomal regions
behaving in this way are said to show positive hetero-
pycnosis. When entire chromosomes (like some Y
chromosomes) behave this way, they are called het-
erochromosomes. In polytene chromosomes, hetero-
chromatic regions adjacent to the centromeres of
all chromosomes tend to adhere, forming a chromo-
center. Heterochromatin is composed of repetitious
DNA, is late to replicate, and is transcriptionally in-



active. Such heterochromatic segments are often
called constitutive to distinguish them from chromo-
somal segments or whole chromosomes that become
dense and compact at different developmental
stages. In such cases, one homologous chromosome
may behave differently from the other. An example
is the condensed, inactivated X chromosome charac-
teristic of the diploid somatic cells of mammalian fe-
males. Such chromosomes are sometimes said to
contain facultative heterochromatin, although there is
no evidence that they contain a type of DNA differ-
ent from euchromatin. The relative amounts of het-
erochromatin in each chromosome are shown in the
Drosophila melanogaster entry. The pericentric het-
erochromatin is underreplicated in the polytene
chromosomes of Drosophila, and this underreplica-
tion is under genetic control. See Appendix C, 1928,
Heitz; 1936, Schultz; 1959, Lima-de-Faria; 1970,
Pardue and Gall, 1998, Belyaeva et al.; centromere,
euchromatin, position effects.

heterochromatin protein 1 (HP1) a nonhistone
protein that binds to heterochromatin and to the
telomeres of Drosophila polytene chromosomes. It is
a highly conserved protein with homologs in yeast,
plants, and mammals. HP1 is required for the proper
segregation of chromosomes during mitosis in em-
bryos. It can enter nuclei and bind to specific chro-
mosomal sites where it causes localized condensa-
tion of DNA and represses the transcriptional
activity of neighboring genes. The gene Suppressor of
variegation 205 encodes HP1. It is located on the left
arm of chromosome 2 at 31.1. Loss of function mu-
tant alleles are recessive lethals and cause end-to-end
fusions of telomeres. Reduced function alleles cause
variegation. See Appendix C,1986, James and Elgin.

heterochromatization the situation where euchro-
matic chromosome regions acquire the morphology
of heterochromatin when juxtaposed to heterochro-
matin. See Appendix C, 1939, Prokofyeva-Belgov-
skaya; position effects

heterochromosome See B chromosomes, hetero-
chromatin.

heterochronic genes genes whose products are re-
quired for the timing of specific developmental
events. Mutations in these genes disrupt the tempo-
ral pattern of development and can also lead to phy-
logenetic variation. In Caenorhabditis elegans muta-
tions in single heterochronic genes affect the timing
of cell division and differentiation in different post-
embryonic cell lineages (without affecting other lin-
eages), resulting in the generation of cell patterns
normally associated with earlier or later develop-
mental stages. Two of the heterochronic genes in C.

heteroduplex 203

elegans, lin-4 and let-7, encode small temporal RNAs
(q.v.), which control developmental timing by inhib-
iting the translation of target messenger RNAs.
Other heterochronic genes affect the timing of neu-
roblast proliferation (Drosophila), scale cell matura-
tion (Papilio), sporulation (Dictyostelium), post-em-
bryonic shoot development (maize), and flower
formation (Arabidopsis). In many eukaryotes the
timing of many developmental events is controlled
by hormones, and numerous genes affecting hor-
mone function have been described. However, little
is known about what controls the timing of hormone
secretion. See Appendix C, 1984, Ambros and Hor-
vitz; heterochrony.

heterochrony a change in the timing of a develop-
mental event (e.g., time of appearance of a morpho-
logical trait or of expression of a gene) relative to
other developmental event(s). Heterochrony has
been well documented at the genetic and molecular
level in Caenorhabditis elegans, where mutations in
known heterochronic genes (g.v.) result in preco-
cious or retarded development in specific post-
embryonic cell lineages. In addition to its role in
regulating the temporal pattern of development,
heterochrony is thought to be a major force for phy-
logenetic variation (e.g., variation between an an-
cestral and descendant species). A commonly cited
example of heterochrony is neoteny (q.v.) in Ambys-
toma mexicanum (q.v.). The sexually mature adult of
this aquatic salamander is a chimera (q.v.) consisting
of adult and larval tissues (including gills), compared
to the adult of the land-dwelling species. This is due
to a genetic defect in thyroid hormone production,
which retards the maturation of juvenile somatic tis-
sues relative to gonadal tissues. The term heteroch-
rony was originally coined by the German physician
and biologist, Ernst Haeckel (1834-1919), but has
evolved over the years to its present form.

heterocyclic referring to any organic compound
forming a ring made up of carbon atoms and at least
one atom other than carbon. Examples of heterocy-
clic amino acids are proline, hydroxyproline, trypto-
phan, and histidine (see amino acid). Purines and py-
rimidines are heterocyclic compounds (see bases of
nucleic acids). The porphyrin portion of heme is
made up of heterocyclic rings (see heme).

heterodimer a protein made up of paired polypep-
tides that differ in their amino-acid sequences.

heterodisomy See disomy.

heteroduplex 1. a DNA generated during genetic
recombination by base pairing between complemen-
tary single strands from different parental duplex
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molecules. 2. a double-stranded nucleic acid in
which each chain has a different origin and therefore
is not perfectly complementary; e.g., the hybrid
molecule generated by in vitro annealing of eukaryo-
tic mRNA with its DNA. See Appendix C, 1969,

Westmoreland et al. See R-loop mapping.

heteroecious referring to a parasite requiring two
or more hosts to complete its life cycle, as with some
rust fungi and insects.

heterofertilization double fertilization of angio-
sperms in which the endosperm and egg are derived
from genetically different sperm nuclei.

heterogametic sex the sex that produces gametes
containing unlike sex chromosomes (e.g., male mam-
mals produce X- and Y-bearing sperm, usually in
equal proportions). Crossing over is often suppressed
in the heterogametic sex. See Appendix C, 1912,
Morgan; 1913, Tanaka. Compare with homogametic
Ssex.

heterogamy the alternation of bisexual reproduc-
tion with parthenogenetic reproduction.

heterogeneous nuclear RNA (hnRNA) the pool of
extrachromosomal RNA molecules found in the nu-
cleus, consisting of a heterogeneous mixture of pri-
mary transcripts, partly processed transcripts, dis-
carded intron RNA, and small nuclear RNA. The
term is often used to refer to the primary transcripts
or to their modified products alone. See Appendix
C, 1961, Georgiev and Mantieva; posttranscriptional
processing, spliceosome, Usn RNAs.

heterogenetic antigens the same or similar (cross-
reacting) antigens shared by several species (e.g.,
Forssman antigen, g.v.). Antibodies produced against
one of these antigens will also react with the other
antigens of the system even though these are derived
from a different species; such antibodies are also
called heterophile antibodies. See heterophile antigen.

heterogenote See heterogenotic merozygote.

heterogenotic merozygote a partially heterozy-
gous bacterium carrying an exogenote containing al-
leles differing from those on the endogenote.

heterogony cyclical parthenogenesis, when one or
more parthenogenetic generations alternate with an
amphimictic one, usually in an annual cycle. Aphids,
gall wasps, and rotifers are examples of animals un-
dergoing heterogony.

heterograft a graft between members of different
species; also known as a xenograft. Compare with al-
lograft, isograft.

heterokaryon a somatic cell that contains nuclei
derived from genetically different sources. The nu-
clei do not fuse, but divide individually and simulta-
neously to form new cells, as commonly occurs in
fungal hyphae. Ciliate protozoans, such as Tetrahy-
mena, may be functional heterokaryons, if they carry
a drug-resistant gene in the transcriptionally inac-
tive, diploid, germinal micronucleus and a drug-sen-
sitive allele in the transcriptionally active, highly
polyploid, somatic macronucleus. See interspecific
heterokaryon.

heterokaryon test a test for organelle mutations
based upon the appearance of unexpected pheno-
types in uninucleate cells derived from specially
marked heterokaryons. For example, suppose that
heterokaryons form between colonies thought to
carry a mitochondrial mutant (A) and colonies car-
rying a known nuclear mutation (B). If uninucleate
progeny cells or spores exhibiting both the A and
the B phenotypes can be derived from the hetero-
karyons, then the A mutation is probably in an ex-
tranuclear gene, because recombination of nuclear
genes does not occur in heterokaryons.

heterokaryosis the condition in which fungus hy-
phae contain haploid nuclei of different genotypes,
as a result of nonsexual fusion of the different types
of hyphae.

heterokaryotypic referring to an individual carry-
ing a chromosomal aberration in the heterozygous
condition.

heterologous 1. in immunology, referring to an
antibody and an antigen that do not bind to one an-
other; either may be said to be heterologous to the
other. 2. in transplantation studies, referring to a
graft originating from a donor belonging to a species
different from the host’s. 3. in nucleic acid studies,
referring to a DNA of a different source from the
rest. Thus, a rabbit hemoglobin gene used as a probe
to detect a hemoglobin gene from a mouse gene li-
brary represents heterologous DNA. 4. In transpo-
son tagging (q.v.), the use of a transposon from one
species to tag a gene from another—for example, us-
ing the maize Activator transposon to tag and clone
a gene conferring disease resistance in tobacco.

heterologous chimera a chimera (gq.v.) formed by
cells or tissues from two different species.

heteromeric  See heteropolymeric protein.
Heterometabola Hemimetabola (g.v.).

heteromixis
tem where sexual reproduction involves the fusion

in fungi, referring to the mating sys-



of genetically different nuclei each from a different
thallus. Contrast with homomixis. See Appendix C,
1904, Blakeslee.

heteromorphic bivalent a bivalent made up of
chromosomes that are structurally different and con-
sequently are only partly homologous (the XY biva-
lent is an example). Contrast with homomorphic bi-
valent.

heteromorphic chromosomes homologous chro-
mosomes that differ morphologically.

heteromorphosis (also homeosis) the formation,
whether in embryonic development or in regenera-
tion, of an organ or appendage inappropriate to its
site (for example, an antenna instead of a leg).

heteromultimeric protein
protein.

See heteropolymeric

heterophile antigen a substance that stimulates
production in a vertebrate of antibodies capable of
reacting with tissue components from other verte-

brates or even from plants.

heteroplasmy the phenomenon where two dis-
tinct populations of mitochondria exist in the same
invidiual. In those cases where a mutant in mtDNA
is responsible for a disease, the larger the proportion
of mutant mitochondria, the more likely the person
will show symptoms of the disease. See Leber heredi-
tary optic neuropathy (LHON), Leigh syndrome.

heteroplastic transplantation a transplantation
between individuals of different species within the
same genus.

heteroplastidy having two kinds of plastids, spe-
cifically, chloroplasts and starch-storing leukoplasts.

heteroploid referring in a given species to the
chromosome number differing from the characteris-
tic diploid number (or haploid number, if the spe-
cies has a predominating haplophase).

heteropolymeric protein a protein made up of
more than one kind of polypeptide (e.g., hemoglobin).

heteropycnosis referring to the appearance of
chromosomes or chromosomal regions that have a
coiling cycle out of phase with the rest of the ge-
nome. Positively heteropycnotic segments are more
tightly coiled and negatively heteropycnotic seg-
ments are more loosely coiled than the rest of the
chromosomal complement. See allocycly, isopyc-
notic.

heterosis the greater vigor in terms of growth, sur-
vival, and fertility of hybrids, usually from crosses
between highly inbred lines. Heterosis is always as-
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sociated with increased heterozygosity. See gibber-
ellin.

heterosomal aberration See chromosomal aberra-
tion.

heterospory in plants, the existence (within the
same species or within an individual organism) of
two kinds of meiocytes (megasporocytes and micro-
sporocytes) that produce two kinds of meiospores.

Compare with homospory.

heterostyly a polymorphism of flowers that en-
sures cross-fertilization by producing flowers having
stamens and styles of unequal lengths.

heterothallic fungus a fungal species producing a
sexual spore that results from the fusion of geneti-
cally different nuclei which arose in different thalli.

Compare with homothallic fungus.

heterotopic transplantation transplantation of
tissue from one site to another on the same or-
ganism.

heterotrophs organisms that require complex or-
ganic molecules such as glucose, amino acids, etc.,
from which to obtain energy and to build macromol-
ecules. Contrast with autotrophs.

heterozygosis heterozygosity.

heterozygosity the condition of having one or

more pairs of dissimilar alleles.

heterozygote a diploid or polyploid individual
that has inherited different alleles at one or more
loci and therefore does not breed true. In diploids
the heterozygote usually has a normal dominant al-
lele and a mutant recessive allele and is sometimes
called a carrier. Contrast with homozygote. See Ap-
pendix C, 1900, Bateson; compound heterozygote.

heterozygote advantage the situation where the
heterozygote has a greater fitness than either homo-
zygote. See cystic fibrosis, glucose-6-phosphate dehy-
drogenase deficiency, hemochromatosis, Indy, over-
dominance, sickle-cell trait.

HEXA See Tay-Sachs disease.

hexaploid a polyploid possessing six sets (6N) of
chromosomes or genomes; e.g., bread wheat is
thought to have originated by hybridizations involv-
ing three different species, each of which contrib-

uted two genomes to the allohexaploid. See wheat.
HEXB See Sandhoff disease.

hexosaminidase
tabolism of gangliosides (g.v.). Hexosaminidase A is
composed of alpha and beta subunits coded for by

an enzyme functioning in the ca-
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genes on human autosomes 15 and 5, respectively.
Mutations at these loci result in Tay-Sachs and

Sandhoff diseases (q.v.).

hexose monophosphate shunt See pentose phos-
phate pathway.

Hfr strain a strain of Escherichia coli that shows
high frequencies of recombination (hence the abbre-
viation). In cells from such a strain, the F-factor is
integrated into the bacterial chromosome. See Ap-

pendix C, 1953, Hayes; circular linkage map.
hGH human growth hormone (q.v.).
hGHR human growth hormone receptor (q.v.).

HGPRT hypoxanthine-guanine-phosphoribosyl-
transferase (g.v.); an enzyme involved in the sal-
vage pathway (q.v.) of nucleotide synthesis. See
HAT medium.

hibernate to be dormant during winter. Many
mammals, reptiles, amphibians, and certain inverte-
brates hibernate. See also aestivate.

hierarchy
within groups, as exemplified by the taxonomic hi-
erarchy of organisms. See classification.

an organization pattern involving groups

high-energy bond a covalent chemical bond (e.g.,
the terminal phosphodiester bond of adenosine tri-
phosphate) that liberates at least 5 kcal/mol free en-
ergy upon hydrolysis.

high-energy phosphate compound a phosphory-
lated molecule that upon hydrolysis yields a large
amount of free energy. See ATP, phosphate bond en-

ergy.

high frequency of recombination cell See Hfr

strain.

highly repetitive DNA the fast component in reas-
sociation kinetics, usually equated with satellite
DNA. See repetitive DNA.

high-resolution chromosome studies
the banding pattern of human chromosomes at pro-
metaphase, when they are longer than at metaphase.
Such analyses reveal 700-1200 bands and allow a
more detailed localization of adjacent genes than is
possible for metaphase chromosomes, where 300-
600 bands are typically observed. See human chro-
mosome band designations.

analysis of

Himalayan mutant an allele at the albino locus
(with known examples in the mouse, rat, rabbit,
guinea pig, hamster, and cat) associated with a very
lightly pigmented body and somewhat darker ex-

tremities. The form of tyrosinase encoded by this
gene is temperature sensitive and normally functions
well only in the extremities where the body temper-
ature is lower. Such animals raised in cold environ-
ments show darker pigmentation. See albinism, tem-
perature-sensitive mutation, tyrosinase.

Hindll See restriction endonuclease.

hinge region See immunoglobulin.
hinny See horse-donkey hybrids.
his histidine. See amino acid.
histidine See amino acid.

histidinemia a hereditary disease in humans aris-
ing from a deficiency of the enzyme histidase.

histidine operon a polycistronic operon of Salmo-
nella typhimurium containing nine genes involved in
the synthesis of histidine. Fused genes from this op-
eron encoded a fused enzyme. See Appendix C, 1970,
Yourno, Kohno, and Roth.

histochemistry the study by specific staining
methods of the distribution of particular molecules
within sections of tissues. See Appendix C, 1825,
Raspail.

histocompatibility antigen genetically encoded
cell-surface alloantigens that can cause the rejection
of grafted tissues, cells, and tumors bearing them.
See Appendix C, 1937, Gorer.

histocompatibility gene a gene belonging to the
major histocompatibility (MHC) system or to any of
numerous minor histocompatibility systems respon-
sible for the production of histocompatibility anti-
gens (g.v.) See Appendix C, 1948, Snell.

histocompatibility molecules genetically encoded
cell-surface alloantigens that can cause the rejection
of grafted tissues, cells, and tumors bearing them.
These cell-membrane glycoproteins are grouped into
two classes. Class I molecules are found on the sur-
faces of all mammalian cells (except trophoblasts
and spermatozoa). T lymphocytes (g.v.) of the CD8"
subgroup recognize antigenic determinants of for-
eign class I histocompatibility molecules. Class II
histocompatibility molecules are abundant on the
surfaces of B lymphocytes (q.v.). T lymphocytes of
the CD4" subgroup recognize antigenic determi-
nants of foreign class II histocompatibility mole-
cules. These T cells subsequently divide and secrete
lymphokines (g.v.), which are important for B cell
growth and differentiation. Class I histocompatibil-
ity molecules are heterodimers made up of heavy



(alpha) and light (beta) polypeptide chains. The
class I chains are encoded by genes residing in the
right portion of the HLA complex (q.v.). The alpha
chain contains regions showing sequence diversity,
whereas the beta chain has an invariant amino acid
composition. The class II histocompatibility mole-
cules are also dimers composed of heavy alpha and
light beta chains. These are encoded by genes in the
left portion of the HLA complex. Most of the se-
quence diversity of class II histocompatibility mole-
cules is localized within a segment of the beta chain.
Class II histocompatibility dimers are associated with
a third polypeptide chain that exhibits no polymor-
phism. See Appendix C, 1937, Gorer; 1987, Wiley et
al.; major histocompatibility complex.

histogenesis the development of histologically
detectable differentiation.

histogenetic
means of cell-mediated immunity.

antigens or responses defined by

histogram a bar graph.

histoincompatibility
tissue.

intolerance to transplanted

histology the study of tissues.
histolysis tissue destruction.

histone genes in both the sea urchin and Drosoph-
ila, these genes are repetitive and clustered. In Stron-
gylocentrotus purpuratus, the genes for H4, H2B, H3,
H2A, and H1 lie in a linear sequence. They are tran-
scribed from the same DNA strand to form a poly-
cistronic message, and are separated by DNA spacers
of similar lengths. In Drosophila there are about 110
copies of the histone genes, and these are localized
in a four-band region in the left arm of chromosome
2. The gene sequence is H3, H4, H2A, H2B, HI.
Two genes are transcribed from one DNA strand,
three from the other. The gene order in Xenopus
laevis is the same as in Drosophila. In humans, his-
tone genes show less clustering, and they are located
on a variety of chromosomes (1, 6, 12, and 22). No-
tophthalmus viridescens (q.v.) has 600 to 800 copies

HIV 207

of the histone gene repeat. Transcribing histone
genes have been detected in loops at specific loci on
lampbrush chromosomes 2 and 6. Most histone
genes lack introns (q.v.). See Appendix C, 1972, Par-
due et al.; 1981, Gall et al.; Strongylocentrotus pur-
puratus.

histones
rich in basic amino acids and are classified according
to the relative amounts of lysine and arginine they
contain (see table below). Histones are conserved
during evolution. For example, H4 of calf thymus
and pea differ at only two sites. The nucleosome
(q.v.) contains two molecules each of H2A, H2B,
H3, and H4. A single H1 molecule is bound to the
DNA segment that lies between nucleosomal cores.
The histone H1 molecules are responsible for pull-
ing nucleosomes together to form a 30 nm fiber. It
is this fiber that is seen when nuclei are lysed and
their contents are viewed under the electron micro-
scope. During the maturation of sperm heads, the
histones break down and are replaced with prota-
mines (q.v.). See Appendix C, 1884, Kossel; 1974,
Kornberg; 1977, Leffak et al; CENP-A, chromatin
fibers, chromatosome, histone genes, nucleoprotein,
nucleosome, Polycomb (Pc), solenoid structure, ubi-
quitin.

small DNA-binding proteins. They are

hitchhiking the spread of a neutral allele through
a population because it is closely linked to a benefi-
cial allele and therefore is carried along as the gene
that is selected for increases in frequency.

HIV the human immunodeficiency virus, a human
RNA retrovirus known to cause AIDS. HIV is now
referred to as HIV-1, to distinguish it from a related
but distinct retrovirus, HIV-2, which has been iso-
lated from West African patients with a clinical syn-
drome indistinguishable from HIV-induced AIDS.
Each viron contains two molecules of single-stran-
ded, positive sense RNA (held together by hydrogen
bonds to form a dimer). Each linear molecule is
made up of 9.3 x 10’ nucleotides. It contains gag,
pol, and env, the same genes first observed in the
Rous sarcoma virus (q.v.). There are seven other

Histones
MOLECULAR  TOTAL AMINO % % RELATIVE AMOUNT

HISTONE SYNONYMS  WEIGHT (Da) ACIDS LYSINE ARGININE  PER 200 bp DNA
Hl =1 = FI 21,000 207 27 2 1

H2A = lIbl = F2A2 14,500 129 11 9 2

H2B = IIb2 = F2B 13,700 125 16 6 2
H3=1l=F3 15,300 135 10 15 2

H4 = IV = F2A1l 11,300 102 10 14 2
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genes as well, and some encode multiple proteins.
See Appendix C, 1983, Montaigner and Gallo; AIDS,
enzyme-linked immunosorbant assay, hairpin ribo-
zyme, retroviruses, RNA vector, simian immunodefi-
ciency viruses (SIVs).

HLA human leukocyte antigens concerned with
the acceptance or rejection of tissue or organ grafts
and transplants. These antigens are on the surface of
most somatic cells except red blood cells, but are
most easily studied on white blood cells (hence the
name). See Appendix C, 1954, Dausset.

HLA complex the major histocompatibility gene
complex of humans. The complex occupies a DNA
segment about 3,500 kilobase pairs long on the short
arm of chromosome 6. The portion of the HLA
complex closest to the telomere contains the genes
that encode the class I histocompatibility molecules
(HLA-B, -C, and -A). The portion closest to the
centromere contains the genes encoding the class II
histocompatibility molecules (DP, DQ, and DR).
Genes encoding components of the complement
(q.v.) system lie in the midregion of the complex.
See major histocompatibility complex (MHC).

H locus in humans, a genetic locus that encodes a
fucosyl transferase enzyme that is required during an
early step in the biosynthesis of the antigens of the
ABO blood group system. See A, B antigens, Bombay
blood group.

hnRNA heterogeneous nuclear RNA (g.v.).
hog See swine.

Hogness box a segment 19-27 base pairs up-
stream from the startpoint of eukaryotic structural
genes to which RNA polymerase II binds. The seg-
ment is 7 base pairs long, and the nucleotides most
commonly found are TATAAAA; named in honor
of David Hogness. See canonical sequence, Pribnow
box, promoter, TATA box-binding protein.

holandric appearing only in males. Said of a char-
acter determined by a gene on the Y chromosome.
See hologynic.

holism a philosophy maintaining that the entirety
is greater than the sum of its parts. In biology, a hol-
ist is one who believes that an organism cannot be
explained by studying its component parts in isola-
tion. See reductionism.

Holliday intermediate See Holliday model.

Holliday model a model that describes a series of
breakage and reunion events occurring during cross-
ing over between two homologous chromosomes.

The diagram on page 209 illustrates this model. In

(a) the duplex DNA molecule from two nonsister
strands of a tetrad have aligned themselves in regis-
ter so that the subsequent exchange does not delete
or duplicate any genetic information. In (b) strands
of the same polarity are nicked at equivalent posi-
tions. In (c) each broken chain has detached from its
partner and paired with the unbroken chain in the
opposite duplex. In (d) ligases have joined the bro-
ken strands to form an internal branch point. The
branch is free to swivel to the right or left, and so it
can change its position. This movement is called
branch migration, and in (e) the branch is shown as
having moved to the right. In (f) the molecule is
drawn with its arms pulled apart, and in (g) the a b
segment has been rotated 180° relative to the A B
segment. The result is an x-shaped configuration,
and in it one can readily see the four sectors of sin-
gle-stranded DNA in the branch region. To separate
the structure into two duplexes, cuts must be made
across the single strands at the branch region. The
cuts can occur horizontally (h) or vertically (i). In
the horizontal case, the separated duplexes will ap-
pear as shown in (j), and when the nicks are ligated,
the duplexes will each contain a patch in one strand,
as shown in (k). In the vertical case, the separated
duplexes will appear as shown in (1), and when the
nicks are ligased, the duplexes will contain splices in
every strand, as shown in (m). It is only in this case
that single crossover chromatids (Ab and aB) will be
detected. Structures similar to the molecule drawn
in (g) have been observed under the electron micro-
scope and have been named Holliday intermediates.
See Appendix C, 1964, Holliday; chi structure, ho-
mologous recombination.

holoblastic cleavage cleavage producing cells of
approximately equivalent size.

Holocene the epoch of the Quaternary period
from the end of the Pleistocene to the present time.
Neolithic to modern civilization. See geologic time
divisions.

holocentric referring to chromosomes with diffuse
centromeres. See centromere.

holoenzyme the functional complex formed by an
apoenzyme (q.v.) and its appropriate coenzyme (q.v.).

hologynic appearing only in females. Said of a
trait passed from a P, female to all daughters occur-
ring, for example, in the case of a gene linked to the
W chromosome (g.v.). See holandric, matrocliny.

Holometabola the superorder of insects contain-
ing species that pass through a complete metamor-
phosis.
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Holliday model

holometabolous
larval and pupal stages are interposed between the
embryo and the adult. Contrast with hemimetabo-
lous.

referring to those insects in which

holophyletic

a species and all of its descendants.

an evolutionary lineage consisting of

holophytic nutrition nutrition requiring only inor-
ganic chemicals, as that of photosynthetic plants.

holorepressor See aporepressor.

holotype the single specimen selected for the de-
scription of a species.

holozoic nutrition nutrition requiring complex
organic foodstuffs, as that of organisms other than
photosynthetic plants and protoctists.

homeobox a sequence of about 180 base pairs
near the 3’ end of certain homeotic genes. The 60
amino acid segment encoded by the homeobox is a
DNA-binding domain with a helix-turn-helix motif

(q.v.). Homeobox proteins can bind to and regulate
the transcription of genes that contain homeobox re-
sponsive elements (HREs). Homeobox proteins can
also regulate translation by binding to mRNAs that
also contain HREs. See Appendix C, 1984, McGinnis
et al.; 1984, Shepard et al.; 1989, Qian et al.; 1990,
Malicki et al.; 1996, Dubnau and Struhl, Rivera-Po-
mar et al.; Antennapedia, apetala-2, bicoid, bithorax,
engrailed, floral identity mutations, metamerism, pro-
boscipedia, spineless-aristapedia, homeotic mutations,

Hox genes, RAG-1 and RAG-2.
homeodomain synonym for homeobox.

homeologous chromosomes
chromosomes.

See homoeologous

homeoplastic graft (also homoeoplastic) a graft
of tissue from one individual to another of the same
species.

homeosis (also homoeosis) heteromorphosis (g.v.).

homeostasis (also homoeostasis) a fluctuation-
free state. See developmental homeostasis.
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Homeotic mutations

homeotic mutations those in which one develop-
mental pattern is replaced by a different, but homol-
ogous one. The homeotic mutations of Drosophila
cause an organ to differentiate abnormally and to
form a homologous organ that is characteristic of an
adjacent segment. Three such mutations are illus-
trated above. (A) A frontal view of the normal head.
(B) The leg-like antenna of an ssa mutant, (C) A pb
mutant with its proboscis transformed into legs. (D)
A bx male in which halteres are changed into wing-
like appendages. Bithorax was the first homeotic
mutation to be discovered. Homeotic genes were
subsequently shown to control segment identity and
were found to contain conserved segments called ho-
meoboxes (q.v.). Homeotic mutations in which one
floral organ is replaced by another occur in plants.
See Appendix C, 1915, Bridges; 1978, Lewis; 1983,
Hafen, Levine, and Gehring; 1984, McGinnis et al.;
1996, Krizek and Meyerowitz; Arabidopsis thaliana,
bithorax, floral identity mutations, Hox genes, me-
tamerism, proboscipedia, spineless-aristapedia.

homing endonuclease a site-specific DNA endo-
nuclease, usually encoded by an open reading frame
(g.v.) within an intron (g.v.) or an intein (q.v.) se-
quence, which mediates the horizontal transfer of
the DNA sequence that encodes it to a new genomic
location. It does this by introducing double-stranded
breaks at or near the insertion site (home) of an in-
tron or intein DNA in alleles that lack these inter-
vening genetic elements. Homing endonucleases can
be distinguished from other site-specific endonucle-
ases based on their structural and biochemical prop-
erties.

hominid a member of the family Hominidae in-
cluding humans and related fossil species. Two gen-
era are recognized: Australopithecus and Homo.

hominoid a member of the superfamily of pri-
mates, the Hominoidea. Its living species include hu-
mans, two species of chimpanzee, the gorilla, the

orangutan, and nine species of gibbon. See Appendix
C, 1967, Sarich and Wilson; Cercopithecoidea.

Homo a genus in which humans are placed. It con-
tains two fossil species: H. habilis, which lived 2.3
to 1.5 million years ago, and H. erectus, which lived
1.5 to 0.3 million years ago. A third fossil species,
Homo neandertalensis, became extinct about 30,000
years ago. It overlapped Homo sapiens (q.v.), which
dates from about 300,000 years ago to the present.
See Neandertal.

homoalleles alternative forms of a gene that differ
at the same muton site. Intragenic recombination
between homoalleles is not possible. Compare with
heteroalleles.

homoallelic referring to allelic mutant genes that
have mutations at the same site (g.v.). A functional
cistron cannot be generated by intragenic recombi-
nation between homoalleles. Contrast with heteroal-
lelic.

homobrachial inversion paracentric inversion (g.v.)
homocaryon homokaryon (g.v.).

homocystinuria a hereditary disease in man aris-
ing from a deficiency of the enzyme serine dehydra-

tase.

homodimer
polypeptides.

a protein made up of paired identical

homoeologous chromosomes chromosomes that
are only partially homologous. Such chromosomes
are derived from ancestral chromosomes that are be-
lieved to have been homologous. Evolutionary diver-
gence has reduced the synaptic attraction of homoe-
ologs. See Appendix C, 1958, Okamoto; differential

affinity, isoanisosyndetic alloploid.



homoeosis homeosis. See also homeoplastic graft,
homeostasis, homeotic mutations.

homoeotic mutations homeotic mutations (q.v.).

homogametic sex the sex that produces gametes
all of which carry only one kind of sex chromosome;
e.g., the eggs of female mammals carry only an X
chromosome. Compare with heterogametic sex.

homogamy the situation in which the male and
female parts of a flower mature simultaneously.

homogenote a partial diploid (merozygote) bacte-
rium in which the donor (exogenote) chromosomal
segment carries the same alleles as the chromosome
of the recipient (endogenote) cell.

homogentisic acid a compound derived from the
metabolic breakdown of the amino acid tyrosine. See
alkaptonuria.
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homograft homeoplastic graft (q.v.).

homoimmunity the resistance of a lysogenic bac-
terium (harboring a prophage, g.v.) to superinfec-
tion by phage of the same kind as that carried in
the prophage state. The excess repressor molecules
generated by the prophage bind to operators on the
infecting DNA molecules and prevent their tran-
scription.

homokaryon a dikaryotic mycelium in which both
nuclei are of only one genotype.

homokaryotypic referring to an individual carry-
ing a chromosomal aberration in the homozygous
condition.

homolog 1. in classification, a character that de-
fines a clade. 2. in evolution, homologs are charac-
teristics that are similar in different species because
they have been inherited from a common ancestor.
3. in cytology, See homologous chromosomes.

homologous referring to structures or processes in
different organisms that show a fundamental similar-
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ity because of their having descended from a com-
mon ancestor. Homologous structures have the
same evolutionary origin although their functions
may differ widely: e.g., the flipper of a seal and the
wing of a bat. See analogous.

homologous chromosomes chromosomes that
pair during meiosis. Each homolog is a duplicate of
one of the chromosomes contributed at syngamy by
the mother or father. Homologous chromosomes
contain the same linear sequence of genes and as a
consequence each gene is present in duplicate. See

synaptonemal complex.

homologous recombination the exchange or re-
placement of genetic material as a result of crossing
over (g.v.) or gene conversion (q.v.), respectively.
Homologous recombination occurs between two
long stretches of DNA with similar sequences,
which may be present in two homologous chromo-
somes, in non-homologous chromosomes, or within
a chromosome. Meiotic and mitotic recombination
(q.v.) are examples of homologous recombination.
Compare with site-specific recombination. See Holli-
day model.

homologue alternative spelling of homolog (g.v.).

homology the state of being homologous. In mo-
lecular biology, the term is often misused when
comparing sequences of nucleotides or amino acids
from nucleic acids or proteins obtained from dis-
tantly related species. In such instances it is prefer-
able to refer to sequence identities or similarities
rather than “homologies.”

homomeric protein
of two or more identical polypeptide chains. An ex-
ample would be beta galactosidase (g.v.), which is
an aggregate of four identical polypeptides.

referring to a protein made up

homomixis referring in fungi to the mating system
in which sexual reproduction involves the fusion of
genetically similar nuclei derived from one thallus.

homomorphic bivalent a bivalent made up of ho-
mologues of similar morphology. See heteromorphic
bivalent.

homomultimer See homopolymer.

homoplasy parallel or convergent evolution;
structural similarity in organisms not due directly to
inheritance from a common ancestor or develop-

ment from a common anlage.
homopolar bond covalent bond (q.v.).

homopolymer a polymer composed of identical
monomeric units (poly U, for example).
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homopolymer tails a segment containing several
of the same kind of deoxyribonucleotides arranged
in tandem at the 3’ end of a DNA strand. See Appen-
dix C, 1972, Lobban and Kaiser; terminal transferase.

Homo sapiens the species to which human beings
belong. The scientific name was coined in 1758 by
Linnaeus. The estimated genome size is 3.2 x 10°
base pairs. See Appendix A, Chordata, Mammalia,
Primates; Appendix C, 1735, Linn¢; 1966, McKu-
sick; 1991, Ijdo et al.; Appendix E, Appendix F; homi-
nid, Hominoidea, human chromosome band designa-
tions, human gene maps, human genetic databases,
Human Genome Project, human mitotic chromo-
somes, shotgun sequencing, symbols used in human
cytogenetics.

homosequential species species with identical
karyotypes, as found in many species of Drosophila
endemic to the Hawaiian Islands.

homosomal aberration See chromosomal aberra-
tion.

homospory
sexes, the production of meiospores of equivalent
size. Compare with isogamy.

in plants of both mating types or

homothallic fungus a fungal species producing a
sexual spore that results from the fusion of geneti-
cally different nuclei derived from the same thallus.
Compare with heterothallic fungus.

homozygosity the condition of having identical al-
leles at one or more loci in homologous chromosome
segments.

homozygote an individual or cell characterized by
homozygosity. See Appendix C, 1900, Bateson.

homozygous having identical rather than different
alleles in the corresponding loci of homologous
chromosomes and therefore breeding true. See het-
erozygosity.

homunculus a miniature individual imagined by
early biologists to be present in a sperm.

Hoogsteen base pairs See hydrogen bond.

hopeful monster See saltation.

Hordeum vulgare L. barley, a cereal grain domes-
ticated about 10,000 years ago in the fertile crescent
(q.v.). It is the fourth most important cereal crop
(coming after wheat, maize, and rice). Its haploid
chromosome number is 7, and its genome size is 4.8
gigabase pairs. Malted barley is used in the brewing
industry, and food-grade malts are components in
the formulation of baked goods and breakfast cere-

als. See Appendix A, Plantae, Tracheophyta, Angio-
spermae, Monocotolyledoneae, Graminales.

horizontal classification
classification that tends to unite transitional forms

a system of evolutionary

with their ancestors; the opposite of vertical classifi-
cation (q.v.).

horizontal mobile elements (HMEs) genetic ele-
ments capable of horizontal transmission (q.v.).
Such HMEs enter host cells during conjugation or
infection and subsequently insert their DNAs into
the chromosomes of the hosts. In prokaryotes, ex-
amples of HMEs are F factors, R (resistance) plas-
mids, and prophages (all of which see). The trans-
posable elements (g.v.) first identified in corn are
examples of eukaryotic HMEs. The Ti plasmid (q.v.)
can accomplish transkingdom DNA exchanges. See
Appendix C, 1977, Lawrence and Oschman; epi-
some, selfish DNA, sympatric speciation.

horizontal transmission the transfer of genetic in-
formation from one cell or individual organism to
contemporary cells or organisms by an infection-like
process, in contrast to vertical transmission (q.v.).
See Appendix C, 1999, Nelson et al.; Bacillus, mariner
elements, P elements, Wolbachia.

hormone an organic compound produced in one
part of an organism and transported to other parts,
where it exerts a profound effect. Mammalian hor-
mones include ACTH, endorphins, epinephrine,
FSH, glucagon, GH, LH, insulin, intermedin, oxyto-
cin, progesterone, prolactin, secretin, somatostatin,
testosterone, thyroxin, and vasopressin. See also alla-
tum hormones, ecdysterone, endocrine system, plant

growth regulators.

hormone receptors molecules located on the sur-
face or within target cells to which hormones bind.
When such receptors are absent or defective, the
hormones are without effect. Examples of genetic
diseases caused by mutations of genes that encode
hormone receptors are androgen-insensitivity syn-
drome (q.v.) and vitamin D-resistant rickets (q.v.). See
androgen receptor, steroid receptor, vitamin D re-
ceptor.

horotelic evolution See evolutionary rate.

horse any of a number of domesticated breeds of
the species Equus caballus. Popular breeds include:
DRAFT HORSES: Belgian, Clydesdale, Percheron, Shire,
Suffolk. coacH HORSES: Cleveland Bay, French
Coach, German Coach, Hackney. LIGHT HARNESS
HORSES: American Trotter. SADDLE HORSES Ameri-
can Saddle Horse, American Quarter Horse, Ap-

paloosa, Arabian, Morgan, Palomino, Tennessee



Walking Horse, Thoroughbred, Lippizzaner. PONIES:
Hackney Pony, Shetland Pony, Welsh Pony. See
Equidae.

horse bean broad bean (gq.v.).

horse-donkey hybrids the horse female X donkey
male cross produces a mule; the reciprocal cross pro-
duces a hinny. These hybrids have 63 chromosomes
and their mitochondria are of maternal origin. Both
mules and hinnies are sterile, but mules have been
successfully cloned. The procedure involved im-
planting a nucleus from a mule fetus into the enucle-
ated egg from a horse. Therefore cloned mules also
have horse mitochondria. See Appendix C, 1974,
Hutchison; Equus, donkey.

horseradish peroxidase the most widely studied
of the peroxidase enzymes that utilize hydrogen per-
oxide as an oxidant in the dehydrogenation of vari-
ous substrates. The reaction catalyzed is AH, + H,0,
— A + 2H,0, where A is the substrate. Horseradish
peroxidase reacts with a variety of organic reagents
to produce a colored product. So when this enzyme
is covalently linked to a reporter antibody, the posi-
tion or amount of the complementary antigen can
be determined by the location or amount of the dye
generated. See enzyme-linked immunosorbant assay.

host
recipient of a graft from a donor individual.

1. an organism infected by a parasite. 2. the

host-cell reactivation cut-and-patch repair (q.v.)
of UV-induced lesions in the DNAs of bacterio-
phages once they infect a host cell. Host-cell reacti-
vation does not occur in the case of ssDNA or RNA
viruses.

host-controlled restriction and modification See
DNA restriction enzyme, restriction and modification
model.

host range the spectrum of strains of a species of
bacterium that can be infected by a given strain of
phage. The first mutations to be identified in phage
involved host range. The term is used more generally
to refer to the group of species that can be attacked
by a given parasite. Some bacteria can parasitize cer-
tain mammals, but only at specific developmental
stages. For example, the K99 strain of E. coli can in-
fect calves, lambs, and piglets, but not adult cattle,
sheep, and swine. The resistance shown by the adult
farm animals is due to the replacement of cell sur-
face receptors by molecules to which the bacterium
does not bind. See Appendix C, 1945, Luria; Duffy
blood group gene.
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host-range mutation a mutation of a phage that
enables it to infect and lyse a previously resistant
bacterium.

hot spot 1. a site at which the frequencies of spon-
taneous mutation or recombination are greatly in-
creased with respect to other sites in the same cis-
tron. Examples are in the rIl gene of phage T4 and
in the lacZ and trpE genes of E. coli. 2. a chromo-
somal site at which the frequencies of mutations are
differentially increased in response to treatment with
a specific mutagen. See Appendix C, 1961, Benzer;
5-methyl cytosine, muscular dystrophy.

hot spot archipelago a chain of islands formed
when a tectonic plate moves over a stationary plume
of lava arising from the earth’s deep mantle. For ex-
ample, the Hawaiian archipelago was formed as the
Pacific tectonic plate moved northwestward (at a
rate estimated to be about 9 cm per year) over just
such a hot spot. This erupted periodically, perforat-
ing the plate with volcanoes that grew until some of
them rose above sea level to form an island chain.
Kauai was the first of the large islands to be formed,
5 million years ago. Hawaii, the youngest island, was
formed about 500,000 years ago, and its three active
volcanoes sit above the hot spot. An undersea vol-
cano, Loihi, is also erupting 30 km off shore on the
southeast flank of Mauna Loa.

The hot spot hypothesis, put forth in 1963 by J.
Tuzo Wilson, is now the main unifying theory that
explains the origin of many groups of oceanic islands
worldwide. The Galapagos islands (q.v.) are also a
hot spot archipelago. They began as a group of sub-
marine volcanoes that grew progressively from the
ocean floor until about 4.5 million years ago, when
they emerged above sea level. The northwest islands
of Fernandina and Isabela, which currently lie above
the hot spot, have active volcanoes. See plate tec-
tonics.

housekeeping genes constitutive loci that are
theoretically expressed in all cells in order to provide
the maintenance activities required by all cells: e.g.,
genes coding for enzymes of glycolysis and the citric

acid cycle.

Hox genes genes that contain homeoboxes (g.v.).
The Hox genes of most animals have three proper-
ties: (1) the genes are arranged along a chromosome
in tandem arrays, (2) they are expressed sequentially
along the chromosome, and (3) the sequence of acti-
vation of the genes corresponds to the relative order
in which the genes are expressed in tissues along the
main anterior-posterior axis of the organism. The sit-
uation is illustrated for some animal species that
show bilateral symmetry (see Appendix A, Eumeta-
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zoa, Bilateria). In the case of Drosophila melanogas-
ter, where Hox genes were discovered, there are
eight such genes, and they all reside on chromosome
3. The genes lab, pb, Dfd, Scr, and Antp belong to
the Antennapedia complex, while farther down the
chromosome are the genes of the bithorax complex
(Ubx, abd-A, and Abd-B). The location of tissues
along the anterior-posterior axis of the embryo
where the genes are active is shown at the top of
the figure. Several Hox genes also occur in a similar
sequence on specific chromosomes of Tribolium,
Branchiostoma, and Caenorhabditis (all of which see).
In mammals like the laboratory mouse and humans
there are 38 or 39 Hox genes grouped in clusters on
4 different chromosomes. The locations of nine
genes of the Hox-2 complex on mouse chromosome
11 are shown below the homologous genes from the
fly. Moving from left to right in the mouse Hox-2
complex, each gene is expressed progressively later
in development. Human chromosome 7 contains the
Hox-1 cluster of nine genes, which are homologs of
the aligned genes of the Hox-2 cluster of the mouse.
See Appendix C, 1978, Lewis; 1983, Hafen, Levine,
and Gehring; 1984, McGinnis et al.; Antennapedia,
bicoid, bithorax, floral identity mutations, homeotic
mutations, polycomb, segment identity genes, selec-
tor genes.

HP1 heterochromatin-associated protein 1 (g.v.).
HPHF hereditary persistence of hemoglobin F.

HPRL human prolactin. See human growth hor-
mone.

HPRT hypoxanthine-guanine-phosphoribosyl
transferase (q.v.).

H substance a precursor polysaccharide for pro-
duction of A and B antigens of the ABO blood group
system. It is usually unmodified on group O cells,
but is modified by the addition of different sugars to
produce the A or B antigens. The molecule is speci-
fied by a gene on human chromosome 19. See Bom-

bay blood group.

hts See hu-li tai shao (hts).

hu-li tai shao (hts) a second chromosomal gene in
Drosophila melanogaster which encodes isoforms of
adducin-related protein. Some are expressed during
pre-adult development (e.g., in the embryonic cen-
tral nervous system and epidermis and in the diges-
tive system of embryos and larvae). Two isoforms
are expressed in the germ line. One localizes in the
spectrosome (q.v.) and the fusome (q.v.) and is ho-
mologous to mammalian adducin (q.v.), while the



other coats ring canals (q.v.). Female sterile muta-
tions of hts eliminate the formation of spectrosomes
and fusomes, and produce egg chambers with re-
duced numbers of nurse cells, which often lack oo-
cytes (hence the name hu-li tai shao, which means
too little nursing in Chinese). See cystocyte divisions.

human adenovirus 2 (HAdV-2) an adenovirus
(g.v.) that causes respiratory infections in children.
The genome is a double-stranded DNA molecule
that contains 35,937 bp and includes 11 transcrip-
tion units. Split genes (g.v.) and alternative splicing

(g.v.) were found in HAdV-2.

human chromosome band designations
crine and Giemsa-stained human metaphase chro-
mosomes show characteristic banding patterns, and
standard methods have been adopted to designate
the specific patterns displayed by each chromosome.
The X chromosome shown here illustrates the ter-
minology. In the diagram, the dark bands represent
those regions that fluoresce with quinacrine or are
darkened by Giemsa. The short (p) arm and the
longer (q) arm are each divided into two regions. In
the case of longer autosomes, the q arm may be di-
vided into three or four regions and the p arm into
three regions. Within the major regions, the dark
and light bands are numbered consecutively. To give
an example of the methods used for assigning loci,
the G6PD gene is placed at q28, meaning it is in
band 8 of region 2 of the q arm. The color-blindness
genes are both assigned to q27-qter. This means
they reside somewhere between the beginning of
q27 and the terminus of the long arm. See Appendix
C, 1970, Casperson, Zech, and Johansson; 1971,
O'Riordan et al.; high resolution chromosome stud-
ies, human mitotic chromosomes.

quina-

human cytogenetics See human mitotic chromo-
somes, symbols used in human cytogenetics.
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human cytomegalovirus (HCMV) a giant virus
(240 nm in diameter) belonging to the Herpesviri-
dae. Most of the congenital viral infections in hu-
mans are caused by this virus. The genome is a 230
kbp linear dsDNA in which reside at least 208
ORFs. HCMV is covered by a phospholipid enve-
lope. Between this and the capsid is a compartment
(the tegument) which contains 20 different proteins
encoded by the viral genome. Four different mRNAs
are packaged inside the virion. See Appendix F, virus.

human gene maps the total human genome con-
tains 3.2 Gbp of DNA, and 2.95 Gbp of this repre-
sents euchromatin (q.v.). There are about 31,000
genes that transcribe mRNAs and at least 750 genes
that encode other RNAs. For example, there are
about 500 different tRNA genes. The genes are dis-
tributed over 22 pairs of chromosomes that range in
size from autosome 1 (263 Mbp) to autosome 21
(50 Mbp). The X and Y chromosomes are 164 and
59 Mbp, respectively. The most gene-rich chromo-
some is autosome 19 (with 23 genes/Mbp), while
the least gene-rich chromosomes are autosome 13
and the Y (each with 5 genes/Mbp). Genes (or at
least their coding regions) make up only 1-2% of the
genome. Just over 40% of the genes that encode pro-
teins have orthologs in Drosophila and Caenorhab-
ditis. Hundreds of human genes have resulted by ho-
rizontal transfer from bacteria at some point during
the evolution of vertebrates. More than half of the
genome is composed of repetitious DNA (g.v.).
About 45% of the genome is derived from transpos-
able elements (g.v.). Although the human genome
has only about twice as many protein-coding genes
as Drosophila or Caenorhabditis, human genes are
more complex and often undergo alternative splicing
(q.v.) to produce an array of different transcripts.
More than 1,000 genes that cause specific diseases
when they mutate have been mapped and are listed
in OMIM (g.v.). The human mitochondrial chromo-
some is sometimes referred to as chromosome 25 or
M. See Appendix C, 2001, Collins and Venter et al.;
2003, International Human Genome Sequencing
Consortium; Down syndrome, gene, genome anno-
tation, horizontal transmission, human mitochondrial
DNA, repetitious DNA.

human genetic databases See Appendix E.

human genetic diseases maladies caused by de-
fects in the human genome. A single-gene disorder is
caused by a single mutant gene (see the table on
page 172). Chromosomal disorders arise from dis-
ruptions in development produced by an excess or
deficiency of whole chromosomes or chromosome
segments (e.g., Down syndrome). Chromosomal dis-
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orders usually do not run in families because their
effects are so detrimental or lethal. They affect about
seven individuals per thousand births and account for
about half of all spontaneous first-trimester abortions.
Polygenic disorders are determined by combined action
of a number of genetic loci, each with a small effect.
Single-gene disorders are cataloged in two online da-
tabases. See GeneCards, OMIM.

Human Genome Project a successful effort by an
international coalition of scientists to complete the
sequence and assembly of the human genome. Eval-
uating the evolution and functioning of these genes
is currently under way. Once groups led indepen-
dently by Francis Collins and J. Craig Venter fin-
ished a draft sequence of the genome, a celebration
was held on June 26, 2000, in the East Room of the
White House. In his opening remarks President
Clinton praised the draft saying “without a doubt,
this is the most wondrous map ever produced by
mankind.” By mid-February of 2001, annotated
maps were published in Nature and Science, and The
International Human Genome Sequencing Consor-
tium published the completed sequence in 2003. See
Appendix C, 2001, Collins and Venter et al.; 2003,
International Human Genome Sequencing Consor-
tium; Celera Genomics, DNA sequencers, shotgun se-
quencing.

human growth hormone (hGH) a protein (also
called somatotropin) secreted by cells located in the
anterior lobe of the pituitary gland. The hGH mole-
cule folds upon itself and is held together by two
disulfide bridges. There are two other hormones that
have structures similar to hGH. The first is chorionic
somatomammotropin (hCS). Both hGH and hCS
contain 191 amino acids, and hCS has two disulfide
bridges in the same positions as hGH. There is an
85% identity between the amino acid sequences of
hGH and hCS. The second hormone is prolactin
(hPRL). It contains 199 amino acids, and the se-
quence identities are lower (35% with hGH and
13% with hCS). The hypothalamus (g.v.) produces
two hormones that modulate the secretion of hGH.
Secretion is promoted by a 44 amino acid poly-
peptide named growth hormone releasing hormone
(GHRH), and secretion is inhibited by a 14 amino
acid polypeptide named growth hormone inhibiting
factor (GHIF). GHRH and GHIF are also called so-
matocrinin and somatostatin, respectively. Limita-
tions upon the supplies of hGH extracted from ca-
davers restricted its clinical use in the treatment
of pituitary dwarfism (q.v.). These problems were
overcome with the advent of recombinant DNA-
derived hGH. See Appendix C, 1979, Goeddel et al.,
human growth hormone receptor.

human growth hormone gene a gene located at
17q21. All primates contain five tandemly linked
genes of similar structure. In humans, the sequence
is 5’-GHI-CSHP1-CHS1-GH2-CSH2-3'. GH1 codes
for the hGH secreted by the pituitary gland. The
other four genes are expressed in the placenta. GH2
is a pseudogene (q.v.), which codes for an inactive
form of hGH that differs from normal hGH by 13
amino acids. GSHI and CSH2 encode hCS, and
CSHPI encodes a variant form of hCS. Each of the
five genes contains five exons, which are interrupted
at identical positions by small introns. All have simi-
lar promotors and poly-A addition sites. The five
genes presumably evolved from duplications of a
common ancestral gene, followed by codon muta-
tions. See hereditary growth hormone deficiency, pi-
tuitary dwarfism.

human growth hormone receptor (hGHR)
ceptor protein that is activated on binding with
growth hormone (GH) to stimulate the growth and
metabolism of muscle, bone, and cartilage cells. The
extracellular domains of two receptor proteins bind
one molecule of GH. The hGHR protein is encoded
by a gene in region 12-13.1 on the short arm of
chromosome 5. Mutations in these genes cause La-
ron dwarfism, a hereditary form of ateliosis inherited
as an autosomal recessive.

a re-

human immunodeficiency virus See AIDS, HIV.

human mitochondrial DNA the mt chromosome
is a circular DNA molecule that contains 16,560 bp.
The genome is extremely compact. Coding se-
quences make up 93% of the total genome, and all
genes lack introns. There are 37 genes; 28 are en-
coded by the heavy strand and 9 by the light. There
are 2 TRNA genes, 22 tRNA genes, and 13 genes
that encode proteins, which function as subunits in
enzymes that synthesize ATP. The original DNA se-
quence published in 1981 is referred to as the Cam-
bridge reference sequence. It contains errors that were
corrected in 1999. After single base pair corrections
were made at 10 sites, the revised Cambridge refer-
ence sequence corresponds to European haplogroup
H. See Appendix C, 1979, Barrell, Banker, and
Drouin; 1981, Andrews et al.; ATP synthase, mito-
chondrial DNA (mtDNA), mitochondrial syndromes,
mitochondrion, mtDNA lineages.

human mitotic chromosomes the number of hu-
man chromosomes observed at mitosis was incor-
rectly reported as 24 pairs by W. Flemming in 1898.
It was not until 1956 that the correct number was
determined as 23 pairs by J. H. Tjio and A. Levan.

The mitotic chromosomes are generally grouped



into seven classes (A-G) according to the following
cytological criteria: Group A (chromosomes 1-3)
large chromosomes with approximately median cen-
tromeres. Group B (chromosomes 4-5)—large chro-
mosomes with submedian centromeres. Group C
(chromosomes 6-12 and the X chromosome)—me-
dium-sized chromosomes with submedian centro-
meres. Group D (chromosomes 13-15)—medium-
sized acrocentric chromosomes. Chromosome 13
has a prominent satellite on the short arm. Chromo-
some 14 has a small satellite on the short arm.
Group E (chromosomes 16-18)—rather short chro-
mosomes with approximately median (in chromo-
some 16) or submedian centromeres. Group F
(chromosomes 19 and 20)—short chromosomes
with approximately median centromeres. Group G
(chromosomes 21, 22, and the Y chromosome)—
very short acrocentric chromosomes. See Appendix
C, 1956, Tjio and Levan; 1971, O'Riordan; 1981,
Harper and Saunders; 1991, Ijdo et al.; high-resolu-
tion chromosome studies, human chromosome band
designations, symbols used in human cytogenetics.

human papilloma virus (HPV) a nonenveloped vi-
rus with a genome of 8kb of ds DNA contained in
an icosahedral capsid 55 nm in diameter. The ge-
nome is divisible into an early (E) region, a late (L)
region, and a C region. The E region contains 4 kb
of DNA, the L region 3kb, and the C region about
1kb. The L genes encode the two proteins of the
capsid, and the C segment is a noncoding control
region. The genes of the E region function during
viral replication. There are over 200 different strains
of HPVs. Most cause localized benign warts, but a
few induce basal cells in the mucosa of the cervix to
undergo uncontrolled proliferation. The potential to
induce cervical cancer depends upon the genome of
the specific viral strain. HPV carcinogenesis requires
the integration of viral genomes into human chro-
mosomes. It is the subsequent expression of E genes
in the host cells that causes their transformation. E
proteins modify the progression through the cell cy-
cle, telomeres malfunction, and chromosomes segre-
gate improperly, leading to aneuploidy.

human pseudoautosomal region segments con-
taining 2.5 Mbp of DNA in the distal parts of the
short arms of the human X and Y chromosomes that
share homologous genes. These segments pair during
meiosis, and obligatory crossing over takes place, so
that genes in this region segregate like autosomal
loci, rather than showing X or Y linkage. The gene
MIC2 (q.v.) resides in this region. In the mouse, the
steroid sulfatase gene (Sts) is pseudo-autosomal. The
obligatory crossing over that occurs in the pseudoau-
tosomal regions ensures that the X and Y chromo-
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somes will segregate properly at the first meiotic di-
vision. See XG.

human X chromosome the larger of the two sex
chromosomes in humans. Females are XX; males
XY. The X is composed of 155 mbp of DNA. It
contains 1,098 genes, but only the 54 residing in the
human pseudoautosomal region (q.v.) have alleles
on the Y. In the somatic cells of females, one of the
two X chromosomes is inactivated. In the inacti-
vated X, 75% of the genes are transcriptionally si-
lenced, but 15% escape inactivation. The other 10%
vary in their activity from one woman to another.
See Appendix C, 2005, Ross et al.; dosase compensa-
tion, sex determination, X chromosome inactivation.

human Y chromosome the homolog of the X
chromosome in males. The majority of the Y chromo-
some never undergoes crossing over with the X.
Crossing over only occurs within a pairing segment at
the distal end of the short arm (Yp), called the human
pseudoautosomal region (q.v.). There is a similar pseu-
doautosomal pairing segment on the X chromosome.
The region of the Y that never undergoes crossing
over is called the male specific region (MSY), and it
comprises 95% of the chromosome’s length. Hetero-
chromatin (q.v.) occupies the distal 2/3 of the long
arm (Yq). Euchromatin (q.v.) comprises 23 mbp of
DNA (8 mbp in Yp and 15 mbp in Yq). Genes in
the euchromatin encode about 30 different proteins
or protein families. About half of these genes are ex-
pressed predominantly or exclusively in the testis
and half are expressed ubiquitously. See Appendix
C, 2003, Skaletsky et al.; gene conversion, palin-
drome, SRY, TSPY genes, XXY trisomic.

humoral immunity immunoglobulin (antibody)-
mediated immune responses.

humulin the trade name for a human insulin made
in E. coli utilizing recombinant DNA techniques and
marketed by Eli Lilly and Company. See Appendix
C, 1982, Eli Lilly.

hunchback (hb) a Drosophila gene located at 3-
48.3. It produces both maternal and zygotic tran-
scripts, and these are translated into zinc finger pro-
teins (q.v.) that regulate the transcription of other
genes, especially those involved in the development
of the head and thoracic segments of the embryo.
The expression of hb is stimulated by a transcription
factor encoded by bicoid (q.v.). Within the embryo
this factor exists in a gradient where the concentra-
tion is highest anteriorly and then trails off. The pos-
terior expression of hb is controlled by a gene called
nanos (q.v.). This encodes a translation repressor
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that is localized in the posterior pole of the em-
bryo. See Appendix C, 1989, Driever and Nusslein-
Volhard; zygotic segmentation mutants.

Huntington disease (HD)
disease characterized by irregular, spasmotic, invol-
untary movements of the limbs and facial muscles,
mental deterioration, and death, usually within 20
years of the onset of symptoms. This neuropathy is
named after George Huntington, the American phy-
sician who published the first detailed account of the
disorder in 1872. HD is an autosomal dominant dis-

a human neurological

order with complete penetrance. Symptoms do not
usually appear until the victim is between 35 and 40
years of age. The HD gene is on chromosome 4 at
pl6.3. It generates a 10-kilobase transcript that en-
codes huntingtin, a protein of unknown function.
The mutation occurs in a polymorphic CAG repeat
at the 5’ end of the gene. The CAG repeat is unsta-
ble and is expanded in HD patients. The age of on-
set is inversely correlated with repeat length. The
CAG repeats are translated into polyglutamine
tracts, and the polyglutimine repeat sequences in
mutant huntington molecules make them aggregate.
Caspases (q.v.) cleave these mutant proteins and
generate fragments that also contain polyglutamine
tracts. These activate other caspases and so create a
caspase cascade, ending in the death of brain cells.
Genes homologous to human HD have been identi-
fied in the mouse and the puffer fish. The Takifugu
HD gene spans only 23 kb of genomic DNA, com-
pared to the 170 kb human gene, and yet all 67 ex-
ons are conserved. These exons are similar in size in
puffer fish and humans, but the introns are much
smaller in Fugu. In this fish the introns range in size
from 47 to 1,476 bp, compared to human intron
sizes of 131 to 12,286 bp. See Appendix C, 1979,
Wexler et al.; 1993, MacDonald; 1995, Baxendale et
al.; genetic instability, parental imprinting, Takifugu
rubripes, trinucleotide repeats.
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Hutchinson-Gilford syndrome a hereditary form
of progeria (g.v.) described by the physicians Jona-
than Hutchinson and Hastings Gilford in 1886 and
1897, respectively.

HVL half-value layer (q.v.).

Hyalophora cecropia the giant cecropia moth; be-
cause of its large size a favorite experimental insect.
See Appendix C, 1966, Roller et al.

hyaloplasm cytosol.

hyaluronic acid a mucopolysaccharide that is abun-
dant in the jelly coats of eggs and in the ground sub-
stance of connective tissue. As shown below, hyal-
uronic acid is a polymer composed of glucosamine
and glucuronic acid subunits.

hyaluronidase
acid.

an enzyme that digests hyaluronic

H-Y antigen an antigen detected by cell-mediated
and humoral responses of homogametic individuals
against heterogametic individuals of the same spe-
cies, which are otherwise genetically identical. Anti-
genic responses of this sort have been demonstrated
in mammals, birds, and amphibians. In mammals,
the antigen is called H-Y because it acts as a Histo-
compatibility factor determined by the Y chromo-
some. The location of the gene encoding the H-Y
antigen is not known. However, the gene that in-
duces synthesis of the H-Y antigen in humans is lo-
cated on the Y chromosome. A homologous locus,
which suppresses H-Y production, lies on the distal
end of the short arm of the X. The H-Y locus is one
of the areas that escapes X-chromosome inactivation

(q.v).

hybrid 1. a heterozygote (e.g., a monohybrid is
heterozygous at a single locus: a dihybrid is hetero-
zygous at two loci; etc.). 2. an offspring from geneti-
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cally dissimilar parents, even different species. See
Raphanobrassica, mullato, mule.

hybrid arrested translation a method for identify-
ing the cDNA corresponding to an mRNA that de-
pends upon the ability of cDNA to hybridize with
its mRNA and thereby to inhibit its translation in an
in vitro system; the disappearance of the translation
product from the system indicates the presence of
the cDNA.

hybrid breakdown the reduction in fitness of F,
and/or backcross populations from fertile hybrids
produced by intercrossing genetically disparate pop-
ulations or species; a postzygotic reproductive isolat-
ing mechanism.

hybrid corn commercial corn grown from seed
produced by the “double cross” (q.v.) procedure.
Such corn is characterized by its vigor and unifor-
mity. See Appendix C, 1909, Shull.

hybrid DNA model a model used to explain both
crossing over and gene conversion by postulating
that a short segment of heteroduplex (hybrid) DNA
is produced from both parental DNAs in the neigh-
borhood of a chiasma. See Holliday model.

hybrid duplex molecule an experimentally recon-
stituted molecule containing a segment of single-
stranded DNA hydrogen bonded to a second RNA
or DNA molecule of complementary base sequence.

hybrid dysgenesis a syndrome of correlated ge-
netic abnormalities that occurs spontaneously when
hybrids are formed between certain strains of Dro-
sophila. The hybrids show germ line defects includ-
ing chromosomal aberrations, high frequencies of le-
thal and visible mutations, and in most extreme
cases, sterility. The cause of PM hybrid dysgenesis
is a transposable element named P. Long-established
laboratory strains lack P elements. Those strains sus-
ceptible to P elements are called M strains. P elements
are often present in strains established from newly
captured wild flies. The cross P male x M female
generates dysgenic F, individuals; the reciprocal
cross does not. The P elements do not produce
dysgenesis within P strains. P elements are dis-
persed over all the chromosome arms, and in P
strains their transposition is repressed. When
chromosomes carrying P elements are placed in
M cytoplasm by suitable crosses, the P elements
become derepressed and transpose at high rates,
disrupting genetic loci and causing the dysgenic
syndrome. See Appendix C, 1982, Bingham et al;
dysgenesis, P elements.
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hybrid inviability
productive isolating mechanism in which hybrids
between disparate populations fail to survive to re-
productive age.

a postmating (postzygotic) re-

hybridization 1. the mating of individuals belong-
ing to genetically disparate populations or to differ-
ent species. 2. in Mendelian terms, the mating of any
two unlike genotypes or phenotypes. 3. the pairing
of complementary RNA and DNA strands to pro-
duce an RNA-DNA hybrid, or the pairing of com-
plementary DNA single strands to produce a DNA-
DNA hybrid. See introgressive hybridization.

hybridization competition a technique for distin-
guishing different mRNA molecules, using a varia-
tion of the basic filter hybridization (g.v.) technique.
A specific DNA sequence trapped on a nitrocellu-
lose filter is exposed to a tritiated RNA known to be
complementary to that DNA. An unlabeled RNA of
unknown specificity is added and, if complementary
to the DNA, it will compete with the labeled mole-
cules for hybridization to the DNA. Any diminution
of labeling in the hybrid after equilibrium is reached
is attributed to displacement by the unlabeled mole-
cules.

hybridogenesis a form of clonal reproduction in
species hybrids whose gametes carry only the nu-
clear genome derived from one of the parental spe-
cies. For example, a hybrid species of frog, Rana es-
culenta, is derived from crosses between R. lessonae
and R. ridibunda, but only ridibunda chromosomes
(and lessonae mitochondria) are found in gametes of
esculenta.

hybridoma a cell resulting from the fusion of an
antibody-producing plasma cell (a B lymphocyte)
and a myeloma (a bone-marrow cancer) cell. Such a
hybrid cell produces a clone that can be maintained
in tissue culture or as an animal tumor, and the
clone may secrete only a single kind of antibody.
Such monoclonal antibodies are used as probes in
western blot experiments or in the histochemical lo-
calization of antigens of interest. See Appendix C,
1975, Kohler and Milstein; 1980, Olsson and
Kaplan; immunofluorescence, transfectoma.

hybrid resistance the phenomenon whereby tu-
mors may grow more readily in homozygous recipi-
ents than in heterozygous recipients even though the
tumor may be genetically histocompatible with both
types of recipients.

hybrid sterility the failure of hybrids between dif-
ferent species to produce viable offspring. See Hal-
dane rule for hybrids.
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hybrid swarm a continuous series of morphologi-
cally distinct hybrids resulting from hybridization of
two species followed by crossing and backerossing of
subsequent generations.

hybrid vigor heterosis (q.v.).

hybrid zone a geographical zone where hybrids
between two geographical races are observed. See
Appendix C, 1973, Hunt and Selander.

hydrocarbon an organic compound composed
only of carbon and hydrogen atoms.

hydrogen the most abundant of the biologically
important elements. Atomic number 1; atomic
weight 1.00797; valence 17, most abundant isotope
'H, heavy isotope “H (deuterium); radioisotope *H
(tritium, q.v.).

hydrogen bond a weak (relative to a covalent
bond) electrostatic attraction between an electro-
negative atom (such as O or N) in one chemical
group and a hydrogen atom covalently bound to an
electronegative atom in another group. Hydrogen
bonds between purines and pyrimidines are impor-
tant because they are the basis for molecular recog-
nition during replication and transcription. Accord-
ing to the DNA model proposed by Watson and
Crick, adenosine (A) pairs with two hydrogen bonds
to thymine (T) and guanine (G) pairs with three hy-
drogen bonds to cytosine (C). In the diagram below,
the hydrogen bonds are dashed lines, open circles
represent oxygens, and closed circles represent nitro-
gens. The amino groups of adenine and cytosine
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serve as hydrogen donors, and nitrogen atoms (N-1
in adenine and N-3 in cytosine) serve as hydrogen
acceptors. The oxygen of the C-2 of cytosine is also
a hydrogen acceptor. In the case of thymine, hydro-
gen is donated by N-3 and accepted by the oxygen
of C-4. Guanine has two hydrogen donors (N1 and
the amino group of C-2) and one hydrogen acceptor
(the oxygen of C-6). In RNA the hydrogen-bonding
abilities of uracil mimic those of thymine. K. Hoog-
steen proved in 1963 that the bases can adopt a dif-
ferent conformation, as shown in the upper part of
the diagram. Hoogsteen base pairs do not occur in
DNA, except in the regions of the telomeres (g.v.).
See Appendix C, 1973, Rosenberg et al; alpha helix,
bases of nucleic acids, beta pleated sheet, deoxyribo-
nucleic acid, guanine quartet model.

hydrogen ion concentration expressed as the log-
arithm of the reciprocal of the concentration of hy-
drogen ions in grams per liter of solution; abbrevi-
ated as pH, the scale runs from O to 14, with values
above 7 basic; those below, acidic.

hydrogenosomes organelles that resemble mito-
chondria, but generally lack genomic DNA. They
generate hydrogen and ATP and are found in various
unrelated protoctists, such as anaerobic ciliates and
flagellates. However, one ciliate (Nyctotherus ovalis),
living in the hindgut of cockroaches, has a rudimen-
tary genome which encodes components of the mi-
tochondrial electron transport chain. This finding
supports the idea that most hydrogenosomes have
evolved from mitochondria. See adenosine phos-
phate.

S = sugar

Watson-Crick

Hydrogen bond



hydrogen peroxide H,O,. See catalase, horserad-
ish peroxidase, peroxisomes.

hydrolases enzymes that catalyze the transfer of
water between donor and receptor molecules. Pro-
teolytic enzymes are a special class of hydrolases.

hydrolysis the splitting of a molecule into two or
more smaller molecules with the addition of the ele-
ments of water.

hydroperoxyl radical HO,, an oxidizing agent
formed during the interaction of ionizing radiation
with oxygenated water. See free radical.

hydrophilic water attracting; referring to mole-
cules or functional groups in molecules that readily
associate with water. The carboxyl, hydroxyl, and
amino groups are hydrophilic.

hydrophobic water repelling; referring to mole-
cules or functional groups in molecules (such as al-
kyl groups) that are poorly soluble in water. Popula-
tions of hydrophobic groups form the surface of
water-repellent membranes.

hydrophobic bonding the tendency of nonpolar
groups to associate with each other in aqueous solu-
tion, thereby excluding water molecules.

hydrops fetalis a fetal syndrome characterized by
the accumulation of fluids in the tissues, jaundice,
and erythroblastosis due to hypoxia. It occurs in in-
dividuals homozygous for deletions of alpha hemo-
globin genes (a”/a’). The mothers are generally of
Southeast Asian or Mediterranean origin. Affected
infants die in utero between 20 and 40 weeks of ges-
tation or soon after birth. When obstetric assistance
is not available, 20-50% of mothers with a hydropic
fetus suffer lethal complications. See thalassemias.

hydroquinone See quinone.

hydrothermal vent a fissure in the ocean floor out
of which hot water flows. See hyperthermophile, un-
dersea vent communities.

hydroxykynurenine See Drosophila eye pigments.

hydroxylamine NH,OH, a mutagen that converts
the NH, of cytosine to NHOH, which pairs only
with adenine.

hydroxylapatite
phate that is naturally found in bone and tooth
enamel. A synthetic form of this compound is used
by molecular biologists to separate single-stranded

a hydrated form of calcium phos-

nucleic acids from double-stranded ones. The latter
bind to a column of hydroxylapatite, while single-
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stranded nucleic acids pass through it. Also called
hydroxyapatite.

5-hydroxymethyl cytosine a pyrimidine found in-
stead of cytosine in the DNA of T-even coliphages.
5-Hydroxymethyl cytosine pairs with guanine. It is
postulated that the phage-specific DNase, which
breaks down the host DNA, attacks DNA molecules
containing cytosine. See T phages.
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hydroxyurea a compound that inhibits semicon-
servative DNA replication, but not repair synthesis.

Hylobates a primate genus that contains nine spe-
cies of gibbons. H. concolor is the best known from
the genetic standpoint. Its haploid chromosome
number is 26, and 20 genes have been assigned to
10 syntenic groups.

hymenopteran an insect belonging to the order
Hymenoptera (which includes bees, ants, wasps,

etc.). See Appendix A.

hyparchic genes See autarchic genes.

hyperammonemia
arising from a deficiency of the enzyme ornithine
carbamoyl transferase.

a hereditary disease in man

hypercholesterolemia See familial hypercholester-
olemia.

hyperchromic shift an increase in the absorbtion
of ultraviolet light by a solution of DNA as these
molecules are subjected to heat, alkaline conditions,
etc. The shift is caused by the disruption of the hy-
drogen bonds of each DNA duplex to yield single-
stranded structures.

hyperdontia the hereditary presence of one or
more additional teeth.

an increased glucose content in the

hyperglycemia
blood.

hyperlipemia an increased concentration of neu-
tral fat in the blood serum.

hypermorph a mutant gene whose effect is similar
to, but greater than, that of the standard or wild-
type gene.
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hyperplasia an increase in amount of tissue pro-
duced by an increase in the number of cells. Hyper-
plasia often accompanies the regeneration of a dam-
aged organ. See hypertrophy.

hyperploid referring to cells or individuals contain-
ing one or more chromosomes or chromosome seg-
ments in addition to the characteristic euploid num-

ber.

hyperprolinemia a hereditary disease in man aris-
ing from a deficiency of the enzyme proline oxidase.

hypersensitivity the characteristic of responding
with clinical symptoms to allergens in amounts that
are innocuous to most individuals. See allergy.

hypertension an increased blood pressure.

hyperthermophile a prokaryote that flourishes at
very high temperatures. Some live under high pres-
sures at great ocean depths and in the absence of
sunshine. They grow in tectonically active rift
zones around volcanic vents. Some live at tempera-
tures as high as 113°C! The group contains archae-
ons like Archaeoglobus fulgidus and Methanococcus
jannaschii and bacteria like Thermotoga maritima (see
entry for each species). The species that have been
placed closest to the trunk of the “universal tree of
life” (q.v.) are all hyperthermophiles, and this sug-
gests that the common ancestor of all prokaryotes
may also have been a hyperthermophile. See extrem-
ophiles, plate tectonics, undersea vent communities.

hypertrophy an increase in the size of a tissue or

organ because of the increased volume of the com-
ponent cells. See hyperplasia.

hypervariable (hv) sites amino acid positions with-
in the variable region of an immunoglobulin light
chain or heavy chain, exhibiting great variation
among antibodies of different specificity; these non-
contiguous sites are brought together in the active
site where antigen is bound (a paratope) by complex
folding of the polypeptide chain. See immunoglob-
ulin.

hyphae branched or unbranched filaments that to-
gether form the mycelium (g.v.) of a fungus. A sin-
gle filament is a hypha.

hypo See fixing.
hypochromic anemia See anemia.

hypochromic shift reduction in the absorption of
ultraviolet light as complementary single strands of
DNA unite to form duplexes. See hyperchromic shift.

hypodontia the congenital absence of teeth.

a decrease in sugar content of the

hypoglycemia

blood serum.

hypomorph any allele that permits a subnormal
expression of the normal phenotype. For example, a
mutated allele may encode an enzyme that is unsta-
ble. However, enough functional enzyme may be
generated so that the reaction proceeds, but slowly.
Since the genetic block is incomplete, a hypomor-
phic allele is sometimes called “leaky.”

hypophosphatasia a hereditary disease in humans
arising from a deficiency of the enzyme alkaline
phosphatase.

hypophosphatemia a decreased concentration of
inorganic phosphate in the blood serum.

hypophysis the pituitary gland.

hypoplasia an arrested development of an organ
or part. The opposite of hyperplasia (q.v.).

hypoploid referring to cells or individuals contain-
ing one or more fewer chromosomes or chromosome
segments than the characteristic euploid number.

hypostatic gene See epistasis.

hypothalamus the floor and sides of the vertebrate
brain just behind the attachment of the cerebral
hemispheres. The hypothalamus controls the secre-
tion of a variety of releasing hormones. These are
transported down a closed portal system to the pitu-
itary gland. Here releasing hormones bind to re-
ceptors on cells in the anterior lobe. These cells
then secrete hormones into the circulatory system
that eventually bind to receptors in specific tissues.
Hypothalamic releasing hormones include: prolac-
tin-releasing factor, somatostatin, somatocrinin, thy-
rotropin-releasing hormone, and gonadotropin-
releasing hormone. See human growth hormone
(hGH).

hypothyroidism

roid hormone.

a diminished production of thy-

hypoxanthine 6-hydroxypurine. See purine.

hypoxanthine-guanine-phosphoribosy| transfer-
ase the enzyme that catalyzes the transfer of the
phosphoribosyl moiety of 5-phosphoribosyl-1-pyro-
phosphate to the 9 position of hypoxanthine and
guanine to form inosine monophosphate and guano-
sine monophosphate. Abbreviated HPRT or HG-
PRT. The Lesch-Nyhan syndrome (q.v.) is caused by
deficiency of HPRT. See Appendix C, 1987, Kuehn
et al.; HAT medium.



Hyracotherium the genus that contains the earliest
ancestors of the horse. Adults of the smallest species
in this genus were only about 10 inches high at the
shoulders. These fossils were first described in
Eocene deposits in Europe. In the North American

Eocene rocks, where fossils of horses were more
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abundant, the genus was named Eohippus (dawn
horse). When it later became clear that the two gen-
era represented the same animals, Hyracotherium
was chosen as the correct scientific name, since it
had been coined earlier (1840, rather than 1876).
See Linnean system of binomial nomenclature.



i the regulator gene of the lactose operon in E. coli.
See regulator genes.

I iodine.

Iy, I, I3, etc. the first, second, third, etc., genera-
tions obtained by inbreeding.

P, P, i the allelic genes responsible for the ABO
blood group system. See A, B antigens.

IAA indole acetic acid (g.v.).

la antigens alloantigens encoded by the Ia region
of the mouse major histocompatibility complex
(H-2). They are defined by serological methods and
are found predominantly (but not exclusively) on B
lymphocytes and macrophages.

ICM inner cell mass (g.v.).

icosahedron
posed of 20 equilateral triangular faces with 12 cor-
ners. The capsids of many spherical eukaryotic vi-
ruses and bacteriophages are icosahedral. See
adenovirus, enveloped viruses, herpesvirus, polio vi-
rus, Q beta (QP) phage, Shope papillomavirus, virus.

a regular geometric polyhedron com-

ICSH interstitial cell-stimulating hormone. Identi-
cal to LH (g.v.).

icterus jaundice (q.v.).

identical twins See twins.

idiocy the most severe degree of mental retarda-
tion. An idiot reaches an intelligence level below
that of a two-year-old child.

idiogram a diagrammatic representation of the
karyotype (g.v.) of an organism.

idiotypes
a particular variable domain of a specific immuno-
globulin or T cell receptor molecule. The idiotype is
a unique attribute of a particular antibody from a
specific individual. Contrast with allotypes, isotypes.

antigenic determinants characteristic of

idling reaction production of ppGpp and pppGpp
by ribosomes when an uncharged tRNA is present
in the A site. See translation.

IF initiation factor (g.v.).

IFNs interferons (q.v.).

Ig immunoglobulin (q.v.).

IgA human immunoglobulin A, found as a 160-
kilodalton monomer or as a 320-kilodalton dimer in
mucus and secretory fluids and on the surface of cell
membranes.

IgD  human immunoglobulin D, found as a 185-
kilodalton monomer on the surface of lymphocytes.

ISE human immunoglobulin E, found as a 200-
kilodalton monomer and involved in allergic reac-
tions. It forms a complex with antigen and then
binds to the surface of mast cells, triggering the re-
lease of histamine.

I1gf 2 insulin growth factor 2. See H19.

18G  human immunoglobulin G, found as a 150-
kilodalton monomer, which is the predominant mol-
ecule involved in secondary immune responses. It
fixes complement and is the only immunoglobulin
that crosses the placenta. See Appendix C, 1969,
Edelman et al.; immune response.

IgM  human immunoglobulin M, found as a 900-
kilodalton pentamer that is the predominant mole-
cule involved in the primary immune response. It
fixes serum complement and agglutinates effec-
tively.

ile isoleucine. See amino acid.

imaginal discs inverted thickenings of epidermis
containing mesodermal cells found in a holometabo-
lous insect. During the pupal stage, the imaginal
discs give rise to the adult organs, and most larval
structures are destroyed. See Appendix C, 1973, Gar-
cia-Bellido et al.; 1975, Morata and Lawrence; com-
partmentalization, in vivo culturing of imaginal discs.

imino forms of nucleotides See tautomeric shifts.

immediate hypersensitivity a type of hypersensi-
tivity reaction that is mediated by antibodies and
that occurs within minutes after exposure to the al-
lergen or antigen in a previously sensitized individ-
ual. Compare with delayed hypersensitivity.
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immortalizing genes
viruses that confer upon cultured mammalian cells
the ability to divide and grow indefinitely, thereby
overcoming the Hayflick limit (q.v.).

genes carried by oncogenic

immune competent cell a cell capable of produc-
ing antibody in response to an antigenic stimulus.

immune decoy protein See sporozoite.

immune globulins See antibody.

immune response the physiological response(s)
stemming from activation of the immune system by
antigens, including beneficial immunity to pathogenic
microorganisms, as well as detrimental autoimmunity
to self-antigens, allergies, and graft rejection. The cells
mainly involved in an immune response are T and B
lymphocytes and macrophages. T cells produce lym-
phokines (g.v.) that influence the activities of other
host cells, whereas B cells mature to produce immu-
noglobulins (g.v.) or antibodies that react with an-
tigens. Macrophages “process” the antigen into im-
munogenic units that stimulate B lymphocytes to
differentiate into antibody-secreting plasma cells,
and stimulate T cells to release lymphokines. Com-
plement (q.v.) is a group of normal serum proteins
that can aid immunity by becoming activated as a
consequence of antigen-antibody interactions. The
first contact with an antigen “sensitizes” the animal
and results in a primary immune response. Subse-
quent contact of the sensitized animal with that
same antigen results in a more rapid and elevated
reaction, called the secondary immune response (also
known as the “booster response” or the “anamnestic
reaction”), which is most easily demonstrated by
monitoring the level of circulating antibodies in the
serum. The immune response can be transferred
from a sensitized to an unsensitized animal via se-
rum or cells. It is highly specific for the inciting anti-
gen, and is normally directed only against foreign
substances. See adenosine deaminase deficiency.

immune response (/r) gene any gene that deter-
mines the ability of lymphocytes to mount an im-
mune response to specific antigens. In the major his-
tocompatibility complex of the mouse (the H-2
complex), the I region contains Ir genes and also
codes for Ia (immune-associated) antigens found on
B cells and on some T cells and macrophages. In hu-
mans, the HLA D (DR) region is the homolog of the

mouse H-2 I region. See Appendix C, 1948, Snell;
1963, Levine el al.; 1972, Benacerraf and McDevitt.

immune system the organs (e.g., thymus, lymph
nodes, spleen), tissues (e.g., hematopoietic tissue of
bone marrow, mucosal and cutaneous lymphoid
tissues), cells (e.g., thymocytes, blood and tissue
lymphocytes, macrophages), and molecules (e.g.,
complement, immunoglobulins, lymphokines) re-
sponsible for immunity (protection against foreign
substances).

immunity
cific disease, mediated by the immune system (T and
B lymphocytes and their products—lymphokines
and immunoglobulins, respectively). Active immu-
nity develops when an individual makes an immune
response to an antigen; passive immunity is acquired
by receiving antibodies or immune cells from an-
other individual. 2. the ability of a prophage to in-
hibit another phage of the same type from infecting
a lysogenized cell (phage immunity). 3. the ability
of a plasmid to inhibit the establishment of another
plasmid of the same type in that cell. 4. the ability
of some transposons to prevent others of the same
type from transposing to the same DNA molecule
(transposon immunity). 5. phage-resistant bacteria
are usually “immune” to specific phages because
they lack the cell-surface receptors that define the
host range of that phage. See innate immunity.

1. the state of being refractive to a spe-

immunity substance a cytoplasmic factor pro-
duced in lysogenic bacteria that prevents them from
being infected by bacteriophages of the same type
as their prophages and also prevents the vegetative
replication of said prophages.

immunization administration of an antigen for the
purpose of stimulating an immune response to it.
Also known as inoculation or vaccination.

immunochemical assay
antigen-antibody reactions to detect the location of
or to determine the relative amounts of specific anti-
bodies or antigenic substances. See enzyme-linked
immunosorbent assay, immunofluorescence assay.

any technique that uses

immunocompetent (immune competent) cell a
cell capable of carrying out its immune function
when given the proper stimulus.
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immunodominance within a complex immuno-
genic molecule, the ability of a specific component
(1) to elicit the highest titer of antibodies during an
immune response, or (2) to bind more antibodies
from a given polyvalent antiserum than any other
component of that same molecule. For example, in
a glycoprotein antigen, a specific monosaccharide
may be the most highly antigenic component of the
entire molecule and therefore exhibits immunodom-
inance over other components of the same molecule.

immunoelectrophoresis a technique that first
separates a collection of different proteins by elec-
trophoresis through a gel and then reacts them with
a specific antiserum to generate a pattern of precipi-
tin arcs. The proteins can thus be identified by their
electrophoretic mobilities and their antigenic prop-
erties. See Appendix C, 1955, Grabar and Williams.
immunofluorescence assay a visual examination
of the presence and the distribution of particular an-
tigens on or in cells and tissues using antibodies that
have been coupled with fluorescent molecules such
as rhodamine and fluorescein. In the direct method,
the fluorescent probe combines directly to the anti-
gen of interest. In the indirect method, two antibodies
are used in sequence. The first is the one specifically
against the antigen under study. Subsequently, the
tissue is incubated with a second antibody, prepared
against the first antibody. The second antibody has
been conjugated previously with a fluorescent dye,
which renders the complex visible. The indirect
method is often preferred because, if one wants to
localize more than one antigen, only one fluores-
cently labeled antigen need be used, provided the
first antibody in each case is from the same species
of animal. The second fluorescent antibody is gener-
ally commercially available. See Appendix C, 1941,
Coons et al.
immunogen a substance that causes an immune
response. Foreign proteins and glycoproteins gener-
ally make the most potent immunogens. See antigen.

immunogene any genic locus affecting an immu-
nological characteristic; examples: immune response
genes, immunoglobulin genes, genes of the major
histocompatibility complex (all of which see).

immunogenetics studies using a combination of
immunologic and genetic techniques, as in the inves-
tigation of genetic characters detectable only by im-
mune reactions. See Appendix C, 1948, Snell; 1963,
Levine et al.; 1972, Benacerraf and McDevitt.

immunogenic capable of stimulating an immune
response.

immunoglobulin an antibody secreted by mature
lymphoid cells called plasma cells. Immunoglobulins
are Y-shaped, tetrameric molecules consisting of two
relatively long polypeptide chains called heavy (H)
chains and two shorter polypeptide chains called
light (L) chains (see illustration on page 227). Each
arm of the Y-shaped structure has specific antigen-
binding properties and is referred to as an antigen-
binding fragment (Fab). The tail of the Y structure
is a crystallizable fragment (Fc). Five H chain classes
of immunoglobulin are based upon their antigenic
structures. Immunoglobulin class G (IgG) is the
most common in serum and is associated with im-
munological “memory”; class IgM is the earliest to
appear upon initial exposure to an antigen. Class IgA
can be secreted across epithelial tissues and seems to
be associated with resistance to infectious diseases of
the respiratory and digestive tracts. The antibodies
associated with immunological allergies belong to
class IgE. Not much is known about the functions of
IgD. Antibodies of classes IgG, IgD, and IgE have
molecular weights ranging from 150,000 to 200,000
daltons (7S); serum IgA is a 7S monomer, but secre-
tory IgA is a dimer (11.4S); IgM is a pentamer (19S;
900,000 daltons) of five 7S-like monomers.

In the case of IgG, each heavy chain consists of
four “domains” of roughly equal size. The variable
(Vi) domain at the amino (N-terminus) end con-
tains different amino acid sequences from one im-
munoglobulin to another, even within the same H
chain class. The other three domains have many re-
gions of homology that suggest a common origin by
gene duplication and diversification by mutation.
These “constant” domains (Cyl, Cy2, C;i3) are es-
sentially invariate within a given H chain class. An
L chain is about half as long as an H chain. Its amino
end has a variable region (V); its carboxyl end has
a constant region (Cp). An Fab fragment consists of
an L chain and an Fd segment of an H chain (Vy +
Cyl). Within a tetrameric immunoglobulin mole-
cule, the two L chains are identical and the two H
chains are identical. The Fc fragment consists
of carboxy-terminal halves of two H chains (Cy2 +
Cyi3). The region between Cyl and Cy2 is linear
rather than globular, and is called the hinge region.
Crystallographic studies of human IgG show that
the oligosaccharide chains (OC) that are attached to
the Cy2 regions provide surfaces that bind these re-
gions to each other and to the Fab units. Each ma-
ture antibody-synthesizing plasma cell produces a
single species of immunoglobulin, all of which con-
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Diagram of a typical IgG molecule. Within each immunoglobulin molecule, the two L chains are identical and
the two H chains are identical. Numbers represent approximate amino acid residues from the N terminus of

the respective chain.

tain identical L and H chains. See Appendix C, 1939,
Tiselius and Kabat; 1959, Edelman; 1962, Porter;
1965, Hilschmann and Craig; 1969, Edelman et al.;
1976, Hozumi and Tonegawa; 1977, Silverton,
Navia, and Davies; 1987, Tonegawa; abzymes, B
lymphocyte, glycosylation, hybridoma, IgA, IgM, im-
mune response, monoclonal antibodies, oligosaccha-
ride, V(D)J recombination.

immunoglobulin chains the components of the
heteropolymeric immunoglobulin molecules. There
are five groups of heavy chains, each characteristic
of a specific class of immunoglobulin: gamma (IgG),
mu (IgM), epsilon (IgE), alpha (IgA), and delta
(IgD). The genes encoding all the heavy immuno-
globulin chains are located on human chromosome
14. The constant region of each heavy chain makes
up about three-fourths of the molecule, and the
gene segments encoding the constant regions are ar-
ranged in the sequence mu, delta, gamma, epsilon,
and alpha in both humans and mice. There are two
groups of light chains: kappa chains, encoded by
gene segments on human chromosome 2, and
lambda chains, encoded by gene segments on chro-
mosome 22. See immunoglobulin genes.

immunoglobulin domain superfamily a group of
glycoproteins that are embedded in the surface of
the membranes of certain cells and which have one
or more immunoglobulin domains. Each domain is
a chain of about 100 amino acids that folds back and
forth upon itself to form a sandwich of two pleated
sheets linked by a disulfide bond. Included in the su-
perfamily are the immunoglobulins (g.v.) with up to
12 domains per molecule, the T cell receptors (g.v.),
and the MHC receptors (gq.v.), each with two do-
mains per molecule, and the CD4 and CD8 recep-
tors (q.v.) with four domains and a single domain,
respectively. The genes that encode these proteins
are assumed to have evolved from a common ances-
tral gene over a period of hundreds of millions of
years.

immunoglobulin genes genes encoding the light
and heavy chains of the immunoglobulins. These
genes are remarkable in that they are made up of
segments that are shuffled as the B lymphocytes ma-
ture. The light chains contain segments that can be
symbolized L-V, J, and C. The V, or variable, seg-
ment codes for the first 95 amino acids of the chain,
whereas the C, or constant, segment codes for amino
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acids 108 to 214. The joining segment, J, codes for
amino acids 96 to 107. L codes for a leader sequence
17-20 amino acids long; it functions in the transport
of the molecule through the plasmalemma and is
cleaved off the molecule in the process. There are
about 300 L-V segments per light chain gene, and
each of the V segments has a different base se-
quence. In the kappa gene, there are six J segments,
each with a different base sequence, and one C seg-
ment. During differentiation of a given B lympho-
cyte stem cell, an immunoglobulin gene is assembled
containing one L-V, one J, and one C segment, and
this gene is transcribed by the lymphocyte and all of
its progeny. The lambda gene also contains about
300 L-V segments, but each of the six J segments
has its own adjacent C segment. The heavy chain
gene is over 100,000 nucleotides long and contains
a series of segments that can be symbolized L-V, D,
J, Cy, Gy, C3,Cp,Cap, Cpoy Ce, and C,. There are
about 300 L-V segments, 10-50 D segments, 4 J
segments, and one each of the C segments. Each D
segment codes for about 10 amino acids. During dif-
ferentiation the segments are shuffled so that the
variable region of a heavy chain is encoded by a seg-
ment that contains one L-V, one D, and one J seg-
ment. The gene also contains mu, delta, gamma, ep-
silon, and alpha subsegments, and which one of
these is transcribed determines the class to which
the antibody will belong. See Appendix C, 1965,
Dreyer and Bennett; 1976, Hozumi and Tonegawa;
1981, Sakano et al..; 1987, Tonegawa; allelic exclu-
sion, genomic equivalence, heavy chain class switch-
ing, immunoglobulin chains, transfectoma, V(D)J re-
combination.

immunological memory the capacity of the im-
mune system to respond more rapidly and more vig-
orously to the second contact with a specific antigen
than observed in the primary response to the first
contact; the booster or anamnestic response.

immunological suppression a genetic or induced
condition in which the ability of an individual’s im-
mune system to respond to most or all antigens is
impaired. See specific immune suppression.

immunological surveillance theory the theory
that the cell-mediated immune system evolved pri-
marily to continuously monitor the body for sponta-
neously arising cancerous cells or those containing
foreign pathogens and to destroy them.

immunological tolerance
toward a substance that would normally be expected
to elicit an immune response. Tolerance to specific
foreign antigens can be induced by the exposure of

a state of nonreactivity

a bird or mammal to the foreign antigens during em-
bryonic or neonatal (depending upon species) life. In
adults, tolerance (usually of shorter duration) can be
induced by using particular routes of administration
for the antigens or administration of agents that are
particularly effective against cells proliferating in re-
sponse to antigen. Mechanisms may include actual
deletion of potentially reactive lymphocytes or their
“inactivation” by immunological suppression. See
Appendix C, 1945, Owen; 1953, Billingham et al.

immunology the science dealing with immunity,
serology, immunochemistry, immunogenetics, hy-
persensitivity, and immunopathology. See Appendix
C, 1778, Jenner; 1900, Ehrlich; 1930, Landsteiner;
cellular immunity.

immunoselection a method for isolating cell-line
variants lacking certain antigens, such as those of the
major immunogene complex. By treating cells with
a specific antiserum and complement, all cells die,
except a few spontaneously arising variants. These
do not express the corresponding antigen, and there-
fore they live and can be isolated. Many of these
variants appear to be due to deletion mutations
rather than to epigenetic changes or mitotic cross-
ing-over. Compare with antigenic conversion.

impact theory a proposal, published in 1984 by
Walter Alvarez and five colleagues, that the mass ex-
tinction of various groups of organisms that occured
at the end of the Cretaceous (gq.v.) resulted from the
collision of the earth with an asteroid or comet.
Rocks at the Cretaceous-Tertiary boundary have
high iridium concentrations, and this iridium is pos-
tulated to have arisen from the pulverized asteroid.

impaternate offspring an offspring from parthe-
nogenetic reproduction in which no male parent

took part. See parthenogenesis.

imperfect excision the release of a genetic ele-
ment (e.g., an insertion sequence or prophage) from
a DNA molecule in a way that either includes more
than or less than the element itself.

imperfect flower See flower.

implant material artificially placed in an organism,

such as a tissue graft, an electronic sensor, etc.

implantation 1. attachment of a mammalian em-
bryo to the uterine wall. 2. the addition of tissue
grafts to an organism without the removal of any-
thing from it.

imprinting 1. the imposition of a stable behavior
pattern in a young animal by exposure, during a par-
ticular period in its development, to one of a re-
stricted set of stimuli. 2. See parental imprinting.



inactivation center a region of the mouse X chro-
mosome that governs the degree to which translo-
cated autosomal genes are inactivated when the as-
sociated X-linked genes are inactivated as the result
of random X-inactivation. See Cattanach's transloca-
tion, Lyon hypothesis.

inactive X hypothesis Lyon hypothesis (q.v.).

Inarticulata a division of invertebrates containing
the unsegmented, coelomate protostomes, such as
sipunculids and molluscs. See Appendix A.

inborn error a genetically determined biochemical
disorder resulting in a metabolic defect that pro-
duces a metabolic block having pathological conse-
quences. See Appendix C, 1909, Garrod.

inbred strain a group of organisms so highly in-
bred as to be genetically identical, except for sexual
differences. See isogenic, mouse inbred lines.

inbreeding the crossing of closely related plants or
animals.

inbreeding coefficient See Wright's inbreeding co-
efficient.

inbreeding depression decreased vigor in terms
of growth, survival, or fertility following one or
more generations of inbreeding.

incapsidation the construction of a capsid around
the genetic material of a virus.

inclusive fitness
social behavior.

See Hamilton's genetical theory of

incompatibility in immunology, genetic or anti-
genic differences between donor and recipient tis-
sues that evoke an immunological rejection response.

incomplete dominance failure of a dominant phe-
notype to be fully expressed in an organism carrying
a dominant and a recessive allele. The result is usu-
ally a phenotype that is intermediate between the
homozygous dominant and the recessive forms. the
term is synonymous with partial dominance and
semidominance. See dominance.

incompletely linked genes genes on the same
chromosome that can be recombined by crossing
over.

incomplete metamorphosis See Hemimetabola.

incomplete sex linkage the rare phenomenon of
a gene having loci on the homologous segments of
both X and Y chromosomes. See XY homology.
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incross mating hetween individuals from the same
inbred line or variety, often of the same genotype.

incubation period the period over which eggs,
cells, and so forth are incubated; the period between
exposure to an infection and the appearance of the
first symptoms.

indels an acronym for insertions and deletions.
The term often appears in studies of the mechanisms
that cause genomic divergence between related spe-
cies. See sequence similarity estimates.

independent assortment the random distribution
to the gametes of genes located on different chromo-
somes. Thus, an individual of genotype Aa Bb will
produce equal numbers of four types of gametes:
AB, Ab, aB, and ab. See Mendel's laws.

independent probabilities in a group of events,
the occurrence of any one event having no influence
on the probability of any other event. For example,
the orientation of one pair of homologous chromo-
somes on the first meiotic metaphase plate does not
influence the orientation of any other pair of homo-

logs. See independent assortment.

indeterminant inflorescence an inflorescence, such
as a raceme (q.v.), in which the first flowers to open
are at the base and are followed upward by progres-
sively younger ones.

index case a synonym for propositus (g.v.).

index fossil a fossil that appears only in rocks of a
relatively limited geological age span.

indigenous referring to a species that colonized a
specific area, such as an island, without human inter-
vention. However, the species lives naturally in

other places as well. Contrast with endemic.

indirect immunofluorescence microscopy See
immunofluorescence.

indoleacetic acid auxin, a phytohormone. See

auxins.
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indolephenoloxidase an earlier name for the en-

zyme now called superoxide dismutase (q.v.).

Indrichotherium the largest mammal ever to walk
the earth. It belonged to the rhinoceros family and
lived in Asia during the Oligocene (g.v.).
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induced mutation a genetic alteration produced
by exposure to a mutagen. Compare with spontane-
ous mutation.

inducer any of the small organic molecules that
cause the cell to produce larger amounts of the en-
zymes involved in their metabolism. Inducers are a
class of effector molecules (g.v.). See gratuitous in-
ducer, regulator genes.

inducible enzyme an enzyme synthesized only in
response to an inducer. See adaptive enzyme, regula-
tor gene.

inducible system a regulatory system in which the
product of a regulator gene (the repressor) is active
and blocks transcription of the operon. The effector
(called an inducer) inactivates the repressor and
therefore allows mRNA synthesis to occur. Thus,
transcription occurs only in the presence of effector
molecules. See regulator gene. Compare with repress-
ible system.

induction 1. the determination of the develop-
mental fate of one cell mass by another. The mor-
phogenic effect is brought about by an evocator act-
ing upon competent tissue. 2. the stimulation of a
lysogenized bacterium to produce infective phage. 3.
the stimulation of synthesis of a given enzyme in re-
sponse to a specific inducer. See Appendix C, 1924,
Spemann and Mangold.

inductor any substance that carries out an induc-
tion similar to that performed by an organizer (q.v.).

industrial melanism the phenomenon where me-
lanic morphs appear among the animals that live in
industrial areas. As soot from factory smoke darkens
the landscape, the frequency of melanic offspring in-
creases until the original lighter forms become a mi-
nority. The pigments involved are melanins (g.v.),
and the species undergoing melanism rely on crypsis
(g.v.) to avoid being eaten. The most famous exam-
ple of industrial melanism involves the moth Biston
betularia (q.v.). See Appendix C, 1891, Tutt; 1958,
Kettlewell; Bibliography, 2003, Hooper.

Indy a gene in Drosophila that has a profound ef-
fect upon life span. The gene symbol is an acronym
for I'm not dead yet. The gene encodes a protein,
localized in the plasma membranes of cells of the
fat body (q.v.), that transports molecules generated
during the citric acid cycle (g.v.). Flies with two nor-
mal alleles have a mean life span of 37 days. Flies
heterozygous for Indy mutants have a mean life span
of 70 days. Indy homozygotes show only a 15% in-
crease in life span. See heterozygote advantage.

inelastic collision See collision.

infectious nucleic acid purified viral nucleic acid
capable of infecting a host cell and causing the sub-
sequent production of viral progeny.

infectious transfer the rapid spread of extrachro-
mosomal episomes (plus any integrated chromo-
somal genes) from donor to recipient cells in a bacte-
rial population.

inflorescence 1. a flower cluster. 2. the arrange-
ment and mode of development of the flowers on a
floral axis. See determinant inflorescence, indetermi-
nant inflorescence.

influenza viruses viruses that belong to the Or-
thomyxoviridae and cause epidemics of influenza in
humans, pigs, horses, and birds. The last great epi-
demic occurred during the first world war. Between
1918 and 1919 there were 50 million deaths world-
wide from influenza. The genome consists of eight
molecules of linear negative-sense ssRNA, which
form a helical complex with a protein called NP.
Several other proteins form spikes and mushroom-
shaped projections that radiate from the outer sur-
face of the viral envelope. These viruses undergo fre-
quent changes in their antigenic properties as a re-
sult of small mutational changes. See enveloped
viruses, virus, zoonotic viruses.

informed consent the permission given by an indi-
vidual that allows a previously discussed procedure
to be performed in the future. Amniocentesis (q.v.)
would be an example of such a procedure. It is
known that the individual has been made aware of
the risks and benefits of the procedure and the im-
plications of the findings. See genetic counseling.

in-frame mutation a mutation, generally of the

missense type, that does not cause a reading frame

shift (q.v.).

inheritance of acquired characteristics See ac-

quired characteristics, Lamarckism.
initiation codon  See start codon.

initiation factors proteins required for the initia-
tion of protein synthesis. One (protein IF3) is re-
quired for the binding of the 30S particle to mRNA.
A second (protein IFI) binds to f-met-tRNA and
helps it attach to the 30S mRNA initiation complex.
A third protein (IF2) is required, although its precise
function is unclear. Initiation factors are symbolized
IF in prokaryotes and elF in eukaryotes, followed by
a number. See N-formylmethionine, scanning hy-
pothesis, translation.



initiator a molecule that initiates replication once
it binds to a replicator. See replicon.

initiator tRNA the special tRNA molecule which
provides the amino acid that starts the protein chain.
In the case of prokaryotes, the initiator tRNA carries
N-formylmethionine, while eukaryotic initiators
carry methionine. See transfer RNA.

innate immunity an immunse response activated
by receptors that recognize foreign molecules, such
as lipopolysaccharides (q.v.), attached to the sur-
faces of common microorganisms. Drosophila com-
bats microbial infections by having receptors of this
sort. Activation of the receptors induces cells of the
fat body (g.v.) to synthesize antimicrobial peptides.
DNA chip (q.v.) technologies have been used to
identify over 400 genes in Drosophila that play roles
in innate immunity. Drosophila immune-competent
cells can express more than 18,000 isoforms contain-
ing immunoglobulin receptor domains by alternative
splicing (q.v.) of the Dscam gene. Contrast with
adaptive immunity.

inner cell mass (ICM) in mammals, a clump of
embryonic cells that attaches itself to the inside of
the trophoblast (q.v.) during blastocyst (g.v.) forma-
tion and from which the fetus (q.v.) develops. The
ICM is one of the sources of embryonic stem cells

(q.v.).

innervation the nerve supply to a particular organ.

inoculum a suspension of cells introduced into a
nutrient medium to start a new culture.

input load See genetic load.
inosine hypoxanthine riboside. See rare bases.

inquiline an animal that lives in the abode of an-

other species.

insect ovary types three types of ovaries are found
among insects. The panoistic ovary appears to be the
ancestral type. Here, all oogonia (except stemline
oogonia) are eventually transformed to oocytes. In
meroistic ovaries, both oocytes and nurse cells (g.v.)
are generated. These may be organized within the
ovariole in two ways. In the polytrophic meroistic
ovary, the nurse cells and oocytes alternate along the
length of the ovariole. In the telotrophic meroistic
ovary, the nurse cells are restricted to the germarium
and are connected to oocytes in early stages of their
development by cytoplasmic processes called nutri-
tive chords. Panoistic ovaries are found in insects be-
longing to the more primitive orders (Archeognatha,
Zygentoma, Ephemeroptera, Odonata, Plecoptera,
Phasmida, Orthoptera, and Dictyoptera). Polytro-
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phic meroistic ovaries occur in the Psocoptera,
Phthiraptera, Hymenoptera, Trichoptera, Lepidop-
tera, and Diptera. Telotrophic ovaries occur in the
Hemiptera, Coleoptera, Raphidioptera, and Mega-
loptera.

insertion the addition of one or more base pairs
into a DNA molecule; a type of mutation commonly
induced by acridine dyes or by mobile insertion se-
quences (q.v.). See indels.

insertional inactivation abolition of the func-
tional properties of a gene product by insertion of a
foreign DNA sequence into that gene’s coding se-
quence; used in genetic engineering as a means of
detecting when a foreign DNA sequence has be-
come integrated into a plasmid or other recipient
molecule of interest.

insertional mutagenesis alteration of a gene as a
consequence of inserting unusual nucleotide se-
quences from such sources as transposons, viruses,
transfection, or injection of DNA into fertilized
eggs. Such mutations may partially or totally inacti-
vate the gene product or may lead to altered levels
of protein synthesis. See insertional inactivation, in-
sertion sequences, transgenic animals.

insertional translocation See translocation.

insertion sequences transposable elements (q.v.)
first detected as the cause of spontaneous mutations
in E. coli. The majority of IS elements studied so far
range in size from 0.7 to 1.8 kilobase pairs. IS ter-
mini carry inverted repeats of about 10 to 40 base
pairs, which are believed to serve as recognition se-
quences for a transposase (g.v.). The IS also contains
a gene that encodes the transposase. The genome of
the E. coli strain sequenced in 1997 contained 10 dif-
ferent insertion sequences, and most of these were
present at multiple sites along the chromosome. See
Appendix C, 1969, Shapiro; 1997, Blattner et al.

insertion vector See lambda cloning vehicle.

in silico a term that refers to inferred relationships
and hypotheses that are generated from the analysis
of information retrieved from computer-based data
banks that contain amino acid or nucleotide se-
quences. The information analyzed resides in silicon
chips, hence the use of silico in the term.

in situ
tion.

“in place”; in the natural or original posi-

in situ hybridization
ize, within intact chromosomes, eukaryotic cells, or
bacterial cells, nucleic acid segments complementary
to specific labeled probes. To localize specific DNA

a technique utilized to local-
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sequences, specimens are treated so as to denature
DNAs and to remove adhering RNAs and proteins.
The DNA segments of interest are then detected via
hybridization with labeled nucleic acid probes. The
distribution of specific RNAs within intact cells or
chromosomes can be localized by hybridization of
squashed or sectioned specimens with an appro-
priate RNA or DNA probe. See Appendix C, 1969,
Gall and Pardue; 1975, Grunstein and Hogness;
1981, Harper and Saunders; 1983, Hafen, Levine,
and Gehring; chromosome painting, fluorescence in
situ hybridization (FISH).

instar the period between insect molts.

instinct an unlearned pattern of behavior.

instructive theory an early immunological theory
in which it was believed that the specificity of anti-
body for antigen was conferred upon it by its initial
contact with the antigen. This theory has been dis-
carded in favor of the clonal selection theory (g.v.),
in which specificity exists prior to contact with an-

tigen.

insulator DNAs segments of DNA that serve to
isolate neighboring genes within a specific domain
by blocking interactions between enhancers (q.v.) on
one side of a domain from the inappropriate target
promotors of neighboring genes belonging within an
adjacent domain. Specific proteins that bind to insu-
lator DNA segments are responsible for defining cer-
tain chromosomal regions, such as the interbands
and puff boundaries in polytene chromosomes. See
Appendix C, 1995, Zhao, Hart, and Laemmli; 2000,
Bell and Felsenfeld; H79, matrix attachment regions,
parental imprinting.

insulin a polypeptide hormone produced by the
beta cells in the islets of Langerhans (g.v.). Insulin
causes a fall in the sugar concentration of the blood,
and its deficiency produces the symptoms of diabe-
tes mellitus. Beef insulin was the first protein to have
its amino acid sequence determined. This molecule

S

(illustrated below) is made up of an A polypeptide
(21 amino acids long) and a B peptide (containing
30 amino acids) joined by two disulfide bridges.
Sanger’s analysis showed that proteins had chemical
structures in the form of specific sequences of amino
acids. In humans, insulin is encoded by a gene on
the short arm of chromosome 11 at band 15.5. A
genetically engineered form of human insulin goes
under the trade name humulin (q.v.). See Appendix
C, 1921, Banting and Best; 1955, Sanger et al.; 1964,
Hodgkin; 1977, Gilbert; 1982, Eli Lilly; diabetes
mellitus, proinsulin.

insulin-like growth factors 1 and 2 (IGF-1 and
IGF-2) single-chain protein growth factors that
closely resemble insulin and each other in their
amino acid sequences. Both IGF-1 and IGF-2 and
their receptors are present as early as the eight-cell
stage in the mouse, and growth is retarded if either
igf-1 or igf-2 gene is inactivated. IGF-2 is essential
for early embryonic growth in the mouse, but IGF-
1 seems more important in the later development.
The IGF-2 gene shows parental imprinting (q.v.). In
Caenorhabditis the gene for the IGF-1 receptor is en-
coded by daf-2, and mutations of this gene cause a
two- to threefold increase in the worm’s normal (10-
day) life span. See H9.

integrase an enzyme that catalyzes a site-specific
recombination (q.v.) by which a prophage becomes
integrated into or excised (deintegrated) from a bac-
terial chromosome; an excisionase enzyme is also re-
quired for the excision process. See lambda (1) bacte-
riophage. The term also refers to a family of site-
specific recombinases. See site-specific recombinase.

integral protein an amphipathic (q.v.) protein
that is firmly embedded in the plasma membrane.
Integral proteins interact with both the hydrophobic
(g.v.) and the hydrophilic (g.v.) components of the
phospholipid bilayer and are difficult to isolate.
Compare with peripheral protein. See aquaporins, cal-

nexin, lipid bilayer model.
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integration efficiency the frequency with which a
foreign DNA segment is incorporated into the geno-
type of a recipient bacterium, particularly with ref-
erence to transformation.

integrins a large family of cell-surface receptor
proteins that bind to the components of the extra-
cellular matrix and function as cellular “glue,” facili-
tate cellular migrations (in embryological develop-
ment or in cells of the immune system of adults),
and activate signal transduction pathways within
cells. Integrins are structurally related to one an-
other, and one or more of them appear on virtually
every cell type in the animal kingdom. Integrins con-
sist of two protein chains (o, B). There are at least
15 variants of the o chain and 8 of the B chains,
which combine into at least 20 functional dimers
(e.g., a2B1, alIB3). The family name is apropos be-
cause of the importance of these molecules to the
structural integrity of cells and tissues and because
of their integrative functions among the diverse sig-
nals that impinge on cells. The extracellular matrix
consists primarily of gel-like chains of sugars and in-
terconnected fibrous proteins (including laminin,
fibronectin, and collagen). Integrins are connected
intracellularly via one or more intermediary mole-
cules (e.g., talin, vinculin, paxillin, tensin) in a focal
adhesion complex to actin molecules of the cy-
toskeleton. Most integrins interact with the extracel-
lular matrix, but some participate in adhesion be-
tween cells. The molecules responsible for most cell-
to-cell adhesions belong to such groups as the cad-
herin, selectin, and immunoglobulin families. Some
microbes enter cells at least in part by attaching to
integrins.

integron any transposon responsible for the hori-
zontal transfer of genes between different species of
bacteria. Integrons are DNA segments that (1) en-
code a site-specific recombinase, (2) include integ-
rase-specific recombination sites, and (3) include a
promoter that expresses one or more genes that con-
fer antibiotic resistance or other adaptive traits on
the host. An integron is often incorporated within a
plasmid (gq.v.). See R (resistance) plasmid.

intein an internal protein sequence that is trans-
lated in-frame in a precursor polypeptide and is ex-
cised during protein splicing (q.v.).

intelligence quotient (IQ) an individual can be as-
signed to a “mental age” group on the basis of perfor-
mance on standardized intelligence tests. This men-
tal age divided by the individual’s chronological age
and multiplied by 100 is the IQ.
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intelligence quotient classification according to
the Binet-Simon classification, intelligence quotients
can be grouped as follows: genius, 140 and over;
very superior, 120-139; superior, 110-119; average,
90-109; dull, 80-89; borderline, 70-79; mild retar-
dation (moron), 50-69; moderate retardation (imbe-
cile), 25-49; and severe retardation (idiot), 0-24.

interallelic complementation referring to the
change in the properties of a multimeric protein as
a consequence of the interaction of subunits coded
by two different mutant alleles (in contrast to the
protein consisting of subunits derived from a single
mutant allele). The mixed protein (heteromultimer)
may exhibit more activity (positive complementa-
tion) or less activity (negative complementation,
q.v.) than the homomultimer. Also known as intra-
genic complementation, allelic complementation.

interbands the regions between bands in a poly-
tene chromosome (g.v.). The DNA concentration in
interbands is only a fraction of that in bands.

intercalary deletion See deletion.

intercalating agent
dyes) that inserts between base pairs in a DNA mol-
ecule, often disrupting the alignment and pairing of
bases in the complementary strands. By causing ad-

a substance (e.g., acridine

dition or deletion of one or more base pairs during
replication, a reading frame shift (g.v.) is often in-
duced. See proflavin.

intercellular between cells.

interchange an exchange of segments between
nonhomologous chromosomes resulting in transloca-
tions.

interchromosomal translocation See transloca-
tion.

intercistronic region the segment between the
termination codon of one gene and the initiation co-
don of the next gene in a polycistronic transcription
unit. See spacer DNA.

intercross mating of heterozygotes (a/+ x a/+).
interference See positive interference.

interference filter
chromatic light source.

a filter used to produce a mono-

interference microscope
scope, the interference microscope is used for ob-
serving transparent structures. However, with the
interference microscope quantitative measurements
of the relative retardation of light by various objects
can be made. Such measurements can be used to de-

like the phase micro-
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termine the dry mass per unit area of specimen or
the section thickness.

interferons (IFNs) a family of small glycoproteins
produced by mammalian cells, often in response to
viral infections. Type 1 IFNs are monomeric proteins
that are produced by a wide variety of virus-infected
cells. These IFNs induce synthesis of enzymes that
inhibit viral proliferation. Type 2 IFNs consist of di-
mers of identical proteins unrelated to Type 1 IFNs.
Type 2 IFNs are synthesized by T lymphocytes and
natural killer cells and function to destroy certain
cancer cells and cells infected by parasites. See Ap-
pendix C, 1977, Gilbert; leader sequence peptide,
lymphocytes.

intergenic suppression See suppression.

interkinesis the abbreviated interphase between
the first and second meiotic division. No DNA repli-
cation occurs during interkinesis, unlike a premitotic
interphase.

interleukins a group of at least 15 soluble pro-
teins, secreted by leukocytes, that function to pro-
mote the growth and differentiation of cells of the
immune system. The different interleukins are desig-
nated IL1, IL2, etc., in order of their discovery. Most
interleukins are products of single genes. Some ILs
consist of two amino acid chains, but these result
from the posttranslational cleavage of a single pre-
cursor protein. There is one exception, IL12, which
has two chains (p35 and p40), each encoded by a
different gene.

intermediary metabolism the chemical reactions
in a cell that transform ingested nutrient molecules
into the molecules needed for the growth of the cell.

intermediate filaments cytoplasmic filaments with
diameters between 8 and 12 nanometers. They com-
prise a heterogeneous class of cytoskeletal proteins.
In general, a given class of intermediate filaments is
characteristic of a specific cell type. For example,
keratin filaments are characteristic of epithelial cells,
neurofilaments of neurons, vimentin filaments of fi-
broblasts, and desmin filaments of glial cells.

intermediate host a host essential to the comple-
tion of the life cycle of a parasite, but in which it
does not become sexually mature.

intermedin  a polypeptide hormone from the inter-
mediate lobe of the pituitary gland that causes dis-
persion of melanin in melanophores. Also called
melanocyte-stimulating hormone or MSH.

internal radiation the exposure to ionizing radia-
tion from radioelements deposited in the body tis-
sues.

interphase the period between succeeding mito-
ses. See cell cycle.

interrupted genes See split genes.

interrupted mating experiment a genetic experi-
ment in which the manner of gene transfer between
conjugating bacteria is studied by withdrawing sam-
ples at various times and subjecting them to a strong
shearing force in an electric blender. See Appendix
C, 1955, Jacob and Wollman; Waring blender.

intersex a class of individuals of a bisexual species
that have sexual characteristics intermediate be-
tween the male and female. See Appendix C, 1915,
Goldschmidt.

interspecific heterokaryons cells containing nu-
clei from two different species produced by cell fu-
sion (g.v.). See Appendix C, 1965, Harris and Wat-
kins.

interspersed elements See repetitious DNA.

interstitial cells cells that lie between the testis
tubules of vertebrates and secrete testosterone.

intervening sequence See intron.

intra-allelic complementation See allelic comple-
mentation.

intrachromosomal aberration See translocation.

intrachromosomal recombination sister chroma-

tid exchange (q.v.).
intrachromosomal translocation See translocation.

intragenic complementation See interallelic com-
plementation.

intragenic recombination recombination between
mutons of a cistron. Such recombination is charac-
terized by negative interference and by nonrecipro-
cality (recovery of either wild-type or double-mutant

recombinants, but not both from the same tetrad).
intragenic suppression See suppression.

intrasexual selection See sexual selection.

introgression See introgressive hybridization.

introgressive hybridization the incorporation of
genes of one species into the gene pool of another.
If the ranges of two species overlap and fertile hy-
brids are produced, they tend to backcross with the
more abundant species. This process results in a
population of individuals, most of which resemble
the more abundant parents but that also possess
some characters of the other parent species. Local



habitat modification can lead to mixing of previously
distinct gene pools. Introduced species (or subspe-
cies) can generate extinction of the older species by
hybridization and introgression. The use of molecu-
lar markers has greatly increased the ability to detect
and quantify interspecific gene exchanges. For ex-
ample, phylogenetic trees based on chDNAs have
shown many examples of both recent and ancient
exchanges of chloroplasts between sympatric spe-
cies. See chloroplast DNA (chDNA), wolf.

intromittent organ any male copulatory organ
that implants sperm within the female.

intron in split genes (q.v.), a segment that is tran-
scribed into nuclear RNA, but is subsequently re-
moved from within the transcript and rapidly de-
graded. Most genes in the nuclei of eukaryotes
contain introns. The number of introns per gene var-
ies greatly, from one in the case of rfRNA genes to
more than 30 in the case of the yolk protein genes
of Xenopus. Introns range in size from less than 100
to more than 10,000 nucleotides. There is little se-
quence homology among introns, but there are a few
nucleotides at each end that are nearly the same in
all introns. These boundary sequences participate in
excision and splicing reactions. The first introns of
some genes have been shown to contain tissue-spe-
cific enhancers. The splicing reactions involving the
introns of nuclear mRNAs take place within a splice-
osome (q.v.). However, the introns of mitochondrial
and chloroplast DNAs are self-splicing. See Appen-
dix C, 1977, Roberts and Sharp; 1978, Gilbert;
1983, Gillies et al.; alternative splicing, Caenorhab-
ditis elegans, enhancers, Euglena gracilis, exon, GT-
AG rule, posttranscriptional processing, R-loop map-
ping, splice junctions, transcription unit.

intron dynamics the lengthening or shortening of
the non-coding regions of specific genes during their
evolution. A pairwise alignment of about 6,000 or-
thologous genes demonstrates that the equivalent in-
trons in genes of Drosophila are only half the length
of Anopheles introns, whereas the exon lengths and
intron frequencies are similar in both insects. There-
fore a change in intron lengths has occurred during
the period since the divergence of fruit flies and
mosquitoes from a common dipteran ancestor
(about 250 million years ago). This difference in in-
tron lengths explains why the A. gambiae genome is
larger than the D. melanogaster genome (278 vs 180
mbp), although both species have 13,000-14,000
genes. See Appendix C, 2002, Holt et al.

intron intrusion the disruption of a preexisting
gene by the insertion of an intron into a functional
gene. Intron intrusion and the exon shuffling (q.v.)
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along with junctional sliding (q.v.), have been pro-
posed as mechanisms for evolutionary diversification
of genes.

intron-mediated recombination See exon shuf-
fling.

intron origins two conflicting hypotheses have
been proposed to explain the origin of introns. The
introns early hypothesis assumes that the DNA mole-
cules in which genes originated initially contained
random sequences of nucleotides. The random dis-
tribution of stop codons permitted only short read-
ing frames to accumulate. Next, a mechanism arose
that allowed splicing out regions containing stop co-
dons from the primary message, and so proteins of
greater length and with more useful biochemical
functions could be translated and selected. The orig-
inal short reading frames became the exons of pres-
ent-day genes, while the introns represent segments
containing splice junctions originally designed to re-
move deleterious stop signals. The introns late hy-
pothesis assumes that genes arose from short reading
frames that grew larger by duplications and fusions.
Introns arose secondarily as a result of insertions of
foreign DNA into these genes. Thus, present-day in-
trons are the descendants of ancient transposons

(q.v).

intussusception
the conversion of nutrients into protoplasm. 2. the
deposition of material between the microfibrils of a
plant cell wall. 3. the increase in surface area of the
plasmalemma by intercalation of new molecules be-
tween the existing molecules of the extending mem-
brane.

1. the growth of an organism by

in utero within the uterus.
inv  See symbols used in human cytogenetics.

in vacuo in a vacuum.

invagination an inpocketing or folding in of a
sheet of cells or a membrane.

inversion chromosome segments that have been
turned through 180° with the result that the gene
sequence for the segment is reversed with respect to
that of the rest of the chromosome. Inversions may
include or exclude the centromere. An inversion
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that includes the centromere is called pericentric or
heterobrachial, whereas an inversion that excludes
the centromere is called paracentric or homobrachial.
Paracentric inversions are found more often in na-
ture than pericentric inversions. A paracentric inver-
sion heterozygote forms a reverse loop pairing con-
figuration during pachynema.

inversion heterozygote an organism in which one
of the homologs has an inverted segment while the
other has the normal gene sequence. The results of
single and double exchanges within an inversion het-
erozygote are shown on page 237. Note that no mo-
nocentric, single-crossover chromatids are produced.
For this reason, inversions give the impression of be-
ing crossover suppressors, and it was their action on
crossing over that led to their discovery. See Appen-
dix C, 1926, Sturtevant; 1933, McClintock; 1936,
Sturtevant and Dobzhansky.

invertebrate an animal without a dorsal column of

vertebrae; nonchordate metazoans.

inverted repeats (IR) two copies of the same
DNA sequence orientated in opposite directions on
the same molecule. IR sequences are found at oppo-
site ends of a transposon (g.v.). See palindrome.

inverted terminal repeats short, related, or identi-
cal sequences oriented in opposite directions at the
ends of some transposons (g.v.).

in vitro designating biological processes made to
occur experimentally in isolation from the whole or-
ganism; literally “in glass,” i.e., in the test tube. Ex-
amples: tissue cultures, enzyme-substrate reactions.
Contrast with in vivo, ex vivo.

in vitro complementation See allelic complemen-
tation.

in vitro evolution experiments designed to study
the evolution of self-duplicating nucleic acid mole-
cules outside of living cells. A classic example is a
study that involved the synthesis of RNA molecules
using QP replicase and the RNA genome of Qf
phage. Serial transfer experiments were performed
in which the intervals of synthesis were adjusted to
select the earliest molecules completed. As the ex-
periment progressed, the rate of RNA synthesis in-
creased, while the product became smaller. By the
74th transfer, an RNA molecule had evolved that
was only 17% of its original size and constituted the
smallest known self-duplicating molecule. While it
had a very high affinity for the replicase, it was un-
able to direct the syntheses of viral particles. Ribo-
zymes (gq.v.) have also been shown to undergo in
vitro evolution. See Appendix C, 1967, Spiegelmann,

Mills, and Peterson; 1973, Mills, Kramer, and Spie-
gelmann; 1995, Wilson and Szostak.

in vitro fertilization experimental fertilization of
an egg outside the female body. In humans, this is
usually done because the woman’s Fallopian tubes
are blocked. The resulting embryo can then be in-
serted into the uterus for implantation. See embryo
transfer.

in vitro marker a mutation induced in a tissue cul-
ture that allows subsequent phenotypic detection.
Human in vitro markers include genes conferring re-
sistance to various viruses, aminopterin, and purine
analogs.

in vitro mutagenesis experiments in which seg-
ments of genomic DNA are treated with reagents
that produce localized chemical changes in the mol-
ecule. The subsequent ability of the mutated mole-
cules to function during replication, transcription,
etc., is assayed either by using cell-free systems or in
vivo, after splicing the fragment into an appropriate
plasmid.

in vitro packaging the production of infectious
particles from naked DNA by incapsidation of the
DNA in question after supplying lambda phage
packaging proteins and preheads.

in vitro protein synthesis the incorporation in a
cell-free system of amino acids into polypeptide
chains. See Appendix C, 1976, Pelham and Jackson.

in vivo within the living organism. Contrast with
in vitro, ex vivo.

in vivo culturing of imaginal discs the technique
developed by Hadorn in which an imaginal disc is
removed from a mature Drosophila larva, cut in half,
and the half organ implanted into a young larva.
Here regenerative growth occurs, and once the host
larva has reached maturity the implant is removed
once again, bisected, and one of the halves trans-
planted to a new host. By multiple repetition of this
procedure, the cells are subjected to an abnormally
long period of division and growth in a larval envi-
ronment. If the regenerated disc is finally allowed to
undergo metamorphosis, it shows an abnormally
high probability of producing structures characteris-
tic of different discs. A regenerated genital disc may
produce antennae, for example. Hadorn terms such
differentiation allotypic. Since the allotypic organs
appear in the offspring of cells that were previously
determined to form genital structures, a change in
determination must be postulated. This event is
called transdetermination. See Appendix C, 1963,
Hadorn.
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in vivo marker a naturally occurring mutant mam-
malian gene that allows phenotypic detection of the
tissue-cultured cells bearing it. Examples are the
genes causing galactosemia and glucose-6-phosphate
dehydrogenase deficiency in man, and the genes pro-
ducing certain cell surface antigens in the mouse.

iodine a biological trace element. Atomic number
53; atomic weight 129.9044; valence 17; most abun-
dant isotope '7I, radioisotopes '*I (half-life 60 days)
and P'I (half-life 8 days), radiations: beta particles
and gamma rays. Radioisotopes of iodine are com-
monly used in radioimmunoassay (gq.v.).



238 iojap
iojap a mutant nuclear gene in maize that induces

changes in chloroplast characters. The mutant plas-
tids behave autonomously thereafter.

ion exchange column a column packed with an
ion exchange resin. See chromatography, column
chromatography.

ion exchange resin a polymeric resin that has a
higher affinity for some charged groups than it has
for others. For example, resins with fixed cation
groups will bind anions and thus can be used in col-
umn separation procedures. See molecular sieve.

ionic bond electrostatic bond (gq.v.).

ionization any process by which a neutral atom or
molecule acquires a positive or negative charge.

ionization chamber any instrument designed to
measure the quantity of ionizing radiation in terms
of the charge of electricity associated with ions pro-
duced within a defined volume.

ionization track the trail of ion pairs produced by
an ionizing radiation during its passage through
matter.

ionizing energy the average energy lost by an
ionizing radiation in producing an ion pair in a
given gas. The average ionizing energy for air is
about 33 eV.

ionizing event the occurrence of any process in
which an ion or group of ions is produced.

ionizing radiation electromagnetic or corpuscular
radiation that produces ion pairs as it dissipates its
energy in matter.

ionophores a class of antibiotics of bacterial origin
that facilitate the movement of monovalent and di-
valent cations across biological membranes. Some of
the major ionophores and the ions they transport are
valinomycin (K', Rb"), A 23187 (Ca™, 2H"), nigeri-
cin (K%, H"), and gramicidin (H', Na’, K*, Rb").

ion pair the electron and positive atomic or molec-
ular residue resulting from the interaction of ioniz-
ing radiation with the orbital electrons of atoms.

IPTG isopropylthiogalactoside; a gratuitous in-
ducer for the E. coli lac operon (q.v.). See ONPG.

1Q intelligence quotient (g.v.).

I region one of the central regions of the major
histocompatibility complex (H-2) of the mouse. It
contains genes coding for Ia antigens and controlling
various immune responses. It has five subregions (A,

B, J, E, C) and may be the equivalent of the D/DR
region of the human major histocompatibility com-
plex. See HLA complex.

IR inverted repeat (q.v.).
Ir gene See immune response gene.

iron
26; atomic weight 55.847; valence 2,3%; most abun-

a biological trace element. Atomic number

dant isotope *Fe; principal radioisotope *Fe, half-
life 46 days, radiation emitted—beta particle.

isauxesis See allometry, heterauxesis.

IS element See insertion sequences.

islets of Langerhans clusters of hormone-secre-
ting cells located in the pancreas of vertebrates. Two
types of cells are found: alpha cells, which secrete
glucagon (g.v.), and beta cells, which secrete insulin

(q.v).

isoacceptor transfer RNA one of a group of differ-
ent tRNAs that accept the same amino acid but pos-
sess different anticodons. Higher organisms contain
two to four isoacceptor tRNAs for certain amino
acids. See amino acid.

isoagglutinin an antibody directed against anti-
genic sites on the red blood corpuscles of the same
species and that causes agglutination.

isoagglutinogen an antigenic factor on the surface
of cells that is capable of inducing the formation of
homologous antibodies (isoagglutinins) in some
members of the same species.

isoallele an allele whose effect can only be distin-
guished from that of the normal allele by special
tests. For example, two + alleles +' and +* may be
indistinguishable (i.e., +'/+', +*/+°, and +*/+' individ-
uals are phenotypically wild type). However, when
compounded with a mutant allele a, +' and +* prove
to be distinguishable (i.e., a/+' and a/+* individuals
are observably different).

isoanisosyndetic alloploid an allopolyploid in
which some chromosomes derived from both spe-
cies are homoeologous and undergo a limited synap-
sis. See isosyndetic alloploid.

isoantibody an antibody formed in response to
immunization with tissue constituents derived from
an individual of the same species as the recipient.

isocapsidic viruses See segmented genome.

isochore a segment of DNA that has a uniform
base composition that is different from adjacent seg-
ments. The DNA of vertebrates and plants are mosa-



ics of such isochores. In humans, isochores are about
300 kb in length and consist of five classes. The AT-
rich isochores are called L1 and L2, and the GC-rich
isochores are HI, H2, and H3. Although H3 makes
up only 3% of the total DNA, it contains over 25%
of the ORFs. See major histocompatibility complex
(MHC).

isochromatid break an aberration involving breaks
in both sister chromatids at the same locus, followed
by lateral fusion to produce a dicentric chromatid
and an acentric fragment.

isochromosome a metacentric chromosome pro-
duced during mitosis or meiosis when the centro-
mere splits transversely instead of longitudinally.
The arms of such a chromosome are equal in length
and genetically identical. However, the loci are posi-
tioned in reverse sequence in the two arms.

isocoding mutation a point mutation that alters
the nucleotide sequence of a codon but, because of
the degeneracy of the genetic code, does not
change the amino acid that the codon specifies.

isoelectric point the pH at which the net positive
and negative charge on a protein is zero.

isoenzymes isozymes (q.v.).
isofemale line a genetic lineage that began with a
single inseminated female.

isoforms families of functionally related proteins
that differ slightly in their amino acid sequences.
Such proteins may be encoded by different alleles
of the same structural gene. The D and d isoforms
encoded by the MCIR gene (g.v.) are examples.
Other proteins are encoded by genes that are now
located at different chromosomal positions but are
believed to be derived from a single ancestral gene.
Isoforms may also be generated by mRNAs tran-
scribed from different promoters located in the same
gene or by alternative splicing (q.v.). See actin, actin
genes, fibronectin, multigene family, muscular dystro-
phy, myosin, myosin genes, tropomyosin, tubulin.

isogamy that mode of sexual reproduction involv-
ing sex cells of similar size and morphology but op-
posite mating types. See anisogamy.

isogeneic referring to a graft involving genetically
identical donor and host; an isograft.

isogenic genetically identical (except possibly for
sex); coming from the same individual or from a
member of the same inbred strain.
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isograft a tissue graft between two individuals of
identical genotype.

isohemagglutinin isoagglutinin (q.v.).

isoimmunization antibody formation in reaction
to antigens of the same species.

isoionic point isoelectric point (g.v.).

isolabeling labeling of both, or parts of both,
daughter chromatids at the second metaphase after
one replication in tritiated thymidine, as a result of
sister chromatid exchange. In the absence of sister
chromatid exchange, both daughter chromatids are
labeled at metaphase I, but only one is labeled at
metaphase II.

isolate a segment of a population within which as-
sortative mating occurs.

isolating mechanism a cytological, anatomical,
physiological, behavioral, or ecological difference, or
a geographical barrier that prevents successful mat-
ing between two or more related groups of organ-
isms. See postzygotic isolation mechanism, prezygotic
isolation mechanism, Wallace effect.

isolecithal egg one in which the yolk spheres are
evenly distributed throughout the ooplasm. See cen-
trolecithal egg, telolecithal egg.

isoleucine See amino acid.

isologous synonymous with isogeneic (q.v.).

isologous cell line cell lines derived from identi-
cal twins or from highly inbred animals.

isomerases
that catalyze the transfer of groups within molecules
to yield isomeric forms. An example would be ra-
cemase, which interconverts D-lactic acid and L-lac-
tic acid.

a heterogeneous group of enzymes

isomers compounds with the same molecular for-
mula but with different three-dimensional molecular
shapes or orientations in space.

isometry isauxesis.

isomorphous replacement a technique that
allows specific atoms in a complex molecule to be
replaced with atoms of higher atomic number. Dif-
ferences can then be seen in the intensities of spe-
cific spots on diffraction patterns when crystals of
these molecules are x-rayed. See x-ray crystallog-
raphy.

isonymous marriage marriage between persons
with the same surname. Isonymous marriages are
used as indications of consanguinity in population
genetics.



isophene a line on a map which connects points
of equal expression of a character that varies clinally.

isoprenoid lipid a family of lipid molecules made
up of linear arrays of multiple isoprene units. Iso-
prene has the formula

CH;
CHZI(J:H:CHZ

The fat-soluble vitamins (A, D, K, and E) contain
multiple isoprene units.

isopropylthiogalactoside a gratuitous inducer of
the lac operon (q.v.); abbreviated IPTG.

isopycnic having the same density; used to refer to
cell constituents having similar buoyant densities.
See centrifugation separation.

isopycnotic referring to chromosomal regions or
entire chromosomes that are not heteropycnotic,
that is, are the same in appearance as the majority
of the chromosomes. See heteropycnosis.

isoschizomers two or more restriction endonucle-
ases (g.v.) isolated from different sources that cleave

DNA within the same target sequences.

isosyndetic alloploid
apsis is restricted to the homologs derived from one
species. See isoanisosyndetic alloploid.

an allopolyploid where syn-

isotonic solution a solution having the same os-
motic pressure as another solution with which it is
compared (usually blood or protoplasm).

isotope one of the several forms of a chemical ele-
ment. Different isotopes have the same number of
protons and electrons, but differ in the number of
neutrons contained in the atomic nucleus. Hence
they have identical chemical properties, but differ in
atomic weights. See Appendix C, 1942, Schoen-
heimer; radioactive isotope.

isotopic dilution analysis a method of chemical
analysis for a component of a mixture. The method
is based on the addition to the mixture of a known
amount of labeled component of known specific ac-
tivity, followed by isolation of a quantity of the com-
ponent and measurement of the specific activity of

that sample.

isotopically enriched material material in which
the relative amount of one or more isotopes of a

constituent has been increased.
isotropic  See anisotropy.

isotype exclusion synthesis of only kappa or
lambda light chains by a given plasma cell as a conse-
quence of allelic exclusion (g.v.). See immunoglob-
ulin.

isotypes antigenic determinants shared by all indi-
viduals of a given species, but absent in individuals
of other species. Compare with allotypes, idiotypes.

isozymes
While isozymes of a given enzyme catalyze the same
reaction, they differ in properties such as the pH or
substrate concentration at which they function best.
Isozymes are complex proteins made up of paired
polypeptide subunits. The lactic dehydrogenases, for
example, are tetramers made up of two polypeptide
units, A and B. Five isozymes exist and can be sym-
bolized as follows: AAAA, AAAB, AABB, ABBB,
and BBBB. Isozymes often have different isoelectric
points and therefore can be separated by electropho-
resis. The different monomers of which isozymes

multiple forms of a single enzyme.

like lactic dehydrogenase are composed are specified
by different gene loci. The term allozyme is used to
refer to variant proteins produced by allelic forms of
the same locus. See allozymes.

iteroparity repeated periods of reproduction dur-
ing the life of an individual. Compare with semel-
parity.

IVS intervening sequence. See intron.
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Janus kinase 2 a protein kinase (q.v.) that func-
tions in cellular signal transduction (q.v.). Janus ki-
nases phosphorlyate specific tyrosine residues in sub-
strate proteins. The gene (JAK 2) which encodes the
enzyme is located at 9p24. One function of the JAK
2 protein is to control the responses of erythroblasts
to erythropoietin (q.v.). Base substitutions at certain
positions in the JAK 2 gene cause polycythemia vera

(q.v).

Japanese quail See Coturnix coturnix japonica.

jarovization synonym for vernalization (g.v.).

jaundice yellowing of the skin, whites of the eyes,
and certain body fluids due to abnormally high levels
of bilirubin (g.v.) in the blood. See Crigler-Najjar syn-
drome, hereditary spherocytosis (HS).

Java man
known from fossils obtained in central Java. Now
classified as Homo erectus erectus, but formerly re-
ferred to as Pithecanthropus erectus.

an extinct subspecies of primitive man

J chain a small protein of about 15,000 daltons
that holds the monomeric units of a multimeric im-

munoglobulin together, as occurs in the classes IgM
and IgA.

Jews those people who belong to the ancient Near
Eastern Hebrew tribe, the Israelites; also those who
trace their descent to Israelites by genealogy or reli-
gious conversion to Judaism. Recently an analysis
was made of Y-chromosome markers from males
who belonged to various Jewish and Moslem popu-
lations residing in Europe and North Africa and on
the Arabian Peninsula. The results show that the
geographically dispersed Jewish communities closely
resemble not only one another but also Palestinians,
Syrians, and Lebanese. This analysis suggests that all
populations are descended from a common ancestral
tribe that lived in the Middle East about 4,000 years
ago. See Appendix C, 2000, Hammer et al.; Ash-
kenazi.

J genes a tandem series of four or five homologous
nucleotide sequences coding for part of the hyper-
variable regions of light and heavy chains of mouse
or human immunoglobulins; so named because they
help join one of the genes for the variable region up-
stream to one of the genes for the constant region
downstream and therefore are an important part of
the mechanism generating antibody diversity.

JH juvenile hormone. See allatum hormones.

Jordan rule an evolutionary principle put forth by
the German entomologist Karl Jordan in 1905. It
states that closely related species or subspecies are
generally adjacent, but separated by a natural barrier
(such as a river) that neither can cross easily.

jumping genes mobile or “nomadic” genetic enti-
ties such as insertion elements and transposons.

junctional complex a term used in electron mi-
croscopy to refer to any specialized region of inter-

cellular adhesion, such as a desmosome (g.v.).

junctional sliding
that the location of intron-exon junctions is not con-
stant within members of a gene family, such as the
serine proteases. Some variation in length of such
gene products can be attributed to extension or con-
traction of exons at the intron junctions.

a term descriptive of the fact

junk DNA a term sometimes used to refer to the
majority of the DNA in most eukaryotic genomes
which does not seem to have a coding or regulatory
function. Like “junk,” it is of questionable value, but
is not thrown out. See Alu family, selfish DNA, skele-

tal DNA hypothesis.

Jurassic the middle period in the Mesozoic era,
during which the dinosaurs became the dominant
land vertebrates. Flying reptiles called pterosaurs
evolved, and the first birds appeared. Archaic mam-
mals persisted. Ammonites underwent great diversi-
fication, and teleost fishes made an appearance. The
fragments formed from Pangea began to separate.
See Archaeopteryx, continental drift, geologic time di-
visions.

juvenile hormone See allatum hormones.
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K 1. degrees Kelvin. See temperature. 2. Creta-
ceous. 3. potassium. 4. the gene in Paramecium aure-
lia required for the maintenance of kappa. 5. carry-

ing capacity (g.v.).

kairomone a frans-specific chemical messenger the
adaptive benefit of which falls on the recipient
rather than the emitter. Kairomones are commonly
nonadaptive to the transmitter. For example, a se-
cretion that attracts a male to the female of the same
species may also attract a predator. See allomone.

Kalanchoe a genus of succulent plants studied in
terms of the genetic control of photoperiodic flow-
ering response. See phytochrome.

kanamycin an antibiotic that binds to the 70S ri-
bosomes of bacteria and causes misreading of the

mRNA.

K and r selection theory See r and K selection
theory.

kangaroo rat See Dipodomys ordii.

K antigens See O antigens.

kappa symbiont See killer paramecia.

karyogamy the fusion of nuclei, usually of the two
gametes in fertilization; syngamy.

karyokinesis nuclear division as opposed to cyto-

kinesis (q.v.).

karyolymph nucleoplasm (g.v.).
karyon nucleus (q.v.).
karyoplasm nucleoplasm (g.v.).

karyosome a Feulgen-positive body seen in the
nucleus of the Drosophila oocyte during stages 3—13.
During stages 3-5, it contains synaptonemal com-
plexes.

karyosphere the condensed Feulgen-positive mass
seen in the anterior, dorsal portion of the mature
primary oocyte of Drosophila melanogaster. This
mass of DNA is not surrounded by a nuclear enve-
lope. The tetrads subsequently emerge from the
karyosphere and enter metaphase of the first meiotic

division. The karyosphere stage of oogenesis is the
most radiation-sensitive one.

karyotheca nuclear envelope (g.v.).

karyotype the chromosomal complement of a cell,
individual, or species. It describes the light micro-
scopic morphology of the component chromosomes,
so that their relative lengths, centromere positions,
and secondary constrictions can be identified. Atten-
tion is called to heteromorphic sex chromosomes.
The karyotype is often illustrated with a figure show-
ing the chromosomes placed in order from largest to
smallest. This illustration, called an idiogram, may be
constructed by aligning photomicrographs of indi-
vidual chromosomes, or it may be an inked drawing
summarizing the data from a series of analyses of
chromosome spreads. See human mitotic chromo-
somes.

kb  See kilobase.

KB cells a strain of cultured cells derived in 1954
by H. Eagle from a human epidermoid carcinoma of

the nasopharynx.
kbp kilobase pairs.

K cells killer cells that mediate antibody-depen-
dent cellular cytotoxicity (ADCC). These cells and
natural killer (NK) cells have many similar proper-
ties, and may belong to the same cell lineage (lym-
phocyte or monocyte). Neither K nor NK cells have
surface markers characteristic of either T cells (sheep
red blood cell receptors) or B cells (endogenous sur-
face immunoglobulins). Both K and NK cells possess
Fc receptors for class Ig immunoglobulins and thus
may acquire membrane-bound antibodies that react
with target cells bearing the corresponding antigens.
K cells cannot exhibit cytotoxicity without their
bound antibodies; NK cells are not so restricted.
Prior contact with the antigen is required by the host
in order to arm its K cells with antibodies effective

in ADCC.
kDa kilodalton. See dalton.
kDNA kinetoplast DNA. See kinetoplast.

kelch (kel)
at 36D3. It encodes an actin-binding protein that is
characterized by the presence of six 50-amino acid
kelch repeats. The phosphorylation of the kelch pro-

a Drosophila gene on chromosome 2L
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tein is required for the proper morphogenesis of
ovarian ring canals (q.v.), and a protein kinase en-
coded by Src gene catalyzes this reaction. See actin,
Src.

Kell-Cellano antibodies
red-cell antigens specified by the K gene, named for
the first patient known to produce them. See blood
groups.

antibodies against the

kelp the largest of the seaweeds. The giant kelps
of the genus Macrocystis reach lengths of 100 meters
and form great forests in shallow oceans. See agar,
agarose, Phaeophyta.

keratins a family of insoluble, cystine-rich intra-
cellular proteins that are a major component of epi-
dermal coverings such as hair, fur, wool, feathers,
claws, hoofs, horns, scales, and beaks. There are
many types of keratins, encoded by a large family of
genes. Epidermal cells produce a sequence of differ-
ent keratins as they mature. In humans, there are
more than 20 different keratins synthesized by epi-
thelial cells. Mutations in keratin genes cause heredi-
tary blistering diseases in humans and feather defects
in chickens. The fibroin of insect silk also belongs to
the keratin family. See dominant negative mutation,
epidermolysis bullosa, frizzle, intermediate filaments,
silk.

kernel the seed of a cereal plant such as corn or
barley. The sectioned kernel shown below could be
any one of the thousand or so found on a corn ear.
Each kernel consists of a relatively small diploid em-
bryo, a triploid endosperm, and a tough diploid layer
of maternal origin, the pericarp. The surface cells of
the endosperm contain aleurone grains and oil. The
remaining cells contain starch. The scutellum serves
to digest and absorb the endosperm during the growth
of the embryo and seedling. See anthocyanines, vac-
uoles.

keto forms of nucleotides See tautomeric shift.

keV  See electron volt.

Kidd blood group a blood group defined by a hu-
man red cell antigen encoded by the JK gene at 18q
11-12. It is about 30 kb long and encodes an integral
membrane glycoprotein that functions in the trans-
port of urea. The antibody was discovered in 1951
and given the family name of the female patient who
produced it.

killer paramecia paramecia that secrete into the
medium particles that kill other paramecia. The
killer trait is due to kappa particles, which reside in
the cytoplasm of those strains of Paramecium aurelia
syngen 2 that carry the dominant K gene. Later it
was found that kappa particles were symbiotic bac-

PERICARP
ENDOSPERM
ALEURONE

SCUTELLUM

Kernel
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teria and that the particles with killing activity were
defective DNA phages. The lysogenic, symbiotic
bacterium has been named Caenobacter taenospiralis,
and it is but one of many kinds of bacterial endosym-
bionts that occur in over 50% of the P. aurelia col-
lected in nature. See Appendix C, 1938. Sonneborn;
Paramecium aurelia.

killer particle in yeast, a double-stranded RNA
plasmid containing 10 genes for replication and sev-
eral others for synthesis of a killer substance similar
to bacterial colicin (g.v.). It is the only known plas-
mid that does not contain DNA.

killifish a common name for Oryzia latipes (q.v.).
kilobase a unit of length for nucleic acids consist-
ing of 1,000 nucleotides; abbreviated kb, or kbp for
kilobase pairs (DNA).

kilovolt a unit of electrical potential equal to
1,000 volts, symbolized by kV.

kinase an enzyme that catalyzes the transfer of a
phosphate group from ATP to a second substrate.
See protein kinases.

kindred a group of human beings each of which
is related, genetically or by marriage, to every other
member of the group.

kinesins a superfamily of proteins found in cells
that contain microtubules. One function of the
kinesin motor protein is to move vesicles and parti-
cles laterally along these tubules toward their distal
ends. Kinetochores also contain specific kinesins that
drive each kinetochore along the spindle microtu-
bules toward the poles.

kinetic complexity See DNA complexity.
kinetin See cytokinins.
kinetochore See centromere, MAD mutations.

kinetoplast a highly specialized mitochondrion as-
sociated with the kinetosome of trypanosomes. Ki-
netoplast DNA is the only DNA known in nature
that is in the form of a network consisting of inter-

locked circles. There are about 50 maxicircles and
5,000 minicircles per kinetoplast network. The max-
icircles contain the genes essential for mitochondrial
biogenesis. Unlike the maxicircles, the minicircles
are not transcribed, and their function is unknown.

kinetosome a self-duplicating organelle homolo-
gous to the centriole. Kinetosomes reside at the base
of undulipodia (g.v.) and are responsible for their
formation. See Appendix C, 1976, Dippell; basal
body (granule), centriole.

kinety arow of interconnected kinetosomes on the
surface of a ciliate.

kingdom systems See classification.

king-of-the-mountain principle See first-arriver
principle.

kinin  See cytokinins.

kin selection a term invented by John Maynard

Smith. See Hamilton genetical theory of social be-
havior.

Kjeldahl method
quantitative estimation of the nitrogen content of bi-
ological material.

a technique often used for the

Kleinschmidt spreading technique a procedure
developed by A. K. Kleinschmidt that allows DNA
molecules to be viewed under the electron micro-
scope. The DNA is mounted in a positively charged
protein film formed on the surface of an aqueous so-
lution. The film of protein serves to hold the DNA
in a relaxed but extended configuration and allows
the sample to be transferred to a hydrophobic elec-
tron microscope grid when it is touched to the sur-
face film. See denaturation map.

Klenow fragment the larger of two fragments ob-
tained by the enzymatic cleavage of the DNA poly-
merase I of E. coli. The drawing below shows that
the Klenow fragment lacks 5" — 3’ exonuclease ac-
tivity. Because of this, the Klenow fragment has vari-
ous uses in genetic engineering techniques and in
DNA sequencing methodologies where the 5" — 3’

5 —— 3

Exonuclease

3 — 5

Exonuclease

Polymerase

Small fragment

Large fragment
(Klenow fragment)

Klenow fragment



exonuclease activity of intact DNA polymerase 1 is
disadvantageous. See Appendix C, 1971, Klenow;
DNA polymerase.

Klinefelter syndrome (KS) a genetic disease that
produces sterile males with small testes lacking
sperm. Dr. Harry Klinefelter accurately described
the condition in 1943, but the underlying chromo-
somal abnormality was not discovered until 1959.
The most common karyotype is XXY AA. Less
common variations such as XXYY and XXXY also
occur. KS demonstrated that maleness in humans
depends on the presence of the Y, not the number
of X chromosomes. KS appears once in every 500 to
1,000 live-born males. Aside from their sterility,
most KS males lead normal healthy lives, although
some are mildly retarded. See Appendix C, 1959, Ja-
cobs and Strong.

Km the Michaelis constant (q.v.).

knife breaker a mechanical apparatus that pro-
vides a method for breaking strips of plate glass first
into squares and then into triangles. These are used
as knives against which plastic-embedded tissues are
cut into ultrathin sections for observation under the
electron microscope. See ultramicrotome.

knob in cytogenetics, a heavily staining enlarged
chromomere that may serve as a landmark, allowing
certain chromosomes to be identified readily in the
nucleus. In maize, knobbed chromatids preferen-
tially enter the outer cells of a linear set of four
megaspores during megasporogenesis and are there-
fore more likely to be included in the egg nucleus
(see meiotic drive); genetic markers close to a knob
tend to appear more frequently in gametes than

those far from a knob.

knockout
tion of a mutant organism (generally a mouse) con-
taining a null allele of a gene under study. Usually
the animal is genetically engineered with specified
wild-type alleles replaced with mutated ones. The
URL for the Mouse knockout database is http://re-
search.bmn.com/mkmd. See gene targeting, homolo-
gous recombination.

an informal term coined for the genera-

Knudson model the “two hit” model of carcino-
genesis invented by Alfred K. Knudson to explain

clinical-epidemiological observations on retinoblas-

kwashiorkor 245

toma (q.v.). This revolutionary concept proposed
that certain cancers were caused, not by the pres-
ence of an oncogene, but by the absence of an anti-
oncogene. In the case of retinoblastoma, children
with both eyes affected had a germ-line mutation
that predisposed them to the disease. However, a
second “hit” or mutation was needed to produce the
cancer. Patients without the germ-line mutation re-
quired two hits. Extra time was required to acquire
the first of the two mutations, and so children with
hereditary retinoblastoma developed the disease in
both eyes or at multiple sites in one eye, whereas
children lacking the RB gene developed single tu-
mors and at a later age. See Appendix C, 1971,
Knudson.

Kornberg enzyme the DNA polymerase isolated
from E. coli in 1959 by a group led by A. Kornberg;
now called DNA polymerase I; it functions mainly in
repair synthesis (g.v.).

Krebs cycle a synonym for the citric acid cycle
(g.v.). Tt was named to honor Hans Adolph Krebs,
the biochemist who discovered it. See Appendix C,
1937, Krebs.

K strategy a type of life cycle relying on finely
tuned adaptation to local conditions rather than on
high reproductive rate. See r and K selection theory.

Kupffer cells phagocytotic macrophages residing
in the liver and first described by the German histol-
ogist K. W. von Kupffer in 1876.

kurtosis the property of a statistical distribution
that produces a steeper or shallower curve than a
normal distribution (g.v.) with the same parameters.

kuru a chronic, progressive, degenerative disorder
of the central nervous system found in the Fore na-
tives living in a restricted area of New Guinea. The
disease was at one time thought to be genetically de-
termined, but it is now believed to be caused by a

prion (q.v.).
kv  kilovolt (q.v.).

kwashiorkor a severe nutritional disorder due to a
deficiency of certain amino acids (especially lysine).
Kwashiorkor occurs in humans that subsist on a diet
of cereal proteins deficient in lysine. See opaque-2.


http://research.bmn.com/mkmd
http://research.bmn.com/mkmd

L 1. line. 2. levorotatory. 3. liter.

label  the attachment of any substance to a cell or
molecule of interest that allows these targets to be
readily identified, quantitated, and/or isolated from
all other objects in either an in vitro or an in vivo
system. Commonly used labels are dyes, fluorescent
compounds, enzymes, antibodies, and radioactive el-
ements of compounds. Labels are sometimes re-
ferred to as tags.

label, electron dense See ferritin.

label, heavy a heavy isotopic element introduced
into a molecule to facilitate its separation from oth-
erwise identical molecules containing the more com-
mon isotope. See Appendix C, 1958, Meselson and
Stahl.

lac operon in E. coli, a DNA segment about 6,000
base pairs long that contains an operator sequence
and the structural genes lac Z, lac Y, and lac A. The
structural genes code for beta galactosidase, beta
galactoside permease, and beta galactoside transace-
tylase, respectively. The three structural genes are
transcribed into a single mRNA from a promoter ly-
ing to the left of the operator. Whether or not this
mRNA is transcribed depends upon whether or not
a repressor protein is bound to the operator, a regu-
latory sequence of 24 base pairs. The repressor pro-
tein is encoded by lac I, a gene lying to the left of
the lac promoter. Beta galactosidase (q.v.) catalyzes
the hydrolysis of lactose (g.v.) into glucose and ga-
lactose. After glucose and galactose are produced, a
side reaction occurs, forming allolactose. This is the
inducer that switches on the lac operon. It does so
by binding to the repressor and inactivating it. See
Appendix C, 1961, Jacob and Monod; 1969, Beck-
with et al; IPTG, lac repressor, ONPG, polycistronic
mRNA, regulator gene, reporter gene.

lac repressor
eron in E. coli. The protein is the product of the lac
I gene and functions as a molecular switch in re-
sponse to inducer molecules. A single bacterium
contains only 10 to 20 lac repressor molecules. Each
is a homotetramer of Mr 154,520. The monomeric

the protein that regulates the lac op-

subunit has 360 amino acids, and its structure is dia-
grammed in A, below. It is composed of four func-
tional domains: the head piece (HP), core domains
1 and 2 (CD1 and CD2), and the tail piece (TP).
The HP is at the N terminus (NT), and it contains
four alpha helices (represented by circles 1-4),
which function in DNA binding. Together, the core
domains contain 12 beta sheets (represented by
squares A-L) sandwiched between nine alpha heli-
ces (circles 5-13). The tail piece contains an alpha

CD; CD; CD; CD;
= al T* Al
CD5 CD, || CDs CD,
B TPs

(Reprinted with permission from M. Lewis et al., 1996,
Crystal structure of the lactose operon repressor and
its complexes with DNA and inducer. Science 271
[6253]: 1247-1254. © 1996 American Association
for the Advancement of Science.)
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helix (circle 14) near the C terminus (CT) of the
protein. The average alpha helix contains 11 amino
acids; the average beta sheet, 4 or 5. As shown in
diagram B on page 246, the repressor is a V-shaped
molecule. Paired dimers make up the arms of the
V, but all four chains are bound together at their C
termini. The N termini of each dimer bind to differ-
ent DNA segments. Inducer molecules can bind to
the core in the starred regions. The shape change
that follows moves the head piece out of the contact
with its binding site on the DNA, and the RNA
polymerase can now transcribe the structural genes
of the operon. See Appendix C, 1966, Gilbert and
Miiller-Hill; 1996, Lewis et al.

lactamase See penicillin.
lactic dehydrogenase See isozymes.

lactogenic hormone a protein hormone secreted
by the anterior lobe of the pituitary that stimulates
milk production in mammals and broodiness in
birds. See human growth hormone.

lactose 4-(B-D-galactoside)-D-glucose. A disaccha-
ride made up of two hexoses joined by a beta galac-
toside linkage. It is split into galatose and glucose by
the enzyme beta galactosidase. Lactose differs from
allolactose in that in lactose the galactose and glu-
cose moieties are joined by a 1-4 linkage, whereas
in allolactose the linkage is 1-6. As its name implies,
lactose is abundant in the milk of mammals. See /ac
operon.

6 CH,0H 6 CH,OH
il ‘
HO s
H \ |/| \|
C4 OH

I\|3 2|/H 2|/0H
l I

H OH H OH

lagging delayed movement from the equator to
the poles at anaphase of a chromosome so that it
becomes excluded from the daughter nuclei.

lagging strand the discontinuously synthesized
strand of DNA containing ligated Okazaki fragments
(q.v.). See leading strand, replication of DNA.

lag growth phase a period of time in the growth
of a population during which little or no increase in
the number of organisms occurs. The lag period pre-
cedes the exponential growth phase (q.v.).

lag load a measure of the distance of a species
from its local adaptive peak. The greater the lag load
of a species, the more selective pressure is applied
to the species, and hence the more rapid the rate of
evolution it is likely to be experiencing. Also called
evolutionary lag. See Red Queen hypothesis.

Lamarckism a historically important, but no
longer credited, theory that species can change grad-
ually into new species by the willful striving of or-
ganisms to meet their own needs, together with the
cumulative effects of use and disuse of body parts.
All such acquired characteristics were thought to be-
come part of the individual’s heredity and as such
could be transmitted to their offspring; otherwise
known as the inheritance of acquired characteristics.
See Appendix C, 1809, Lamarck.

lambda (\) bacteriophage a double-stranded DNA
virus that infects E. coli. The head of the virus con-
tains a linear DNA molecule 48,514 bp long. How-
ever, upon entering the bacterium, the two ends of
the DNA molecule become covalently joined to
form a circle. Once inside the host cell, the virus can
enter either a lytic developmental cycle or a lyso-
genic cycle. Specific repressors control the switch for
either cycle. If the lysogenic cycle is chosen, the vi-
rus is eventually integrated into the E. coli chromo-
some at a specific site. See Appendix C, 1950, Led-
erberg; 1961, Meselson and Weigle; 1965, Rothman;
1967, Taylor, Hradecna, and Szybalski; 1968, Davis
and Davidson; 1969, Westmoreland et al., 1974,
Murray and Murray; Appendix F; cro repressor,
lambda cloning vector, lambda repressor, lysogenic
cycle, lytic cycle, prophage, site-specific recombina-
tion, virus.

lambda cloning vector a lambda phage that is ge-
netically engineered to serve as a receptor for foreign
DNA fragments in recombinant DNA experiments.
Vectors that have a single target site at which for-
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eign DNA is inserted are called insertion vectors,
those having a pair of sites that span a DNA segment
that can be exchanged with a foreign DNA fragment
are called replacement or substitution vectors. See Ap-
pendix C, 1977, Tilghman et al.

lambda d gal (Adgal) alambda (X) phage carrying
a gene for galactose fermentation (gal) and also de-
fective (d) for some phage function (usually lacking
genes for making tails).

lambda phage genome the chromosome of this
temperate bacteriophage can be represented by a
circle with the genes that regulate the lytic versus
the lysogenic pathways (C; and cro) at 12 o’clock.
Genes that are required for the lytic cycle are lo-
cated in clockwise order to the right. These include
genes that function in DNA replication, those that
encode the enzymes that cause lysis of the host, and
genes that specify proteins used in constructing the
virus’s head and tail. Genes required for the lyso-
genic cycle are arranged in counterclockwise order
to the left. These include genes that encode recom-
bination proteins and integrases (q.v.). See cro re-
pressor, lambda repressor, lysogenic cycle.

lambda repressor the protein encoded by the C,
regulator gene of lambda (A) bacteriophage (q.v.).
This DNA-binding protein represses the transcrip-
tion of genes that facilitate the lytic state and there-
fore keeps the virus in the lysogenic condition. The
promoter for C; is to the immediate right of the
gene, and during translation the host transcriptase
moves to the left. Movement of this enzyme can be
blocked by the cro repressor (q.v.), which binds to an
operator that overlaps the C; promoter. The lambda
repressor forms a dimer, which binds to DNA via a
helix-turn-helix motif (g.v.). See Appendix C, 1966,
Ptashne; 1987, Anderson, Ptashne, and Harrison;
regulator gene.

lamellipodia extensive, lamellar cellular projec-
tions involved in attachment of eukaryotic cells such
as fibroblasts to solid surfaces. Lamellipodia mark
the forward edges of moving cells such as macro-
phages and are also called ruffled edges.

lamins proteins belonging to the intermediate fil-
ament (g.v.) class. Lamins are major structural pro-
teins of the nuclear lamina, a structure that lines the
nucleocytoplasmic surface of the inner nuclear
membrane in eukaryotes. The nuclear lamina is a
meshwork of 10-nm filaments. These support the
nuclear envelope and nuclear pore complexes (g.v.).
Lamins also interact with interphase DNA, espe-
cially telomeric and centromeric sequences. In hu-
mans the lamin A gene (LMNA) maps to chromo-

some 1g21.2-q21.3. LMNA has 12 exons and
measures 57.6 kb. Progeria (g.v.) is caused by muta-
tions at the LMNA locus.

laminin

component of basement membranes and serving as
an adhesive surface for epithelial cells. Mutations in

a fibrous glycoprotein forming a major

laminin genes cause hereditary blistering diseases in
humans. See epidermolysis bullosa, integrins.

lampbrush chromosome a chromosome charac-
teristic of primary oocytes of vertebrates. The LBCs
found in the oocytes of salamanders are the largest
known chromosomes and are generally studied in
diplonema. They have a rather fuzzy appearance
when viewed at low magnification with a light mi-
croscope, and this led early cytologists to suggest
they resembled the brushes used to clean the chim-
neys of kerosene lamps. Hundreds of paired loops
extend laterally from the main axis of each LBC, and
large numbers of RNA polymerase II molecules
move in single file along each of the loops while
transcribing pre mRNAs. These transcripts extend
laterally from the DNA axis of the loop. The loops
also stain strongly with antibodies against splicing
snRNAs, so that as the mRNAs are transcribed they
are also processed in a variety of ways. If sperm
chromosomes are injected into Xenopus germinal

Lampbrush chromosome from a Notophthalamus
viridescens oocyte



vesicles, they will transform within hours to tran-
scriptionally active LBCs. However, sperm LBCs
contain single unreplicated chromatids, and, as ex-
pected, their loops are single, never paired. Lamp-
brush chromosomes are also seen in the Y chromo-
somes (g.v.) of primary spermatocytes of males from
a large number of Drosophila species. See Appendix
C, 1882, Flemming; 1958, Callan and MacGregor;
1963, Gall; 1968, Davidson et al., Hess and Meyer;
1977, Old et al.; 1993, Pisano et al.; 1998, Gall and
Murphy; Ambystoma mexicanum, posttranscrip-
tional processing, premessenger RNA, Triturus, Xen-
opus.

Laplacian curve See normal distribution.

large angle x-ray diffraction a technique for the
analysis of the small distances between individual
atoms. See small angle x-ray diffraction, x-ray crystal-

lography.

lariat an RNA intermediate formed during post-
transcriptional processing (q.v.). During excision,
the intron is first cleaved at the donor junction. The
5’ terminus at the left end of the cleaved intron be-
comes linked to an adenosine in a region about 30
bases upstream of the acceptor junction. The se-
quence to which the intron becomes attached is
called the branch site. Next, the intron is cut at the
acceptor junction and released as a noose-shaped
molecule. The left and right introns are then ligated,
and the lariat-shaped intron opens up and is de-
graded.

Laron dwarfism human growth hormone insensi-
tivity syndrome due to defects in the synthesis of
hGHR. Many mutations have been reported in the
hGHR gene including R43X, a recurrent mutation
occurring in a CpG dinucleotide hot spot. This type
of familial dwarfism was first reported by Zvi Laron.
See DNA methylation, human growth hormone recep-
tor (hGHR).

larva the preadult form in which some animals
hatch from the egg. A larva is capable of feeding,
though usually on a diet different from the adult,
and is usually incapable of sexual reproduction.

larviparous depositing larvae rather than eggs.
Fertilized eggs develop internally up to the larval
stage. The female then lays these larvae. Some blow-
flies, for example, are larviparous.

laser an electronic device that generates and am-
plifies light waves coherent in frequency and phase
in a narrow and extremely intense beam of light.
The word is an acronym for light amplification by
stimulated emission of radiation. Microlaser beams
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are sometimes used to perform microcautery in ex-
perimental studies of cell division or morphogenesis.

laser microprobe a technique that uses a laser
beam focused by a microscope to vaporize a minute
tissue area. The vapor is then analyzed spectro-
graphically.

late genes genes expressed late in the life cycle. In
T4 bacteriophage, those genes responsible for mak-
ing capsid proteins, lysozyme, and other proteins
after the initiation of phage DNA replication. Com-
pare with early genes.

latent image the pattern of changes occurring in
a surface of silver halide crystals when they absorb
photons (from light) or ionizing particles. The pat-
tern may be developed into a photographic image by
chemical treatment.

latent period 1. the period during an infection
when the causative agent cannot be detected by con-
ventional techniques (e.g., the time from entry of
phage DNA into a host cell until the release of infec-
tive phage progeny); prepatent period. Compare
with eclipse period, patent period. 2. the time be-
tween infection and development of disease symp-
toms; period of incubation. See Appendix C, 1939,
Ellis and Delbriick, one-step growth experiment.

lateral element See synaptonemal complex.

lateral gene transfer See horizontal transmission.

late-replicating DNA See zygotene DNA.

late-replicating X chromosome in the mamma-
lian somatic cell nucleus, all X chromosomes but
one coil up into a condensed mass (the Barr body or
sex chromatin body) and do not function in tran-
scription. Such X chromosomes complete their rep-
lication later than the functional X and the auto-

somes. See Barr body, Lyon hypothesis, sex chromatin.

Latimeria a genus of coelacanths containing the
only living species belonging to the order Actinista
(see Appendix A, Osteichthyes, Crossopterygii). L.
menaodensis has a cluster of four Hox genes that are
more similar to mammals than to ray-finned fishes.
It also has an additional gene HoxC1, which was lost
during the evolution of mammals from lobed-finned
fish. See crossopterygians, Hox genes, living fossil.

Latin square (also Roman square) a set of sym-
bols arranged in a checkerboard in such a fashion
that no symbol appears twice in any row or column.
The Latin square, long a mathematical curiosity, was
discovered to be useful for subdividing plots of land
for agricultural experiments so that treatments could
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be tested even though the field had soil conditions
that might vary in an unknown fashion in different
areas. The technique required that the field be sub-
divided by a grid into subplots and the differing
treatments be performed at consecutive intervals to
plants from different subplots. Thus, if the subplots
are A, B, C, and D, the experiments could be run as
illustrated.

treatment day 1 day2 day3 day4
1 A B C D
2 B C D A
3 C D A B
4 D A B C
latitudinal parallel to the equator.

lattice a structure composed of elements arranged
in a geometrical pattern with spaces between them.

lawn a continuous layer of bacteria on the surface
of an agar plate.

law of parsimony See Occam’s razor.

lazy maize a maize mutant characterized by a
stalk that grows flat on the ground like a vine.

L cell See mouse L cells.

L chain See immunoglobulin.

LCR ligase chain reaction (q.v.).

LD50 the radiation dose required to kill half of a
population of organisms within a specified time.
Synonymous with median lethal dose.

LDH lactate dehydrogenase. See isozyme.

leader protein See leader sequence peptide.

leader sequence the segment of an mRNA mole-
cule from its 5" end to the start codon of the struc-
tural gene. The leader contains ribosome-binding
sites and facilitates the initiation of genetic transla-
tion. In eukaryotes, the leader sequence is not usu-
ally translated. In prokaryotes, the leader may con-
tain an attenuator (g.v.) segment that is translated.
The resulting peptide functions to terminate tran-
scription before the RNA polymerase reaches the
first structural gene of the operon. See exon, trailer
sequence.

leader sequence peptide a sequence of 16 to 20
amino acids at the N-terminus of some eukaryotic
proteins that determines their ultimate destination.
Proteins that are made and function in the cytosol
lack leader sequences. Proteins destined for specific

organelles require signal sequences appropriate for
each organelle. The leader sequence for a protein
destined to enter the endoplasmic reticulum always
contains hydrophobic amino acids that become em-
bedded in the lipid bilayer membrane, and it func-
tions to guide the nascent protein to a receptor pro-
tein that marks the position of a pore in the
membrane. Once the protein passes into the cyster-
nal lumen through the pore, the leader segment is
cleaved from the protein. For example, the leader
sequence peptide of an interferon protein allows the
cell to secrete the interferon, but is removed from
the mature molecule during the secretion process.
All of the leader sequences of mitochondrial pro-
teins investigated thus far are strikingly basic, but
otherwise have no similarities. The leader sequence
peptide is also known as the signal peptide (q.v.). See
antihemophilic factor, receptor-mediated transloca-
tion.

leading strand the DNA strand synthesized with
few or no interruptions; as opposed to the lagging
strand which is produced by ligation of Okazaki
fragments (g.v.). The leading strand is synthesized 5
to 3’ toward the replication fork, whereas the lag-
ging strand is synthesized 5’ to 3’ away from the rep-
lication fork. See replication of DNA.

leaky gene See hypomorph.

leaky protein a mutant protein that has a subnor-
mal degree of biological activity.

least squares, method of a method of estimation
based on the minimization of sums of squares. See

line of best fit.

Leber hereditary optic neuropathy (LHON) a
maternally inherited disease of young adults that
causes blindness due to the death of the optic nerve.
Most cases of LHON are due to missense mutations
in mtDNA. The sites of the base substitutions are in
genes that encode cytochromes (g.v.). The condition
is named after Theodore Leber, the German oph-
thalmologist who provided the first clinical descrip-
tion in 1871. See Leigh syndrome, Appendix C, 1988,
Wallace er al.; Leigh syndrome.

Lebistes reticularis the guppy, a well-known trop-
ical aquarium fish. The genetic control of sexuality
has been extensively studied in this species. See
Appendix A, Chordata, Osteichythes, Neopterygii,
Cyprinidontiformes.

lectins proteins capable of agglutinating certain
cells, especially erythrocytes, by binding to specific
carbohydrate receptors on the surfaces of these cells.
This agglutination behavior resembles antibody-anti-



gen reaction but is not a true immunological reac-
tion. Those lectins extracted from plant seeds have
been called phytohemagglutinins. However, lectins
have also been isolated from sources as varied as bac-
teria, snails, horseshoe crabs, and eels. See concanav-
alin A, phytohemagglutinin, pokeweed mitogen.

left splicing junction the boundary between the
left (5") end of an intron and the right (3”) end of
an adjacent exon in mRNA; also termed the donor
splicing site.

leghemoglobin an oxygen-binding protein found
in the root nodules of leguminous plants. Leghe-
moglobin is structurally and functionally related to
the myoglobins and hemoglobins of vertebrates. The
heme portion of leghemoglobin is synthesized by the
Rhizobium bacteroids, while the protein is encoded
by the plant genome. Within the root nodule, bacte-
roids are bathed in a solution of leghemoglobin that
serves to supply them with oxygen.

Leigh syndrome a hereditary, early-onset degener-
ation of the central nervous system first described in
1951 by the English physician Denis Leigh. The dis-
ease is caused by mutations which encode proteins
that are essential components for the enzymes of the
cytochrome system (g.v.) or for ATP synthase (q.v.).
Since genes responsible for LS have been mapped to
the X, to chromosomes 2, 5, 7, 10, 11, and 19, and
to mtDNA, the condition may show sex-linked, au-
tosomal, or maternal inheritance. See heteroplasmy.

Leishmania a genus of trypanosomatid parasites
(order Kinetoplastida; family Trypanosomatidae)
that are transmitted by sand flies and are responsible
for various diseases in vertebrates. Leishmania major
causes leishmaniasis (g.v.) in humans, and its 32.8
mb genome has been sequenced and predicted to
contain 8,272 protein-coding genes on its 36 chro-
mosomes. See Appendix A, Protoctista, Zoomastig-
ina; Appendix C, 2005, Ivens et al.; Trypanosoma.

leishmaniasis any of a variety of diseases caused
by pathogenic species of the trypanosomatid genus
Leishmania (q.v.). Leishmaniasis affects approxi-
mately 2 million people annually and is prevalent in
tropical and sub-tropical regions of Africa, Asia, and
South and Central America.

lek a traditional Scandinavian term used for a terri-
tory in which male birds performed epigamic dis-
plays. The term has been broadened to include mat-
ing assemblages of any animal species. The site may
be fixed or mobile, and males gather there to deter-
mine which are dominant or to compete in attract-
ing females. Such behavior is often called “lekking.”
Leks provide no resources to the females except
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mating opportunities. An insect example of lekking
is Drosophila silvestris, where dominant males patrol
stalks of Hawaiian tree ferns and drive other males
away. See arena-breeding birds, Hawaiian Drosophi-
lidae.

lentivirus See retrovirus.

leprosy a chronic infectious disease known and
dreaded since biblical times because of the severe
deformities it can cause. The preferred name for the
condition is Hansen disease. This eponym honors
Armauer Hansen, the Norwegian physician who dis-
covered the leprosy bacillus, Mycobacterium leprae,
in 1879. The leprosy bacterium and the tuberculosis
bacterium, Mycobacterium tuberculosis (q.v.), evolved
from a common ancestor. Their genomes are com-
pared below.

Feature M. leprae M. tuberculosis
Genome size (Mbp) 3.2 4.4
Protein-coding genes 1,604 3,942
Pseudogenes 1,116 6

About 27% of the genome of M. leprae is made up
of pseudogenes (q.v.) which have functi