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OCHOBHHM 00'€KTOM I'€HETHKHU € 2eHU (Bifl YEVOg — pill, ITOXOIKEHHS) —
iXHS CTPYKTYpPHO-(PYHKIIIOHAABHA OpraHizallisd, 3aKOHOMIipHOCTi IXHBOTO
30epeReHHsI, 3MiHM Ta Iepeaadi HallaaKaM, a TaKoK ITPUHITUITH peaaisa-
mii 3anucaHoi B reHax CIIaZKOBOI IIporpaMH Ta B3aeMOi MixK reHamu
B €OQUHIN CKAQAHIH cucTeMi amaparTy CIagKOBOCTi. Y 3araabHOMY BH3HAa-
YeHHi I'eH — I1e OKpPEMHH eAeMeHT CIIagkoBoi nmporpaMu. HaBecTu nerasb-
Hillle BU3HA4YEHHS, TUM OiAbIlle Ha IIOYaTKy HiIpyYHUKA, dKe 0 y KiABKOX
PEYEHHIX OIMCYBAaAO I'OAOBHI BAACTHUBOCTI NeHa, IPaAKTHYHO HEMOXKAHUBO.
Cy4acHUM ySIBAE€HHSM ITPO I'€HHU IIPHUCBAYeHa BCA KHUTA.

MaTepiaabHOI0O OCHOBOIO T'€Ha € MOA€KyAa [Ae30KCHUPHOOHYKA€IHOBOL
rucaotu — JHK. IpuHimnu crpykrypHOi opranisawii JIHK, mponec ii mo-
OBOEHHA y MBOX iIEHTHYHHUX KOIIiSX, a TaKOXK MeXaHi3MHu 30epeKeHHS
criagkoBoil iH(opMallii, SKi OPOTHAIIOTH 30BHIIIHIM ITOIIKOIXKYIOYUM
BIIAUBaM i IOMHAKaM IIOBOE€HHS, PO3TASAAIOTECS B po3miai 1. Y npoMy K
PO3IiAl omMcaHO 3arasabHiI INPUHIIMIMN OpraHizallii cnagkoBUX IIporpaM,
3akK0o0BaHUX y Moaekyaax [JHK, 3akoHOMiIpHOCTI CTPYKTYpPHOI opraHizarii
JHK y xaiTHHaX, MpoONEeCcH HepeTacyBaHHS CIIaAKOBOI iHdopMamii mpu
nepeminieHHax miagHok JHK i magxy mepemadi criaikoBoro MaTepiaasy
OOYipHIM KAITHHAM OPU KAITHHHOMY HOJIiAi.

Y posmiai 2 ommcaHO MeXaHiI3MHU peaasizallii criaakoBOi IIporpaMH IIif
qac XXUTTHI KAITHHH: IIPUHIIUIIN OJeKOAyBaHHS iH(opMallii, sKa MiCTUTBCS
B [AHK, i peryagamnii riboro mpoilecy. BaacHe, maTepiasa mepiumnx gBOX pPO3Ii-
AiB 1 Ma€e gaTH NIOYaTKOBY BiAIIOBiAL Ha 3alIUTAHHS IIPO Te€, 110 TaKe I'eH.

Po3ragHyTi B mepiux po3aiaax MOAEKYASIPHI OCHOBHU CIIaKOBOCTI J103BO-
ASTFOTE  CPOPMYAIOBATH 0a30Bi 3aKOHOMIPHOCTI CHIAAKyBaHHS 30BHIIIHIX
o3Hak. llbomy mpucBgyeHo po3aia 3. Y HboMmy OiablricTs MaTepiaay 6a3y-
€TBHCS HA OOCATHEHHSIX M'€HETHUKH TOTO IIEPiofy, KOAU reHeTH4dHy poab JJHK
e He 6yAO BCTAHOBAEHO, — 'eHeTHKa Oyaa B OaraTbox acrekTax popMasb-



HoIO Haykoro. Lli (popMaabHi reHeTUYHi 3aKOHOMiIPHOCTI IIOBHICTIO 6a3yI0ThCH
Ha 3pPO3yMIAMX TeIlep MOAEKYAIPHHX MeXaHi3MaX CIaJIKOBOCTi, a po3po0-
A€Hi y TOH yac MeTOAM I'eHETUYHOI'0 aHaAi3y ¥ [0Ci € aKTyaAbHUMH.

CyTTeBUM acCIIeKTOM iCHyBaHHS CIIaJKOBOIO MaTepiaAy B XKHUBHUX CHC-
TeMax € Horo MiHAMBICTH YHACAILOK ITOIIKOJXKYIOYUX BIIAUBIB i IIOMHAOK
y QYHKIIIOHYBaHHI CITagKoBOro anapaty. MexaHi3mu 11iel MiHAWBOCTI, Ka
HE TIABKH IMPU3BOAUTH N0 HeOasKaHUX HACAIOKIB, ase ¥ ImocTadae Matepiaa
[ASI €BOAIOLIITHOTO MIPOIIECY, PO3TASIOAIOTECH B po3/iai 4.

HactymHi S i 6 po3ziam cTocyroThCcst ocobAuBOCTelH opraHizarlii Ta (pyHK-
LIIOHYBaHHS CHAaAKOBOIO alapaTy B Pi3HUX IpyIl OpraHi3MiB — IIpoKapio-
TiB, BipyciB, o4HO- Ta 6araTOKAITHHHUX €yKapioTiB.

Po3mia 7 mpuUCBSYEHO NeHETHIl AIOAWHH, sIKa II0Ciziae ocobAMBe Miclie
cepen iHIMUX PO3MiAiB FreHETUKH OKPEMHUX BHUIIB.

Y poamiai 8 BHUKAaLEHO 3aKOHOMIpPHOCTI II€peMillleHHs T'€HeTHYHOT'O
MaTepiaay B MeKax HOIIyAdIlii — BEAMKUX I'PyIl OPTraHi3MiB OLHOTO BHAY,
III0 CXPEIIyIOThECS MiXK c00010. 'eHeTHKa IMOIyASIliil € OHI€I0 3 TOAOBHUX
OCHOB [IASI PO3YMIHHA MEXaHi3MiB €BOAIOLIi, OCKIABKH CaMe IIOIIYASIIiS SIB-
Asie coOor0 HaHAPiOHIILY €BOAIOIIHHY OOHMHHULIIO.

HaliHOBiTHINIOMY IPHUKAQIHOMY ACIHEKTY I'€HETHKHU — OTAdy IiAXOAiB,
dKi MoxkHa ob0'emqHATH ITiT HA3BOIO TE€HETHYHA iHXKEHEepisd, — IIPUCBIYEHO
ocTaHHIH 9 po3zia. 'eHeTH4yHa iHXKEHepid, cIIpsSsMoBaHa Ha 3MiHy reHe-
TUYHUX IIPOrpaM OpraHi3MiB, BOOAHOYAC € OCHOBHOIO I'PYIIOI0 METOMIB H0-
CAII?KEHHSI B MOAEKYASIPHIH T€HETHIII.

Hamnpukinii migpyYHHKa BMIIIEHO iCTOPHUYHY MOOBIAKY, B dKiM Bimo-
OpazkeHO T'OAOBHI eTaru pPo3BUTKY NeHeTHKU. KpiMm Toro, HaBedeHO Iiepe-
AIK AiTepaTypH, PEKOMEHIOBAHOI A TAHWOIIIOTO BHUBYEHHS Cy4YaCHUX
npobaeM IIiel HAyKH.



PO3O1JT1

IIpupona
reHeTMYIHOI'0 MaTepiaixy

AK pizugyHUN 00'€KT 2eH — ye dinsiHKa nonimepHoi monexkynu 0es3oKcu-
pubonyrneinoeoi xucnomu (AHK). €1MHUM BHUHATKOM i3 IIbOTO 3aranbHOIO
[AS BCiX JXHBUX OPraHi3MiB IpaBHAa € OCOOAUBHE KAac BipycCiB, € POAB
Hocig iH(popMallii BUKOHYyE iHIIIa HyKAe€iHOBa KHCAOTa (XiMiyHHUM aHaaor
JHK) — puboryrneiroea kucnoma (PHK). Yucaenni Tunm PHK 6epyThb Takozk
y4acTh y Iporiecax peaaizaitii reHeTrdHoi iHgopMarliii B ycix opraHizmax.

diznko-xiMidgHi BaacTuBOCTI MoaeKyau [JHK pobaaTs ii HamiliHuM HocieM
criaakoBoi iH(gopMmarii Ta 3abe3nedyroTs IPOCTUH MeXaHi3M pennikauii —
TOYHOT'O BiJHOBAEHHS MOAEKyAHM (a OTXe, 1 cHagkoBoi IIporpamm)
Yy DOYipHIX KAITHHAX IIPU KAITHHHOMY momiai. YucaeHHi B3aeMmofii, B sKi
Bcrynae [JHK 3 iHImmmMMu MoaekyaaMu (HacamIiepezn 6iAKaMHu), 3yMOBAIOIOTH
neBHy cxemy ymnakoBkKH [IHK y KaiTHHaxX, eKCIIpecilo reHeTHYHOI iH(oOp-
Mawii Ta peryadiiiro IbOro MpoLEeCy, a TAaKOXK 3[AiHCHEHHS IHIINX olepa-
IIiH, CYTTEBUX AS PYHKIIOHYBaHHS CIIaIKOBOTO arapary.

CTPYKTYPA OTHK

XimiuHa OyZoBa HyKJIeiHOBMX KMCIOT

MoHoMepHa OOUHUIE HYKAETHOBOI KHCAOTH — HYyK/aIeomuo — cKaaja-
€TbCH 3 TPHOX EAEMEHTIB: a30THCTa OCHOBA, IEHTO3HUH IyKOp (pubo3a abo
OEe30KCHPU003a), 3aAUIIIOK POoCchOopHOI KUCAOTH (puc. 1.1).



Tenernka

PochaTHUH
3aAHIIOK NH,
SN
1 L
~—P—0—CH N”
© | A3zoTHCTA
o OCHOBa
Pubo3sa

(mesoxcupuboza) OH OH(H)

Puc. 1.1. XimivyHa Gy1oBa HYKACOTULY.
HaBeneHno cranmapTHy HyMepallilo aToOMiB IIEHTO3HOTI'O KiAbIlg

IIypuuu (R) (o)
s
NN 4” NH
\ | cI:f-I N | P
9 4 Né N NH,
G
HipumiauHu (Y)
(0] NH2
JL HC A
ﬁ | NH Hﬁ N
6
HC HC /g HC
\N1 N7 o SN o
H H H
U T (o]

Puc. 1.2. Asorucri ocHoBU. YepBOoHUM IT03Ha4YeHO aToM N,
3'enHanult y Hykaeotuni 3 C1' aromom nenTo3u. HaBeneno
CTaHIapPTHY HyMepallilo aToMiB KiAellb IIypUHIB i HipUMUANHIB

Azomucmi 0CHO8U — T€TEPOLIMKAIYHI CIIOAYKH (pHC. 1.2), y KiABLEX IKUX
MiCTATBCA KapOOH i a30T, a BCi 3B'dA3KHU MaIOTh XapaKTep YaCTKOBO ITOABIH-
HUx. /10 IEBHUX aTOMIB KiAbIld IIPUEAHAHI €K30IIUKAIYHI I'pyIIX — aMiHOI'PY-
a 94U aTOM OKCHUreHy. [0 CKaamy HYKAEIHOBHX KHMCAOT BXOOATH ABa THIIU
a30THUCTHUX OCHOB: IIypHHHU (3araAbHOIIPUMHATE IO3HA4YEHHS R)
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

i ryaniH (G); mipuMmiguau (Y) — ypauua (U), Tumin (T), murosuH (C). 3araspHe
O3HA4YE€HH4 A4 BCiX 0CHOB — N. ¥ ckaai HyKA€OTHAY OAMH i3 aTOMiB a30Ty
KiABIS (BUAIA€HO YEPBOHUM Ha pHUC. 1.2) IpUEAHYETHCS KOBAACHTHUM 3B'd3-
KOM 10 KapOOHY IIEHTO3HOTO ILyKpy (puc. 1.1). Lle#t aToM meHTO3HU IT03HAYA-
eTbesd 9K Cl' (CUMBOA ' IPUHHSTO NOAABATH, 11100 BiAPI3HATH aTOMHU ITEHTO3-
HOI'O KiABIg Binm aToMmiB azoructoi ocHoBY). IHImi C'-aToMu IEHTO3U HyMe-
PYIOTBCS [aAi IO IOPSAKY IXHBOTO po3ramntyBauHd (puc. 1.1). o 3'-aToma
3aBxnu npuenHana OH-rpyma. IlenToza, y ckaazi sskoi OH-rpymna 3Haxo-
OUTHCS TAKOXK IIpH 2'-aToMi, Ha3zuBaeTbcd puboszor. IlenTo3a iHIIOrO THILY,
dKa TaKOXX BXOOUTH OO0 CKAAQLy HYKAEITHOBHX KHCAOT, — Oe3okcupubosa —
Bimpi3HgeThCH Aullle 3aMiHoO 1iei OH-rpynu Ha aToM TigporeHy.

CrioaykKa a30THCTOI OCHOBH Ta II€EHTO3H HAa3UBAETBCA HYKIE03UOOM
(3aaekHO BiZ THIy a30THCTOI OCHOBHU: aI€HO3UH, I'YaHO3WH, IUTHUIAUNH,
TUMIAWH, YPUAWH) abo pubo- 41 Ae30KCUPHOOHYKACO3UIOM (3aA€KHO Bif
TUITy TeHT0o3H). PuboHyKAeo3uau BXoasaTh a0 ckaany PHK, mezokcupubo-
HyKAeo3unu — go JAHK. Iamia ximiuna pisuaung mizk /JIHK i PHK crocyerbsca
CKAaIy OipuMiguHOBUX azoTucTux ocHoB: T y JIHK 3amicts U B PHK.

docopuaroBanua OH-rpynu mpu S'-aTomi IIEHTO3HM B HYKAE€O3WIi
IIPUBOOUTH [0 YTBOPEHHS HyKAeoTHAY (puc. 1.1). Takum 4mMHOM, HyKAE€OTH[,
€ Hykaeo3uadocgarom abo HykaeosuamoHodocdaroMm (NMP). Tak, Hykaeo-
THU, 1110 300paskeHnd Ha puc 1.1, € ageHozuaMoHogochatTom (AMP).

ByniBHEM MaTepianOM OAsSl CHHTE3y ITOAIMEPHHX HYKAE€IHOBHUX KHC-
AOT € HyKAeo3uarpudocdatTH, y cCKaaal akux mie asa gocdaTHi 3aAUII-
KU TIOCAIJOBHO IpHEnHaHi no 5'-docdary, — y peakligx CUHTe3y BOHH
BiIIIETIAIOIOTHCH.

ITpu cunTesi aBi ximiuHi rpynu — OH-rpyna npu 3'-aToMi IIEHTO3U Of-
HOTO HYKAEOTHAY Ta docdar Ipu S'-aToMi iHIIOTO — BUKOPHUCTOBYIOTHCS
[ASl YTBOPEHHS ¢pocghodiehipHo20 38'513KYy MixK HykaeoTumnamu (puc. 1.3).
OTKe, MOAIHYKACOTHAHUM AQHIIOT Ma€ HAIIPSIMOK: Ha OJHOMY MOro KiHIIi
3aanmiaeTbed S'-pocdart (5'-KiHelp), Ha iHIomy — 3'-OH-rpyna (3'-KiHelry).
[TocAiZOBHOCTI HYKACOTHIIB NPUHHATO 3allUCYyBaTH B HAOpPAMKYy S5 — 3,
y TOMy 3K HaIpsMKy BinOyBaeThCd CHHTE3 YCiX HYKAEIHOBHUX KHCAOT.
I'enemuuna ingopmauis sanucana e monexyni AHK came y euansdi nocni-
doeHocmi Hyrneomuoie.

OT3Ke, OCTOB MOAIHYKAECOTHIHOI'O AQHITIOTA IBASE co00i0 pocdaTtHi 3a-
AUIIKY (KOXKEH 13 SKHX Ma€e HeraTuBHUU 3apdan 3a (Pi3ioAoOTiYHHX yMOB)
i meHTOo3H, IO YePryIThCs — yykpogocgpamuuii ocmos. Bix 1soro ocrosa
BIIXOOATEH a30THCTI OCHOBH AK OOKOBI 3aAHIIKH.
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Tenernka

Pdochoniedipuui

Puc. 1.3. [IoAIHyKA€OTUOHHUIM AQHITIOT

ITonBinHa criipasib

[Ba mnoaiHykaeoTuaHi aaHiroru (Hacammnepern /[HK, are B okpemux
Bunaakax — Takox PHK a6o riopuani PHK-/ITHK) MmoxxyTh 00'eniHyBaTUCH B
€IUHY OBOAAHIIOTOBY CTPYKTYPY (Oynnerc), CxeMy SKOI IIPEACTAaBACHO Ha
puc. 1.4. Take o6'eqHaHHda BinOyBaeTbCcs 3a JKOPCTKOI YMOBH: IIEBHI a30-
TUCTI OCHOBHU IIOBHHHI CTOSTH omHa HpoTH omHoi — A mpotru T (um U),
G nporu C. lle¥i npunuun xomnnemenmaprocmi, CHOpPMyABOBaHUH YOT-
conoM i Kpikom (James D. Watson, Francis H. C. Crick), 3ymoBaeHU#H
YTBOPEHHSIM CIHEIN(PIYHUX BOAHEBUX 3B'SI3KIB MiXK €K30IIUKAIYHUMHU T'PY-
IaMH1 Ha3BaHUX OCHOB: ABa 3B'd3KHU B napi A-T, Tpu B nnapi G-C (puc. 1.5).
[TpUHIIMII KOMIIAEMEHTAPHOCTI € KAIOUOBUM [IAS PO3YMiHHS (PYHKILIOHY-
BaHHS HYKAETHOBUX KUCAOT.

12



3 BoaHeBi 3B'A3KH 5

Puc. 1.4. CxeMa 00'efTHAHHS ABOX AUHYKAEOTHIIB
V ABOAQHIIIOTOBY CTPYKTYPY

Puc. 1.5. KomnaeMeHTapHi napu ocHOB y ckaazi JIHK
3 BOOZHEBUMH 3B'sI3KaMH MiXX OCHOBaMH
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Tenernka

[lBa AQHIIIOTH y CKAQi AyIIA€Kca CIPsAMOBaHI B pi3Hi O0KU (€ aHmuna-
panenvHumu), IyKpodocaTHi OCTOBU (dKi moOpe B3aEMOMIIOTHL 3 BOIOIO)
po3TalnioBaHi 30BHi, [Iapy OCHOB — YCEPEAUHi IIi€el CTPYKTYpPHU. YHACAIZOK
B3a€MOiH MiXK NAOIIMHAMH CYCiIHIX IIap OCHOB (cmekiHe-B3a€MO/il) I1o-
AIHYKA€OTH/IHI AQHIIIOTH 3aKPYUYIOTbCS OJWH HaBKPYT OJHOTO B IOABIHHY
cripaab (puc. 1.6). Mixk ocToBaMM Ha ITIOBEPXHi CIipai yTBOPIOIOTHCH ABa
2HKON0OKU PI3HOTO PO3MIpPYy — BEAUKHH 1 MAaA€HBKUH, B SKi "ITUBAATHCH" TIe-
BHi €K30IIMKAIYHI TPyIIH a30THCTUX OCHOB, He 3aidHi 40 yTBOPEHHA KOM-
IAEMEHTAPHUX BOAHEBUX 3B'A3KiB.

Puc. 1.6. [IBa BapianTHu 306paskeHHd noasitinoi cuipaai THK.
ITokazaHo cTpykTypy Aoaekamepy JHK y kpucrasax (Kon CTPYKTYpPH
y Protein Data Bank 355D). 306paskeHHsI CTBOPEHO 3a JOIIOMOTOI0 IIPOTPaAMHU
UCSF Chimera (http://www.cgl. ucsf.edu/chimera)

3a diziororiyHMX YMOB HNOABIHHA CHipaAb € JJOCUTH CTA0IABHOIO CTPYKTY-
poro, came B witi popmi JAHK icHye B KuBHX cucreMmax. PisHoMaHiITHI MO-
aekyau PHK, gk mmpaBHAO, € OMHOAQHITIOTOBUMH, aA€ OKpeMi B3aEMOKOMIIAE-
MeHTapHi giagaku PHK wacTo Takoxk (popMyOTh ABOCHiIpaAbHI CTPYKTYPHU
B MexKaxX OIHi€el MOAEKYAH.

[ToaBiiHUM cHipassaM HYKA€THOBHX KHCAOT HIpPUTAaMaHHUHN NOCUTH 3Ha-
YHUU CTPYKTYPHUU HOAIMOPdi3M, IO 3aA€KUTH Bi MIOCAIZOBHOCTI I1ap
OCHOB, THIIy IIEHTO3HOI'O IIyKpPy Ta 30BHIIIHIX yMoB. CTpyKTypa, 300pa-
XKeHa Ha puc. 1.6, € Tak 3BaHOIO B-dopmoro [JHK: mpaBa cmoipaasb
3 ~10,5 mapamu ocHoB Ha BuTok. Came B 1itt popwmi [AHK icuye 3a disio-
AOTIYHUX YMOB in vVivo.
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

[mma — A-¢popma (TaroK mpaBa cHipaab, ~11 map OCHOB Ha BHUTOK,
3HAYHUU HaXMWA IAOIIMH IIap OCHOB BiTHOCHO OCi CITipaai) — peaai3yeTbcd
y JHK awumte in vitro 3a IeBHUX YMOB, HaA€KHUX Bix ¢iziosorigamx. [Ipore
came B A-cdopMmi icHyloThk moaBiiiHi cmipaai PHK 3a ¢iziosoriunux ymos
(mpuymHOIO € 3aMiHa Ae30Kcupubo3m Ha puboizy). Kpim Toro, [JTHK moxe
nepexoquTyd B A-cpopMmy abo HabAMKeHYy [0 Hel B KOMIIAEKcax i3 6iankamu.

IIle omua copma moaBitiHOI cmipasi — Z-dopMa — € AIBOIO CITipaAAIO
1 peaai3yeThbCcsl TIABKU A9 aAbTepPHYBaAbHUX ITocAimoBHocTed poly(GC)
(koau G i C gepryroTbca B AaHIl03i). Taki MOCAIZOBHOCTI € B IIPHPOIHUX
JHK, aae nepexin y Z-dopMy BiOyBa€eThCs in vitro 3a yMOB, dKi AyzKe aa-
Aeki Bix diziosoriunux. BiosoriuHe 3HadYeHHS Z-POPMHU 3aAHMIAETHECSA HE
30BCiM 3po3yMiAuM, xXouya 3HahzmeHo OiAKM, 110 MalOTh BHCOKY CIOpigHe-
HiCTBh caMe o Hel, TOOTO MOXKYTb iHAyKyBaTu B—Z nepexin in vivo.

CtpykTypa ocHOBHOI (iziosorianoi B-cpopmu JTHK He € abCcoAIOTHO pe-
ryaspHoio. KoHcopmariiini ocobanBocTi monBiiHOI cmipaai (cTymiHb 3a-
KpPy4YeHHsH, AOKaAbHI BUTUHH, PO3MipH 3KOAOOKIB TOIIIO) CyTTEBO 3aA€KaTh
BiZl IOCAIIOBHOCTI ITap OCHOB — MOXKHa CKa3aTH, III0 IIOCAIJOBHICTHL HeEce
indopmaitiro mpo cTpykTypHi ocobauBocTi JJHK (romibHO mo TOro, IK ami-
HOKHCAOTHA ITOCAIZOBHICTh BU3HAYAE IIPOCTOPOBY CTPYKTYPY Oiaka). Kpim
TOT0, IIOCAIJOBHICTB I1ap OCHOB 3yMOBAIO€ Bapiallii crabiabHOCTI IToABiIHHOI
cripaai (BM3Ha4a€, HACKIABKHM AETKO MOXKHa PO3BECTH IIOAIHYKAE€OTHIHI
ASHITIOTH) 1 KOH(pOPMALIHHY PYXAUBICTE (3aTHICTH cIripasi go medopma-
Liff — BUTHHIB, 3MiHU CIIipaAbHOI IIEPIOAWYHOCTI TOIO). 3aseXHi Bif IIo-
CAITOBHOCTi 0COOAMBOCTI CTPYKTYPH HMOABIMHOI CITipaai Ta IOTEHIliaA 111010
KOH(OPMAaifHUX 3MiH — OCHOBA MeXaHi3My CHelU(IYHOTO BHi3HAHHS I10-
caigoBHocTel [JHK GinkaMmu.

binkoBO-HYKJIeTHOBI B3aeMoOil

JHK y XUBHX CHCTeMax IIOCTiffHO B3a€EMO/I€ 3 BEAMKOIO KiABKICTIO Oi-
AKkiB. Ha nmoBepxHi /[JHK poarairioBaHi occaTHi 3aANIIIKY Ta €K30IIMKAIY-
Hi IpyIH a30THCTHX OCHOB y 3K0A0OKax. CaMe IIi rpynH ¥ 3aAy4aroThbCs 10
KOHTAKTIB 3 aMiHOKHCAOTHUMHU OOKOBHMH 3aAMMIKAMH Ta IIEIITHAHUMU
rpynaMu Ha IIoBepxHi 0iaka. Yci 6iakm, ki Blaemomirots i3 JAHK, moxHa
po3miAuTH Ha ABi KaTeropii: Taki, 1o 3B'a3yroThed 3 JJHK Oyab-sKoi 1mocai-
JOOBHOCTI, 1 Ti, 10 3miHCHIOIOTEH CIienu(idyHe BHIiI3HAHHS II€BHOI IIOCAITOB-
HOCTi map ocHOB. BiAKH, KOTpi 3MiHCHIOIOTH TaKe BITi3HAHHS, sIK ITPaBHAO,
B3aEMOJIIIOTE i 3 Oyab-sIKOIO iHIIO0 rocaigoBHicTIO [JHK HecnenmdgivHo.
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Tenernka

KirbKa TpHKAAIB CTPYKTYPH 0iAKOBO-HYKAETHOBHX KOMIIAEKCIB HaBe-
neHo Ha puc. 1.7. Juwmep ricroHiB H3-H4 (puc. 1.7, a) 3miticHIoe Hecrelu-
diuni eaekTpocTaTnyHi (ioHHI) B3aeMonii 3 docdaramu [JHK, BHUKOHYyIOYH
poab B ynakoBLi /JIHK y KaiTHHHOMY 4api, IIpo 110 ATUMeThcd HUXK4e. [HITi
6iakH, 300pazkeHi Ha pUC. 1.7, BUKOHYIOTh POAb PETYyASITOPIB '€HHOI aKTHB-
HOCTI, crieriupivHO BHI3HAIOYH MIE€BHI MIASTHKU TOCAIIOBHOCTI.

Puc. 1.7. Ilpukaaau 6iAKOBO-HYKAETHOBHX KOMIIAEKCIB: aumep ricroHiB H3-H4 (a);
AEHITMHOBHH 3inep (6); KaTaboaldyHUH akKTHBATOPHUN 6ir0K (8);
6iAOK i3 IIMHKOBHMH HAABISIMH (2). 300paskeHHsI CTBOPEHO 3a JOIIOMOTO0
nporpamu PyMOL (http:/ /www.pymol.org/), BAKOPHUCTAHO CTPYKTYPH
3 Protein Data Bank i3 kogamu 1AOI, INWQ, 1CGP, 1ZAA

['oroBHOIO yMOBOIO peaaizailii koHTakTiB MixK /JTHK i 6iankoM € B3aeMHa
OiATOHKA CTPYKTYPH B3a€EMOMIIOYUX EAEMEHTIB YHACAIOOK BiAMIOBIAHUX
KOH(popMallifHUX IePEeTBOPEHD: IIAIXOM IIEBHUX CTPYKTYPHHUX IIepeOyIoB
(iHomi HeBeAMKUX, iHOAI JOCHUTH 3HAYHHUX) ITIOABIMHOI CITipaai XiMiuHi rpynu
JHK "migBomaTthkcd" mi KOHTAKTH 3 OIAKOBUMH XiMIiYHHMH T'pPyIaMH.
TobTo maa epeKTHBHOTO BITi3HAHHS HeoOXigHa IeBHa KOHQoOpMAaIlid I0-
ABiiHOI cmipaai Ta/abo meBHI 3MiHH 1€l KoHpopwmarii. I Te, # iHIIe BU-
3HAYAETHCS IIOCAIIOBHICTIO ITap OCHOB.
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

UJTAX ITIEPEOAYI IHOOPMAIIII
B QKMBUX CMUCTEMAX: "HEHTPAJIbHA [IOTMA"
MOJIEKYJISIPHOI TEHETUKU

MaricTpasbHuil magx mepenadi iHdopwmarlii B 6ioAOTiYHUX cHcTeMax
BimoOpazkae cxeMma, gkKa Oyaa, BUXOASYH 3 IMPHUHIUIIB CTPYKTYpPHOI opra-
Hizauii nmoasitiHoi cmipaai [JHK, 3ampomnoHoBaHa y cBi#ft uyac dpeHcicom
Kpikom mizm Ha3BOWO yeHmpanvbHa 0oema monekyaspHoi bionoeaiil (puc. 1.8).

Penaikanis

TpaHCKpHIILiA TpaHcAALia

OHK p PHK ——P Biaku

Puc. 1.8. llenTpasbHa 10rMa MOAEKYASIPHOI 6ioaorii Ta reHETHKH

Indopmariitinum mxkepeaom € [JJHK, a KiHIIEBOIO TOYKOIO Mepemadi iH-
dopmaitii — 6iaku (6iormoaimepu, mobymoBaHi 3 20 THUIIIB amiHoKucriom).
Beanke po3MaiTTs aMiHOKHCAOTHHX ITOCAITOBHOCTEH CTBOPIOE MOXKAHUBOCTIL
Oad peaaizanii pi3HOMaHITHUX HIAGXIB YKAQOAHHS AQHIIOTIB y IIPOCTOPI —
YTBOPEHHS CHEeIN(IYHUX ITPOCTOPOBUX CTPYKTYpP OiAKIB mAd BUKOHAHHS
IIE€BHUX CIEHUMPIYHUX 3aBAaHb. [0OAOBHHM THIIOM IHX 3aBIaHb € KaTaai3
YHUCAEHHHUX 0iOXiMiYHUX peakIliil (y ToMy YHCAl THX, 110 3a0e3IedyIoTh Iie-
penagy Oioaoriynoi iHdopmarii). Kpim Toro, 6iAKr € OCHOBHUM OyaiBHUM
MaTtepiaaoM Oyab-sKoi GiosorigyHoi cucTeMH H 3yMOBAIOIOTH BHKOHAHHS
BCixX iHIMUX 6i0AOTiYHHX (PYHKIIIH: TPAHCIOPT PEUYOBUH, Iepeaady Peryasd-
TOPHUX CHUTHAAIB, CIIpIMOBaHi pPyXH, 3aXHUCT Bifl Yy>KOPIAHUX MOAEKYA TO-
uro. OTKe, caMe OiAKH, TOAOBHHUM YHWHOM, 3YMOBAIOIOTBH ycCi (iziosoriuani
0COOAMBOCTI Ta 30BHIIIIHI O3HAKU OPTaHi3My.

CniankoBa iHdopmMallid, SKa 3amucaHa B MOCAIJOBHOCTI HYKACOTU/IIB
Ha miagaid JHK, e indopmMariiero mpo mocAiJOBHICTE aMiHOKHUCAOT Y CKAAII
birnka. OTXKe, 2eH — ue okpema 3micmoena dinanka AHK, y nocnidoenocmi
saKoi 3axodoeana aminorxucnomua nocnidoenicmes 6inka. [Ipore, Kpim 6ia-
KOBHUX, ICHYE€ TaKOX BEAWKa KIABKICTb T'€HiB, KIiHIIEBUMU IIPOAYKTaAMHU
gdKUX € pizHoMaHiTHI Moaekyan PHK. Aae He3zaaexkHO Bif THIIy reHa, Hep-
BHUHHUM IIPOAYKTOM HMOro aKTHUBHOCTI (IPOMiKHUM [Aasd OIAKOBHX T€HiB)
€ moaekyaa PHK. Tlin yac mpanckpunuii HyKA€OTHUOHA IIOCAITOBHICTB
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Tenernka

oxHoro 3 aaHinoriB JIHK 3a IIpHUHIIMIIOM KOMIIAEMEHTAPHOCTI IIEPENUCY-
€ThbCd B HYKAeOoTHAHY IocaimoBHicTe PHK — THK BHKOPHUCTOBYETBHCS SIK
MaTpulld, Ha 9Kifi OyayeTbcsa kKommaeMeHTapHa PHK-pemaika. Moaekyaa
PHK, 110 cuHTe3yeThbcd Ha 6iAKOBOMY I'eHi, BUKOPUCTOBYETBCH HaAi IK MaT-
punsa gas 0iAKOBOTO CHHTE3y — mpaHcasiyii (IIepernrucyBaHHsS HyKACOTHUI-
HOI mocaimoBHOCTI PHK B aMiHOKHCAOTHY OCAIZIOBHICTE OiaKa).

CyTTeBUM MOMEHTOM (PYHKIIIOHYyBaHHS 0iOAOTIYHOI CHCTEMH € HE TiAb-
KU peaaizariis (exkcrpecisa) reHeTudHOI iHdopmariii, a # ii 30epexkeHHT Ta
IIOABOEHHS 3 METOIO Iepeaadi HaCTyIIHOMY ITOKOAiHHIO. [TonBoeHHs iHGOP-
Mallii — 11e BinTBopeHHS MoAekyau [IHK y ABOX iIeHTHYHUX AOYipHIX KO-
nigx — pennikauist. [oA0OBHUM ii MeXaHi3ZMOM 3HOBY 3K TaKWU € HPUHIIUIT
KOMIIAEMEHTaPHOCTi: KOxKeH i3 aaHIoriB JJTHK BUKOPUCTOBYEThECH K Ma-
TpULS OAs cuHTe3y KoMraeMeHTapHoi JHK-pemnaiku.

3 KiAbKOMa CYTTEBUMHU YTOYHEHHSIMH (y AedKHUX BipyciB criagkoBa iH-
dopmartig Mmictutrbca B Moaekyai PHK; B ycix opraHiaMiB y mnporieci pyHK-
IIiIOHYBaHHS KAITHH IPAIIOIOTh TaKOXK INASIXU Iepenadi indopmaritii 3 PHK
Ha PHK i na [IHK; He Tiabku 0iaku, ase 1 PHK neBHHX THUIIIB MaroTh 3HAa-
YeHHd [OAd KAITHHHUX (Pi3ioAOTIYHMX [POIECiB) IeHTpaAbHA [gorMa
€ TOAOBHUM (PyHIAMEHTAABHUM IIPHUHITUIIOM POOOTH arapaTy CHagKOBOCTi.

IOHK SIK TEHETMUUHWUW TEKCT:
OPTAHI3BALIIZI TEHOMIB

A mxepeao iHdopMmarlii 2en — ye dinanxa JHK, y nocnidoenocmi Hyk-
neomuodie sixkoi 3anucaHo ingopmauiro npo neeHuill PyHKYioHATLHUNU NPO-
Jyrxm. 3a THUIIOM LIbOTO IIPOAYKTY BCi '€HHU (CYKYyIIHIiCThb I€HiB JAHOI'O Op-
raHizMy Ha3uUBalOTh 2eHOMUNoOM) MOXKHa IIOMIAMTHU Ha [Bi I'PyIH: I€HH,
KiHIEBHM HOPOAYKTOM SIKHX € MeBHi (PyHKIiOHaABHI Moaekyau PHK (rerm
PHK), i reHu, y HOCAIJOBHOCTI SKHUX BIAIIOBIAHO OO0 T'€HETUYHOIO KOOy
(muB. po3mia 2) 3amucaHo iHGOPMAILIO ITPO MOCAIIOBHICTH aMiHOKHCAOT
y cKaazi 0iakiB (6iakoBi renu). 'enn PHK KoayroTh pi3HOMaHITHI MOAEKYAU
PHK, mo He migmaroThbCs TPAHCASIL] (AUB. po3mia 2): pPHK — pubocomHi
PHK (komrioHeHTH pubocom); mPHK — tpaHcnioptHi PHK (karouoBuii eae-
MEHT CHCTEMH TpaHcaanii); maseHbki auaepHi PHK; maseHbki anepiiesi
PHK; mikpo-PHK; moaekyam PHK, 110 € KOMIOHEHTaMU AedKUX (pepMeH-
TiB; iHmi Buau PHK, i3 gkux mie He Oad Bcix 3'dcoBaHi ixHI yHKIIL].
Ha 6iakoBoMy reHi cuHTedyerbcss PHK-maTpHlld nad HACTYIIHOTO CHHTE3Y
biaka — maTpuuHa (abo indpopmariiina) PHK — MmPHK.
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

Konyroua mocaimosBHicTs [JHK, 3 sgKoi nifg yac TpaHCKPHUIILi 3HIMaEThb-
cd iH(popMmallis PO MTOCAILOBHICTE HyKAeOoTHOIB y ckKaami PHK-pemaikwy,
€ Ha¥BasKAUBIIIIOI0 3MiCTOBHOIO YaCTHHOIO TeHa. AAe OAd TOTro, 100 Biady-
AaCh eKCIIpecis reHeTu4yHoi iHopMmariii (uepe3 cuaTe3s PHK i gaai — 6iaka),
HE MEHIII BaXKAUBUMHU € peryadTopHi nnocaimoBHOocTi [JHK, gKi (3a paxyHoOK
criopimHeHoCTi o0 crenniyHuX 0iAKiB) BHKOPHUCTOBYIOTBCS OAS BMUKAaH-
HS / BUMHKaHHS TPaHCKPHIILl 9K IepIuoi cranii ekcrpecii rena. OTxe,
BU3HAYEHHS TeHa MOXHa CPOPMYAIOBATU U Tak: 2eH — ue dinaurxa JHK,
aKa € Heob6xioHoto i docmamHbOt0 Ol NOBHOUIHHO20 cuHmesy PYyHKUio-
HanbHoi monexynu PHK. [lingauka [JHK, aka Moske BBaxkaTHCd I'e€HOM, Ma€e
MICTUTH KOMAYIOYY ITOCAIOBHICTE i3 3aIHCAHOI0 iH(OPMAII€I0 OpPo MHpPo-
OYKT, a TaKOXK NeBHUIH Halip PEryASTOPHUX €AEMEHTIB ITOCAITOBHOCTI, Bif
AKHUX 3aA€KUTDH 3alyCK / OAOKYBaHHS ITPOLECY TPAHCKPHIILi, IIAIX 39H-
TyBaHHS iHdopMarii Tomro.

Y KOXHIM KAITHHI 06araTOKAITHMHHOTO OPraHi3My MICTHTBCH KiAbKa
(iHomi mo KiABKOX mecaTKiB) moaekya [AHK — ixHiii Habip omHaKOBUU OAd
Bcix KaiTuH. g JHK MicTHTBH He TIABKH T€HH: NPUHAWMHI MaoTh OyTH
3'€eMHYBaABHI MIXKT€HHI HiAdHKU. Cyrynnicme nocnidoemocmeii JHK y woi-
muHax O0aHO20 Op2aHi3My Hasueaemvcst 2eHomom. Ha ChOroaHi IOBHICTIO
BCTAHOBAEHO ITOCAiTOBHOCTI roHan 700 OakTepiaabHUX i 0an3bKO 100 eyka-
pioTmyHUX TeHOMiB. [OAOBHA BIAMIHHICTHL MiK HUMHU IIOASITAE B TOMY,
10 y IPOKAPIOTHYHUX I'eHOMaX KOAYIOYi IIOCAIJOBHOCTI CTAHOBAATEH OAU3b-
K0 95 %, Tomi K yacTKa KOAYIOUHX IIOCAIIOBHOCTEH ¥ reHOMAax €yKapioTiB
He mepeBHuye 3 %. Po3Mipu negKuxX reHOMIB i OIL[iHKY KiABKOCTiI 6iAKOBHX
reHiB y iIXHBOMY CKAai HaBeaeHO B Taba. 1.1.

Tabnuys 1.1. Po3aMipH reHOMiB i KiAbKicTh OIAKOBHX reHiB ZesIKHX OpraHiazmis

Ovramism Po3mip renomy KiabkicTb KiapkicTs

P (mapu ocHoB)* | moaekya JHK* reHiB
Bakrepiodar ¢X-174 5386 1 10
Baxkrepia Escherichia coli 4,6-106° 1 4100
AcxoMitier iy 1,2:107 16 6700
Saccharomyces cerevisiae
Hemaroma s
Caenorhabditis elegans 10 6 20000
Maozopa Mymka 1,3-108 4 14000
Drosophila melanogaster
Kypka Gallus gallus 109 33 13000
Mumrta Mus musculus 3,3-10° 20 22000
NAogmnaa Homo sapiens 3,2:10° 23 21000

* [1as eyKapioTiB po3Mip reHoMy Ta KiABKIiCTh MOAEKYA BimoOpazkaroTh noaoBuHY JHK
Y KAITUHHOMY 9Api.
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BipycHi reHoMu 1mo0yoBaHi HaA3BUYaHHO "€KOHOMHO": KOAYIOYi MIATHKHU
reHiB 3alMaloTh IIPaAKTHYHO BCIO, IIOPiBHAHO HEBEAUKY, BipycHy [IHK.
Y reHomi mpokapioTH4YHOI KAITUHU KiabKicTh JIHK i reHiB 3HaYHO 3pocTae,
ase 36epiraeTbCs ITPUHITUII €KOHOMIYHOCTI III0OA0 BUKOPUCTAHHS OiABIIIOCTI
IIOCAIJOBHOCTEH A KOAyBaHHS reHeTWdHoi iHdopmarii. Hanmpukraan, re-
HOM Escherichia coli mpencTaBA€HHUH OMOHIEI0D IMUPKYASIPHOI MOAEKYAOIO
JHK (Tak 3BaHOI0 O0aKTepiaAbHOI0 XPOMOCOMOIO) HOBXKHHOIO 4,6 MAH map
ocHOB. Bam3pko 90 % 1iei JAHK npunamae Ha KOAYIOUi IIOCAILOBHOCTI
~4 1 Tuc. 6iakoBux reuiB i ~120 reniB PHK, 1110 He TpaHCAIOIOTHCH.

EykapioTudHi reHOMH MicTaTh 3HAa4YHO Oiabmly KiabKicTs JHK mopis-
HSHO 3 T€HOMAaMHM ITpOKapioTiB (AuB. Taba. 1.1), mpuyomy IepeBazkKHa dac-
TuHa 1iei [HK mnpeacraBaeHa HEKOAYIOUMMH IIOCAITOBHOCTAMH. Y TOMY
4MCAi, IPUOAN3HO TOAOBHHA €YKApPiOTHYHOIO T'€HOMY — II€ ITOCAIJOBHOCTI,
IpeacTaBAeHI OaraTbMa KOIIiIMHU (IIOCALLOBHOCTI, III0 IIOBTOPIOIOTHCH).
Eykapiornyna [JHK 3HaxoauThCd y KAITHHHOMY G1pi ¥ CKAAZi xpomocom,
KOJXXHa XpoMOCOMa MiCTHUTh OAHY TIraHTCBKY AiHiIMHY Moaekyay AHK.
[TocaimoOBHOCTI, IO IIOBTOPIOIOTBCS, 30CEPEMKEHI, 30KpeMa, Ha KIiHIIIX
XPOMOCOM (menomepu) Ta B 30HAX NPUKPIIIACHHI XPOMOCOM [0 BepeTeHa
IOiAY IIPY MiTO03i Ta Melo03i (uenmpomepu).

XapakTepHOIO 03HAKOIO T'€HiB eyKapioTiB (Ha BiAMiHYy Bin Ipokapio-
TiB) € Mo3aiyHNH DpUHIUI OyZOBH KOAYIOUOi YacTUHH (puc. 1.9): BaacHe
KOoAyloua YacTUHAa IIpPe/cTaBA€Ha IIOCAIMOBHICTIO OKpPEMHUX 3MiCTOBHUX
MIATHOK — eK30Hie, PO3MiAeHHX 0€33MiCTOBHUMH inmpoxnamu. JacTo ex-
30HHU BIiANOBiIaIOTHh OKPEMUM CTPYKTYPHHM OOMEHaM MYABTHIOMEHHUX
0iAKiB: eBoAwLifiHe 30upaHHs 0irKa 3 KyOHKiB-ZIOMEHIB MOXKe 3IiHCHIO-
BaTHCh IIAIXOM IlepeTacyBaHHs €K30HiB Ha piBHi JJHK. Be33smicToBHIMU
IHTPOHU € B TOMY CEHCi, 110 He HecyTb iHdopMallii nIpo KiHIleBUH IIpO-
OYKT, aae€ B MeXKaX IHTPOHIB 4acTO PO3TallloOBaHi BaXKAWBi pPEryAsTOpHIi
niagaku. Kpim Toro, iHTpOHU AEIKHUX T'€HiB MOXKYTb MICTHUTHU iHIII T'€HHU 3i
cBoiMHU IHTpPOHaMHU Ta eK3oHaMmu. [Ipu TpaHckpumnilii moaekyaa PHK cun-
TE3YEThbCA CYLIABHO (HEePBHHHUH NPOAYKT TPAHCKPHIIILI — HepBHHHUH
TPAHCKPHUIIT — MA€ Y CBOEMY CKAQMi €K30HU Ta iHTpoHH). OTXKe, HEOOXia-
HUM eTaIlOM €KCIIPECii reHa € Ipolec cnnaiicunay (po3aia 2) — BUpi3aHH4
IHTPOHIB i 3IIUBaHHS €K30HIB Yy KiHIIeBUH TPaHCKPUIT, IKUH yKe MOXKe
OyTH BHKOPHCTAHUU SK MaTpPHUIlS OAd 0iAKOoBOro cuHTesdy. [Ipu mpomy
CIIAQFICHHT MOXKe OyTH CIIPSIMOBaHHH II0 Pi3HUX HIAgxax (puc. 1.9) —
anemepHamueHuil cnnaiicuHe, — 110 NPUBOAUTHL A0 yTBOPEHHS PI3HUX
KiHII€eBUX IIPOAYKTIB — Pi3HUX OiAKiB.
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€K30H iHTpOH

= -
l TpaHCKpHIILLid,

CIIAAHCHHT

e m
o e m

Puc. 1.9. MozaiyHna 6yz1oBa KOAyI0490i YaCTUHH reHa Ta CXxeMa
yTBopeHHS pizHnx MPHK (ramani AiHil — iHTpoOHH, 1110 BUPi3aOTHCH)
YHACAIIOK aAbTEpPHATHUBHOIO CIIAAHCHHTY

3araspHa KIiABKICTH T€HIB y I'eHOMAaxX BHIIUX €yKapioTiB Bapilo€ IIpU-
6am3HO Big 20 mo 30 tuc. (Taba. 1.1). 9k mokazano Ha puc. 1.10, koxayroui
IIOCAIJOBHOCTI IIUX Ie€HiB 3adimaroTh aunie ~1,5 % reHomy. Penrra npuna-
nae Ha MmixkrenHny HK (me posramioBaHi TaKOXK PETYASTOPHI MIATHKH), iH-
TpoHH (~30 %) i GiAbllle HiXK ITOAOBHHY I'€HOMY CTaHOBASATBH IIOCAIIOBHOCTI,
110 IIOBTOPIOIOTHCS.

IToBTOPH

/

/

MixreHnHa
OHK

~
\ EK30HH

InTponn

Puc. 1.10. ITpuban3HMii BiTHOCHUH BMICT ITIOCAiTOBHOCTEH
Pi3HUX TUIIIB B €yKapiOTUYHOMY I'€HOMi

OCHOBHi THIIN OBTOPiB, IPUCYTHI B T€HOMi BHIIIUX €yKapPiOTiB:

e I'eHHU, IIpeacTaBA€HI KiabkKoMa (a iHoai mo 1 Tuc.) komiamu. Yacto
IreHH, KOTPi MOBTOPIOIOTECS, 3TPYIIOBaHI B KAACTEPH, TOOTO 3HAXO-
OAThCH IIOPS] OOUH 3 OOHUM;

21



Tenernka

e TICEBIIOTEHH — IIOCAIOBHOCTI, IKi TOMOAOTIYHI IIEBHHUM IeHaM, are He
€KCIIpeCyIoThCs. 10 IXHBOI ITOIBY IPHUBOAATH, HATIPUKAAL, IIOPYIIIEHHS
YaCTHUHU Te€HiB, IO IIOBTOPIOIOTHCH: HETOIIKO/KEHI N'eHH OepyTb Ha
cebe PYHKILiIO MOITKOMKEHUX, & OCTAHHI TaK i 32aAHINAIOTHCH B T€HOMI;

e OaraToKpaTHi IMOBTOPH KOPOTKHUX IIOCAIIOBHOCTEH (TaHAEMHi ITOB-
TOPH), YaCTHHA SIKUX PO3IIOiA€HA II0 BCHOMY I'€eHOMY, aAe OiABIIICTh
30cepeIzKeHa B TEAOMEPHUX i IIEHTPOMEPHUX 30HAX XPOMOCOM;

e iHTepCIepCHi (qucreproBaHi) MoOiABHI eAeMeHTH, 3/1aTHi /10 IlepeMi-
IIIEHHI Ta PO3MHOXKEHHS B MexKax IeHoMy. MoOiabHI eaeMeHTH 3a-
HMaloTh 3HAYHY YaCTHHY eykapioTudHoro reHomy (Biz 30 mo S50 %),
ase pPO3IOoMiA€HI B I'€HOMi HepiBHOMIPHO: € OOBIi MiASHKU, 110 Ha
90 % mpencraBAeHI MOOIABHUMHU eA€MEHTaMH, 1 TaKi 30HU, 1€ iHTep-
CIIEPCHI €A€MEHTH BIiACYTHi. Y IIiIAOMYy CIIOCTEpiraeThbCs HeraTHBHAa
KOPEAdIlisd MiX IIABHICTIO TeHIiB i MOOIABHUX eaeMeHTiB. [leTaabHillle
IIPO THUITH €YKAPIOTUIHUX MOOIABHUX EAEMEHTIB HTUMETHCS B PO3MIiai 6.

Kpim kaiTunHHOTO gapa, [JJHK € Takoxk y MITOXOHAPISIX i XAOpoIlAacTax,

e sIBAsIE COOOI0 aBTOHOMHUM, HEBEAWKUU IOPIiBHAH] 3 SAEPHUM, IIUTO-
IAa3MaTUYHUH €AEMEHT €YKapioTHYHOIO I'eHOMY (OAWB. po3maia 0).

CTPYKTYPHA OPTAHISALIIA JHK
Y KIIITUHAX

Hupkyasapaa JHK 6akTepiaabHOI XpOMOCOMH iCHY€E B KAITHHi Y BUTASI-
Oi KoMIiaeKcy 3 Oiakamu. Lla B3aeMomia € JOCUTh AUHAMIYHOIO, i IpaKTH-
YHO BeCh OakTepiaAbHHM T'€HOM (III0 ITPHHITUIIOBO Bipi3HsE HOro Bifg ey-
KapioTH4yHOro) mnepebyBae B MOTEHIIHHO TPaHCKPHUIIIIIHHO-aKTUBHOMY
CcTaHi: TeHU € 00'eKTaMH IIBUAKOI OIIepaTUBHOI PeryAsIilii y BiAmoBiap Ha
3MiHy 30BHIiIIHIX YMOB.

BarasabHa noBxkuHa [AHK y aapi eykapioTH4HOI KAITHHH — OAU3BKO 2 M.
Taka kiapkicTb [JHK BrMarae ii IiABHOI yIIaKOBKH, 9Ka 3yMOBAIOE TOTAABHE
IIPUTHiIYeHHS (PYHKIIIOHAABHUX aKTUBHOCTeH y OiABIIiM 4acTUHiI reHoMy.
Ane mipu oMy yrnakoBka [IHK y KaAiTHHHOMY g1pi Ma€ M03BOASITH BUOIp-
KOBY aKTHBAallil0 IIEBHUX MIASHOK y IIEBHI MOMeHTH 4dacy. Lli aapTepHaTHB-
Hi 3aBIaHHS BUPILIyIOTbCS 3aBASKHU ToMy, 110 JHK icHye B KaiTHHHOMY
APl y BUTAGI CKAATHOI'O HYKAEOIIPOTETHOBOIO KOMIIAEKCY — XPOMAMUHY.
HykaeonpoTeiHOBUHM KOMIIAEKC, KNI MICTUTBh OAHY TiraHTCBKY AiHIMHY
moaekyay [JHK HazuBaroTh xpomocomoro.
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

CTpyKkTypa XxpoMaTuHy

Ha nmepuromy piBHIi opranizamnii xpomaruny [IHK dopmye 3a paxyHOK
B3aeMonii 3 0iAKaMH eAeMeHTapHiI YTBOPEHHS — Hyk/ieocomu. BiakoBuit
KOMIIOHEHT HYKA€0COMH (KOpP) CKAQOAETHCA 3 BOCBMH MOAEKYA KOpPOBUX
eicmonie H2A, H2B, H3 i H4 — 1o nBi MOA€KyAH KOXKHOTO THILY (IUB. CTPYK-
Typy aumepy H2A-H2B, sakuit € KoMIIoHEHTOM Kopa, Ha puc. 1.7, a). Okra-
MEpPHUU KOMIIAEKC TiCTOHIB Ma€ Ha CBOIiH IIOBEPXHi CBOEPIAHUN TpeK I103U-
TUBHO 3apsiPKEHUX aMiHOKHCAOTHHUX 3aAUWIIKIB, SIKUH BUKOPUCTOBYETHCS
Iasa B3aeMomii 3 HykaeocomHoro JIHK mosskuHoro 145 nap ocHos: [HK yTBO-
PIOE Ha IIOBEPXHi OKTaMepa ~1,7 BUTKa AiBOi cylepcHipaai (puc. 1.11).

Puc. 1.11. CTpyKTypa HyKAEOCOMH y ABOX ITPOEKITiSIX.
3o0b6pazkeHHs CTBOpPeHO 3a mormoMmoroio mporpamu UCSF Chimera,
Ko CTPYKTypH y Protein Data Bank 1KX5

Y xpomartuHi ecsi JJTHK opmye HykaeocoMU i3 cepeqHBOIO IIIABHICTIO
onHa HykaeocoMma Ha 200 map OCHOB, CyCiiHi HYKA€OCOMH 3'€qHAaHI MixK-
HYKA€OCOMHHUMH JiHKepHumu naiagukamu. HykaeocomHa [JHK pazom i3
AITHKEPHOIO MIASTHKOIO CTAHOBASTHL TaK 3BaHUM HYKIEO0COMHUL Nnosmop,
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[JOBXKHHaA SKOI'0O Bapiloe 9K y3[40B¥K IIOAIHYKA€OCOMHOTI'O AQHI[IOra, Tak
i 3aA€KHO BiJ (PYHKIIIOHAABHOTO CTaHy, THUIIY KAITHH TOIIO. XapaKTep
po3roaiAy HyKAaeocoM y3a0BxK reHomHOi [JIHK Mae BaxkauBe (pyHKIIIOHAABHE
3HA4YEHHd: 3Pp03yMino, 110 AinkepHa [JHK € 6iabInl JOCTYIHOIO OAS 30BHI-
IHIX PETyAdTOPHUX BIIAUBIB.

9k mokazaHo Ha puc. 1.11, KiHIIeBi HEBIIOPSAKOBAaHI MIASHKU TiCTOHIB
(xBOCTH) BUXOOATH 3a MEXKi HYKA€OCOMH. 3aBAAKH CBOIM CTPYKTYPHIH Aa-
0GiABPHOCTI BOHU OepyTh y4acTh B OpraHizallil XpoMaTUHy Ha HATHYKA€OCOM-
HOMY PiBHi, a TaKO¥K BiJirparoTh BasKAHUBY POAb MHAAT(QOPMH [OAS 3B'A3y-
BaHHS pPi3HOMaHITHUX 0OiAKiB. Taka B3aemofisa 3 OiAKaMH Ma€ BasKAUBI
PYHKITIOHAABHI HACAIAKH [OAS PETYAdIlii PeHHOI aKTUBHOCTI H 3aA€XKUTh
BiZl mOCTTpaHCAAIIIMHUX MOAUQIKAaIliil XBOCTIB — IMIPHUEAHAHHS TIEBHUX Xi-
MIYHUX I'pyIl OO0 II€BHUX aMiHOKHCAOTHHUX 3aAMWIIKIB: alleTHAIOBaHHs, ¢oC-
dopUuAIOBaHHSA, METHUAIOBAHHS Ta AedKUX iHIMX. CHiBBiAHOMIIEHHS MiXK
xapakTepoMm monudikailiii i Habopom 6iAKiB, gKi BIIiI3HAIOTH IIEBHUH PO3-
omiA MoAN(iKOBaHUX I'PYII 110 XBOCTAX, HA3UBAIOTh 2iCMOHO8UM KOOOM.

AiHKepHI OIASHKH, SKUMH 3'€qHAaHI CyCilHi HYKA€O0COMH, IIPOOJOBIKY-
I0Thb Xif HykaeocoMHOi /IHK 1o mpamiii: y pe3yabTaTi HYKA€OCOMH Y CKAai
IIOAIHYKA€OCOMHOI HUTKM PO3TallloBaHi 3ursarom (puc. 1.12). 3a paxyHok
B3aeMmomii 3 JJTHK HeBHopaakoBaHUX XBOCTIB KOPOBUX TiCTOHIB i MOAEKYA
n'atoro ricroHa — ricroHa H1 (omHa mMoaekyaa Ha HYKA€OCOMY) — ITOAIHYK-
A€OCOMHHH 3UTI3al KOHAEHCYETHCHA 3 YTBOPEHHSIM TakK 3BaHOi QiOpuAM mi-
amerpoMm 30 HM — APYyroro piBHS KOMIIAKTH3Allil XpOMaTHHY.

TicTon H1

Puc. 1.12. 3ur3aromnonibHa KoH(pirypaiis moAiHyKA€eOCOMHOI HUTKU

®ibpuasa niamerpom 30 HM € OCHOBHOIO (DOPMOIO XPOMATHHY Hif dac
iHmepgasu — 1mepiony MiXK KAITHHHUMH nomisaamMu. OmHAK y XpOMAaTHHI
iCHye 3HaYHa IreTepPOreHHICTh 3a CTyIeHeM KoHAeHcallii. 3 ogHoro 00Ky,
IIepeayMOBOIO aKTHUBAIlil OKpeMHUX MIASHOK XPOMaTUHY € NEeKOHeHcallid
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¢ibpuan. 3 iHIIIOTO, — Y PENpPecoOBaHUX OiATHKAX XpoMaTHHOBa (pibpuaa
MoOxKe OyTH K O0JaTKOBO cTabiai3oBaHOI0O B KOMMIAKTHOMY CTaHi, Tak
i migmaBaTHuca KoMIIakTH3amii 6iABIII BUCOKOTO MOPAAKy. HacTuHa Xpo-
MaTHHy, 110 30epirae cTaH MOiABUINEHOI KOMMOAaKTHU3allii mpoTdrom iH-
Tepdasy, Ha3UBAETLCS 2emepoxpomamuHom (pelITa XpoOMaTHHY, e
B OPUHIHUII MOXe BigOyBaTHCs aKTHBAllis TPAHCKPUIILL], IT03HAYAETHCS
dK eyxpomamun). YTBOPEHHS I'eT€POXPOMATHHY 3MiHCHIOETHCS TOAOBHUM
YUHOM y MOiATHKaX, W10 MICTSTh IIOBTOPU — y IIEHTPOMEpax, TeaoMepax
Ta CyMiXKHUX MEePUIEHTPOMEPHHUX i CyOTEAOMEPHHUX MiASHKAX, 30HaX KOH-
neHTpaillii Mob6iALHUX eAeMeHTIB.

Ha wacrymHOMYy piBHI CTPYKTypHOI opranizamii y KAITHHHOMY Hmapi
xXpoMaTHHOBa (ibpuaa popmye meTAi, KiHII SKUX JKOPCTKO 3aKpillA€Hi Ha
CKeAeTHUX 0IAKOBHUX CTPYKTypPaxX KAITHHHOIO sApa — si0epHOMY MAMPUKCL
(puc. 1.13). Opna metas, 1o MicTuTh Bix 20 go 200 Tuc. nap ocuHoB JJHK
(omuH abo KiAbKa T'€HiB) YacTO PO3TASIAETHCS K BasKAUBUH €AE€MEHT pe-
TYASIIIIi TIpOIleciB TPaHCKPHIIILI Ta pernaikairii. [3 6iAkaMu MaTpUKCy B3ae-
mopmitotre miaguku [JHK mosxkwmHOIO Big 300 mo 1 THC. map OCHOB — diAdH-
KU, acolitioBani 3 maTpukcoMm (MAR, Matrix Associated Regions).

IIeTAs
xpoma’rnnono‘i
Pi6puau

\

PdirameHT Hiastuka,
SIEPHOTO acouinosaHa 3
MaTpHKCY marpukcom (MAR)

Puc. 1.13. CxeMa neTeAbHOI opraHisallii XpoMaTHHY

SnepHUE MaTpPUKC — I1e cucTeMa 0iAKOBHX (pirnaMeHTIB, ssKka PopMye
CTPYKTYpHHUH Kapkac gapa. Ha mepudepii aapa posramoBaHa ocobauBa
YacTHHA MaTpPHUKCY, acolilioBaHa i3 BHYTPIIIHLOIO SIEPHOI0 MeMOPaHO —
sidepHa namiHa. Big aaMiHU BcepeauHy dnpa MPOTITHYTI pinaMeHTH BHY-
TPIIIHBOTO SAAEPHOr0 MATPHUKCY. 3 AaMiHOIO B3a€MOJi€ 3HaYHA YacTUHA
reTepoxXpoMaTHUHy, 30KpeMa IeHTpPoMepH ¥ TeaoMepu XpoMocoM. Eyxpo-
MaTHHOBAa YacTHHa XPOMOCOMHU "3BHUcaE" BCEpPENUHY Aapa, A€ XPOMaTHHO-
Bi IeTAl 3aKpINAIOIOTECH HA BHYTPIIIHINA 9acTWHI MaTpHUKCY. Y pe3yAbTaTi

XpoMocoMa 3afiMae IIeBHY 30HY B 00'€Mi gapa — XpOMOCOMHY Mepumopiio.
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Tenernka

Xpomocomm

Y coMaTHYHHX KAITHHAaX IepeBayKHOI OIABIIOCTI 6araTOKAITHHHUX Op-
raHi3MiB icHye moABiHHUI (mapHHUM) Habip XPOMOCOM: 20MON02iuHi XPOMO-
COMM KO3KHOI ITapu MIiCTATh Mmatixe oqHakoBi Moaekyau [AHK i3 maiixe on-
HAKOBHM HabOpoM TIeHiB, $Ki po3TalloBaHi B3A0BXK Moaekyan J[IHK
B OOHAKOBOMY [ASl IBOX XPOMOCOM IMOPSAKY (MaroTh II€BHI BH3HAYEHi Mic-
I8l ¥ XPOMOCOMIi — XpOMOCOMHI nokcycu). TakKM YUHOM, MOXKHAa PO3TASIAATH
2eH sik neeHuil xpomocomHuii noxyc. [Ipu yTBOPEHHI CTAaTEeBUX KAITUH
(2amem) o oxHi€l 3 HUX IIEPEXOAUTE 10 OAHIN XPOMOCOMI BiJ ITapyU TOMOAO-
TMYHUX XPOMOCOM (OMB. IIpollec MeHO3y, OMHCaHHI HHXK4Ye) — cTaTeBa KAi-
TUHA MICTUTH OOUHApPHUHU (2annoionuii) Habip xpoMocoM. BinmosigHo, npu
3aTlAiTHEHHI BimOyBa€eTbCcs 00'€MHAHHS ABOX TaMAOIMHHUX XPOMOCOMHHUX Ha-
OopiB 3 YTBOPEHHSAM Qunnoidnozo Habopy Hamaaka. OCKIABKY IBi TOMOAO-
TiYHi XpOMOCOMH ITOXOASTH BiJ Pi3HUX OCOOMH, BOHU He € abOCOAIOTHO ifieH-
TUYHUMH: II€BHI P€HH MOXKYyThb OyTH BiJCYTHIMHM B OAHIM i3 IOMOAOTIYHHX
xXpoMocoM abo MaTH BiAMIHHOCTiI Yy CBOiX HYKAEOTHIHHUX ITOCAITOBHOCTSX.
Pi3Hi BapiaHTH 0gHOTO r'eHa (AOKYCY) HA3UBalOTh aneasiMu JaHOTO I'eHa.

CAim 3ayBasXUTH, III0 XPOMOCOMHiI Habopu GaraThboX OpPraHi3MiB, SKi
PO3MHOXKYIOTBCSI CTATEBUM IIIASIXOM, MICTATH OOHY IIapy cmameeux Xpo-
Mmocom (YCi iHIIII XpOMOCOMHU HA3UBAIOTh aymocomamu), sIKi IIpencTaBAE€HI
[BOMa HETOMOAOTIYHHMM THIIaMH. 9K IIpaBHAO, OfHA 3i cTaTel € roMmora-
METHOIO (MICTHUTB ABi CTaTE€Bi XpPOMOCOMHM OJHOIO THUILy), iHIIIa — reTepora-
MeTHOI0 (pi3Hi crareBi XpoMocoMmu), Ha YoMy ¥ 0a3yeThbCs BHU3HAYEHHS
cTaTi Hamagka OpU 3aliAigHeHHi (quB. po3mia 6). Caix 3a3HAYNUTH TaKOXK,
10 3a3BU4Yail nid zeHomom eudy posymirome cyrkynHicms nocnidoeHocmeil
AHK y zannoioHomy Habopi. CaMe B 1IbOMY PO3YMiHHI HaBeAEHO OaHi IIo-
10 PO3MipiB reHOMIB i KiABKOCTi XpoMocoM y Taba. 1.1.

Koam raiTmHa Beryriae B MiTo3, mmicag penaikartii JHK (i, BiammosimHo,
TIOABOEHHS TUIIAOIMHOTO HAOOPY XPOMOCOM) IIOYHMHAETHCS YTBOPEHHS Hal-
KOMITAKTHOI MITOTHYHOI XpPOMOCOMH, [AeTaAsl CTPYKTYPHOI opraHizariii sskoi
3aAWINAIOTHCA HENOCTATHBO 3po3yMiaumu. OOHOYACHO 3 KOMIIAKTH3alli€lo
XpoMaTHUHOBOI pibpHAM YaCcTHHA AaMiHU "PO3YUHSIETHCH" pa3oM i3 sAepHOI0
MeMOpaHoIo, iHIIa YacTWHA, pa3oM i3 BHYTPIIIHIM MaTpHKCOM, Iepedymo-
BYETBCS 3 YTBOPEHHAM OiAKOBOIO KapKacy MITOTHYHOI XPOMOCOMH — XPO-
MOCOMHOro ckegondy (scaffold), 3 akum 3aauIalOTBCS 3B'SI3aHUMH OCHOBH
XPOMATHHOBUX IIeTeAb. KOMITakKTHa MITOTHYHA XPOMOCOMA, dKa ITiCAS BiI-
MIOBiTHOT'O 3a0apBAEHHS CTa€ BHUAMMOIO IIifi OIITUYHUM MiKPOCKOIIOM, Ma€e
nBa mnaeda (puc. 1.14), po3air€HUX IEHTPOMEPHOIO ITEPETIXKKOIO.
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

IIaeue
XpoMo-
COMH

IDenTpo-
Mepa

Teaomepa

Puc. 1.14. Cxema mopdoaorii
JBOX TOMOAOTIYHUX MITOTHYHHX XPOMOCOM

LHenTpoMepa, 110 po34iasie ABaA IIA€YA XPOMOCOMH, € MIATHKOIO XPOMO-
COMH, Ha FKi¥ BinOyBaeTbCcd YTBOPEHHS CKAQIHOTO MYABTHOIAKOBOI'O KOM-
TIAEKCY — KiHemoxopy, HeoOXiJHOTO OAs IPUKPINIAeHHS MiKpOTpPyOO4OK Be-
pereHa momiay. Ha mepmmx cramigx MiTo3y yHacAimok pemnaikarii HK
(mMB. HHIKYE) KOXKHa XpoMOCOMa IIPEACTaBA€HA ABOMa CECTPHUHCBKHUMHU
XpoMaTHAaMH, 3'€IHAHUMH MiXK cO00I0 CBOIMH IIEHTPOMEPAMH 3a pPaxy-
HOK 0inoK-0OinkKOoBuX B3aemopiti. [li3Himie BepeTeHO Iomdiay 3abe3riedye
PO3XOMKEHHS MOYipHIX XPOMOCOM (OIHB. OOTOBOPEHHS MIiTO3y HHXKYE).

HoBxkuHa neHTpomepHoi miaguku [JHK cuapHO Bapitoe (Bim 125 map
OCHOB Y OpixkmXKiB Saccharomyces cerevisiae no 0,1-4 MAH map OCHOB
y AIOAVHY). Y AedKUX BHAIB, cKaxkiMmo, y HeMaronu Caenorhabditis elegans
Ta B PIiYKOBOTO paka, OKpPeMi XpOMOCOMH MalOTh AHU(PY3HY LEHTPOMEPY —
MiKpOTPYOOYKH IIPUKPIMAIOIOTHCS I10 BCiM JOBXKHHI XPOMOCOMH (TaK 3BaHi
TOAOLIEHTPUYHI Xpomocomu). Hattuacriure mocaimoBHicTs [AHK B miagnriti
LIEHTPOMEPH IIpeAcTaBA€Ha TaHAeMHUMHU AT-30araueHUMH IIOBTOpPaMHU
1 He MICTHUTB aKTHUBHUX T€HiB. ['OMOAOrii MiXK IEHTPOMEPHUMHU IIOCAiIOB-
HOCTSIMHU Pi3HUX OpPraHi3MiB YU MNE€BHUX KOHCEHCYCHUX MOTHBIB, IpHUTa-
MaHHHUX Aullle HeHTpoMepHi#t JHK, Hemae: mpoBigHy poAb y BU3HA4YEHHI
CTPYKTYPH LEHTPOMEPH BimirparoThb OiaKH, akKi B3aemogitoTh i3 JJHK y mitt
miasgani. leHTpoMepHi GiAKM (omHUM i3 TOAOBHHX €, 30Kpema, CENP A -
aHaaor ricroHy H3, akuii BXOOUTE 10 CKAAy HYKAEOCOM y IIEHTPOMEPHiN
30Hi) 3a0€3TeYyI0Th KOMIIAKTH3AIlil0 I[IEHTPOMEPHOI 30HH XPOMOCOMH Ta
PEKPYTYIOTH IO I1ieil 30HU OiAKH KiHETOXOpY.
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Po3miiieHHsS eHTpoMepH Ha II€BHIM XPOMOCOMI € IIOCTiMHOIO XapakTe-
PHUCTHKOIO: i/l Yac KOXKHOTO KAITMHHOIO TIOMJIAY AOKaaizalligd BHAMMOI MHif
MIiKPOCKOTIOM IIEHTPOMEPHOI MEPETSIKKM He 3MIHIOETBCS. 3aA€XKHO Bifl po3-
MIllIeHHSI NEHTPOMEPH XPOMOCOMH PO3IOMIATIIOTE HA TPH TUITH (puc. 1.15):

* MemayeHmpuuHi XPOMOCOMHU — IIeHTpoMepa AiAUTE XPOMOCOMY Ha
[Ba IAeda, IIPUOAN3HO OTHAKOBHX 3a JOBXKHHOIO;

e cybmemayeHmMpuuHi XPOMOCOMHU — IIEHTpOMepa MiAUTH XPOMOCO-
My Ha [Ba IIA€da, Pi3HHUX 3a CBOE€IO0 NOBXKHWHOIO; IIA€Yi ITo3Hada-
IOTh AQTUHCBKHMH AiTepaMU p (KOPOTKeE IIAede) i g (LoBre Haede);

®  AKpOUEeHmMpPUUHi XPOMOCOMH — IIEHTpOMEpa MiAUTH XPOMOCOMY Ha
[Ba IIA€Ya, NOBXKHHA SKHUX Pi3SHUTHCH HACTIABKH CHABHO, IO ITifT
MiKpPOCKOIIOM KOPOTKIi ITA€Yi MaiizKe He ITOMITHi.

-~
.

a o B

Puc. 1.15. ®oTo TpHOX THUIIB MiTOTHYHUX XPOMOCOM AIOIMHU
(map cecTpHHCBKUX XpoMaTH[, 3'€AHAHUX LIEHTPOMEpPaMH):
MeTalleHTpHUYHa (a), cyOMeTalleHTpuYHa (6), aKpOIeHTPpHUYIHA (8).
CTpiaKOIO TO3HAYEHO LIEHTPOMEPHY IIEPETIAKKY

KoxxHe maeue XpoMOCOMH 3aKiHUYETHCH TEAOMEPOIO — KOMIIAEKCOM Te-
aoMepHoi /THK Ha KiHIII XpOMOCOMH Ta CHEIM(iYHUX TEAOMEPHUX OiAKiB.
JoBkmHa TEeAOMEPHOI MIATHKH Bapiloe B Pi3HUX OpPraHi3MiB (HAIPHUKAA,
y muwi noHan 30 THUC. Iap OCHOB, y aloguHU ix 10-15 Twuc.). Kpim Toro,
JOBXKHWHA TEAOMEPH YaCTO 3aA€XKHUTH BiJl TUILy TKAHUHU, ITpoAidpepaTuB-
HOI aKTHUBHOCTI KAITHHH TOLIO.

Poamip xpomocoM, ixXHSI KiABKICTh, BIiAHOCHHUH po3Mip Ilaeded — yce Iie
€ creuivHOI0 BUA0BOIO XapaKTepUCTHUKOK. CyKyIIHICTE MOPPOAOTIIHUX
O03HAaK, 3a SKHMH MOXKHA OXapaKTepu3yBaTH Habip MITOTHYHHX XPOMOCOM
JAaHOI'0 OPraHi3My (BHAY) HA3UBAIOTh Kapiomunom.

Cain 3ynuHHUTHCH Ha 0COOAMBOMY BHIIAZIKY, KOAHM OKpPEMi XpOMOCOMH
MOJKHa ITI00aYUTH 3a OOIOMOTOIO0 OIITHYHOIO MIiKpPOCKOIIA HE AHIIE IIifT
Jac MiTo3y. Y OedKHX KAiTHHaxX (pi3HOMAaHITHI TKAHUHH AMYMHOK KOMax,
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

KAITHHH TPodobAacTy y ccaBIiB, KAITHHH 3apOAKOBOTO MiXypa B POCAUH
TOIII0) XPOMOCOMH MAalOTh TIraHTCBHKI PoO3Mipu ¥ BuauMmi nocrtiiino. lle
CTa€ MOXKAMBHM 34 paxyHOK TOTO, III0 XpOMOCOMa CKAQOA€ThCA HE 3 O-
Hiel moaekyau [IHK, a 3 mekiAbKOX COTEHBb i HaBiTh THUCSY iAE€HTHUYHUX
MOAEKYA, sIKi HAaKOIIUYYIOThCH B pe3yAbTaTi 0araTopa3oBoi pemnaikariii 6e3
IPOXOZKEHHA KAITHHOI MITOTHYHHUX IIOHiAIB (eHmopexyraikaria). Taki
XPOMOCOMH Ha3UBalOTh noaimeHHumu. 3arasoM pelaikallis 6e3 HacTyII-
HOT'0 TIOMIAY KAITMHH HNPUBOAUTH OO0 BHHHUKHEHHd O0araThboxX HabOOpiB MoO-
aekyA [JHK — noninnoiouzauii (muB. po3mia 4). Aae Ha BiAMiHY BiA IOAi-
IIAOITHUX KAITHH, IIPU IIOAITEHIiI omHaKoBi Komii Moaekyau [IHK koHTak-
TYIOTH MiXK CO0O0I0 IT0 BCiHl MOBKHHI, 1110 ¥ JO3BOASIE TIOOAYHUTH X IK OOHY
TIraHTCBHKY OEKOHIEHCOBAHY XPOMOCOMY.

[ToaiTeHHI XPOMOCOMU Ha IIUTOAOTIYHUX IIperaparax MaloTh Xapak-
TepHY IOIepedyHy IIOCMYyTOBaHICTh: TEMHI CMyTH (Oucku, abo xpomomepu)
YepPryThCHd 3i CBITAUMH (MIKOUCKAMU), CTBOPIOIOYU CIIEIU(IiYHUN AH-
1I1e OAsST JaHOI XPOMOCOMH MaAlOHOK. BBaxkaeThbcsd, 110 B 06AaCTi AHUCKIB
IIepeBaXkHO PO3MIIllEHHI I'eHH, aKTHBalligd SKUX 3YMOBAIOE XapaKTepHe
3QyTTd OAVCKAa — [IOSIBY TaK 3BAaHOTO nyga. BeAukuit po3mip moaiTeHHUX
XPOMOCOM, MOZKAHBICTH JOCHTH AETKOI imeHTHdiKamii KOHKpPEeTHUX Te-
HOMHUX MIATHOK, XPOMOCOMHUX IIepebyZiI0B TOLIO — YyCE I1e POOUTH IIO0Ai-
TE€HHI XPOMOCOMHU 3PYYHUM OO0'€KTOM [OOCAIIZKEHHS B IIUTOT€HETHIL.
BioaAorigyHa poaAb IOAiTEHil, MOKAWBO, ITOB'A3aHa 3 BUCOKOIO MeTabOAid-
HOIO0 aKTHBHICTIO I€EBHUX KAITHH.

PEIUIIKALIJI JHK

KomMmnaemeHTapHe cHaploBaHHS HYKAECOTHAIB y CKaani HOABIHHOI
caipaai JITHK HeraiiHo BKa3ye Ha MeXaHi3M KOITIFOBaHHSI T'€HETUYHOI iH-
dopmariii magxom penaikariiii. Cuares [JJHK BigOyBaeTbcsa IIpu penaika-
ii 3 BUKOPHUCTAHHAM 000X MOAIHYKAEOTHUIHUX AQHILIOTIB 9K MaTpPHIb —
3a TaK 3BaHUM HANIBKOHCEP8AMUBHUM MEXAHIZMOM: OBi NOYipHiI Moae-
KyAHU-KOIIii MicTSTh OAUH MaTepPUHCHKUM AQHIIOT (L0 CAYKHB MaTpHU-
11€10) i OMWH AQHIIOT, CUHTE30BaHUH de novo. BKAIOUeHHS HYKA€OTHUIB
[0 AQHIIOTA, 110 CHHTE3YETHCS, JETEPMIHYETHCSI MaTPUIIEIO 38 IIPUHIIU-
IIOM KOMIIAeMeHTapHocTi. Ba3oBi MoaekyadapHi MexXaHi3MHU pernaikarlii
€ CITIABHUMH JAY BCiX OPTraHi3MiB.
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3pocrannsa aauitora [JJHK BinmOyBaeThcs B HaANpAMKY Bim S'- mo 3'-KiHId.
Cybcrparamu peakiiii € 3'-kiniieBa OH-rpyna ge30kcupu603u 3p0oCTardoro
AQHITIOTA Ta Oe30KCUpuOoHyKaeoduaTpudocdatu (puc. 1.16). depmeHT,
10 KaTaaisye 1o pearuiro, — JHK-3anexHa [JHK-nonimepasa.

docdar
8

Ae30KCHpHOOo3a

5
m&& m&&
5

Puc. 1.16. Cxema JHK-nmoaimepa3sHoi peakirii

Pemaikamia [JHK mnodymHaeTbCs 3 HEBEAWKOI MIASHKU — OPUOIKUHY
(origin), me 3mificHIOETBCS iHiIlialliss Hpollecy, TOAOBHUM MOMEHTOM SIKOi
€ po3xomxeHHsa aaHirroriB JAHK. [Jaai 3 XxomoMm pemnaikariii Takuii pensika-
musHull mixyp (puc. 1.17) po3pocTaeThbCcd y ABOX IMPOTHUAEKHUX HAIIPIM-
kKax. Ha koxxHOMy OOIli MiXypa iCHye Tak 3BaHa peniikamueHa 6UKA,
B OCHOBI gKo0i ¥ BinmOyBaeTbcda cunTe3 [JHK.

Aingupyrouni
AQHIIOT
5 OHK-nmoaimepasa

o

AaHuror, M0 3aNi3HIOETHCSI
- dparmenTn Oka3saki

Puc. 1.17. PenaikaTUBHHE MiXyp — ABi pelAiKaTUBHI BHAKH,
SKi IIePEMIIyIOTbCH Y IIPOTHAEKHUX HAIIPIMKaX
(aaHITIOTH, IO CHHTE3YIOTHCS, IIOKA3aHO TiABKHU [IAS OAHI€T 3 HUX)
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

Y KOXKHIM pemnAiKaTHUBHIN BHALL HOpalfoloTb ABi Moaekyan JIHK-1ioai-
MepasH, IO 3OiHCHIOIOTh CHHTE3 ABOX IIOAIHYKAEOTHIHHX AAHIOTIB. OCKIiAb-
KU [Ba AQHIIOTH € aHTUIIapPAaA€ABHUMH, a CHUHTEe3 3iMCHIOETBHCH TiABKU
B HaIIpIMKY Bif 5'- mo 3'-KiHIIF, TO CUHTE3 TiABKH OJHOTI'O 3 AQHIIIOTIB MOXKE
BinOyBatucs (i BinOyBaeThcs) Oe3riepepBHO, TOYUHAIOYUCEH Bi/l OPUIKUHY
(puc. 1.17). Lle#t aaHIIOr HA3UBAIOTh Jidupyrouum, Horo 3'-KiHelpb po3ra-
IIOBaHUM 1TOOAM3Y BiZl OCHOBH penaikaTHUBHOI BUAKU. CHHTE3 iHIIIOTO AaH-
Iora po3nouuHOEmMsbCsl Bil PENAIKATUBHOI BHAKH: CHHTE3YIOTHCS OKpPEMi
dparmMeHTH — TakK 3BaHi paemernmu Okasaki, 9Ki IIi3Hille 3'€IHYIOTHC
MixK coboro. [Iasg cHHTe3y KOXKHOIo 3 (pparMeHTiB Tpeba CIIoYaTKy 3BiAb-
HUTU IIEBHUU IIPOCTip HA MaTPUYHOMY AQHITIO31 — IIEPECYHYTU perAiKaTH-
BHY BUAKY BIiepen (puc. 1.17); BinmoBigHO, pparMeHTapHUN AQHIIOT Ha-
3UBAlOTh JIAHUK20M, WO 3anizHoembes.. CepeaHs INBUIOKICTH peraikarrii
Ha OOHY PEHAIKATHBHY BUAKY CTAHOBHUTH ~750 HYKACOTHIIB 3a CEKyHIY
B OakTepiii, 60-90 HyKA€OTHOIB 32 CEeKyHAy B eykKapiotiB. CuHTEe3 OakTe-
piaapHOI XpomMocoMu BinbyBaeTbcsa 3a ~50 xB, moBHa penaikaitia [JHK ey-
KapioTUYHOI KAITHHHU — 32 KiAbKa TOOHH.

Hingauky [HK, ge 3milficHIOETBCA peTAiKallid, gKa PO3MOYNHAETHCS
3 ofHiel TOYKM, HA3UBAIOTh penikoHom. BakTepiasbHa XpomMocoMa 4acTo
MICTUTB TIABKU OOWH OPUIKHUH (30KpeMa, B E. coli) — aBage co000 equHAHI
pemnaikoH. Y aeakux OakTepilt Moxke OyTH ABa PENAIKOHH Ha XPOMOCOMY.
EykapioTuyHa XpoMocoMa € IIOAIPEHAIKOHOM — MiCTHUTh BEAMKY KiABKICTh
TOYOK iHirfiamii. 3araaoM reHoM, HAOPUKAA[ CCABIIB, MICTUTH OAM3BKO
40 Tuc. opuaxkuHiB. Po3Mip eykapioTHYHOI'0O pemnaikoHa Bapitoe Bixm S0 mo
200 TuHc. map oCHOB, 110 36iraeThbcs 3 po3MipaMu IEeTEeABHUX NJOMEHIB Xpo-
MatuHy. OTKe, XpOMaTHHOBA IIE€TAS — 1I€ OMH PENAiKOH, a OpPUIKHUH 30i-
raeThbcs 3 MIASHKOIO, acolifioBaHOO 3 gAepHUM MaTpukcoM. CycigHi peri-
AIKOHU €yKapioTHYHOI XpOMOCOMH BPEIITi-pellT "3ycTpidaroThes”, yHACAI-
[IOK 4O0T'0 yTBOpIoloThcsd ABi Korrii JIHK xpomocomu.

Biavmoricts [IHK-mmoaimepas MaroTh ABi pepMeHTATHBHI aKTUBHOCTI:
BAACHE NoJ/iMepas’Hy, 3a paxyHOK dKoi mo 3'-KiHIId AaHIIora, 110 CHUHTEe-
3y€ThbCd, IPUEAHYIOTBCA HYKACOTHAH, 1 3-eK30HyK/easHy, sKa BUKOPHUC-
TOBYETBCS OASI PelaryBaHHS IIOMHAOK — BiAIIENIA€HHS ITOMHAKOBUX HYK-
A€OTHUIB, IMOWHO HnpuenHaHux no 3'-kinng. JHK-moaimepaza € mpenu-
31IHHUM MOAEKYASIPHUM HPUCTPOEM: ii ImoaAiMepasHHH aKTUBHUU IIEHTP
3abe3riedye BIi3HAHHS KOMIIAEMEHTAPHOTO HYKACOTHUAY B CKAQi MaTPHILL
HyKAeo3uaTpudocdarom, NpUEAHYE IIe¥ 4eproBUM HYKAEOTHI [0 3POC-
Talo4yoro AaHipra (puc. 1.16) i nepecyBaeTbcs Ha OOUH HYKAEOTH[ yIIe-
pen y3[0BXK MaTpHlli, 3HOBY IIOBTOPIOIOYM BKasaHi ollepallii 3 HacTyII-
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HUM HyKAeoTHAOM. IIpyu 1iboMy yacToTa IIOMHAKOBOTO BKAIOYEHHS HYK-
AeoTHIB 3abe3nedyeThbcd Ha piBHI ~10-5. Aae ockiabku [IHK cuHTe3yeThCH
"pa3 i HazaBxkau'" Hepen ii Iepegadero HallagkaMm, TaKUH piBeHb IIOMU-
AOK HE MOXK€ BBazKaTHCS 3aJ0BiABHHUM. SKIIO BHACAILOK NIpUENHAHHS
IIOMHUAKOBOTO HYKAEOTHUAY yTBOpHAACH HEKOMIIAEMEeHTapHa (TobTo He-
crabianbHa) IMapa OCHOB, CIpallbOBYyE HYKA€A3HUH aKTUBHUH IIEHTpP, IIO-
MHAKOBUM HyKAeoTH[ Bimmenawerbes, i [JHK-moaimepasa 3miHicHIOE
HOBY CIIpo0y MOJOB3KEHHS AQHITIOTA. Y PE3yABTATI TAKOI OCITHALINI ITOAi-
Mepas3u 3 IIepeMUKaHHIM aKTUBHOCTI MiXK ABOMa IEHTPaMU pPiBe€Hb IIO-
MHAOK 3HHXKYyeTbCS A0 ~10-8. OcraToyHa dYacToTa IIOMHAOK CTaHOBUTDH
~10-10 3a paxyHOK aKTHBHOCTI CHCTEM pelapamnii (ZuB. HHXKYe), sKi
CIIpalbOBYIOTH i Yac i Bimpasy micas peraikarii.

[Bi JTHK-mmoaiMmepasu, 110 OpamiooTh V perAiKaTUBHIH BHAL, 00'emd-
HaHi B CKAQIHUH MYABTHOIAKOBHI KOMIIAEKC — pensicomy, KOMIIOHEH-
TaMHU SKOi € TaKOXK IHII BasKAUBI CTPYKTYPHI Ta (PYHKIIIOHAABHI MOIYAI:
OJHK-reaikaza — ATP-3asekxHa MOAEKyASIpHA MalllMHA, 10 PyHHYE IO-
OBIHY CcIIipaAb IIOIEpeay Bi[ pemAiKaTHBHOI BHAKY; IIpaiiMa3sa, sgKa
3abe3neyye cHHTe3 IpaiiMepa — KopoTkoi miasHkum PHK Ha mouatky
KoxXHOro ¢parmeHTa OKazaki, IIicAgd dYoro mnpadiMep MHTOOOBXKYETHCH
OJHK-mmoaimepa3zor (cama AHK-mmoaimepasa He 3maTHa iHIYyiroeamu CHUH-
Te3 HYKA€IHOBOI KHMCAOTH, & MOIKe€ TiAbKH IIPOJAOBXKYBaTHU CHHTE3 ITpai-
Mepa); KOMIIOHEHTH, L0 COPUAIOTH yrpuMmaHnHio [JHK-nmoaimepas y pemn-
AIKaQTHUBHIH BHAIIl TOIIIO.

PHK-npaiimep Ha modaTky KoxHoro ¢pparmeHTa OKaszaki mae OyTu
3aMiHeHHH Ha BianoBinHy nocaimoBHicTb JHK. g poGoTa BHKOHYETHCH
3a paxyHOK b5'-eK30HyKAea3HOI aKTHBHOCTI INEeBHUX (PEPMEHTIB, ITicad
yoro [JHK-moaiMepasa 3aIllOBHIOE MPOTAAMHY MiXK CyciaHiMu dparMmeH-
Tamu Okaszaki. ¥ pe3yabTaTi MixK aBoMa dpparmMeHTamMu OKaszaki 3aauIna-
€THCS ONHOAAHIIIOTOBHUU PO3PHUB, SIKUHM 3IINBAETBHCS II€ OOAHHUM BaiKAH-
BuUM pepmeHToM — [JHK-airazoro.

Y raituHi Escherichia coli npairorors [IHK-mmoaiMepasu TPHOX THIIIB
(mo3HavarThCHd puMCbKUMHU Iudpamu). [Bi 3 Hux (I Ta III) HasexxaTe oo
KAacy HoaiMepas Bucokoi TouHocTi cuHTe3y, JJHK-11oaimepasa II — moaime-
pasa HU3BKOI TOYHOCTI, SKa BUKOPHUCTOBYETHCS B IIEBHUX pellapaliiHux
nporecax. OcHoBHa pernikaTuBHa Ioaimepasa — JHK-moaimepaza III.
JHK-mmoaimepaza I (abo moaimepaza KopuOepra), Ha BiaMmiHy Big iHIITHX
JHK-moaiMepas, Mae TaKOXK AOOATKOBY S'-€K30HYKA€A3HY aKTUBHICTH —
caMe I IIoaiMepa3a ¥ BHKOPHUCTOBYETBHCS IIPH 3'€qHAHHI (parMeHTiB
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

Oxkazaxi mig Jac pernaikarii (Bugasse mpaiiMep i 3alI0BHIOE ITPOTAAUHY),
a TaKOX IIpH penapalliinux nporecax cuHresy JHK.

[T'arey TuniB eykapiornunux [JHK-moaiMepa3 BUCOKOI TOYHOCTI IIpU-
HATO IIO3HA4YaTH IpelbKuMH AiTepamu. OcHoBHUMU [IHK-cunTe3lyrouuMu
(mim wac pemnaikanii Ta penaparii) € JJHK-mmoaimepasn 6 i €. BoHu K 3amnoB-
HIOIOTH IIpOraAnMHy Mixk (parmeHTamMu OKa3zaki, III0 yTBOPIOETHCH IIiCAL
BUJaAEHHA ITpaliMepa II€EBHOIO HyKaeasolk. [loaiMepasa o BHKOPHUCTOBY-
€TBhCH dK IpaiiMasza IIpH iHimiaiii cHHTe3y AILUPYIOYOTo AAHIIOTa ¥ KOXK-
Horo dgparmeHtTa Ora3zaki (cuHTe3dye PHK-mpaiimep i Tpoxu momgoBIKye
tioro axk [JHK). IToaimepasa [ BUKOPHUCTOBYETHCS IIPH €KCIM3iHiHI# pena-
pawii ocHoB Iloaimepa3sa y — penaikaruBHa [JHK-1toaiMepasza MiTOXOHAPIH.

B eykapioTMYHUX KAITMHaX Ipalioe IIe JOCUTHh BEAWKa KiABKICTH
JHK-1ioaiMmepas Hu3bKO1 ToYHOCTI ({, M, 1, K), (PYHKILiS IKHUX ITOASITAE B 3a-
6e3meuenHi cuaTe3y [JAHK y BUIIagKy IMOMIKOMXKEHHS MaTPHII.

XapaKTepHOIO OCOOAUBICTIO €YKapioTHYHOI CHCTEMH pemnaikallii € e,
110 OABOIOETHCS HE IIUPKYASIpPHA, SIK y IIPOKapioTiB, a AiHiliHa MoAe€KyAa
JHK — Taka, o mae aBa KiHIll. YHaCAIDOK Iriei mpocToi oOcTaBUHM Ha
3'-kiHIIgX MaTpudHUx AaHIpOriB JHK 3aaummaroTbCcd OMHOAAQHITIOTOBI
xBocTHU (puc. 1.18): nBa PHK-npaiimepu Ha S5'-KiHISIX AQHIIOTIB, IO CU-
HTEe30BaHi, BUOAAAIOTBHCH, a I[IPOTaAMHa HE MOKe OyTH 3aIll0BHEHOIO,
OCKIABKM HeMae 3'-KiHI"g, SKUH Mir 01 OyTH BUKOPHCTAHUM K IpavimMmep.
OnHOAQHITIOTOBI XBOCTH MiAAAOThCS WMIBUAKIM HyKaeasHiM aerpagariii,
1 micag kKoxkHoOi penaikanii /IHK moBuHHA BKOPOTUTHUCH.

3"
5' AAAAAAA 3

. Ipaiimepu

5 AAAAAAA AAAAAAA 5

!

Puc. 1.18. [IBi noyipHi AiHiitHI Moaekyau JHK micasg penaikarii
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Kinneni miaguku moaekya [JHK, 1110 MicTaThbcd y KAITHHHOMY SOpi, —
TEAOMEPH — CKAQAIOTHCS 3 HEBEAUKHX €AEMEHTIB IIOCAILOBHOCTI (ILUiCTh,
pigire BiciM HyKA€OTHAIB), SKi TAHAEMHO HOBTOPIOIOTECH — TEAOMEPHUX
HOBTOPiB. Y XpebeTHUX i OGiABIIOCTI BUIIMX POCAHMH TE€AOMEPHUU ITOBTOP
€ omnakoBuM — TTAGGG. IlogoB:KeHHSI TEAOMEP IIiCASI penaikallii 3maitic-
HIOETBHCS 3a MOOIIOMOTOIO CIIEIliaABHOrO (QEPMEHTY — mesiomepasu, sKa
€ PHK-3aaexnoro [AHK-moaimepazorw. PHK-MaTpuild BXOOUTH OO0 CKAALY
camoro bepMeHTy ¥ MICTUTBH MIASHKY, KOMIIAEMEHTApHY TEAOMEPHOMY
noBTOpPy. BukopucrToByrouu ii sk maTpuiio i 3'-KiHenp 9K Ipaiimep, Te-
AoMepa3sa IMOKPOKOBO N00ynoBye 0 3'-KiHIF KiAbKa KOITiH TeAOMepa3HOTro
noBTOpy. TeaoMepaza € akKTHUBHOIO y IPoAidpepyrodnx HenudepeHIriiioBa-
HUX KAITMHAaX i B 3A08KiCHO TpaHC(OPMOBAHUX KAITHHAaX i HEAKTUBHOIO —
y AudepeHIiHoBaHUX COMATHYHUX KAITHHAX BHUIIMX eykKapioTiB. [leBHe
KPUTHUYHE CKOPOYEHHSI TEAOMED, sIKe BiOYyBaEThCS V TAKHUX KAITHHAX ITiC-
ASI KIABKOX JECATKIB KAITHHHHX IIOMIAIB, € OJHUM i3 KAIOUYOBUX MEXaHi3MiB
aKTHBAllil IporpamMu iXHBOI 3arubeai (ZUB. po3mia 6).

[TomoBxkeHUI TeaoMepa30i0 OJHOAQHIIOTOBHM XBICT BHKOPHCTOBY-
€TBCHA K MaTpPHId A CHHTE3Y IHIIIOTO AAHIIOra 3a 3BUYAMHUM pETAi-
KaTUBHUM MexaHi3MoM. [licag BumasenHa PHK-mpalimepa Ha KIiHIIGX
nmomoBxKeHoi xpoMocoMu (y ckaani G-aaHIOriB, 30aradeHuX Ha I'yaHiH)
3aAWIIAIOTBCA OAHOAAHIIOIOBI 3'-BHpoCTH (9K Ha puc. 1.18). 3a paxy-
HOK B3aeMmogii 3i cmenudiyHUMH 06iAKaMU OJHOAAQHIIOTOBHH BHPICT
"Braryetrbcd" y aBoaaHirrorory [AHK, mopynryiodm mpu IIBOMY BOIHEBI
3B'I3KH AYIIAEKCA: YTBOPIOETBHCS 3aKpUTa (popMa TEAOMEPH, IO HA3U-
BaeThbcd t-ieTaelo (puc. 1.19).

Puc. 1.19. Cxema opranizamii t-mmeTai
B TEAOMEPHIH MIATHIII XPOMOCOMH

OcHoBHa (PyHKIIA t-TIETAI IOAATAE B 3aXUCTI KiHIIIB AiHIHHOI MOAEKYAH
JHK Bin merpapariii eK3oHyKaeazaMH Ta B TOMy, 100 3pOOHTH KiHEIb
XPOMOCOMHU HEIIOMITHUM [Ad pellapaliffHuX CHCTEM: Binkputa dopma Te-
AoMepH Oyae COpUMMATHCA pelapalifHUMU CHCTEeMaMH sIK PO3PHUB, IO
MOXKe IIPU3BECTH A0 00'€IHaHHS KiHIIB ABOX Pi3HUX XPOMOCOM.
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PETTAPALIISI MTHK

Penapaitia [IHK — oguH i3 3araAbHUX 0GiOAOTIYHHX MPOIIECIB, CIIPSIMO-
BaHUY Ha BUIIpaBA€HHS IIOMHAOK cuHTe3dy [AHK mpu penaikariii, a Takox
YHCAEHHUX IOIIKO/KEHb, 1110 BUHUKAaTh y JAHK yHacaigok mgii xiMigvHHX
i dismgHux QakTopiB. [J0 TaKMX MNOMIKOKEHL BiMHOCITH Pi3HOMAHITHI
xXimigHi Moamcikamii a30THCTHX OCHOB, KOBAaA€HTHI 3IIMBKH CYCiIHIX ITi-
PUMIOVHIB (YTBOPEHHS IIipUMIIWMHOBHUX, Half9acTille THMiHOBUX, JUMEPIB)
mif mai€ero yABTPadioAeTOBOTO BUITPOMIHIOBAHHS, O/HO- 1 JBOAAQHITIOTOBI
PO3pHBH, 110 BUHUKAIOTH IIiJ Ai€l0 i0Hi3yro4uoi pasgiallii Ta BiABHUX pagu-
KaaiB Tommo. YacTo cucreMHu periapariii mpalroroTh I gac abo Bimpasy
micas peraikarii. BiapniicTs pernapallifiHux IpolieciB mnepeadadae BUOA-
A€HHS IIOIIKOMKEHOI OJHOAQHIIOTOBOI MIAGHKHM 3 HACTYIIHHM CHHTE30M
JHK 3a nmonmomororo JIHK-moaimepas. Aae € #1 Taki mporiecH, 1110 HOB'sg3aHi
3 Oes3riocepeqHiM "BHIPaBAEHHSM' IIOIIIKO/KEHOIO €A€MEHTAa 3a PaxXyHOK
npamoi ail meBHUX PEPMEHTIB (npsima penapauyis).

XKomua penapartifina cucrema He Mae 100-BigcoTKOBOI epeKTHUBHOCTI —
YyacTHHAa IIOIIKO/KeHb 3aaumaeTbesd B JIHK, yHacainok yoro BigOyBaroThb-
cd 3aMiHM HYKACOTHIIB, yTPaTH IASHOK IIOCAIZOBHOCTI Ta iHIII HOpy-
IIeHHS CIIaAKOBOi IIporpamMu — mymauii (OeTaAbHillle IPO MiHAUBICTE Te-
HETUYHOTO MaTepiaay HaeThcs B po3fiai 4). 3po3ymiso, M0 MOPYIIEHHST
penapamifHuX CHUCTEM HNPUBOAATH A0 ITiABUINEHHS YaCTOTH MyTallil —
IIPUCKOPEHHS MyTAallillHOTO IIPOILIECY.

IIpsima pentapaiiisa

HatioyeBuaHINIAM BHUIIAAKOM OPAMOI perapamnii € 31MUBaHHS OJHOAaH-
mmrorosoro po3puny [AHK airazoro.

[HITUM CITIABHUM [As GIABIIIOCTI KWBHUX OPraHi3MiB (3a BHHSITKOM,
HaIIpUKAaQ, CCaBIIiB) HIASXOM IIpPsMOi pemnapallii € Tak 3BaHa gomope-
axmueayiss — pyHHyBaHHA IIipUMIAUHOBUX aAuMepiB (puc. 1.20), iHOyKO-
BaHHUX YABTPa@ioAeTOBUM CBiTAOM, pepMeHTOM ¢pomosiaszoro. Poroaiaza
(abo ii BaacHi aMiHOKHCAOTHI 3aAWIIKH, abo 3B'a3aHi 3 6iAKOM mpocTte-
TUYHI I'PyNH) 37aTHA IOTAMHATH CBITAO, IO 3yMOBAIOE aKTHBallilo dep-
MeHTy. ToOTO CBiTAO, BUKAMKAIOYH YTBOPEHHS HNipUMHUAWHOBUX AUMEPIB,
OHOYACHO AaKTHUBYyeE (oToaialy, gKa KaTaaidye poO3pHUB KOBAAEHTHHUX
3B'A3KIB MiX CyCigHiMH mipumiguHamu (puc. 1.20) i, TakuM YHUHOM, BifO-
HOBAE€HH4 cTpyKTypu [IHK.

35



Tenernka

ZT
\ A

o) N
He | | O
N—|L
Oj N
HsC

Puc. 1.20. TumiHoBuii numep

OpmHuM i3 3araAbHUX HOINKO/KYIOYNX BHAUBIB Ha [JHK € ankinyeaHHs
a30THCTHUX OCHOB — KOBaA€HTHE NPUETHAHHS METUABHUX YU ETUABHHX
rpyn go aromiB O abo N. I[Ipama pemapalliss TaKHUX ITOIIKOIXKEHb € MOXK-
AWBOIO 34 PaxXyHOK aKTUBHOCTI crieludivHUX METHUATpaHcdepas, 1o Bia-
HIETIAIOIOTh METHUABHI TPYIIH.

Excunsiniaa penapanis

Biapmr paguKasbHUM i €(DEKTUBHHUM IIIASIXOM BHUIIPABAEHHS ITOPYIIEHb
HYKACOTHIB € eKCIH3iliHa periapallisd, KOAU OMIKO/ZKEeHA OHOAAHI[IOTO-
Ba miasgHka Bupizaerbesa 3 [JJHK, a iHIIIME AQHITIOT BUKOPHUCTOBYETBCS OaAi
gK MaTPHILII JAT HOBOT'O CHHTe3y. IcHye nBa BapiaHTH Takoi perapartii.

[Ipu excuuusiiiniii penapauii asomucmux ocnoe (Base Excision Repair
— BER), 1o Big0OyBaeThcsa B yCiX opraHidmiB, MoaudikoBaHa a30THCTA OC-
HOBa PO3IMI3HAETHCS (pepMEHTOM, SKHUH BifINeraroe ii Bif me30KCHpHO03U
(puc. 1.21). Y [OHK 3aaumiaerbcsa Tak 3BaHuil All-caliT — arypuHO-
Bui / anipuminuHoBuii. llle nBa pepMeHTH BUAAASIOTH AE30KCHPUO03y B
All-catiTi, i B JIHK 3aAuniaerbca nmporasnHa JOBKUHOIO B OIUH HYKAEOTHI.

g nporaauHa 3arnoBHIOeTbcs [JJHK-moaimepasoro B (B eykapioTiB), SKa
npuenaye HykaeoTug a0 3'-OH rpynu nornepeaHboro HYKACOTHOAY AAHIIOTA.
docdoniedipHril 3B'930K NPHUEAHAHOTO HYKACOTUAY 3 HACTYIIHUM HYKAe-
OTHUIOM AQHIIIOra BiJHOBAIOETBHCSI AIra3ol. Y IIPOKAapioTiB 3aIllOBHEHHS
nporaanHu 3aiticHoeTbed [JHK-mmoaimepasoro 1.

Excuyusiiina penapauis nykneomuodie (Nucleotide Excision Repair — NER)
— 1Ie IIALX, TIOB'sI3aHUM i3 BUPI3aHHAM OJHOAaHIoroBoi miagauku [JHK, aka
MIiCTHUTB IOIIKO/KEHH (MOAN(IKOBaHY OCHOBY, THMIHOBHU AUMED TOILIO).
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/Aso’rnc’ra OCHOBAa
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Puc. 1.21. Excriusiiina penapallig a30THCTHX OCHOB.
[NomkoazkeHa oCHOBa 3abapBAeHA YEPBOHUM

Y raituHax E. coli 3a med maax BiamoBimae a cucrema uvrABC (uvr —
ultra violet repair). Kommiaekc 6iaka uvrB i gBox 0iAKiB UvrA yrmi3Hae mo-
IIKOIKEeHHd Ta 3B'a3yeTbecd 3 JIHK y npomy micmi (puc. 1.22). Ha Hacrym-
HOMY KpoLli Big0yBaeThca 3MiHa KoH(popMmarii uvrB, surun [AHK i gucorri-
amig uvrA. o KOMIIAEKCY pPeKpyTyeThcsa Oinok uvrC. Ob6upBa 6iaku
Yy CKAali KOMIIA€KCY HabyBaloTh €eHAOHYKA€Aa3HOI akTUBHOCTI: uvrC poOUTh
OTHOAQHITIOTOBHH PO3Pi3 y MOIIKOIKEHOMY AAHITIO31 32 KiAbKa HYKAEOTHU-
[iB y HaIpAMKy 00 S'-KiHIIG Bifl IIOIIKOMXKEHHSH (AiBOpyd Ha pHc. 1.22);
uvrB — po3pi3 3 inmIoro 60Ky Bix nmomkomkeHHs. [daai JJHK-reaikaza uvrD
py¥Hye NoABIMHY cHipasb MiXK ABOMa po3pizamMu, TOOTO BHIAASE IIOLUIKOI-
XKeHy OiagHky. [IporaamHa, mio 3aaurnuaacs, 3anoBHIOeTbca [IHK-moai-
Mepaso:o I, Airaza ocTaTOYHO BiJHOBAIOE ITiAICHICTH AQHITIOTA.
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TumiHOBHE AHMep uvrA
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AHK-noaimepa3sa,
Airasa
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TTIT TTT ATP

-
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Puc. 1.22. Cucrema uvrABC ekcrusiiinoi penapanii HykaeotuaiB y E. coli

AnanoriuyHa cucremMa eKCIM3iHHOI pernaparii, 10 9Koi 3aaydeHo OAN3b-
Ko 17 0iAKiB, IIpaIfioe B €yKapioTUYHUX KAITHHAX.

Penapanis HeKoMIJIEeMeHTapHMX IIap OCHOB - MiCMeT4iB

Hes3Bakaroum Ha penaryBaHHS IIOMHAOK ITiJl Yac peIiAikallii, meBHa Ki-
ABKICTh HEBIPHO CIIapEHHX OCHOB 3aAHIIAETHCSI B CHHTE30BAHUX AQHIIO-
rax JHK. 3posymino, mo npu penapanii Takmx micMeTdiB (mismatch)
i3 IBOX HEKOMIIAEMEHTAapHUX HYKAEOTHIIB 3aMiHUTHU CAil came TOH, II0
BXOJUTH 10 CUHME308aH020, a HE 10 MAMPUUHO20 AQHIIOTA.

Y OakTepiaAbHIN KAITHHI 3a periapaliifo MiCMeTdiB BiAlIoBizae cucreMa
mutHLSU. Tlo GakTepiaanbHOMYy IeHOMY PO3MOMiA€Hi (Ha cepenHill BiacTaHi
256 map ocHOB) KOpoTKi nocaitoBHocTi CTAG (gki € maaiHApoMaMHu — 4uTa-
IOTBCSI OHAKOBO B 000X AaHIIorax Bif S5'- mo 3'-KiHIlS), A€ afeHiH Mii1acTh-
CH [OCTPENAIKATHBHOMY METHAIOBAHHIO. AA€ MEBHHU dac ITiCAS peraAikariii
METHABOBAHUM € AHWIIIE MaTpUYHHUN (MaTepUHCHKHUH) aaHItor. Came 3a ek
Jac i crpaipoBye cucreMa perapariii (puc. 1.23): 6iA0K, IO ITO3HAYAETHCS
dK mutS, ymizHae micmerd i pekpyrye 6inok mutl, ocraHHi#i B3aemomie
3 nBoMa Oiankamu mutH, sKi 3B'93YIOTBCS 3 TETPAHYKACOTUOHUMHU ITAAiHIPO-
MHHMH CaiiTaM¥ 10 o0uaBa OOKHM Big MicMerda. Y CKAai yTBOPEHOTO KOM-
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aekcy mutH HabyBae eHIOHYKA€a3HOi aKTUBHOCTI ¥ pOOUTH OTHOAQHIIOTO-
BUI po3pi3 ¥ HemMemuis08aHOMY AAHIIO31 B MeKax OHOIO i3 calTiB (0oMH i3
IBOX CaMTiB 0OMpaeThcd BUNAAKOBO). [laai reaikaza mutU (Toii camuii GinoK,
oo ¥ uvrD) posmnaitae NOABIMHY CITipasb, a eK30HYKAea3a PYUHYE AQHIIOT
Big po3pidy mo micMeTrda i Tpoxu Aasi. HapernTi mporasvHa 3artoBHIOETHCS
JHK-mmoaimepa3zoro 11l i omHOAaHITIOTOBUH PO3PHB 3IINBAETHCS AIra30¥0.

— CTMAG G CTMAG —
~ GATC T GATC —

O

Puc. 1.23. Cucrema penapartii micmerdiB mutHLSU

Cucrema mutHLSU € KOHCepBaATHBHOIO, TOMOAOTIYHI OiAKM IPHCYTHI
TAKOXK 1 B eyKapioTiB. MeTHAIOBaHHA aflcHiHy He BHKOPHCTOBYETBHCS OAS
JOUCKPUMIiHAIl{ AQHITIOTIB: 0iAKH €yKapiOTUYHOI CHCTEMH periapaliii MicMeT-
4iB moB'd3aHi 3 pemnaicomoro Ta aaHioramu [JHK, 1110 cMHTE3yI0THCH, TOOTO
CIIpallbOBYIOTE Oe3IocepeHbO ITifl Yac peraikartii.

Herounum cuaTe3 [THK

[HOmi B KAITHMHI aKTHUBYIOTBCS ITPOIIECH, AKi HPUHHATO TAKOK Ha3UBa-
TH pernapalli€io, Xxoda HacIpaBAi BOHH € 3aCO000M 3MiCHUTH PerAiKaTHB-
Huti cunte3 [JHK, "He 3BepTaiodu yBaru' Ha MHOIIKOIXKEHHS Ii CTPYKTYPH.
PenaikaTnBHa MaltuHepis 3a3BU4Yail 3yNHUHAETHCH, 3yCTPidarody IIOLIKO-
[DKEHHd Yy CKAai MaTpuil. SKIIO TakKMX MOMIKOIKEeHb HaaTo Oararo,
¥ icTuHHI penapalliliHi CHCTEMH HE€ BCTUTalOTh iX BUIIPaABUTH, IIepeMHU-
KaHHsS Ha HerTouHu# cuHTe3 [JHK mae kaiTHMHI m1aHc Ha BHUXKUBaHHS.
[TomKoAXKEHHSI IIPHU IIBOMY 3aAWIIAIOTHCH, 10 CIIPUYNHIOE BUHUKHEHHS
MyTalif. Yci mmporecu TakKoro THUILy 3a3BU4yail 00'€qHYIOTH IiJl Ha3BOIO
SOS-penapauii, abo (110 TouHiIe) — MexaHi3MiB cuHTe3y [JHK, ToaepaHT-
HHUX 00 NoInKomKeHb (damage tolerance mechanisms).
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Y nmpokapioTiB mepeMHUKaHHS Ha HeaKypaTHUH CUHTEe3, KU M03BOASIE
[I0AaTH IIepelrkoau, BinOyBaeTbcs 3aBagaku 3amiHi JJHK-moaimepasmu III
Ha moaiMepasy HHU3BKOi TodHocti cuHTe3y — [JHK-mmoaimepasy V (mmoaime-
pa3a aKTUBYETBHCH Y BiAIIOBiAb Ha HECIIPHUSITAMBI yMOBH, CKaxXiMo, Ha
yAabTpadioseToBe OIIPOMiHIOBaHHd). llg moaiMepasa BcCTaBAs€ HaAIpPOTH
THMIHOBOTO AUMEPY ABa MOBIABHI HYKAECOTHAU (BUHUKAE MyTallis), MHiCAd
yoro 3aMiHmoeTbca Ha [IHK-moaimepasy III, aka npomoBKye TOYHHU
cuHTe3. Kpim TOro, moaaTu HEBEAUKi OQHOAQHITIOTOBI IIpOrasAWHU IIpU
SOS-penaparii nonomarae [JHK-moaimepasa II — iHIia moaiMepasa HU3B-
KOI TOYHOCTi. AHAAOTIYHHUM YHMHOM II€PEMHKAHHS Ha II0AiMepa3y HHU3BKOI
TOYHOCTI BiAOyBa€eTbCs ¥ B €yKapioTiB y pas3i HAgBHOCTI B MaTpHIl IO-
HIKO/IXKEHHUX OCHOB, HMiPUMiIUHOBUX AUMEPIB TOIIO.

[HmIM# mIAgx 3aifiCHEHHS peraikallii, OMHHAIO4YM IIOMIKOIKEHHS
y CKAQl MaTpHLi, OTPUMAaB Ha3By nocmpennikamueHnoi (pexombinauiiinoi)
penapauii. 3a HAIBHOCTI IOIIKOIXKEHHS (HaIIpHKAaL, TUMIHOBOTO AUMEDPY)
periaicoma Mozke Horo "o0ilTH", 3aANIIUBIIN IIPOTAAMHY B AQHIIO31, 110 CH-
HTe3yeTbcd (puc. 1.24). Y npboMy BHUNAAKY Ha ii MicIle IIAIXOM IOMOAOTIYHOL
pekombOiHarli (mpo Hei HTUMeThCS Y BiAIIOBITHOMY HiIPO3/IiAil) BCTABAIETHCH
OiagHKa cecTpUHCBKOI MoaeKyau [JHK. IIporaamHa, IO 3aAHMIAETHCH IPU
IIbOMY B CECTPHUHCBKIM MOAEKYAi, AeTKO 3amnoBHIoeThbca [IHK-1oaimepasoro.
9k i mpu SOS-penapailii, ITOMIKOIKEHHT 3aAUIIIAETHCSI i MOXKe OyTH BU-
[IpaBAE€HO Ii3HIIlIe 3aBAIKH €KCIIU3iHHIN perrapartii.

/\ PexomGinamis
/\,\f\¥
—
N
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—

Puc. 1.24. ITocTpenaikaTuBHa (pekoMbiHallitiHa) pernaparttis



Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

Penapaiiisi JBOJIaHIIOTOBMX PO3PUBiB

Touna penapaliis ABoAaHIIOroBoro po3punBy [AHK MoxkamBa aumie mifg
yac abo Bimpasy Ilicag peraikaillii, Koan pozipBaHa MOiASHKa MOxXKe OyTH
BiJHOBAE€HA 3aBASIKH BUKOPHUCTAHHS CECTPHHCBHKOI MOAEKYAM SIK MaTPHILi
3a MEXaHi3MOM IOMOAOTIYHOI peKoMbOiHallil (QIuB. HUXKYeE).

B immux BuUmagkax ILiAiCHICTH posipBaHuX Mmoaekya [IHK BimHOBAIO-
€TbC B KOHCEPBATHUBHOMY [AS BCiX OpraHi3MiB IIpolleci, IKUM Ha3uBa-
€TBCS HezoMmono2iuHUM 3'eoHaHHam KiHuie (NHEJ — Non-Homologous End
Joining, puc. 1.25). 3'egHyroTbcsa npu oMy Oyab-gki Kinmi JHK, 1o, 3a
HasIBHOCTI BEAMKOI KiABKOCTi PO3PHUBIB, NMPUBOAUTH A0 O0'€THAHHS MiAs-
HOK Pi3HHX XPOMOCOM — XPOMOCOMHUX I1epeOynoB (po3mia 4).

Biaxu Ku

TTTTTTITTITITITITII I T
SEEEEEENEIEEEEEEEEEES

Puc. 1.25. Heromoaoriue 3'eqHanHs KiHiis JJHK

KarouoBy poas y nporieci NHEJ Binirparots 6iaku Ku, siki po3nisHaioTh
Kinmi [AHK, 06'eqHyIOTh IX Y HEKOBAAEHTHUM KOMIIAEKC i PEKPYTYIOTH M0
HBOTO HH3KY iHIIHUX OiAKiB. ¥ CKAali KOMIAEKCY BigOyBa€ThCs PO3MAiTaH-
He KiHNeBUX giagHoK /[IHK i momyk MiKporomoaorii — KOPOTKUX KOMIIAE-
MEHTapHUX (YU MaiixkKe KOMIIAEMEHTapHUX) OAHOAAHIIIONOBUX iASHOK,
KOTpi HaaekaThb Pi3HUM MOAEKyAaM. Y pe3yAbTaTi YTBOPIOETHCH KOPOTKUM
OYTAEKC, 3aiiBi OJHOAAHITIOTOBI MIASHKH BiOIIIETIAIOIOTHCH HyKA€a3aMH,
Airaza 3IIMBa€ OJHOAAHITIONOBI po3puBH. TakKuM YMHOM, y IIpoIleci 3'e€m-
HaHH{ Bil0yBa€eTbCs BTPaTa KiABKOX IIap OCHOB.
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IT'OMOJIOITYHA PEKOMBIHAIIIL IHK

CyrreBuM MoMeHTOM icHyBaHHS [JHK y KHBUX cHcTeMax € HE TiABKH
IPOLIECH BimMHOBAEHHS Ta 30epeskeHHd iH(popmallii, dKa MICTUTHCH B II0-
CAIJOBHOCTI HyKA€OTH/IB, a ¥ pi3HOMAaHITHi Aii, cIpsgMoBaHi Ha IIepeTacy-
BaHHs IIi€i iHopMmallii 3 MeTOo CTBOPEHHS HOBHX KOMOiHAaIlifi reHiB.
HaiiBaskAUBIIIOIO cepe/ MOiOHUX omepalliii € TOMOAOTIYHA peKoMOiHalla —
OOMIiH miASHKaMM MixK HOCHTH HOBTHMH MoaekyAramu [IHK i3 romoaoriu-
HUMH IIOCAIMOBHOCTAMH I1ap OCHOB. Takmuil mporiec BigOyBaeTbcd B yCix
OpraHiamiB, KOTPi PO3MHOXKYIOTBCS CTAT€BUM IIASIXOM, MiK IOMOAOTIYHU-
MH XPOMOCOMaMHU IIPU MeM03i (y mpolieci yTBOPEHHS CTaTEBUX KAITHH).
Tako3K roMOAOTIYHA PEKOMOIHAIIA MOXKAWBA B IapaX TOMOAOTIYHUX JIOYipHIX
moaekya JJHK mpu penaikariii B coMmaTUYHUX KAITHHAX (MiTOTHYHA PEKOM-
OiHamis) i B IpoKapioTiB, CKaXKiMo, ITiCAS KOH'Iorallii ABOX OakTepiaaAbHUX
KaiTuH i nporukHeHHd [IHK i3 oxHiel B iHIIy (OUB. po3aia 5).

HeoOximHOIO yMOBOIO mOad 3aifiCHEHHsI T'OMOAOTIYHOI pekoMmOiHartii
€ TOMOAOTiSI IIOCAiIOBHOCTEM MixK ABoMa Moaekyaamu [IHK mo Bcift moB-
KHWHIi. 3araabHy MOJEAb IIOYATKOBOTO €Tally T'OMOAOTIYHOI peKomOiHariii
300pakeHo Ha puc. 1.26. IHimiro04900 moxieo € dgonaHyrzo8ull po3pis
B ONHIH i3 T'OMOAOTIYHHUX MOAEKYA (3AiHMCHIOETHCS CIelliaAbHHUMH (hbepMe-
HTaMmu). el po3pi3 3a paxXxyHOK aKTUBHOCTI KoMmmaekcy 6iakiB recBCD
(TyT i maai BKazaHo Ha3BHU 0iAKiB, gKi 3a0€3II€YyIOTh TOMOAOTIYHY PEKOM-
oinartito B E. coli, romonoriuHi 6iAKM € TAaKOXK i B €yKapioTiB) "poO3IIUPIO-
eThcs" MIAIXOM S'-eK30HyKaeasHoi perpanarii JIHK — y pesyabraTti B Miclii
pO3pi3y 3aAUINAIOTBCSI [ABa OAHOAAHIOroBi 3'-xBocTu. OAOWH 13 HHUX
(v kommaekci 3 6iakoM recA) 3mifiCHIOE iH8a3i(10 — YTBOPIOE IIOABIMHY CIIi-
pasb 3 aHTUIAPAAEABHHM AQHIIOTOM IHTAKTHOI I'OMOAOTIYHOI MOAEKYAU
JHK. [HIITUM AaHITIOT 11i€l 0OCTaHHBOI BHIIITOBXYETHCH 3 AYIIAEKCY V BUTALAIL
omHoAaHIIoroBoi D-mietai (Bin displacement). Pazowm i3 3'-xBocToM D-netas
3/1aTHA IIEPEMIIyBATHUCh y MOIIYKY I'OMOAOTIi — MaKCUMaAbHOI KOMIIA€MEH-
TapHOCTI B MexXKax IIOABIMHOI cIipaai, sKa yTBopHAacd MixK AaHIIoraMu
aBox roMoaoridyHux Moaekya [JHK. Ha mactymHOMy Kporili BizOyBaeTbcsa
penaparmitinuii cuare3 [AHK: nBa 3'-KiHIi posipBanoi Moaekyau [IHK mo-
noBxkyloThes [JHK-rioaiMepazaMil 3 BUKOPUCTAHHSM SIK MaTPHUIlb ABOX AQH-
IFOTIB iHTAKTHOI MOA€KYAH. [0 IIbOTO MOMEHTY cxeMa Ha pHuc. 1.26 € ox-
HOYaCHO CXeMot0 MouHoi penapauii 0801aHYI0208020 po3pusy B ONHIH i3
[IBOX CECTPUHCBKUX MoaeKyA [HK min gyac penaikariii.
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Puc. 1.26. [TouyaTkoBi cTaail roMmoAoTiyHOI peKoMOiHAaITii

[Tig gac pekomb6iHaillii BimHOBAeHHSs IiaicHOcTi JITHK € TiAbKHU 3aBep-
HIEHHSM [I0YaTKOBOTO eTally. Y pe3yAbTaTi iHBasii Ta pelnapaliiHoro CUH-
Te3y aBi moaekyau [JHK 006'eqHYIOTBCSI, YTBOPIOIOYH ABa II€PEXpPEIeHHS
AQHILIOTIB — 1Bi cmpykmypu Xonidesi (Robin Holliday). KoxkHna Taka CTpyK-
Typa MOXKe IePEMIIyBaTUCh (TaK 3BaHA Mi2pauyis 2liku), pe3yAbTaTOM YOTO
€ TIONOBXKEHHS 2emepodynnexca — TOABIHHOI CIripasi Mi>K aBoMa maiixe
KOMIIAEMEHTApPHUMHU AQHITIOTaMH OBOX MOMOAOTIYHUX MoaekyA [JHK.

PosrasgHemo okpemy oOHY CTPYKTYpy Xoaized. 9K BuAHO 3 puc. 1.27,
ii MoxHa mingmaTH i3oMepH3allii, IOBEPHYBIIN ABa ABOAAQHIIIOIOBI KiHIII
Ha 180°. Came y ¢dopmi Oe3 mmepexpelieHHs AQHIIOTIB (IIpaBopyd Ha pPH-
CYHKY) cTpykTypa Xoaimes ¢ikcyeTbcs 3aBASKH ii B3aemopmii 3 Oiakom
ruvA: 6iAOK 3B'A3YETHCH 3 IIEHTPOM XPEcTa, YTPUMYIOUYH YOTHPHU OMHOAAH-
IIOTOBI MIASHKU y TPHUOAM3HO TAaHAPHIM KBagpaTHill KoHirypartii.
3 ruvA Ta gBoMa AyHA€KCaMH, II0 BUXOASTEH i3 XpecTa B IIPOTHAEKHUX
HamnpsMKax, B3a€MO/IIOTh ABa NeKcaMepHi 0iAKOBI KOMIAEKCH ruvB, saki
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B ATP-3aaexxHOMYy IIpolleci 3a6e3IeUyIoTh ITPOTATYBaHHS AQHIIOTIB de-
pe3 KOMIIAEKC ruvA / ruvB — mirpaitito riAKu 3 OAHOYACHUM II0J0BXKEH-

HAIM I‘eTepOILyI‘IAeKca.
""""""" S >\

Puc. 1.27. [3omepusanis cTpykTypH Xoaines

OcraHHBOIO moaico pekomOiHallii € po3miaeHHa (resolution) cTpyk-
Typu Xoaiges pe3oabBa3oio — 0iakom ruvC. Pe3oarBasza — 11e €eHOOHYKAE-
asa, [ABI MOAEKYAM $£KOi B3a€MOMiIOTh i3 KOMIIA€EKCOM ruvA / ruvB
i ABOMa AaHIOTAaMH XpecTa, po3TalllOBAHUMHU OJUH IIPOTH OOLHOTO
(e mBa piBHOWMOBIpHI BapiaHTH Takoro 3B'd3yBaHHs). OTXe, pe30AbBa-
3a poOOHUTH ABOAAHIIIOTOBHU pPO3pPi3 Yepe3 XPecT ABOMa MOKAWUBHUMU
magxamMu (puc. 1.28). I[licag HacTyIIHOro 3IIMBAaHHS PO3PHBIB AIra3oro
3aAHMIAIOThCA ABi ABOAaHIIOroBi Moaekyau JJHK.

Ha puc. 1.28 300pakeHo i30MepHU30BaHy YOTHPHUAAHIIOTOBY CTPYK-
Typy 3 puc. 1.26 — aBi cTpykTypu Xoaizfes 3 HepexXpelieHHSIMH Iepe-
TBOPEHI Ha NAAHAPHI (TIASHKH, 9Ki CHHTE30BaHi MIAGIXOM periapaiii, He
II03HA4YeHO) — i pe3yabTart ii po3mineHHH. [3 YOTUPHOX MOKAMBHUX KOMOi-
Hallifl po3aiAeHHS OBOX CTPYKTYp Xoaimesa mokaszaHo aBi. OgHa 3 HUX
OPUBOAUTE N0 PeKoMOiHalii (aHaAOTiYHO, PEKOMOIHAHTHOIO € i mapa
po3piziB 2 + 4): aBi romoaoriuHi Mmoaekyau [JHK oOMiHsAMCH AiATHKaMH,
i ymoBHa "abeTka", gKor0 no3HadeHo ¢pparmentu [AHK, 3miHI0€ pericTp —
BEAUKIi AITEepU 3aMiHIOIOTHCS Ha MaAe€HbKi Ta HaBHakKH. Y mMacmiTabi Iri-
AUX XPOMOCOM pPe3yAbTATOM peKoMOiHamii € aABi MOAeKyAH, ITOKa3aHi
B IIeHTpaAbHIH yacTuHi puc. 1.29. Ilapu po3piziB 1 + 4 i 2 + 3 He npu-
BOOATH OO0 pekomOiHarii. OTke, peKoMOiHAIligd IIPH PO3LiA€HHI CTPYK-
Typ Xoaiged BigOyBaeThcs 3 iMoBipHicTIO 50 %.
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Puc. 1.28. Cxema poszisreHHS ABOX CTPYKTYp Xoaines. Kondiryparia
YOTHUPBOX AQHITIOTIB 3BEPXY € €eKBIiBaA€HTHOI KOH(iryparlil Ha HuzKHIH naHeai puc. 1.26.
AiTepamMu Mo3Ha4YeHO MiATHKU AQHITIOTIB (BEAUKi H MaA€HBKI AiTepH BiAIIOBiIalOTh
TOMOAOTIYHHM AIATHKAM IBOX MOAEKYA, AITepH 3i IITPHXOM i 6e3 — KOMIIAEMEHTAPHUM
OIATHKaM BUXiTHUX AyriaekciB). Ludpamu 1-4 1ozHaueHO MOKAWBI PO3Pi3U pPe30ABBA30I0.
YHUH3y: ABi Hapu ABOAAHIIOTOBHX MOAEKYA ITiCASI po3mireHHS CTPYKTYp Xoaines,
OTpPHUMaHi B pe3yAbTaTi BiATIOBIOHHUX PO3pi3iB

HesaaexkHo Big Toro, 4u BigOyasacs peKOMOiHAllisI, yCi HPOAYKTH Mic-
TATH TEeTEPOAYIIAEKCH (CepenHd dYacTHHa BCiX KIiHIIEBUX MOAEKyA Ha
puc. 1.28). OCKiABKH IeTepOAYIAEKCH CKAQAIOThCI 3 Maliyke KOMIIAEMEH-
TapHUX AQHITIOTIB, BOHU MIiCTITh MicMeTdi. BigmoBigHO, KiHIIEBOIO OIle-
palliero, gKa 3aBepIIye IIPOoIleC TOMOAOTIYHOI pekoMbiHalii, € penapariia
IUX MicMeTdiB omnmcaHoio Buille cucremoro mutHLSU. Ha BigminHy Bifg
TOro, 9K I CHUCTEeMa CIIPAllbOBYE ITiCAS peraikarii, micag peKoMOiHarlil
AQHIOT, e BiAOyBaeThbCs 3aMiHa HYKAEOTHUIB, 0OMpaEeThbCs BUIIAIKOBO,
HaIlpUKAaM, LIEHTPaAbHUU (parMeHT HepIlnoi MOAEKyAH Ha pHc. 1.28
nepeTBoproeThbcs abo Ha B/B', abo Ha b/b'. dkuio Ha 1i# miagHNIi posra-
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LIOBAaHUM TIeH, HIAGXOM pelapailili o0upaerbcsd OoAWH i3 HOTO aseAiB —
B uu b. OTxke, epekToM peKoMbiHAaIl MOXKe OyTU SIBUILIE KOHEepcCii zeHa —
3aMIiHH OJHOTO aA€Ad Ha IHIITHH.

—_— —_—
KpocuHrosep Hoasilinui
KPOCHHTOBED

Puc. 1.29. KpocuHroBep K pe3yAbTaT peKoMbiHarii
JABOX ABOAAHIIOTOBUX MoAeKyA JTHK

[HIIIMM HacaigZkoM pekKoMbOiHallili € 0OMiH miATHKaMH MiXK ABOMAa I'OMO-
AOTIYHUMH XPOMOCOMaMHU — kpocunzoeep (puc. 1.29). Ilig yac npoliecy pe-
KoMOiHAaIIil KPOCHHIOBEp MiK ABOMa XpPOMOCOMaMH MOXKe BimOyTucs (i gac-
TO BiZOyBa€eThCs) Y KiABKOX TodKax (puc. 1.29). 3po3ymiao, 1110 4YMM OiABIIOI0
€ BiCTaHb MiXK ABOMa XPOMOCOMHHMH AOKyCaMH, i3 THM BHIIOK HMOBIp-
HICTIO BimOymeTbca OOMiH MIASHKaAMHU MEChb MiXK IITUMH AOKyCaMH, i TUM
OiabmIor0 Oyme KiABKICTH TaKuX OOMIiHIB. [[Ba AOKYyCH, III0 PO3HECEHi II0
XPOMOCOMi Ha BEAWKY Bi/ICTaHb, IOYMHAIOTH [IOBOAUTH cebe SK He3aAeXKHi
(He 3B's13aHi B OAHIM XpoMocoMi) CIIaKOBi eaeMeHTH. Y IIbOMY, BAacHe,
i moasrae GioaoriyHe 3HAYEHHS TOMOAOTIYHOI pekoMbOiHarllii (meTasbHiine
edpeKTH KPOCHHTOBEPY OIIMCAHO B po3miai 3.)

Cepen inmmx nporeciB pekombOinamii [JHK pospisHgioTs caiiT-
crieriuivyHy pekoMmOiHalio (BupizaHHsa / BOyZOBYBaHHsS OAHiE] MOAEKyAU
JHK 3 / B iHIIy 3a paXyHOK pPO3Mi3HaHHS CIeIU(piYyHUMU 6iAKaMU KOpPOT-
KX eaeMeHTiB mocaimoBHocti [JJHK, auB. po3xia 5), He3aKOHHY peKomOi-
HaIiliro (00'emHanua nBox MoaekKya [JJHK, gaki He maroTh aHi romoaorii, aHi
crieliuPivHUX €AEeMEHTIB ITOCAIJOBHOCTI — OCHOBHHM MEXaHi3MOM € PO3-
TAGHYTE BHUIIE HETOMOAOTIUHE 3'€THAHHS KiHIIB) i ITepeMillleHHs B MeKax
reHOMy MOOiABHUX eaeMeHTIiB nocaigoBHOCTI [IHK (po3mia 6).
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KIITMHHWN OVKIT
I KJIIITMHHWW ITIOO1TI B EYKAPIOTIB

Pemikania /IHK BigOyBaeTbcsa i 4ac Tak 3BaHOi S-da3u KAITHHHOTO
IIUKAY, sIKa, ¥ CBOIO YepIry, € OOHUM 3 eTalliB inTepdasu — IIepiony, KOAU
XPOMOCOMH iCHYIOTH y BUTASIII XPOMATHHOBUX (PiOPHA, i B KAITUHI BimOy-
BaeThCd eKcrpecisa reHeTudHoi iHgopMmamii (puc. 1.30). Ilicag 3akiHdeHHA
CBKi xpoMaTuau (MadOyTHI AOYipHi XpPOMOCOMH), IO YTBOPIOIOTHCH BHA-
cainok noaBoeHHd [IHK, 3a paxyHOK B3aemopii 3i crieriudpiyHuMU 6iaAKaMu
3aAUIIIAIOTHECA 3'€THAaHUMU MixK coboro. KaiTnHa nmpu boMy BeTyIae y ¢a-
3y G2, 9Ky MOXKHa PO3TAgAaTH SK ITIATOTOBKY [0 MiTO3y — KAITHHHOTIO IIO-
[iAy COMATUYHHUX KAITHUH.

Penaigauia JHK

l'Ioc’rpenAiKaTnBHa

IIpepenaikaTHBHAa
cranis

cranaia InTepdasza

MirTo3

7 “ “ IIpodaza

KaiTHHH, 11O He

inaTeca
x Teaodasza

Puc. 1.30. Cxema KAITHHHOTO ITUKAY

Ha mepmrii crazii miTo3y — y npogpasi — BigOyBaeTbCs KOHAEHCALLis
XpOMAaTH/, a TaKOXK A03piBaHHS ABOX IIEHTPOCOM (CTPYKTYpP, L0 CKAaaa-
IOTBCHA 3 ABOX ILIEHTPioAeH KOXKHA), (pOpMyBaHHS BepeTeHa MOIIiAY Ta IpPHU-
€OHaHHYI HUTOK BepeTeHa Oo xpoMocoM (puc. 1.31). Hanpukinii nmpodaszu
IEHTPOCOMH PO3XOAATHCS 10 ITOAIOCIB KAITHHH.
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BepeTeHo

XPOMATHH momiay
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Puc. 1.31. CxeMa KAITHHHOTO MOMIAY IIIASXOM MiTO3Y.
[TokazaHo OBl Mapu TOMOAOTIYHHUX XPOMOCOM

Hani B Memagpasi XpoMOCOMHU (Iapu CECTPUHCBHKHUX XpoMaTHu[, 3'€qHa-
HUX MiX cO00I0 CBOIMH IIEHTpOMEpaMH) BHUIIIYKYIOTBECS II0 €KBaTOPy KAi-
TUHU. AHaga3a TTIOUNHAETHCS 3 PO3'€AHAHHSA IIeHTPOMED, ITiCASI YOO CECT-
PHHCBHKI XpoMaTHUAH, SIKi Tellep y»Ke Ha3uBaIOThCd NOYipHIMU XpoMocoMa-
MU, pyXaloTbcd A0 moalociB. [lin yac menogpasu nmouyrnHaeThcd HPOPMyBaH-
HS gAepHUX MeMOpaH i JeKOHAeHcAllis XPOMOCOM. 3aKiHUyeThCd Teaoda-
3a (i caM MiT03) IUTOKIHE30M — PO3IiA€HHSM ABOX NOYipHIX KAITHH.

[To 3akiHYeHHi MiTO3y KAiTHHa, III0 Oyae MIAUTHUCS [OaAi, BCTyIIa€
y a3y G1 kaiTHHHOTO IUKAY (i MOXKHA pO3ragaTH K IIPEPENAiKaTUBHY),
a ocTaTo4YHO audepeHIiioBaHa KAITHHA, OAd SKOI I1efl MiTo3 cTaB OCTaH-
HiM, — y pazy GO (puc. 1.30). PesyapTaToM MiTO3y € ABi iIEHTUYHI KAITHHHA
3 IBOMA iIEeHTUYHUMH AUMIAOITHUMH HabopaMH XPOMOCOM.

IIpu yTBOpEHHI CTaT€BUX KAITHH (raMeT) ILIASXOM MEHO03y B AUIIAOIM-
Hill KAITHHI-TTOIEpeHUKY TaKOX BimbyBaeTbcsa peraikaiiia [AHK i moaso-
€HHS XPOMAaTH/, SKi 3aAUIIAIOTHCA 3B'SS3aHUMHU CBOIMH 1LIEHTPOMEPAMHU.

Metio3 3AiHCHIOETBCS IIASIXOM OBOX KAITMHHUX HOAiAIB (puc. 1.32).
Y npodazi I (y HiHf po3pi3HAIOTE CcTamdil AEITOTEHU, 3UTOTEHU, MaXiTEeHH,
OUIIAOTEeHU ¥ AiakiHe3y — Ha PUCYHKY BOHU OETaAbHO He IIOKa3aHi) Bil-
OyBa€eTbCsl YTBOPEHHS TaK 3BaHUX 6ieanenmis, a00 mempad, — KOMIIAEK-
ciB romoaoriyHHUX map xpomartun. [Bi 3 4oTHpBOX Xpomatun OiBaseHTa,
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110 HaAeXKaTh I'OMOAOTIYHUM XpoMocoMaM, y KiAbKOX TOYKaX yTBOPIOIOTH
3a y4acTIO IIEBHHX OiAKIB CUHANMOHEMHI KOMNAEeKCU, A€ TOYHUHAETHCS
mmporec romoaorigHoi pexkombinamii (puc. 1.32). ¥ pesyabTari yacTuHa
TOMOAOTIYHHUX XPOMOCOM OOMIHIOETHCS CBOIMH AiagHKaMu. [laai 3aificHIO-
€TBCS IIOCTYIIOBa KOHAEHCAIlid XpoOMAaTH/, i Hif MiKpOCKOIIOM MOIKHAa II0-
0auuTH XapaKTepPHI IIepexpellleHHd MiXK XpoMaTHIaMU — xiasmu, II10
YTBOPHUANCS BHaCAiZOK pekomOiHarii. IIpodasza I 3akinuyerbcs po3mi-
A€HHAM KOHAeHcoBaHUX 6iBaseHTIiB. [aai B metadasi I mapu xpomatun
BHIIIYKYIOTHCS II0 €KBaTOpy, B aHadasi | BigdyBaeTbcs IXHE PO3XOMKEH-
Hs, Yy Teaodasi I — ocraToyHe po3mineHHS ABOX KAITHH, III0 MIiCTATBH IIO-
aBitinuit Habip moaekya [JHK. CecTpHUHCBKI XpoMaTHAH IIPH IILOMY 3a-
AUIIAIOTHCA 3'€IHAHUMHU B 30Hi CBOiX LIEHTPOMED.

‘+‘ ‘npmpaaa I
‘

{ y/
Apyruii moxia
‘ ‘ Me'raq)aaa I

AHaQ)asa I

Terq)aaa I

Puc. 1.32. CxeMa KAITHHHOTO IIOMIiAY IIASIXOM MEHO03Yy.
[TokazaHO omHY ITapy FOMOAOTIYHHUX XPOMOCOM

[aai B npyromy momiai (mpodpaza I, meradasa II, anadasa II, Teaodaza II
Ha puc. 1.32 He mokasaHi) BinOyBaeTbCd PO3MIACHHS IIEHTPOMEP, PO3XO/-
JKEHHSI XPOMOCOM 1 ITofiA 060X KAITHH — y Pe3yABTaTi YTBOPIOIOTHCA YOTUPU
raraoigHi rameTd. [Ipu 3anaigHeHHI 0aTHKiIBCBKI HAOOPHU XPOMOCOM 00 '€IHY-
IOTBCS 3 YTBOPEHHAM MUIIAOITHOI 3u2omu, SKa IIASIXOM MiTOTHYHOTO IOMIAY
A€ MIOYaTOK YCiM iHIITMM KAITHHAM 0araTOKAITHHHOTO OpraHi3My-Halllaaka.
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bA30OBI 3AKOHOMIPHOCTI CITAIIKYBAHH/I

HaBeneHUE BUIIE OTASII MOAEKYAIPHHUX 1 ITUTOAOTIYHHUX OCHOB OpTraHi-
3allil CriagKoOBOTO arapatry [d03BoAsd€ CPOPMYAIOBATH KiAbKa 3araAbHHUX
IIpaBUA CHAKyBaHHS T'€HiB:

reHu € miagakamu [JHK, aki HecyTb iH(popMallilo IIPO CTPYKTYPY
0iakiB i Takux moaekya PHK, xorpi 6e3nmocepenHbO BUKOHYIOTH
IIeBHi (QyHKIII;

CYKYITHIiCTH OiAKiB (TOAOBHHMM YHWHOM) BH3Ha4dae BCi iziororiuni
¥ 30BHIIIIHI O3HAKU OpPraHi3my, TOOTO BUAB II€BHOI O3HAKH 3aAe-
KUTH BiJl IEBHOI CyKyITHOCTi I'€HiB;

TeHU MICTATBCS Yy XpPOMOCOMax — 0iAKOBO-HYKA€THOBHX KOMIIAEK-
cax, y KOKHHUH i3 9KUX BXOOUTH OAHAa AoBra Moaekyaa [JHK;

IIPpH PO3MHOXKEHHI OJHOKAITMHHUX OpPraHi3MiB HECTATEBUM IIIA-
XOM 1 momiAi COMaATHYHUX KAITHH 0araTOKAITHHHOTO OpraHiZMy
[OOYipHI KAITHHH OTPUMYIOTH IOBHHUM Habip I'eHiB Big MaTepUHCH-
KOi KAITUHU B HE3MIHHOMY BUTASI/II.

Pemrra mpaBHA CTOCYEThCA 0OaraTOKAITHHHUX €yKapioTiB, dKi pos3-

MHOXKYIOTBCS CTATEBUM IIIASIXOM:
Y KOXKHIH KAITHHI 0araTOKAITHHHOTO OpraHi3dMy icHye Habip map
TOMOAOTIYHHX XPOMOCOM (OHIAOIMHUY HAOIp);, y maHill miAgHIT
(ArOKyci) KOXKHOI 3 XpOMOCOM II€BHOI ITapy MOXKYTb MiCTUTHCS i1eH-
TUYHI TeHU abo Pi3Hi BapiaHTH OJHOI0 reHa (aAeai).

IIPU YTBOPEHHI raMeT KOXKHa 3 HUX OTPUMY€E TiABKH OOHY XPOMO-
coMy 3 KOXKHOI ITapH, ase Iepes MM I'OMOAOTIYHI XpOMOCOMH 00-
MiHIOIOTBCH CBOIMHU JIATHKAMU,

HaAIaOK OAep3Kye II0 OAHOMY Habopy xpomocoM (i, BimmoBigHO,
10 OMHOMY HabOPy aaeAiB) Bifi KOKHOTO 3 0aTBKIB.

Xoua GiABIIICTb O3HAK 3aAEKUTD Bi aKTHBHOCTI IEBHOI CYKYITHOCTI T€HIB,
€ BUINAAKH (IX MEHIIICTh, aa€ BCE OITHO JOCHTH 0araTo), KOAM IIPOSBY 30BHIIII-
HBOI 03HAKH MOKHA IIOCTaBUTH y BIAIOBIAHICTEH AMIIE OAWH I'eH. Po3ragHeMo
Ha IIPOCTOMY ITPHUKAAJII, 9K Peasi3yroTbCa COOPMYyABOBAHI BUIIIE TIPABUAA.

3abapBAeHHS HACIHHS TOPOXY 3aA€KUTH Bi reHa Sgr, III0 Komaye 0iAOK
SGR (renu nmpuiHATO IIO3HAYATH, IK IIPaBHUAO, MAAEHBKHUMU AiTepaMU, BUIi-
ASIIOYH IX KypCHBOM, IXHi IPOAYKTH — BEAUKHUMH; HaBe/IeHE IT03HA4YEeHHS I10-
XOOUTH Bif "stay green"). Bianok Gepe y4gacTh y mporieci pyHHyBaHHS XAOPO-
iy, yHaCAIOK Yoro 3pise HaciHHA HaOyBa€ *KOBTOIO KOABODY (CTAOTh BHIU-
MHMHM KOBTI IiIrMEHTH KapoTHHOiny). MyTallisa B Ir'eHi sgr IpUBOAUTE A0 TOTO,
10 HacCiHHA 30epirae 3eaeHUM Koaip. OTKe, MAEMO OBa aA€Asl OHOIO T'eHa,
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Posdia 1. ITpupona reHEeTUIHOIO MaTepialy

fKi MOKHA IIO3HAYUTU SIK Sgr (HOpMaAbHUH I'eH) i sgr- (MyTaHTHUH reH), abo
XK 9K A Ta a BIiANOBIAHO. YIKIII0 MyTaHTHHU aseAb Oyze MIPUCYTHIM AHIIIE
B OZIHiM XpoMOCOMi, aseAb A Bce OMHO BUKOHA€E CBOIO POOOTY, i HACIHHS Oyme
KOBTUM. Y I1IbOMY pasi NpUHHSTO Kas3aTH, 110 ar€Ab A € domiHanmHum,
a aA€Ab a — peuecueHum. 3EACHUN KOAIp HACIHHA POABUTHCH AUWIIE Y BU-
HaaKy, KOAM OOHABiI XpPOMOCOMH OyAyTh HECTH aAeAb a — F'€HOTHIT Oyme
20M03U20MHUM 32 PELIECUBHUM aA€AEM; TOMO3UTOTA 3a JOMIHAHTHHUM aA€AEM
(AA) i eemepo3uzoma (Aa) MaTUMyTh HaCiHHSI JKOBTOTO KOABOPY. OTXKe, IKITI0
CXPECTHUTH roMO3UTOTH AA (3KOBTi) Ta aa (3eAeHi), yci HaIlaIKu IIePIIoro IMo-
KOAIHHS OyayTh reTepo3uroraMu Aa 3 JKOBTUM HaCiHHSIM.

Taxki rerepo3urotTu OyayTh yTBOPIOBATH 'aMeTH ABOX THIIIB: 3 aseaeM A
abo a B piBHOMY CIiBBiTHOLIEHHI. JIKIII0 CXPECTUTHU 1Ii F€eTEePO3UTOTH IIep-
IIIOTO TIOKOAIHHSI, TO y APYTOMY ITOKOAIHHI Ha omHy romosuroty AA Oyme
YTBOPIOBATUCS B CEPENHBOMY OOHA MOMO3HUIOTAa aa Ta ABI T€TEPO3UTrOTH Aa
(A — Bix 6aTpKa, a — Bix mMaTepi abo HaBIIAKM): OCOOMHU 3 KOBTHUM i 3eAe-
HUM HacCiHHAM OyayTh OTPHUMAaHi B KiAbKiCHOMY CHiBBimHOIIeHHi 3 : 1.

Buxonsgum 3i cpopMyAbOBaHUX BHIIE IIOAOKEHB, HAMH IIIOHHO OTpPH-
MaHO pe3yAbTaT, omybaikoBaHuiéi I'peropom Menneaem (Gregor (Johann)
Mendel) y 1866 p. Ockiabku HeGaraTo 3HaWAeThCS IPUKAAIIB MyOAIKAITiH,
3 AKHUX IIOYMHajAacd 0 Iiaa HayKa, BapTO HaBECTH IIOBHE IIOCHAQHHS Ha
Hei: Mendel G. Versuche Uber Pflanzen-Hybriden // Verh. Naturforsch.
Ver. Briinn. — 1866. — Bd. 4. — S. 3-47. 3Bu4aiino, MeHaeAb Hi4Oro He
3aaB 1po JHK Ta ii pemnaikaitito, xpomocomu, Metio3 i Take iHIIe; BiH IPoO-
CTO OOCAIIZKYyBaB KiABKICTh OCOOMH i3 IIEBHHMH O3HAKaMH Yy CXPEIeHHIX
ropoxy 3 3KOBTHUM i 3eA€HUM HaciHHAM. [Ipore copmyasroBaB HaHIIpHUH-
ITUITOBIIIi ITOAOXKEHHS I'€HETHUKH: 03HAKH 3aAexXXaThb BiJ AUCKPETHHX CIal-
KoBUX (pakTopiB (MeHIeAb He KOPHUCTYBaBCs TEPMiHOM 'TeH'"), KOXKEH Ta-
KHU# (pakTop iCHye B KiabKOX popMax, ABi Komii pakTopa MiCTATHCH B CO-
MaTHUYHHX KAITHHAX, y TaMETH IIEPEXOAUTD TIABKU OfHA 3 HUX.

Hagith Buxonsa4u 3 MaTepiasy IIbOTO PO3MIiAy, 3p03yMiA0, III0 B OiABIIIO-
CTi BUIIQIKIB 3aKOHOMIpPHOCTI CIIaKyBaHH4 OyAyTh 3HAYHO CKAQIHIITUMU
(HaCTYyIHI PO3MiAM NPUCBSIYEHO ITOAAABIIIOMY 3'ICYBAHHIO IIUX 3aKOHOMIp-
HOcTel). Hampukaan, K10 po3rasgaTy ABa I'eHH, 9Ki BU3HA4YAIOTh I1apy
nesgkux o3Hak (MeHpeab BHUBYAB 1 Ilell BHIANOK, OOCAIIXKYIOYM KOAIp
i dopMy HaciHHs), TO BOHH OyAyTb CHAAKyBATHCH HE3aA€KHO OJWH Bil
OZTHOTO, SKIIIO0 3HAXOOATBCSI B PI3HHUX XPOMOCOMax (dK 1e i O6yao B HoOro
[ocAifax). JKIIo XK ABa I'eHU IIPUCYTHI B OOHIM XpoMocoMi (34eIllAeHi), To
BOHHU CIIAAKYIOThCSH pa3oM. AAe TiABKH 3a YMOBH, 1110 BOHH He po3iHInAucs
10 Pi3HHUX T'OMOAOTIYHUX XPOMOCOMAax (Ta He HOTPAaIIUAHU [0 Pi3HUX ramer)
VHaCAIZIOK KPOCHHIOBepy. [leTasbHillle MEHOEAIBChbKI 3aKOHHU CIIaJKyBaH-
Hd Ta BiAXUAEHHSI BiJ HUX PO3TAGHYTO B po3miai 3.
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Tenernka

Konmpoavni sanumanns i 3a60annsa

11.

12.
13.

14.

15.
16.
17.
18.
19.
20.

21.
22.
23.
24.

25.
26.

3 AKUX TPBOX EAEMEHTIB CKAAIA€ThCA HYKACOTHA? UMM XiMidHO Bimpis-
HSIIOTBCH MiXX co6010 pubOo- i 1e30KCUPUOOHYKAETHOBI KUCAOTH?

OnuuriTe OCHOBHI PUCH CTPYKTYpH noasitiHoi cripaai JAHK. fki B3aemo-
mii crabiai3yroTh HoABitHY cripasb? IIlo AeXKUTH B OCHOBI KOMIIAEMEHTAP-
HOCTi HyKA€OTHUIIiB?

OnuiiTe MaricTpasbHUE IIAGX Hepenadi crmaakoBoi  iHgopwmarrii
B JXUBHUX CHUCTEMaX.

[aiiTe BU3HAUEHHS reHOMY. Y YOMy IIoAdTa€ HalCyTTeBillla BiIMiIHHICTD
MiXX reHOMaMHU IIPO- Ta eYKapioTiB?

IITo Take iHTPOH i €K30H?

HasBiTe ocHOBHI Tuu nocaimoBHocTet [JJTHK, 110 MOBTOPIOIOTHCH.

I3 grkuxX eAeMeHTIB ckKaamaeThbCcd HyKaeocoMa? YK opraHizoBaHa XpoMma-
TUHOBA (QibpHAa y IIPOCTOPi?

IIlo Take aaepHUM MaTPHKC i gKa HOro poab B opradisallii xpoMaTHHY
B KAITUHHOMY AApi?

[aiiTe BU3Ha4YEHHS XPOMOCOMH, €yXPOMAaTHHY, TeTEPOXPOMAaTHHY.

.9lka pI3HHUIE MiX TamAoifHUM i AUODAOIAHUM HaGOpaMM XPOMOCOM?

B sakux KAiTHHAX 6araTOKAITHHHHX OPTaHi3MiB BOHU IIPUCYTHI?
OnuuriTe MOPgOAOTII0O MITOTHYHOI XpoMocoMu. Ha sKi THUIIH MOMIASIOTH
MITOTUYHI XpOMOCOMH?

[ITo Take MOAITEHHI XPOMOCOMU?

[atiTe BU3HA4YE€HHS PENAIKATHBHOI BHAKH. flKa pi3HHIFA MiXK ABoOMa Aa-
Hioramu [HK, 1o cuaTe3yI0THCA Hig yac pemnaikamii? [Ilo Take dppar-
meHTH OKaszaki?

9Iki ¢pepMeHTATHBHI aKTUBHOCTI MarTh OakrtepiasbHi [IHK-moaimepaszu?
INopiBHstTE 0OCOOAMBOCTI Ta (oyHKITIOHaAbHe 3HadeHHd [JHK-mmoaimepas 11 I11.
IITo Take mpaiimep Ta sKa Horo XiMidHa mmpupoaa?

9Ky pyHKIIOHAABHY pOAb BUKOHYE TeaoMepasa?

[TopiBHAlITE EKCIUZiMHY penapaliiro OCHOB i HYKACOTHIIB.

9k 3piticHIOETBCH pemnapailia micmeTuiB y JTHK?

Sk 3mifiCHIOETHCH perapallid JBOAaHIIOTOBUX po3puBiB JJHK?

3 gKoi momii MoYnHAETHBCS TOMOAOTIiYHA pekKoMbinalris? [Ilo Take reTepo-
nynaerc? Mo Take cTpykTypa Xoaigea?

3 KO0 iIMOBIpPHICTIO BinOyBa€eThCs OOMIH MiASHKAMU MiK IBOMa I'OMOAOTIY-
HUMHE Moaekyaamu [IHK i Biz 9oro 3aaeskuTh peasizaltis Takoro ooMiHy?

[ITo BiAOYyBa€ThCHA 3 TETEPOMYIAECKCOM ITICAS 3aBEpPIIEHHS TOMOAOTIYHOI
pexombinattii? [Ilo Take KoHBepcCisa reHa?

Has3BiTh eTanu KAITHHHOTO ITMKAY B 6araTOKAITHHHUX €YKapioTiB?
OnunIiTe IpoIec MiTo3y.

OnuuriTe npoiec MeHo3y.

CdopmyaroiiTe 6a30Bi 3aKOHOMIPHOCTI CIIaAKyBaHHS I'eHiB.
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PO3IIJI 2

Excripecisi reHis

[TepmnMm eTaroM ekcrrpecii reHeTHYHOI iHoOpMallii, 3arnrcanoi B IIOCAi-
noBHocTi HyraeoTuaiB [AHK, € Tpanckpuriis — rnporec cuaredy PHK 3 Bu-
KOPHUCTaHHSIM omHoro 3 aaHioriB [JHK gk martpuiii, To0TO '"IepernucyBaH-
He" rocainoBHOCTI HyraeoTHAiB JIHK v mocainoBHicTE HykaeoTuaiB PHK.

Moaekyaa PHK, mo cuHTEe3yeThcsa Ha OinkoBoMy reHi, — MPHK — BH-
KOPHUCTOBYETBLCS OaAl 9K azxKepeao iHdopmallii Ha ApyroMmy eTarr ekcrope-
cii reHa — cuHTe3i Oiaka, abo TpaHcadllii, — mepekAaai HYKA€OTHIHOTO
TEKCTy B aMiHOKHCAOTHUH. BiamoBimHicTh MiXXK IIMMH ABOMAa THUIIAMH
TEKCTIiB — MiK KOMOIHAIlIAMH HYKACOTH/IB i aMiHOKHCAOTAMH — Ha3WBa-
€THCSI 2eHEMUYUHUM KKOOOM.

BesnocepenHiM NpOAyKTOM AaKTUBHOCTI T'€HOMY, SKa PEryAIOETHCS
CIelliaABHUMHM CHCTEMAaMHU (3a y4acTiO IIEBHUX I'eHiB), € crieniudivyHa aasa
[OAaHOTO THUILY KAITUH CYKYIHICTH TpaHCKpUNTiB (Moaekya PHK) — mpanc-
Kpunmom. YYacTb IHX TPAHCKPHUNOTIB y OIAKOBOMY CHHTE3i 3YMOBAIOE
yTBOpeHHd Habopy OiAKiB — npomeomy. [Iad 1ux 06iAKiB XapaKTepHOIO
€ CKAQIHA B3aEMOJis: 3a AedKHMH OIliIHKaMH, KOXKeH 0iA0K mpoTeoMmy,
HaIlpuKAa[ APiXK/IXKiB, BCTyIIa€ B CEPEOHBOMY y II'STh TaKHUX B3aeMOIiM
(He Oepydu OO yBaru rOMOTHIIHHX B3a€EMOMiHl MiXK OQHAKOBUMH OiAKOBH-
MU CyOOOHMHHUISIMH). 3BazKalo4yu Ha Te, 110 0iAKM BHUIIUX €yKapioTiB Bim-
Pi3HAIOTECH HAgBHICTIO 0iABIIIOI KiABKOCTiI CTPYKTYPHHX OMEHIB y CBOE-
My CKAazmi, Mepexka 0iA0OK-0IAKOBUX B3a€EMOIH y HmpoTeoMaxX OpraHidMiB
3 BUILOIO OpTaHi3allielo Mae OyTU IIe CKAaAHIIIo. 3arasbHa KapTUHA
B3a€EMOiH Mixk OinkaMu (inmeparxmom) BU3Ha4ae po3MaiTTs 0i0AOTIYHHX
QyHKILH, gKi 9acTo i BUKOHYIOTBCS HE IIOOAUHOKHMHU MOAEKyAaMHU Oia-
KiB, a MiXKMOAEKYAIPHUMHU KoMIaeKcamu. [lpu mpomy Bapiaiii ckaamy



Tenernka

OUX KOMIIAEKCIB IIPUBOAATE A0 Bapiamifi (pyHKIIoOHaABRHHX. BiARH Ta
MYABTHUMOAEKYASIPHI KOMIIA€KCH, BIAMNOBiAHI 3a KaTaai3d XiMIiYHHX peak-
Oi¥i, PyHKOIOHYBaHHS CUTHAABHUX MeEpeK, TPAHCIOPT CIOAYK TOIIO,
3aAydeHi OO0 CKAQIHOI CHCTEMH peakllii i MeTaboAlYHUX IIepeTBOPEHb
(pearcmom i memabonom), 10 AKOi 3BOAUTHCA BCHA CYKYIIHICTBH 30BHIIIHIX
03HaK Ta (Pi3i0AOTIYHHX HPOSIBIB OpraHiamy.

CydacHa reHeTHKa € III€ JOCUTh JAAEKOIO Bifl OCTATOYHOI'O PO3yMiHHS
OBOI0 CKAQQHOIO IIAGXY BiZl CHCTEMHU T'€HIiB A0 CYKyITHOCTi o3HakK. OmHak
OPUHIUNN Tlepeaadi indopmarlii Bix reHa mo 0iaka (a gacTo ¥ gaai) HUHI
BIKe 3'siCOBaHi B 0araTbox AeTaAdx.

TEHETMUHUM KO[T,

OpHe "cAOBO" HYKAEOTHAHOI'O TEKCTY Ma€ BiAllOBimaTH OAHOMY i3
20 TuUIiB aMiHOKHCAOT, L0 BXOAATH M0 CKAany OiakiB. 3arasbHa KiAb-
KicTh KOMOIHAII¥ IO ABa HYKAEOTHAH 3 YOTHUPBLOX AOPiBHIOE 16, a 110
Tpu — 64. OTXke, MiHiMaabHa KiABKICTh HYKACOTHMAIB y OJAHOMY CAOBIi,
nocratHsa Oasd kKonyBaHHS 20 aMiHOKHUCAOT, Ma€ AOPIBHIOBATH TPBHOM.
Came 11e #i peani3yeThbCcsd B T€eHETUYHOMY KOJIi: O[JHE CAOBO — KOOOH — SB-
Asie cob0I0 TpHUIIAeT HyKAeoTHAIB (puc. 2.1). Cepex 64 KOmOHIB Tpu
€ CUTHaAaMH 3yIIMHKHU CHHTe3y O0iAKa (CTom-KomoHH, abo HOHCEHC-
KOJ0HU), pewmTa (61 3micToBHUM KOAO0H) BiAnoBizaoTh 20 aMiHOKHCAO-
TaM. [IeBHUY TpUIAET KOAYE OOHY U TIABKH OJHY II€BHY aMiHOKHCAOTY.
3BOpPOTHE CHiBBiAHOIIEHHS HE € OAHO3HAYHUM: 18 aMiHOKHCAOT KOIY-
IOTbCH KiABKOMAa CHUHOHIMIYHUMH TPHUIAETAMH — KO € 8UPOOIKEeHUM.
OBi aminokucaotru — Trp i Met — HeBHPOIKEHI U KOAYIOTBCS AHIIIE
OJITHHUM KOJOHOM KO>KHA.

Tpu no3uilii HyKA€OTHIB V¥ CKAQI CHHOHIMIYHUX KOJOHIB He PiBHO-
3Ha4YHi: HaliBasKAUBIIIIOIO AT BU3HAYEHHs 3MIiCTy KOZOHA € KOMOiHallis
HYKAEOTHIB y IeplIii Ta apyrikt mosunii. [Ipu 1poMy apyra HO3HIIig
BU3HAYaAE 3MICT KOAOHA HAWKOPCTKIIIe — HYKACOTHAHI 3aMiHU IO HiM
3aB¥KAU HNPUBOAATEH A0 3MiHH 3MicTy (aMiHOKHCAOTHOI 3aminmu). Hatine-
3MICTOBHIIIOIO € TPEeTd MO3UIlid — HYKACOTHAHI 3aMiHHU IO TPETii Io3u-
nii B 70 % BUNaaKiB HEe BUKAMKAIOTE 3MiH 3MiCTy KOZOHA.

[Ba mapaMeTpu aMiHOKHCAOTHHX 3aAUINKIB MAalOTh 0COOAWBE 3Ha-
YeHHS A9 CTPYKTYPH OiAKa: po3Mip i 3MATHICTH B3aEMOIISITH 3 BOIOIO.
3a OCTaHHBOIO 03HAKOIO 3aAWINKH MOXKHA PO3MIAUTH ABI T'PyIH: MOASPHI
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Posdis 2. Excripecisi reHis

(Taki, mo mobGpe B3aeMOmilOTh i3 Bomoro, — Arg, Asn, Asp, Gln, Glu, His,
Lys, Ser, Thr) i HenoasipHi, abo rinpodo6Hi (Cys, Ile, Leu, Met, Phe, Trp,
Tyr, Val). Tpu rinpoco6Hi 3aaumku (Ala, Gly, Pro) — MmaseHBKOTO po3Mipy,
TOMY iX MOXKHa BBarKaTH "HEHTPaAAbBHHMH" LIOAO0 CHOPIAHEHOCTI A0 BOAH.
Y raobyAgpHHX BOOOPO3YMHHHUX OiAKax CHiBBiZHOIIIEHHS MiX TIigpodo0-
HUMH ¥ HOASIPHUMH 3aAWIIIKAMU NOPiBHIOE B cepenabomy S0 : 50. YHacaigok
rigpodo6HOTO e(heKTy HETIOASIPHI 3aAWIIKYU HPATHYyTh OITMHUTHUCS BCepe-
OUHI CTPYKTypH 0iAKa, MOAAPHI 3aAHMIAIOTHCH Ha IIOBEPXHi, 30epiraroum
B3aeMoJii 3 Bozoto. lle i € roaoBHa pyllifiHa cuaAa, SKa 3MyLIye 0iAKOBHUH
AQHITIOT YKAQATUCH II€BHUM YHUHOM Y IIPOCTOPi, (popMylodyHr KOMIIAKTHY
TAOOYASIPHY CTPYKTYPY, LIO Ma€ IeBHY (PYHKIIIOHAABHY aKTHUBHICTE.

2H HYKAE€OTHA
U c A G
UuuU UCU Y UAU } UGU
vuct Pre [ycc vac J T9* [ygc S ©vs
> Ser
UUA UCA UAA } st UGA Stop
Leu op
5 UUG. UCcG J UAG UGG Trp
1a CUU Y CCU Y CAU } "~ | cau
cuc cce cac J His | cge
H » Leu >Pro Arg
y CUA CCA CAA } CGA
x cuG J CCG J cac J % | caa
e AUU Y ACU Y AAU AGU }
o AUC ACC AAC J Asn [ Agc S Ser
Ile
T j »Thr
- AUA ACA AAA } AGA
a AUG Met |ACG J AAG J % | aAgG J A€
GUU GCU 3 GAU GGU
GUC GCC GAC J AsP | gae
Val > Ala Gly
GUA GCA GAA GGA
GUG GCG GAG I GlU | gga

Puc. 2.1. TabAuIilg reHETHYHOrO Koay. I10CAITOBHOCTI KOIOHIB HABEAEHO Y HAIIPSIMKY
Bix 5'- mo 3'-kinng y ckaaai MPHK. Bukoprcraso craHOapTHI CKOPOYeHHST aMiHOKHCAOT
(v my>KKax — 3araAbHOBKHBaHI OHOAITEPHI CKOpodeHHH): Ala — asaHiH (A), Arg — apriHiH (R),
Asn — acrraparis (N), Asp — acrraparinoBa kucaora (D), Cys — mucreis (C), Gln — rayramis (Q),
Glu — rayraminoBa kucaota (E), Gly — rairH (G), His — ricruays (H), Ile — izoaetirH (I),
Leu — aetiruH (L), Lys — aizun (K), Met — metionin (M), Phe — deniraranin (P),
Pro — mpoain (P), Ser — cepuH (S), Thr — Tpeowniu (T), Trp — Tpurrrodan (W),
Tyr — TrposuH (Y), Val — BaaiH (V). Stop — cTorn-konoH
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Tenernka

3anexXHO Bif TUILy HYKA€EOTHAY B APYTiH IIO3HUILl, YCi KOZOHH MOXKHAa
PO3MiAUTH Ha YOTHUPH TIPyNH (YOTUPH CTOBIYHKH B TabAHII KOOy Ha
puc. 2.1). Ho rpynu U (ypauua y apyrifi moswuiiii) Hasexkatb rigpodobHi
aMiHOKHCAOTH BEAUKOTO PO3MIipy, OO0 I'PYyIH A — BEAUKI IIOASIPHI aMiHOKHC-
rotu (kpim Tyr, ase ¥ BiH, Xo4da 3arasoMm rigpodoOHUI, TaKOXK 34aTeH
YTBOPIOBATU BOOHEBUH 3B'd30K), rpyna C copMoBaHAa aMiHOKHCAOTAMU
MaA€HBKOT0 po3Mipy. ToOTO HYKA€OTHAHI 3aMiHM B IepIliil i TpeTii 1mo3u-
igx y MeXKax IUX I'PyIl He BUKAUKAIOTH 3MiHU BAACTHBOCTEN aMiHOKUC-
AOTH, MiHIMi3yI0UM BIAUB TaKHX aMiHOKUCAOTHUX 3aMiH Ha IIPOCTOPOBY
CTPYKTYPY 6iaKa: reHETHYHHUH KO € CTIMKHM [10 TIEPEIIKOI.

HaBenena Tabauila Kony peaaidyeTbcs 9K Oad OakTepid, Tak i masa
CCaBIliB, TOOTO Te€HETHUYHUN KOJ MOCUTH yHiBepcaabHUH. Are B HOEIKHUX
BHUNaAKaxX (OKpeMi ITpokapioTu, rpubu, BOLOPOCTi, a TaKOK aBTOHOMHA
FeHeTHUYHa CHCTeMa MITOXOHAPIH) CIIOCTepiraroThbCs HEBEAWYKI BiIXHAEH-
He Bix 1iei yHiBepcaabHoi Tabauili. Hanpukaam, meski CTOI-KOMOHU iHOIL
CTaloTh 3MiCTOBHUMH. CAifl 3ayBaKUTHU TAaKOK, 1110 OAUH i3 CTOII-KOZIOHIB —
UGA - y nepeBakHOI OIiABIIIOCTI OPraHi3MiB BUKOPHUCTOBYETHCS A KO-
BaHHA MiHOpPHOi 21-1 aMiHOKHCAOTH — ceaeHolHcTeiny. Lla amiHokucaoTa
BKAIOYAETHCS ITPH O0IAKOBOMY CHHTE3i AHIIIE B KiAbKa BayKAUBHUX (PEepMeEH-
TiB, TaKe HECTaHAAPTHE CIPHUHHATTS CTON-KOAOHA CHUCTEMOIO TPaHCALIIil
3aA€KUTH Bif KOHTEKCTY IIOCAIJOBHOCTI, B SKOMY II€¥ KOJOH MiCTUTBHCSI.

Y mporieci cuHTe3y 0iAKa TPHUIIAETH 3YHUTYIOTHCS 3 HYKACOTHIHOI'O TEK-
CTYy OOWH 3a OOHUM: CYCiOHI TPUIIAETH HE IIepeKpUBAaIOTLCs, MiXK HUMU
HeMae€ IIPOMiXKKiB. Bynb gKa IOCAIJOBHICTE HYKACOTHIIB MOXKe OyTH IIPO-
YypuTaHa TpbOMa Pi3HUMH CIIocOo0aMHU, TOOTO BOHA MIiCTHUTH TPH PaAMKHU 34HU-
TyBaHHs (pHc. 2.2). HykaeoTugHa 3aMmiHa MOXKe 3YMOBHTH 3MiHY 3MICTy
KOJJOHA — aMiHOKHCAOTHY 3aMiHy, a BUIAA€HHS Xo4a 6 0THOTO HYKAEOTHIY
IIPUBECTH [0 3CYBY paMKH 3YHUTyBaHHS, TOOTO 3aMiHM 3MiCTy BCiX KOIO-
HiB, pO3TalllOBAaHUX HUXKYE TAKOI'0 BTPAYEHOI'O0 HYKAEOTHAY (YU MiATHKH,
JOBXKHHA 9KOi HE € KPaTHOIO TPHOM).

r

AUGCCAGAUCCCGAA...UGA

. \ .

r r 2 Wa a Y

Puc. 2.2. Tpu MOXXAUBI paMKH 3YUTYBaHHS, OHA 3 IKHUX
(mo3HadeHa YEPBOHUMHU AYyKKaMH) € BiIKPHUTOIO
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Pawmka, ska poaralioBaHa MiXK CTapTOBHUM (HaiudacrTillle poAb CTapTO-
BOro Impu 0iAKOBOMYy CHHTe3i Bimirpae metioHiHOBHE KomoH AUG) i crom-
KOZIOHOM, HAa3UBAEThCH eidkpumoro pamioro 3uumyeaHust (ORF, open
reading frame). OTke, Koayodya yacTHHa 0iAKOBOIO reHa O0OB'SI3KOBO
MIiCTUTBH BiOIKPHUTY PaMKy 3UHUTyBaHHS.

CMHTE3 BIVIKIB

MoaekyaspHi MexaHi3MHu 0IAKOBOTO CHHTE3y B OCHOBHOMY € CITIABHUMH
[AS BCIX KUBHX OpraHi3MiB. 3unuTyBaHHS iH(opMallii, 3ariucaloi B IIOCAI-
noBHocTi HyraeotuniB MPHK, Ta ii mepekaan y aMiHOKHUCAOTHHUU TEKCT
PO3IIOYHMHAETLCS 31 CTAPTOBOTO KOMOHA, M€ IIPHU IHIYlauil mpaHcasyii
BinmOyBaeTbca ocTaToyHe 30HMpPaHHA T'OAOBHOI'O ITPHUCTPOIO TPAHCALAI —
pubocomu — kommnaekcy pubocomHoi PHK i 6iakiB. BoHa ckaHye HyKA€O-
TUAHY nocaigoBHicTs MPHK, pyxarodwuch y37m0BXK Hei KpOKaMH IO TPHU
HYKAEOTHOU Bim 5'- mo 3'-KiHIIF Mif 4ac enoHzauyii mpaHcasyii 10 CTOII-
KONOHA, Oe BiabyBaeTbcsa mepmiHayis mnponecy. Ilin yac ckaHyBaHHS
pubocoma mpalroe gK AEKOAYIOUHUH MPUCTPiH, 3abe3reuyioyu BITi3HAHHS
KOZOHIB KOMIIAEMEHTapHUMHU IMIOZI0 HUX TPHUIAETaAMHU (AHMUKOOOHAMU)
y ckaani mPHK (rpaucnoptHi PHK), i gk kKaTaaizaTop IIpoliecy CHHTE3Y
IENTUAHOTO 3B'd3Ky MiXK aMiHOKHCAOTaMU. [leBHUM aHTUKOAOH BiAIOBI-
Ja€ aMiHOKHCAOTI MEBHOro THUIy, aKy Hece Ha cobi TPHK. Otxe, TPHK
€ KAIOYOBOIO AAQHKOIO peaaizallii reHeTHYHOro KOay: caMe BOHHU 3abe3sIie-
4yIOTh JOCTAaBKY aMiHOKHCAOT OO0 PUOOCOMH B MOPAAKY, SKHUH BiAIIOBigae
IIOCAITOBHOCTI KOOHIB.

Tparcnoptai PHK

Moaekyan TPHK wMictare 74-95 (mHailiuacrimme 76) HYKACOTHAIB.
Y ckaani Moaekyan POPMYIOTHCS KOMIIAEMEHTApPHI ABOAAHIIOIOBI cTebaa
Ta IIIIHUABKH 3 IIETAIMH Ha KIiHIFgX 3a €auHoro aad Bcix TPHK cxemoro
(puc. 2.3). KinneBi ¢pparMeHTH AaHIIOTa O0'€IHYIOTHCH Y OBOAAHIIOTOBE
cTe0A0, IPUYOMY YOTHPH HYKACOTHAM Ha 3'-KiHIli 3aAHIIAIOTHECS Heclape-
Humu. 3'-Kinnepuit Tpunaser CCA e cranmapTHuM nas Bcix TPHK, mo pu-
0031 KiHIIEBOTO aleHO3WHY KOBAA€HTHO IIPUENHYETHCS aMiHOKHCAOTA —
BiAIIOBiAHO, cT€0AO HA3UBAIOTH AKUENMOPHUM.
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CCA

4 i
AxuentTopHe
cTebao

BapiabeabHa 3a

JAOBXHHOIO II€TAA

__ AnTuxomoHnose
cTebao

AHTHKOAOH

Puc. 2.3. Cxema Ta npocropoBa cTpykrypa TPHK 306pazkeHHsS CTBOPEHO
3a moriomororo nporpamu PyMOL, kox cTrpykTypu y Protein Data Bank 6TNA.
EaemenTH cTpyKTypH nocpapboBaHi 0AHAKOBO AIBOPYY i IpaBopyd

YoTHpHU [OBOAQHIIIOTOBI cTebAa IIOMApHO IIEPEXOAATH OAHE B OJIHE
¥ bopMyIOoTh ABi IPUOAN3HO MEPHIEHAUKYAIPHI OfHA OOHIM IMOABIHHI CIIi-
paai (puc. 2.3). ¥ pesyaprati Mosekyaa TPHK mae I'- abo L-ntonidbny dhopmy
3 ABOMA IIA€YHMa Pi3HOI JAOBXKHUHH: Ha KiHIIl OLHOIO IA€Ya aKIIENTYEThCH
aMiHOKHCAOTA (AKLETITOPHE IIAede), Ha KiHIIl iHIIIOTO — Yy CKAAi aHTHUKO-
[OHOBOI IIETAL — PO3TalllOBaHUH aHTUKOMOH (AHTUKOILOHOBE IIAEYE).

TPHK KOHKpeTHOro THIly, Ka BiAIIOBiAae MEBHiM aMiHOKMCAOTI, ITO3Ha-
4aroTh, iHAEeKcaMu, Hanpukaad, TPHKAR, k1o moaekyaa TPHK mictuths ami-
HOKHCAOTY, TO TaKy amiHoarmma-TPHK mosnagarors gk Ala-tTPHKAR, 3araabpHe
Io3HadeHHd aad aMmiHoanmaboBanux TPHK — aa-TtPHK.

Moanekyau TPHK € nmpomykraMy TPaHCKPHIILII BiAIOBIIHUX T'€HiB, YaCTH-
Ha SIKHUX MPEACTaBA€HA KiABKOMA KOIiaMH, — 0AM3bK0 500 akKTUBHHX IeHIiB
TPHK y renowmi atonunu, 87 y reHoMi E. coli. 3araabHa KiabKicTb THIIB TPHK,
SIKi 0OCAYTOBYIOTH IPOIIEC GIAKOBOTO CHHTE3Y, CTAHOBUTH OAM3BKO 40 (HAIpH-
Kaanm, yci rean TPHK AronmHM MOXKHA po3mianTi Ha 49 poauH 3a BAACTUBOC-
TIMH aHTUKOAOHIB). Ockiabku TumiB TPHK 6inbwe, HK amiHokucriom, ogHii
aMiHOKHCAOTI Moke Bimnosinatu Kiabka TPHK — Taki TPHK HasuBaroTh i30ak-
uenmopHumu. TuniB TPHK wmerwe, HiK kKoOOHi8, Tomy omHa TPHK 3maTHa
PO3MiZHABATH KiAbBKa CHHOHIMIYHHUX KOMIOHIB, IO 3a0e3nedyeTbCcd HEOIHO-
3HAYHICTIO CHApIOBaHHS MiXK IIEPIIOI0 ITO3UIIIEI0 aHTHUKOAOHA i TPETHOIO
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(3a IKOI0 B OCHOBHOMY PO3Pi3HAIOTHCS CHHOHIMIYHI KOOOHU (pucC. 2.1)) — Ko-
noHa. A came: U Ta G 3maTHi BIIi3HaBaTH 110 ABa HYKACOTHIM Y TPETIH MO3uUMil
KOJI0HA, | (iHO3MH — HEKaHOHIYHAa a30THCTa OCHOBA, L0 JOCHUTH 4YacTO 3yCTpi-
YaeThCd B IEPIIIiii MO3UIT] aHTUKO/IOHA) YITi3HAE TPHU HYKACOTUH (Taba. 2.1).

Tabauys 2.1. BianoBiaAHiCTE MilK HYKA€OTHAAMH
y mepuriii Mo3HLil aHTHKOAOHA i TpeTill mMo3uLii KoAOHaA

AHTHKOZOH Konoun
C G
A U
U A, G
G U, C
I U,C,A

[Topsanok 3aAy4eHHS aMiHOKHCAOT MO IIOAIIENITHAHOTO AAQHIIOra, SAKHUH
YTBOPIOETBCS IIPU OIAKOBOMY CHHTE3i, 3aA€KUTH AUIIE Bifl B3aEMOiHl MiXK
HYKA€THOBHMH KHCAOTaMHU — KOOOHOM i aHTHKOAOHOM; aMiHOKHCAOTA, AKY
Hece TPHK, XomHMM YWHOM He PO3IIi3HAETHCA prbocomoro. OTKe, aKIlell-
TyBaHHS II€BHOI aMiHOKHMCAOTH MoaeKyaoro TPHK Biamosimuoro tuiy
(i TIABKH 8i0Nn08i0H020) € OMHUM i3 HaWBaXKAUBIIIIUX MOMEHTIB 06iAKOBOTO
CHHTEe3y: Bifl TOYHOCTI IIPOIIECY aKIIENITyBaHHA Oyae 3aAekaTH M TOYHICTH
cuHTe3y 0Oiaka B 1iaoMy. [Ipomec nmpuemnanasa aminokucaotr o TPHK kara-
AizyeTbes amiHoayun-mPHK-cunmemasamu (APCaza). Koxua i3 20 Tumis
(32 KIABKICTIO aMiHOKHMCAOT) IIUX (PEPMEHTIB € MPEIM3iHUM MOAEKYAIPHUM
IIPUCTPOEM, IKUH 3abe3redye BUCOKOTOUHE (CepeaHsl 4acToTa IOMHAOK CTa-
HOBUTB pubAn3HO 10-6) akilenTyBaHHSA aMiHOKHCAOT BiamoBimaumu TPHK.

Pubocoma 71 MexaHi3M TpaHCIALIT

PuGocoma — pHOOHYKAEOIIPOTEIHOBUIT KOMIIAEKC, SIKUH CKAQIAETBCS 3
ABOX cybomuHUIb. MaseHbKa CyOOAMHUILA ITPOKAPIOTHYHOI puUbOCOMHU Mic-
TUTH OMHY MoAeKyAy pPHK 16S (KkoMmoHeHTH pubOCOMHU IPUMHATO IT03HaAYa-
TH IXHIMH KoedillieHTaM1 cemuMeHTallil y cBembeprax — S) i 21 MoAeKyAy
pubocoMmHux 0iaKiB. Beamnka cybommuaung mictuth ABi Moaekyaun pPHK (23S
i 5S) i 6iaku 36 TuniB. EykapiotmyHa prbocoma MicTUTE Tpoxu Oiabiry pPHK
18S zamicts 16S, aBi pPHK (28S i 5,8S), 3amicts 23S, pPHK 5S i Giabiy Ki-
ABKICTE 6iAKiB. CTpPyKTypa 000X prOOCOM i IPUHITUITH IXHBOI pOOOTH MOAIOHI.

Cunrte3s eykapiornunux pPHK 18S, 5,8S i 28S 3xiticHoeThbCca B aaep-
11i, sKe POPMY€EThCS Ha TAHAEMHUX IIOBTOpPaxX KAacTepa BiANIOBIAHUX re-
HiB pPHK (kaactep noBToproetrbesa Big 100 go 1000 pasiB y pi3HUX BHIIB).
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[TepBUHHUY NPOAYKT TPAHCKPHUIIII MiCTUTH TpU (pparMeHTH MakOyTHIX
pPHK, po3mireHi crieficepaMu, — KAaCTEP TPAHCKPUOYETHCH SIK OMHE IIiA€E.
ITpouecurz pPHK — merpamartisa creticepiB, a TaKoxK ITEBHi XiMidHiI MOIHQi-
Kallii — 3aifiCHIOETECH 3a ydJacTio 6AM3bKO 150 THUIIIB MaeHbKUX si0epyesux
PHK (aHaAOTi4HO [I0 TOTO, 9K MaAeHbKi gaepHi PHK OepyTh y4acTs y Ipoiie-
cuary MPHK, npo mio #itumersca Hizkde). 'ean pPHK mie ogaoro tummy — 5SS —
TAKOXK TAHAEMHO ITIOBTOPIOIOTHCH B IHIIOMY Micili reHoMy, 3Bigku pPHK 5S
TPaHCIOPTYIOTECS [0 SAEPLs, KyAU IIOTPAASIOTE TAKOXK i pUOOCOMHI 6iAKH,
i ne BigOyBaeTbCca 30MpaHHs PHUOOCOMHHUX CYOOUHUIIL. [IepBUHHUHE IPOAYKT
TpaHCKpHUIILLl ImpokapioTudHux reHiB pPHK MicTUTh miASHKH, 9Ki BiAIIOBI-
[aloTh yciM TpboM IpokapiormyHuM pPHK, a Takoxk KiabKa MaiOyTHiX
TPHK. YacTkoBa gerpagaliis TpaHCKPUITY IIPUBOAUTE 10 YTBOPEHHS 3PiAUX
MOAEKYA, dKi B3aEMOIIOTH i3 PUOOCOMHHMHU Oiankamu, POPMYIOYH OBi CyO-
omuHuIli pubocomu. OcraTouyHe 30MpaHHSa PUOOCOMH 3 ABOX CyOOAMHHUIID,
dK y IpOo-, TaK i B €yKapioTiB, BiIOyBaEThCS i Yac iHilliarii TpaHCAsIIii.

Pu6ocomui PHK cranoBASTE 6AM3BKO 2/3 Macu pubocoMu i came BO-
HU BHU3HaA4YaloTh ii CTPyKTypy Ta ¢yHKIil. [loAiHyKA€OTHAHUN AaHIIOT
pPHK yTBOpIoe BEeAHKY KiABKIiCTb MOABIHHUX CITipasei, sIKi YKAaJAIOThCH B
CKAQHY IIPOCTOPOBY CTPYKTYpPy. PrubocomHi OiaKM po3ralrioBaHi Ha oBep-
xHi pPHK (i, BignmoBigHO, Ha moBepxHi pubocommu), crabisizyroum ii PyHK-
iOHAABHO aKTHUBHY IIPOCTOPOBY OpraHi3alliio.

[Tlix uwac pobotu pubocomu ii MaseHbKaA CyOOOUHUIIA B3AEMO/IIE
3 MPHK. CymicHO nBomMa CyOOOWHHIISIMH YTBOPIOIOTBCS CAMTH 3B'd3yBaH-
Hea nad Tpbox Moaekya TPHK (puc. 2.4): A-caiim — y HbOMY BinOyBaeThCH
3B'a3dyBaHHsa aa-TPHK; P-caiim — TyT i3 prub0COMOI0 B3a€MOIi€ METITHUIUA-
TPHK (TPHK, nmo sxoi npuenHaHuil nenmuousl — AQHITIOT, 110 CHHTE3YEThCS);
E-caiim (Big exit) — Kynu mnoTpanasie aeamiHoanuaboBaHa TPHK mepen ii
3BiIABHEHHAM i3 pHOOCOMHMU.

BuntyBaHHd iHpopMmarril 3 MPHK 3aiticHIoeTbCE prbOOCOMOIO B HAIIPSIM-
Ky Big 5'- mo 3'-KiHIIs, MOAIDENTHAHUN AQHIIOT CHHTe3yeThbcd Bim N- mo
C-kinng. IIporiec TpaHcAsIii po3nodynHaeTbCs 3i cTadii iHimianii (puc. 2.4),
KOAHW PHOOCOMOIO BITI3HAETHCS CTAPTOBHUIH KOJIOH, ITI0 33/1a€ II0YaTOK i pam-
Ky 34uTyBaHHs iH(opwmarlii. Ha HpOrO Ta B P-caiiT pubocoMu omgHO4YacHO
3aBaHTaXKyeThcs iHiniatropHa aa-TPHK. EdekTuBHICTH 3miHCHEHHS ITUX
orepailiii 3abe3rnedyeTbca HAOOPOM MEBHUX OIAKOBUX (PaKTOPIB iHiITiaIlii.

CTapToBUM KOJIOHOM € 3/1e0iABIIToro MeTioHiHOBUH KomoH AUG, BiamoBi-
[HO, iHiiaTopHoro € 3aBxkau Met-TPHKMet (ingekc "i" BKa3ye Ha Te, IO IIe —
came iHiyiamopHa MetioHiHoBa TPHK, TOOTO BOHaA BipPi3HSETHCA 32 CBOEIO
CTPYKTyporo Bif 3Buuatinoi TPHKMet, gka BUKOPUCTOBYETHCH AT BKAIOUEHHS
Met ycepenuHi aauiriora). OTsKe, IIEPIIOI0 aMiHOKHCAOTOIO 3aBXK/IHU BUCTYIIA€E
METIOHIH (JK IPaBUAO, BiAIIETIAIOETECS IIOCTTPAHCASIIHHO).
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B N-kinens PaKTOPH
eémxa . TepmiHamii
CyOOAHHHIA AMiHOKHCAOTH
CaiTu

3B'sI3yBaHHS
TPH

MaaeHBKa
cyboauHuIA

3B'asyBaHHa TpaHcmenTHAamia TpaHcAOKaILisA
aa-TPHK

Puc. 2.4. Cxema mpoliecy TpaHCAdNii. Y HUXKHIH 9acTuHI
II0KAa3aHO IIO/il OTHOTO €AOHTAIlIIHOI0 ITUKAY

Ilaai poboTa pubOCOMHU ITifl YaC €AOHTAIlil TPAHCASIIII TIOAATAE B TTOCAI-
JOBHOMY (IIOTPHUIIAETHO) 34uTyBaHHi iHdopwmarii 3 MPHK i BignoBigzHOMY
OpUETHAHHI aMiHOKHUCAOT JI0 HOAITIEITTHIHOTO AaHIrora (puc. 2.4). KoxxeHn
TaKUH KPOK CKAQIAEThCA 3 TPHOX OIlepallii, 10 IIUKAIYHO ITOBTOPIOIOTHCS
(enoHeauilinull yurn). Lluka po3modmHaeTbcd 31 38's13yearHss aa-mPHK
3 A-catimom. Pubocoma 3abe3riedye BHUCOKY CIIEIU(IYHICT OO0 B3aEMO-
Oifi MixK KOJOHOM i aHTHUKOMIOHOM — TiABKH CIIOPiffHEHA [0 JaHOT0 KOJA0HA
TPHK BigbupaeTbca cuctemoro. IIporiec poawmimieHHs aa-TPHK B A-caiiTi
4acTo CYIIPOBOMKYETbCS aucolliaiieo 3 E-calita meamiHoalaboBaHOI
TPHK, sgka 3aanmmnaacg Tam i3 IornepeagHboro IIHKAY.

HacainkoMm 3B'si3yBaHHA € mpaHcnenmuoayisi — IIEPEHECEHHST ITEIITUIUAY
3 nentuauA-TPHK Ha amiHoKucAOTY y cKaaai aa-TPHK. KaTaaiTHaHNI aKTUB-
HUl IIeHTP, 0 3a0e3medye TPAHCHENTHIAINIO, PO3TAIIIOBAHHN Ha BEAWKIH
cybonuHUII prbocoMU ¥ PopMyeThCS BUKAIOYHO pubocoMmuoro PHK. YHacai-
[OK TpaHcrierrruaanii B A-caiiti onuHsaeTses rerrtuaua-TPHK i3 rogoBkeHNM
Ha OZIHy aMiHOKHCAOTY HENTHUANAOM, ¥ P-caiiti — neaminoammaroBana TPHK.
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Tpets onepallia — mpaHcioKayist — IIOAITAE B MepeMillleHHI pubocoMu
Ha oauH kKoaoH y3n0BK MPHK (Moaekyam TPHK 3aauiiarorbcs 3B's3aHUMH
31 CBOIMHM KOJOHAaMH), IIiCASI YOT'0 PO3MOYHNHAETHCS HACTYIIHUN eAOHTalliki-
HUH IUKA. EQeKTUBHITHL i MIBUAKICTL 34iHCHEHHS E€AOHTAIiIHOTO ITUKAY
3aA€XKUTH BiJl IBOX 0iAKOBHUX (PpaKTOPIiB €AOHTAallii.

Koam micag 9eproBOro eAOHTALIHHOTO IHKAY (4KHWH CTaHE OCTaHHIM)
B A-caliTi OIUHSIETBCSI OAWH i3 TPHOX CTOHN-KOMOHIB, BiH pPO3Mi3HAETHCH
dakTopaMu TepMiHallii TpaHcadmii — xxoaHa TPHK He MicTuThb Bimmosim-
HHUX aHTHKOMIOHIB (puc. 2.4). PakTopu TepMiHallil 3a0e3MedyloTh 3BiAb-
HEHHSI CHHTE€30BaHOTO aMiHOKHMCAOTHOTO AaHIIOra Ta ITiTOTOBKY pHOOCO-
MH 10 HOBOTO payHAY TPAHCALIli: gucoliialiito cyOoauHUIlL PHOOCOMHU OfI-
Ha Bix oxuoi Ta Bigx MPHK.

EKCIIPECIJI 'EHIB YV IIPOKAPIOTIB

Posraguemo mepiui etan ekclipecii reHa — TPaHCKPHIILIIO — i, BOOHO-
Jac, 3araAbHy KapTUHY peaaizarrii cnagkoBoi iHgopwMmarii. Xoda MoAeKy-
AsapHI Mexauizmu cuHTe3y PHK € 3Ha4YHOIO Mipoio CITIABHUMH OAd BCiX
JKUBUX OPraHi3MiB, BOHU CyTTEBO PO3PI3HAIOTHCS OAS IIPO- TA €yKapioTiB.
Tomy BapTO pPO3rAgHYTH iX OKpeMoO, a II0YaTH CAiJ i3 IIPOCTIIIIOoi ITpoKapio-
THUYHOI CUCTEMHU E€KCITPECii T'eHiB.

Tpauckpuniis

3pocranusa aaHiora PHK nipu TpaHcKpurilii BigOyBaeTbCs B HAIIPSIMI
Big 5'- mo 3'-kinng. Cybcrparamu peakuii € 3'-kiHneBa OH-rpyma pu6o3u
3pocTaryoro TpaHcKpunrty (aaHiora PHK, mio cuaTe3yeThes) i pUOOHYK-
aeosuaTrpudocdartu (rNTP). [TpuHIUoBa cxeMa peaxliii iJeHTHYHa CXeMi
peaxuii cuaTe3ly [JHK (puc. 1.16) — mpuenHaHHS YeproBOI'O HYKAEOTHULY
3aA€XKUTH BiJ HOr0 KOMIIAEMEHTAPHUX B3aeMoiil 3 TUM aaHiorom [JHK,
KOTPHH BUKOPHCTOBYETECH SIK MaTpulld. PepMeHT, SKHH KaTaailye I1io pe-
akitito — /JHK-3anexxHna PHK-nosimepasa.

o ckaany GakrepiaabHOi PHK-mmoaiMepasu BXoAdTh KiAbKa OiAKOBHX
cybonmHUIE. 3aAeKHO Bif cTamdii TpaHCcKpUNLii icHye aBi ii oopmu:

1) xop-gpepmerm y ckaanmi cybOOHMHUIIL, TO3HAUYYBAHUX 9K 0 (OBI KO-

mii), B, B' i »;
2) eonogepmeHm — KOMIIAEKC KOP-(PepMEHTY i3 CyOOAUHHUIIEIO G.
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Kop-depmeHT MOXKe mpaloBaTH Ha Pi3HOMAaHITHHX IIOCAITOBHOCTSX,
OCKIABKH Ma€ OOCUTH BUCOKY Hecrienudgigny cnopimuericts mo JAHK. Tlo-
gaBa CyOOTUHUIIL 6 ¥ CKAAi TOAOPEPMEHTY 3YMOBAIOE 3HUMKEHHS 3araAbHOL
Hecrienmu@ivHOi CIIOPiAHEHOCTi, OHAK MPH IIBOMY BHHUKAE cneyugiuHa
CIIOPiTHEHICTh 10 npomomopie — OCOOAMBHUX MIASHOK, i3 IKHX Ma€ PO3IIO-
yuHaTUCcd TpaHcKpunuig. CyO0oaAMHUIE 6, TAKUM YHWHOM, BHKOHYE POAb
3az2a/16H020 haxmopa HiYiayil TpaHCKpUIIi. Pi3Hi IIpoMOTOpH PO3Pi3HAIOTH-
Csl 3a CIIOPIAHEHICTIO [0 roaodpepMeHTy (cunoro npomomopa). BigmosinHo,
yIi3HaHHS CAA0OKHX ITIPOMOTOPIB 3aA€XKUTH BiJl JOAATKOBUX, CIIEITH(ITHUX
JAS JAHOTO TeHa YU TPy I'eHiB, pakTopiB iHimiarii.

Pob6ouwnii muka PHK-T10AIMEpasy cKAaaaeThCd 3 TAKUX CTAIiH.

e Iniyiayis TPAHCKPUIIILii, KA TAKOX € 0araToCTamiiHUM MHPOIIECOM
(puc. 2.5):

1) 3B'a3yBaHHA TOAOPEPMEHTY 3 IPOMOTOPOM;

2) AOKaAbHE TIAABA€HHS TOABIHHOI CITipaai — pPO3XOA3KEHHS AQHIIOTIB
AHK (Ha miaguii y 12-14 map oCHOB), IKE€ M03BOASE BUKOPHUCTOBY-
BaTH OJUH i3 HUX 9K MATPHULIIO;

3)BKAIOYUEHHS IIEPIINX OABOX HYKAECOTHUOIB y Moaekyasy PHK (cunres
nepiroro gocdomiepipHoro 3B'd3Ky B aKTHBHOMY HEHTPI ITOAIMeE-
pa3y) € HaHUMIOBIABHIIIIOK CTAi€l0 IIPOIeCcy, gKa MOKe BiA0yBaTH-
Csl TIABKH Y IIPHUCYTHOCTI CYOOUHHULI G;

4)3pocTaHHd NEPBHUHHOIO KOPOTKOI'O TPAHCKPUITY — MIPHUEAHAHHS
8-9 HYKAE€OTHIB;

5)ounIeHHa IIpOMOTOpa — Aucoliallisa c-akTopa, gKa MapKye Iie-
pexin oo eAoHTallii TPaHCKPUIIII].

IIPOMOTOPD AHK
\ .
/

xop-cdepm
aafp'e J\_: \‘ NaaBaenHsa JHK,

YTBOPEHHS IEePILIOTOo
¢4 3B'A3KYV

p ( ‘ 3pocTaHHA

e IIEpBHHHOI'O

TPAaHCKDHIITV

7 OuHIIEeHHS
\"\_“/"\: mpomoTopa,
PHK ! ¢

IIOYaTOK €AOHTrAILil

Puc. 2.5. Ininiamia Tpanckpunii 6akrepiasbHoro PHK-mmoaimepa3oro
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e Enon2auis TPAHCKPUIILii, y KOXKHOMYy €A€MEHTAPHOMY aKTi SKOi
OpUegHyeTbCcd deproBuii HyKaeoTun no J3'-kinng PHK i1 kop-
depMeHT mepecyBaeThbCd Ha OOUH HYKAEOTH Y3I0BXK MAaTPHIIL.
[Ipu n1boMy pa3oM i3 moAiMepas30r0 IIEPEMIITYETHCS TAKOXK 1 po3IIAaB-
aeHa pingaka [IHK: ogHa mapa OCHOB PYHHYETBCS IIONIEPERYy Bifn
moAiMepasH, oaHa — BiZHOBAIOETHCH mo3any. CuHTe3d PHK BinbyBa-
€TBCH i3 cepeHbOI0 MBUAKICTIO 40 HYKACOTHIIB 32 CEKYHIY.

e Tepminauin TPAHCKPUIII — BU3BOAEHHS TPAHCKPUIITY, ITiCAS YOTO
Kop-oepMEHT 3HOBY B3aEMOIE 3 0-CyOOIUHUIICIO 1 3MIMCHIOE HOBHH
nomryk npoMmoTopa. CUrHaa TepmiHalli gaBAs€ coOOI0 ITOCAIIOBHICTE,
TPAHCKPUIIIIiA SKOi IPUBOAUTL A0 yTBOpeHHsS y ckaani MPHK kowm-
TIAEMEHTAPHOI MBOAQHITIOTOBOI MITTUABKH, Oe3IocepenHbo (hAaHKOBA-
Hoi polyU mocainoBHicTIO: 11e¥i eaeMeHT cTpykTypu MPHK poamizna-
€TBHCH TTOAIMEPA3010, YHACAIZIOK YOTO CUCTEMa PyHHyeThbcd. [Hoai mpo-
1IEC TIOAETIIYETHCS JOAaTKOBUMH OIAKOBHMHU (PAKTOPAMHU TepMiHALlii.

PHK-mmoaimepaza XapaKTepHu3yeTbCS aCUMETPHUYHOIO CTPYKTYPOIO: ABi

BeAUKi cyboquHuii — B i B' — popMyrOTh XapakTepHi 'meaenu’, i3 BHyT-
piIHBOIO IOBepxHei0 gkuxX BaaeMmonie J[IHK, posrammoBana "Huzkue"
(downstream) y HannpsIMKYy pyxy noaiMmepasu. [AnO0KO MixK IleaeriaMu Mic-
TUTBCH KaTaAiTUYHUP aKTUBHUH LIeHTpP (puc. 2.6). Lli pucu cTpyKTypHOI
opraHizaiii € 3araabHUMH aas Bcix iHmmx PHK-moaimepas: eykapioTwmd-
HUX i MOHOMEPHHX IoAiMepa3s aedakux dakrepiodaris.

MaTpuuyHHH
aAaHmor JHK

Puc. 2.6. Cxema opranizanii PHK-ntoaimepasHoro koMmnaekcy
(v po3pizi) mig gac eaoHrarii TpaHCKpPUIIITii

Acumerpuuna O0ynoBa PHK-moaiMepasu 3yMOBAIOE agBa MOZKAUBI CIIO-
cobu, IKUMH (pepMeHT MoxKe OyTH opieHToBaHUM BimHOocHO [IHK: KOKHIiM
i3 1IMxX opieHTAalli!l Oyne BiAIoOBiAATH ABa IIPOTHUAEXKHI HAIIPSIMKHU PYXy IIPU
TpaHckpunuii. BinnmosinHo, oquH i3 agBox aaHitoriB JJHK Oyne obuparucs
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K mampuuHuil — TOH, 3 GKOT0 3YUTYEThCd iHdopMallid y HaupaMKy 3'-5'
(puc. 2.6, 2.7). ITocainoBHicTb aaHItora [JHK, axkuil € KoMIIAeMeHTapHUM
MaTpudHOMYy, 36iraerbcs 3 mocaimoBHicTio PHK, mio cuntesyerbcsa. Tomy
caMe Iiefl HeMaTpPUYHUH AQHITIOT HA3UBAIOTh KOOYyrouuMm, abo 3mMicmosHuM, —
HOro IIOCAIIOBHICTE HPUHMHSATO HABOAUTH SIK IIOCAIIOBHICTB MAHOTO TeHAa
(BiAmmoBimHO, MATPUYHUU AQHIIOT HA3UBAIOTE aHmukodyrouum). Hyraeo-
TH/J KOAYIOYOr0 AQHIIOTa, AKUH BiANoBimae craproBoMy HyKaeotuny PHK
(dacrimre nypUHOBHH), MO3HAYAEThCAd 9K +1, HACTYHHI HYKAEOTHOH
(4u mapu OCHOB) Y HAIIPSIMKY PyXy IIoAiMepasy HyMepyIoTh 3 II03HAYKOI0 "+":
+2, +3 1 T. A. Y 3BOPOTHOMY HAaIIPSIMKY (AiBOpydY Ha pHC. 2.7) HYKACOTUAU

HyMepyIOTh i3 II03HA4YKOoI0 "' (moyuHaioyu 3 —1).
6’0
+1
10 @0
-35 000...... .'
300000000000, 0000000 3

3 /f
Koayrouui (3MiCTOBHHII) AaHIIOT

@ O
| il

12-14 map ocHOB

AHTHROAYIOYHH (AHTH3MIiCTOBHHII) AAHIFOT

Puc. 2.7. TunoBuii npomorop E. coli. 3eaeHa cTpiska
II03HAYAE CTAPT TPAHCKPHIILII BCEpEIHHI PO3IIAABAEHOI 30HH

TunoBuit 6akTepiaaAbHUN ITPOMOTOP (pUC 2.7) CKAQIAETHCS 3 IBOX €Ae-
MEHTIB IIOCAIZIOBHOCTI, pO3TaIlloBaHUX Ha BizcTaHi npubausno —10 i -35 Bixg
crapToBoi TodKu. KoHCeHCyCcHaA (y3araabHEHa [IAd Pi3HUX ITPOMOTOPIB) MHO-
caimoBHicTE eaeMeHTa —35 Mae BUTAAN TerTsaGr7sAesCsaAss (UHCAAMU TIO-
3HQ4YE€HO YacTOTy 3yCTPid4asbHOCTiI JaHOI OCHOBH y BimcoTkax). Ilocaimos-
HicTh eaeMeHTa -10 (Ha3UBaeTbcd TakKoXK OokcoMm IIpubHOY):
Ts0Ao5T45A60A50Tos. BapiabeabHICTb TOCAILOBHOCTEH BU3HAYAE Pi3HY edeK-
TUBHICTB iHimiawii — cuay npomoTopiB. Came eaemeHTH —35 Ta —10 6e3mo-
CepeHbO BIIi3HAIOThCS 6-(PaKTOPOM IIpH iHimiallii Tpanckpuniii. HaBene-
Hi IIOCAIZIOBHOCTI PO3IIi3HAIOTHCH BapiaHTOM o-(PaKTOpa i3 MOAEKYASPHOIO
Baroro 70 g/a (670), 9KUH € JOCUTH IITMPOKO 3aCTOCOBYBAHHM, OJHAK BiH
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He enuHu#. KiAbKOM iHITMM BapiaHTaM o, Mi KOHTPOAEM SAKHX mepeby-
BalOTh IIEBHi I'pyIIH IIPOMOTOPIB, BiAIIOBiAAIOTH iHINI KOHCEHCYCHI IIOCAi-
noBHocti —35 Ta —10. B3aemogisa o-¢phakTopa 3 IPOMOTOPOM UiTKO OPIi€HTYE
PHK-tioaimepasy 1momo JHK, To6TO BH3Ha4Ya€e sIK CTAPTOBY TOYKY TPaHC-
Kpwurii, Tak i ii HapssMoK (BHOip OZHOTO 3 ABOX AQHITIOTIB K MaTPUYIHOIO).

CyTTEBOIO OCOOAMBICTIO MPOKAPIOTUYHOI CHCTEMHU TPAHCKPUMIT O6iA-
KOBHX T'eHiB € Te, mo MoaeKyaa MPHK 3B'a3yeThca 3 pubocomamu 0e3rno-
CepeaHbBO I Yac TPaHCKPHUIIIi — npokxapiomuuna mpaunckpunyis i 6in-
Koeuil cunmes e edurHum npouecom. [Ipu nromy MPHK, 1o cuHTE3yeTHCS
Ha TaK 3BaHUX ONepoHax — KAaacTepaxX KiAbKOX I'€HiB, IIPO sKi AeTaAbHIIlle
HUTUMEThCHd HUXK4YE, MICTUTH KiAbKa IIOCAIIOBHUX PaMOK 3YHUTYBaHHS Ta
KiAbKa cTapTOBUX KOJZIOHIB. IHiliamnia TpaHcadallii BinOyBaeTbCsl OKpPEMO Ha
KOXXHOMY 3 Hux ycepenuti MPHK, i po3mizHaHHS IIUX CTapTOBUX KOIOHIB
HE 3aA€XKHUTH BiJ IXHBOTO po3TallyBaHHS IOAO S'-KiHIIA MATpPHIL (Tak
3BaHa GHYMpiHs Hiyiayis). CrenudiyHe po3MillleHHS CTapTOBOTO KOIO-
Ha B P-caiiti pubocomu mpwu iHimiarlii TpaHcadiiil y mpokapioTiB 3abearie-
YyEThCSI KOMIIAEMEHTApHUM yIi3HAaHHAM MixX giasHkoio pPHK 16S i koH-
cepBaTHUBHOIO nocnidogHicmio llatina — danveapHo, po3minieHoro B MPHK
3a 5-9 HYKA€OTHIB Bi CTapTOBOro KOAOHA B HANIPSAMKY A0 S'-KiHNE. Came
HagBHICTD IIi€i mocaimoBHOCTI B pobuth manuii kogoH AUG cTapToBUM,
BimpizHAI0YM HOT0 Big 3BUYafHOTO METIOHIiHOBOTO KOOHA.

JKio pubocoMu 3 THX YH iHIIUX HMPUYUH He 3B'aA3yioTbcsd 3 MPHK,
TPaAHCKPUIIT UIBUAKO AETpanaye Mifl Oi€l0 HyKAeas.

Peryssaiiiss TpaHCKpUITIIii

3po3yMiA0, IO TeHU HE TPAHCKPUOYIOTHCS ITOCTiHHO, & BMUKAIOThHCS /
BHUMHWKAIOTECSI B II€EBHI MOMEHTH 3aA€KHO BiJl 30BHIIIIHIX YMOB, CTamill Kai-
TUHHOTO ITUKAY TOIIIO. ['OAOBHUMU eAreMeHTaMH, B3a€EMOisI MK GKUMHU 3y-
MOBAIOE€ aKTHBAIlilI0 YU PEIpeciio TPaHCKPHUIILLi, € yuc- i mpaHc-enemeHmu.
I{uc-eneMeHTH — I1e PETYASTOPHI eaeMeHTH nocainoBHocti JHK, aki ¢isu-
YHO 3B'd3aHI 3 JaHUM T€HOM; y IIPOKapioTiB 4acTo Ha3UBAIOThCS onepa-
mopamu i TepeOyBarOThb y OesrocepenqHili OAM3BKOCTI OO IIPOMOTOPIB.
TpaHc-eaneMeHTH — GIAKOBI (paKTOPU TPaAHCKPUIILIi, SKi BiAbBHO AU(PYHIY-
IOTb (MPAHCIOPTYIOTHCS) Y IIPOCTOPI KAITMHH, HIYKAIOYU CBiM yuUC-€AEMEHT,
[0 SIKOTO BOHHM MAalOTh CHEIM@IYHY CIOPiAHEHICTh. SIKIO 3B'A3yBaHHS
mpaHc-eAeMEHTa 3 OIIEpaTOPOM MPHUBOAUTH A0 aKTHUBAllii TpaHCKPHUMIILi
(dacTo 3a paxyHOK HNpAMHUX 0iAOK-0iAKOBHX B3a€EMOIN TpaHCKPUIMIIHHOTO
¢dakTopa 3 PHK-moaiMmepasoro, sIKi migBUIIYIOTE 1i CHOPiHEHICTH 10 IIPO-
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MOTOpPa), KaXyTh, 110 (PAKTOP € aKmueamopom i 3AiMiCHIOE no3umueHy
peryaditito. JKio ¢akTop 6A0Kye 3B'a3yBaHHd PHK-moaimepasu (dacto 3a
PaxyHOK 3HHIKEHHS NOCTYITHOCTI IIpOMOTOpa), HOro Ha3uBalOTh penpecopom
1 ineThcs PO HezamueHy PETyALITiIo.

i 3araapHi OPUHIUIIN PETYASIi, SKi, YCKAQIHIOIOYHUCH, 30€epiraroThbCs
TakKOXK B €yKapioTiB, peaaidyrorTbcsa Ha cramii imimiarii. Kpim Toro, masa pe-
TYASIITii BUKOPHCTOBYIOTHCH iHIITI MOMEHTHU IIPOLIECY TPaHCKpHUIILii. 30KpeMa,
OAS PETyASii IIeBHUX T€HIiB 3aCTOCOBYETBHCH MEXaHI3M AHMUMEepPMIHAUIL,
KOAW aKTUBaTOPH TpaHCKpUIIii 3amobiraioTh ynisHanHio PHK-moai-
MEpPas30l0 CHUTHAAIB TepMiHallii, 1110 MiCTITHCS BCepenuHI KOAYI0U0i JacTH-
HU TeHa. SKmo akTopu BiZCyTHi, T'eH HEaKTHBHUMN: HASBHICTH TEPMiHY-
I0YOT'0 CHUTHAAY 3YMOBAIOE TE€pPMiHAIlil0 TPAHCKPUIIIl Ta BU3BOAEHHS He-
dyuknionaabHoro PHK-mpoaykry.

CyTTeBOIO OCOOAMBICTIO IIPOKAPIOTUYHOIO I'€HOMY € T€, III0 XO4a IIPH-
06am3HO 3/4 TPAHCKPUMIILIMHUX OAUHUIIL (CKaximo, E. coli MicTaThk oquH
TeH, pelITa peaasidye XapaKTepHHH masd OakTepili omepOoHHUI ITPHUHITUII
opraHizallii reHeTHUYHOI'O MaTepiasy. OnepoH dBAde cOD0I0 KaacTep Tak
3BaHUX CMPYKMYPHUX 2€eHI8, Ha SKHUX CHHTE3YETBbCA OIHA MOAEKYyAa
MPHK, m1o mae Kiabka (0gHA HA KOXKEH CTPYKTYPHHUH TIeH) ITOCAITOBHHX
BIIKPUTHUX paMOK 34YHUTYBaHHS [IAd TpPaHCALIl BigmoBimHuUX O6iAKiB.
Y Mexkax orepoHa 3rpyloBaHi CTPYKTYPHI I'eHH, sKi BiATIOBiIaioThH 3a CUH-
Te3 OiAKiB, 3aAy4eHHX OO OJHOTO AAHIIOXKKA 0ioXiMiYHMX MepeTBOpPEeHb
(dbepmenTH cuHTE3y abo merpasallii nmeBHOi crioayku). KpiM CTPyKTypHHX
Te€HIiB OIIEPOH MAa€ PETryASTOPHI MIATHKH, 3a PAXyHOK SIKHUX 3IiHCHIOETHCS
PETyAdIlia TPAHCKPHUIIIi orepoHa gK Iiaoro. Y reHomi E. coli micTuThCa
~650 TakKUX OAUHUIIL TPAHCKPHUIILI].

HactymHi nBa mpUKAaAU iAIOCTPYIOTH HAWTHIIOBIIII MeXaHi3MH pery-
AAIIil TPAaHCKPUIIL] Y IPOKaAPIOTUYHUX CUCTEMAX.

Aaxmo3snuii onepon (lac-oniepoH) E. coli craB cBoro 4acy, 3aBASKU 10-
caimxkeaHam 2Kakoba i Mouo (Francois Jacob, Jacques Monod), mepimoro
[LEeTaAbHO BHUBYEHOIO CUCTEMOIO PEryAslilii TpaHckpwuiiii. /1o ckaagy oIie-
poHa (puc. 2.8) BXOAATH TPU CTPYKTYPHI I'€HU, 110 KOAYIOTH (PEPMEHTH,
3aAydeHi no yTuaizamnii (kataboaizmy) aakTo3u. TpaHCKpPUIIIiS BCiX TPHOX
ITeHiB 3iHACHIOETBECS 3 OJHOTO IIPOMOTOPA (CHHTE3YETHCS €AMHA NOJYUCT-
poxHa Moaekyaa MPHK, gaxka mMae Tpu IIOCAILOBHI BIAKPUTI paMKH 34YUTY-
BaHHs). [IpoMOTOpP OTOUYYIOTH ABi OAHAKOBI omepaTopHi miasHku (lac-ome-
paTopu), 1110 MalOTh CIIOPIAHEHICTE [0 lac-perrpecopa, i caliT 3B'd3yBaHHA
CAP (Catabolite Activator Protein).

67



Tenernka

IIpomoTo
Omnepartop Il’ P OneparTop CTPYKTypHi reHH
_ | | ‘
CAP-caiit [l cAMP
l . SHHKEHHS ‘
.{ piBHs
RNAP TAIOKO3H, CAP

3pOCTaHHA
piBHa cAMP

!

l l

-

Pu6ocomu

L<_
|

Puc. 2.8. [To3utuBHA peryadrlis lac-onepoHa
KaTaboaiTHUM akTUBaTOpHUM GiakoM CAP

[IpomoTtop lac-omepoHa cAabKHHE — y HBOTO MOOCHTH HH3bKa BAACHA
criopigaeHicTh 1o PHK-mmoaimepasu. HaBiTh SKII0 B cepemoBUIL € AAKTO-
3a, ase IPUCYTHS TAKOXK TAIOKO3a (Kpamui xap4yoBHH cybcrpat aas 6ak-
Tepi), TpaHCKpUIlllisa lac-omepoHa Malizke He 3OIMCHIOETHCS. 3HUKEHHS
PiBHS TAIOKO3UW MPUBOAUTE OO0 MiABUIIEHHS BHYTPIITHBOKAITMHHOI KOHIIEH-
Tpauii cAMP (umkaigHOTO ameHo3MHMOHOGOCHATY), 3B'd3yBaHHS SKOTO
3 CAP ingykye KoHpopMalliiiHy repebynoBy 0iaka Ta mogBy Horo crierumdiy-
HOI criopigHeHocCTi n0 BignoBigHOro cadita Ha [JJHK (DuB. CcTPyKTypy KOM-
naekcy Ha puc. 1.7, g). B3zaemonia CAP i3 PHK-moaimepasoro HizficCHAIOE
ii ciopinHeHicTs mo mpomotopa — CAP pekpyTye moaimepasy, sKa [Oaai
pos3niounHae cuHTe3d MPHK (puc. 2.8).

OnucaHuil creHapii TO3UTUBHOI peryadilii peaai3yeThbcs AHIIE 3a
YyMOBH, IO lac-omepaTopu He B3aEMOIIOTE i3 lac-perpecopom. Y pasi Bim-
CYTHOCTi AaKTO3U (KOAHW BignoBimHi pepmenTH ii yTHAIZalii HarleBHO He
noTpibHI) roMonuMepH pernpecopa (He3aAeKHO Bil MOKAHBOI IIPUCYTHOCTI
CAP) 3B'a3yroThcd 3 oboMa omepaTopaMu ¥ IpU IIbOMY B3a€EMOMIIOTH MixXK
co00I0: YTBOPIOETHCS TETPAMEPHHN KOMIIAEKC, AKHH yTpuMye netaio JHK
(puc. 2.9). YcepenuHi mieTai MiCTHTBCH ITPOMOTOD, i IIe aOCOAIOTHO 3ar06i-
rac 3B'adyBaHHIO 3 HUM PHK-moaimepasu. Koam 3'aBageTbcd AakTO3a,
il HeBeAMKa KIABKICTH IIEPETBOPIOETHCS Ha aAOAAKTO3y, SKa CIIPAallbOBYE
9K iHOYKTOP lac-onmepoHa: 3B'S3yBaHHS aAOAAKTO3H 3 PEIPECOPOM iHAYKYE

68



Posdis 2. Excripecisi reHis

CTPYKTYPHi 3MiHM 0ianKa Ta BTpaTy HOro CIOPiIHEHOCTi [0 oIleparopa.
Yuacainok pytinyBaHHd 1eTali PHK-mioaiMepasa 3B'd3ye€ThCd 3 IPOMOTOPOM
1 OIIEpOH IIOYUHAE IIpallloBaTH.

T

Penpecop ‘

Puc. 2.9. HeratuBHa peryadarisa lac-onepoHa lac-perrpecopom

Amenrauin. Cucrema ameHrwoayii (attenuation — mocaabaeHHs), gKa
BUKOPUCTOBYETLECS 30KpeMa OAS PEeryAdilii akTUBHOCTI TPUITO(PAHOBOIO
ortepoHa (trp-omepona) E. coli, TIoB's13aHa i3 BUKOPUCTAHHSAM CHUTHAAIB TepMi-
Hallii Ta Tiel 00cTaBUHY, 110 IPOKAPIOTHYHA TPAHCKPHUIILIS TiCHO y3To/zKe-
Ha 3 TpaHcCAdlieo. TpunrodaHoBUH ONEPOH MICTHUTH II'ATh CTPYKTYPHUX
reHiB, 9Ki BiAOBiOaioTh 3a CHHTE3 aMiHOKHCAOTH Trp, mepen HUMH PO3-
TallloBaHi IPOMOTOP, OIIEPaToOp i AllepHa IIOCAIZOBHICTE, 3 IKOi PO3MOYU-
HaeThCs TpaHCKpuIilisa (puc. 2.10, a).

a 9
IIpomoTop CTapToBHH KOLOH

OmnepaTop 1 2 3 4y,
CTpPYKTYpPHi reHH
1T 1T 1

Ml
izep
= BHCOKa
KoHUeHTpauia Trp

PHK 2E 3
Husska U
KoHIeHTpauia Trp 8
354
Husbka Bucoxka
KoHUeHTpauia Trp KoHueHTpauia Trp

Puc. 2.10. (q): Cxema trp-oriepoHa, Ha SKOMY CHHTE3YIOThCS
nBa PHK-npoayKTH 3aAe3KHO Bifi BHyTPIiIIHLOKAITHHHOI KoHIIeHTpartii Trp.
(6): Ainepua PHK i nBa BapianTH ciaproBaHHS OCHOB V ii ckaani
3aA€KHO BiJ po3ralryBaHHS pubocoMu
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AipepHa dyactuHa PHK MicTuThE cTapTOBHM KOOOH, IIO PO3IIi3HAETHCS
pHUbOCOMOIO, i YOTHPU E€AEMEHTHU IIOCAIIOBHOCTI: miagHka 1 MICTUTH IBa
IIOCAIZTOBHI TpHUNITOaHOBI KOMOHH, MIASHKU 2-3 Ta 3—4 € IOIIapHO B3aEMO-
KOMIIAEMEHTapHUMH, 3a OIASHKOIO 4 po3TalroBaHa 0Airo-U IOCAILOBHICTb.
[IImuapka 3-4, daaukoBaHa oairo-U, €, TAKUM YHHOM, CHUTHAAOM TepPMi-
Hauii TpaHckpumitii. Koan koHnentpauisa Trp Hu3bKa (¢ morpeba y Trp
i ToMy omepoH Mae OyTH aKTUBHUM), pubocoMa 3yIUHSETHCA Ha TPUIITO-
daHOBUX KOAOHaxX miAdHKH 1 (ockiabkmu BiacyTHa i Trp-TPHK). ¥ npomy
BUIIQIKy yTBOPIOETHCH IITHMABKA 2-3 (miasgHKa 3 He 3aAy4aeTbCs 40 YTBO-
peHH4a TepMinyrouoi mmnuapky) i PHK-mmoaiMepasa rmpogoBKye CHHTES3 IIOB-
HorinHoi MPHK. PuGocomu 3B'S3yIOTBCH 31 CTApPTOBUMH KOJOHAMH, IIIO0
BiAMIOBIAAIOTH CTPYKTYPHHUM IreHaM, i CHHTE3YIOThCS BiANIOBiAHI 6iAKH.

3a Bucokoro piBHA Trp pubocoMa IIIBHAKO MTPOXOAUTE Yepe3 MiATHKY 1 Ha
MIATHKY 2 1 3yIIMHSETBCS Ha CTOI-KOMOHI. Y PE3yAbTaTi YTBOPIOETHCS IIITHABL-
Ka 3-4, TobTo (popmyeThca curHaa TepMiHarii, i PHK-roaimepasa 3ymnHse
TPaAHCKPHIILIIO ITiCAST CHHTE3y KOPOTKOI HepyHKIlioHAaABHOI AimepHoi PHK.

trp-OnepoH nepebyBa€e TaKOXK IIifi KOHTPOAEM trp-perpecopa. Peryagaro-
POM CIIOpPiTHEHOCTI perpecopa oo oreparopa € caM Trp: y KOMIIAEKCI 3 HUM
penpecop HabOyBae KoH(opMalliiHol popMH, SKa Ma€e BUCOKY CIOpimHe-
HicTb. fKm10 KoHIeHTpallii Trp 3HUKYETbCH — PENIPECOP MUCOLIIOE ¥ edek-
TUBHICTE iHimiamii TpaHckpunmii miaBuniyerbcsa npuban3Ho B 70 pasis.
AreHmoallid € O0AATKOBHM, MEHNI e(EKTHBHUM MEXaHi3MOM PETYASIIii:
y pasi BigcyTHocTi Trp edeKTHUBHICTh TPAHCKPHIILI MiABUILYETHCS IIPH-
6am3HO B 10 pasiB 3a paxyHOK arteHoarii (3a HagBHocTi Trp 6au3bpko 10 %
PHK-noaiMmepas moaaroTh CUTHAA TEPMiHAIlil ¥ IpOAOBXKYIOTH ITpaIlOBaTH,
3a BincyTHocTi Trp — npakTu4dHO Bci). TakuM YyuHOM, CyMicHA Oid aTeHIoa-
1ii Ta HEraTUBHOIO KOHTPOAIO 32 PaxXyHOK pelpecopa A03BOAS€E€ 3MiHIOBa-
TH aKTHUBHICTE oniepoHa Maiizke B 700 pasiB 3aA€KHO BiJ BHYTPIITHHOKAI-
THUHHOI KoHIleHTparlii Trp.

EKCIIPECIJI TEHIB B EYKAPIOTIB

Ha BigMminy Bim mpokapioTiB, eykapiormyHa MPHK cunTesyetTbcda mifg
4yac TPaHCKPHIILii ¥ KAITUHHOMY g4pi, 3BiIKHW TPaAHCIIOPTYETHCI A0 IIHUTO-
naasMu. OTKe, 6inkoeuil cunmes, sikuii eidbyeaemocst 6 yumonnasmi, ma
mpancKkpunuis € oxpemumu, posdineHumu y npocmopi ii uaci, emanamu
excnpecii 2ena. [HIlIa TTPUHIMIIOBA BiMIHHICTHL HOASITA€E B MO3ai9HOCTI
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OyZIoBU €yKapioOTHYHOTO TeHa (OUB. po3mia 1): NMEepBHHHUA TPAHCKPHUIIT,
III0 CUHTE3YEThCH, HE MOXKe OyTH BUKOPHUCTAHUM SK MaTpHUld OAad OiAKo-
BOTO CHHTe3y — IpHHAUMHI TOMy, 110 B Horo ckaazi € iHTpoHU. [lo3piBaH-
Hea npe-MPHK 3 yrBopeHHaM (pyHKIlIOHAABHOI MaTpHIli HA3UBaIOTh npoue-
cuHzom. YCi orepallil ITPOIIECUHTY Bi0yBalOThCH ITifl Yac TPaHCKPUIILi Ha
PHK-mmoAiMepa3HOMy KOMIIAEKCi, TOOTO npouecun2 eykapiomuunoi mPHK
€ Heaeid'eMHOI0 HUACMUHOI0 MPAHCKPUNYIL.

IHimianisa TpaHCKpMIILl

B eykapiormuHmx KaiTHHax QyHKIOHYI0TE PHK-moaimepasu Tpbox
TuniB: PHK-nonimepasa I mpaiitoe Ha Kaactepax reHiB pubocomuoi PHK i
cunresye pPHK 18S, 28S Ta 5,8S; PHK-nonimepasa II TpaHckpuOye 06ia-
KOBi T'eHU, reHu MaseHbKux auaepHux PHK i meakmx inmwux PHK, kotpi He
nigmaroTees TpaHcadauii; PHK-nonimepasa I 3aiticuioe cuute3 TPHK, pubo-
comuoi PHK 5SS i kiabkox iHmmx Hu3dpkoMoaekyagapHux PHK. Koxknaa 3 mux
roaimMmepas mictuTh Bing 12 no 16 cyboamuuils. 3arasbHa apXiTeKTypa eyKa-
PIOTHYHUX IOAIMeEpa3 AyzKe CXOoXKa Ha TaKy HPOKapioTHYHOI IToAiMepasy;
CIIIABHUMMY € ¥ OCHOBHI MeXaHi3MU pobOTH IloAiMepas.

Kozkna moaiMepasa Mae CBi Halip 6asanibHUX paKkmopie MmpaHCKpUNuii,
gKi 3a0e3Ie4yIoTh TOYHY II0CaIKy (PEPMEHTY Ha IIPOMOTOP, BHOIp CTApTOBOi
TOYKM (K i a9 ITPOKAPiOTiB, CTApTOBA TOYKA TPAHCKPHUIILII He 36ieaembest
i3 cTapTOBUM KOJOHOM JIASI TPAHCA4ILiI) Ta omgHoro 3 aaHiroriB JIHK gk mart-
puuaHoro. PHK-noaimepasu I Ta Il € BHcOKocIIeIiaai3oBaHUMHU — 3a [JOIIOMO-
roro CBOIX 6azaabHHX (PAKTOPIiB BOHU PO3IMi3HAIOTH 1-2 TUIIM IIPOMOTOPIB.
PHK-nioaimepaza Il mpairoe Ha mpomoTopax OIAKOBHX T'eHiB, III0 Bifpi3Hs-
IOTHCH BEAMKHM PO3MAITTAM, i, KpiM 0aszaabHUX PaKTOPIB, iHIITIAIlS TpaHC-
kpurnii PHK-moaimepa3oro II morpedye crerugivHux pakTopiB TPAHCKPUII-
i, 9Ki pO3Mi3HAIOTE CIIEIN(IUHI PETYASITOPHI EA€MEHTU IIPOMOTOPIB.

I[MTpomorop PHK-moaimepasu II, yaaraapHeHy cxeMy SIKOTO IIOKa3aHO Ha
puc. 2.11, MoxKe CKAamaTHCd 3 TaKUX €AEMEHTIB ITOCAITOBHOCTI (OA9 KOH-
KPETHUX IIPOMOTOPIB CIIOCTEPIraloThbCsd YHCA€HHI Bapiartii 1riei cxemwm).
IporxcumansHi (mprban3zo B 30HiI —50 ... 200 nmap oCHOB BiZHOCHO cTap-
Ty TpaHCKpHILii) i ducmanvHi (Oyab-Ae BiZHOCHO CTapTy — Ha BEAUKIH
BiZicTaHi, ycepeauHi KOAYI04U0i YaCTUHU I'€Ha TOII0) PETYAATOPHI eAeMEeHTH
MaloTh CHOPIMHEHICTh M0 cHeIU(idyHNX PaKTOPiB TPAHCKPHIIILil, B3aEMO-
Iis 3 IKUMH akKTuBye / 6AoKye 3B'a3yBaHHd PHK-mmoaimepasu. ko awc-
TaAbHUP €AeMEHT IIifichAloe e(eKTHUBHICTB iHiliarlii, #oro Has3uBalOTh
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eHxaHcepom (enhancer — migcualoBad), 9KIIO HaBIAKH — CAlIEHCEPOM
(silencer — raynrHuk). Y 30HI CTApTy MICTUTBCSI TaK 3BaHUU 6a3a/ibHULL
npomomop, Ha TKOMY, BAacCHe, i BimOyBaeThcd iHitiaris.

-200 + -50 -30 +1 +30
HducranbHi eaemeHTH IIpokcumaabHi eaemenTH TATA DPE
I Inr I
1A A_ACG
TATAAA YYAN T YY GG TTA

Puc. 2.11. ITpubansHa y3araabHeHa cxeMa opraHisarlii mpomoTopa
PHK-mtoaimepasu II Ta KOHCEHCYyCHI mocaimoBHOCTI
OCHOBHUX €AEMEHTIB 623aABHOI0 IIPOMOTOPA

BazaabHUH TPOMOTOP MOXKE BKAIOYATH (ase He OOOB'SI3KOBO) TPU eae-
MmeHTH: TATA-60kC (mounHaeTbcd mpuban3Ho 3 —30 mapu OCHOB), iHIiIliaTO-
pHuit eaemeHT (Initiator, Inr) O6esmocepemunbo B 30HiI crapty, DPE
(Downstream Promoter Element) Ha BigcTani npubamn3sHo +30 map oCHOB
Bin crapty. OcraHHi aBa eaemeHTH, Inr i DPE, gk mpaBuao, IpPUCYTHI
(ax1ro mpucyTHi) omHo4YacHo. Hampuraan, 6au3pko 14 % mpoMoTopiB aApo-
30ian MicTATH yCi Tpu eaeMeHTH, 29 % — Tiabku TATA-6okc, 26 % — TiAb-
ku DPE pazom 3 Inr, 31 % He MaloTh >KOOHOIO i3 TPHOX EAEMEHTIB.
B ocraHHBPOMY BUIAQAKy IIPOMOTOP BH3HAYAETHCS IHITUMH, OIABII CIIEIIH-
¢divHUMH eAreMeHTaMH [IOCAILOBHOCTI, II0 PO3IIi3HAIOTHCH CIEeMU(PIITHUMU
dakTOpaMu, fKi, y CBOIO YepPry, B3aEMOIIOTE i3 pakKTOopaMu 6a3aAbHUMHU.

Oag igimiamii TpaHCKpHUIILl € HeoOXigHUM 30HpaHHA HA TPOMOTOPIi
npeiHiyiamopHozo Komnnercy 3a ydactio PHK-nmoaimepasu II # mectu 6a-
3aAbHUX (3araabHux) paxktopiB Tpanckpunuii TFIIA, TFIIB, TFIID, TFIIE,
TFIIF, TFIIH. ITocaimoBHicTh #ioro 30mpaHHA MOKe OyTH Pi3HOIO, ase BCi
6azaabHiI (paKTOpU MaOTh OyTH MPHUCYTHIMH y CKAQi IIpeiHiliaTopHOTro
KOMIIAEKCY [AS MTOJAABIIOTO 3allycKy TpaHckpumiii. dakrop TFIID 3aitic-
HIOE€ BIi3HAHHS CTAaHOAPTHUX €AeMEeHTIB 0Oa3aabHoro mpomotopa. TFIIB
B3aemogie 3 TFIID i PHK-moaiMmepa3or0, BUKOHYIOYH (PYHKITT, gKi qe1o Ha-
raayroTh Taki NpokapioTudHoro gaktropa ¢ (auB. Buile). TFIIH 3a6e3meuye
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IIepBUHHE ITAABACHHS HOABIMHOI criipaai mpwu iHimiali Ta 3aiticHioe ocdo-
pHArOBaHHA NHeBHUX eaeMeHTiB PHK-moaimepasu, siKe CAY?KHTHL CHUTHAAOM
OYHIIIEHHSI IIPOMOTOpPA Ta IOYaTKy eAoHrarii. [Hiri 6a3aabHi pakTOpu mO-
JATKOBO CTabiAi3yIOTh KOMIIAEKC i BUKOHYIOTH JIOTIOMi3KHY POAb.

EdexkTuBHEe 30UpaHHS IIPEIHIIIaTOPHOIO KOMIIAEKCY MOKAWUBE AHUIIIE
3a y4acTi Ille OOHOI'0 CTPYKTYPHOIO MOAYAL — mediamopy, SKUH MiCTUTh
noHan 20 cybomuHuUIk. llell MyABTHOIAKOBHI KOMIIAEKC 3iHICHIOE AHIIIE
6inok-0inkoBi B3aemonil — i3 PHK-moaiMmepa3zHUM KOMIIA€KCOM Ta i3 crie-
nugigEEME PakKToOpaMU TPAHCKPHUIILIi, 10 3B'S3aHi HA ITPOKCUMAABHHUX
Ta OUCTAABHUX eAeMeHTax IpomoTopa (puc. 2.12). Orxke, MeniaTop — Iie
3acib mepenadyi "akKTUBaIlIFHUX CUTHAAIB' i3 peryAdTOPHUX €A€MEHTIB IIO-
caimoBHOcTi Ha PHK-mmoaimMepasy: 30iAbIlIeHHS KiABKOCTiI B3a€EMOMIIH ITiACH-
ATO€ e(PEKTUBHICTh 30MpaHHA NPEiHIiaTOPHOTO KOMIIAEKCY.

IIpokcuMaAbHi Koayroua
Enxancep €eAeMEeHTH TATA AinsgHKA

w I I

{!‘!{% Axrazarops .

TFIIB TFIID

TFIIA -
KoakTHBaTOpH @) TFIIE

@ OO
TFIIF TFIIH
MeniaTop

EnxaHcep

IIpokcumaabHi
eAeMEeHTH

Puc. 2.12. Cxema 36upaHHs KOMIAEKCY aKTHBAIlil TPaHCKPHIIILi]

Biabmricts criermngivHUX (haKTOPIB TPAHCKPHUILII (1aal mo3HAYATHMYTh-
ca gk Td) MaroTh y CBOIH CTPYKTYpi IPHUHANMMHI ABa JOMEHHU: TOH, 110 B3a€-
mogie 3 [AHK, i Tak 3Banu#i akruBailitinuii (AD, Activation Domain), aguit
BUKOPHCTOBYETBCS [IAd B3aeMomil 3 iHImmmMuM Giakamu (puc. 2.12). AxkTuBa-
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LifHI TOMEHU 3B'A3YIOTh OIAKOBI KO(haKTOpH (KOAKTHBATOPH), Y PE3yAbTATI
Ha JUCTAABHUX i IPOKCHMAABHUX €AEMEHTaxX IIPOMOTOpa (POPMYETHCA CKAA-
MHUH MyABTUOIAKOBHI KOMIIAEKC — eHXaHcocoma. AkTuBanitiHi momeHu Td
i KOAKTUBATOPH MAaIOTh CIIOPIHEHICTb A0 MeiaTopy Ta 0a3asbHUX (PaKTOPiB
TpaHcKpuii. PedyabraTom Takoi B3aemozii € edpeKTHBHE 30HMpaHHS IIPeiHi-
LiaTOPHOTO KOMIIAEKCY Ha 6a3aabHOMY IIPOMOTOpi (puc. 2.12).

[Ticass 30upaHHs IIPeiHilliaTOPHOr0 KOMIIAEKCY BimOyBa€eThCHA AOKAABHE
naaBaeHH4 JIHK, MaTpU4YHHUN AQHIIOT 3aHYPIOETHCA B aKTUBHHUU ILIEHTP
IoAiMepasH, [e [IOUYHMHAETHCH CUHTE3 KOPOTKOI'0 IEPBUHHOIO TPAHCKPUIITY.
Hani 3a paxyHok aktuBHocti TFIIH 3gificHIOeThCH QocopuaroBaHHSI
C-KiHIIEBOIrO OOMEHY (OOBTHM HEBIIOPSOKOBAHUH IIOAIIENITHAHUN XBICT)
HaMbiabImoi i3 cybonmuauns PHK-moaiMepasu, ssKke € TOYKOI0 IIepeEMUKAHHS
iHiIiamii Ha eAoHTAaIlifo: BiA0yBaeThCA OYHUINEHHS POMOTOPA, IToAiMepasa
BTpadae 3B'930K i3 6a3aabHUMU (paKTOpaMHu ¥ nponoBxkye cuHTe3 PHK.

EnoHranis TpaHckpmniiii,
npouecuHr i Tepminania cuaTe3y MPHK

[Ticass cuuTedy nepmux 20-30 HyKaeoTHAiB A0 C-KIiHIIEBOTO JOMEHY
PHK-1ioAiMepasu (KUl y3araai CAYKUTh IAAT(OPMOIO JIAs 30upaHHs BCiel
MaIIrHepii IPOILeCUHTy) PEKPYTYIOThCS (PEPMEHTH, SKi 3MiHCHIOIOTH IIeB-
Hy xiMiuHy Momudikamito S'-kiHieBoro Hykaeotuny MPHK 3 yrBopeHHAM
Keny (cap). PyHKIliOHaAbHe 3HAYEHHd KeIy € 0araTolAaHOBUM: HE3BH-
yaiHa OymoBa S5'-KiHIIA 3axXUIae HOro Bi HyKAeas3HOI maerpagamnii, BiH
npuiiMmae y4dacte y TpaHcrnopTi MPHK mo muromaasmu Ta B iHimiamii
TPAHCALLIil, 8 TAKOK CTUMYAIO€ 1HII peakllii IIPOIIeCHHTY.

Haai mig dyac eAoHrallil TpaHCKpPUIILLii, HeralfHoO IIiCAd CHUHTE3y 4epro-
Boro iHTpoHa, Ha C-KiHIIeBOMYy IOMEHi BinOyBaeThbcsa 30MpaHHSA MYABTH-
MOAEKYASIPHOI CTPYKTYpPH, sKa Ha3uBa€eTbcd crnuaticocomoro (puc. 2.13).
KoMIloHEHTaMU CITAQHiCOCOMHU € CaM iHTPOH, OIAKU Ta MH'STh TUIIB MA/EHb-
Kux sidepHux PHK. Tlpu3HadeHHS CIIAA¥ICOCOMHU IIOASITaE€ y 3AiMCHEHHI
cnnaiicuHzy — BUPi3aHHA iHTPOHIB i 3IIIMBaHHSA €K30HIB, Y PE3yABTATI 4OTO
MPHK cTae Komi€ro auilie KOayrdoi 4yacTHHH reHa abo ii ¢gpparmeHTIB:
CIlAaPiCMHT 4acTo MoOXe 3OiHCHIOBaATHUCH KiAbKOMAa aAbTepHATHBHUMU
HIASIXaMU (aAbTepHATUBHUY cliAaficHHT, AUB. puc. 1.9).

KAr04uoBy poab y BU3HAUEHHI IIPOCTOPOBOI CTPYKTYPH, (POPMyBaHHI Ta
YHKIIIOHYyBaHHiI CIIAQ¥COCOMHU, SIKA YTBOPIOETHCS OKPEMO Ha KOXKHOMY
4eproBoMy iHTPOHIi, BifirparoTh MaseHbKi saepHi PHK: came BoHu BImi3-
HAIOTh MEXKi IHTPOHIB Ta €K30HIiB, a TaKOXK 3a0e3Me4yloTh KaTaai3 peakIiii
crina¥icuHry (9K i B pubocoMi, KaTaai3 y JaHOMY BUIAAKY 3AiHMCHIOETHCH
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moaekysamu PHK). Poab crinaticocoMHUX 0iAKiB 3BOAUTHECA OO0 cTabiaizarrii
CTPYKTYPH CIIAQHICOCOMH, CITPUSHHS IepebdyaoBaM Ili€l CTPYKTYPH I Jac
3MiMICHEHHS OIlepallifi CIIAAMCHUHTY, a TaKOXK PEeryAdIlil CIIAaliCHHTY — 0AO-
KyBaHHY YH IiACHUAE€HHS e(PEeKTUBHOCTI 30HMpaHHd CIIAA¥iCOCOMH Ha IaHO-
My iHTPOHI GiAKaMHU-peryasTopamMu crnaadicuHry. HasgBHICTH IIEBHOrO Ha-
0Opy TaKUX PETyASITOPIiB i BU3HAYA€, TOAOBHHUM YUHOM, BHUOIp TOTO YH iH-
IIIOT'O IIASIXY aABTE€PHATUBHOIO CIIAQMCHHTY.

Hyxaeasna
Aerpazaisa

Kommnaekc Ha

polyA-curuaai \
OcTaHHi# \
iHTpOH

e

CnaaHcocoma

PHK-noaimepa3sa

S

InTpon

Ken

Puc. 2.13. CunxpoHisalig TpaHckpumiii Ta nponecunry MmPHK.

IIBuaKicTs 30MpaHHS CIIAAQMCOCOM BH3HAYAETHCS IIBUAKICTIO TPAaHC-
Kpuriii. 3 iHmoro 60Ky, 3i CIAafiCOCOMOI0 B3a€EMOIIIOTH (PAKTOPU EAOH-
ramii TpaHCKpUNLii — HagBHICTE criaafic-caiiTa (MeXKi MiXK iHTPOHOM i eK-
30HOM) CIIpUdE HPUCKOPEHHIO PyXy HoaiMepasu. Takuil Irpoiiec CHUHTE3Y
PHK Ta ii criaaliCHHTY IIPOAOBXKYETHCA OO0 MOMEHTY, IIOKH B CKAAQl IIpe-
MPHK He 3'aBageThca cieriudivyHa MTOCAIIOBHICTD — CUTHAA TepMiHAalii.

OCTaHHBOIO TIOMIE€I0 IIPOLIECHHTY, TICHO V3TO[KEHOI0 3 TepMiHAlli€Io
TpaHCKpUIllii, € noniadeninysarHs 3'-kiHng MPHK - mnpuemHadHesa 0o
3'-KIiHIIEBOTO HYKAeOTHOYy polyA-mmocainoBHOcTi. CurHaa TepMiHalii TpasH-
CKPHIILIi Ta mmoAiafieHiAyBaHHs (polyA-cuzHas) CKAaIAEThCH 3 JBOX €AEMEHTIB
IIOCAIZTOBHOCTI, $Ki PO3IIi3HAIOTBECH MEBHUM HaOOpoM OiAKOBHX (PaKTOPIB.
[Ticaa BnizHanHd polyA-curHaay, moku PHK-mioaimepa3sa mmponoBKye CHHTE3
PHK 3a curHasoMm (mo 1 THC. HYKA€OTHIIIB), 40 MYABTHOIAKOBOTO KOMIIAEKCY,
AKUH 30HMpaeThCst Ha PolyA-cUTHaAi, MOAydaroThCcd polyA-TioaiMepasa Ta dak-
Topu pospizanHa MPHK. 30upaHHS KOMIIAEKCY CTHUMYAIOETHCH 3B'I3aHUMU
3 KerioM 0OiAKaMM, a TaKOXK CIIAAMiCOCOMOI0 Ha OCTaHHbBOMY IHTPOHI —
CIIAQ¥CHMHT OCTAHHBOTO IHTpoOHa M po3pizanHdg / noaianenHianyBanus PHK
3MiHCHIOIOTHCHA OJHOYACHO Ta CTUMYAIOIOTEH OfHE OZHOTO (pHcC. 2.13).
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Y Mmexkax Opyroro eaeMeHTa IOCAIIOBHOCTI polyA-cHUTHaAy MiCTUTBCS
KOHCEPBATUBHUH MOUHYKACOTHZ, yV SKOMYy BiAOyBaeTbCs pO3pilaHHI.
[o 3'-KiHIg, 1110 BUHHK YHACAIZIOK Po3pi3y, polyA-mosiMepasa mpHUegHy€E OQHH
3a omHuM 100-200 apeHiHOBHMX HyKA€OTHAIB. Po3pizanHa / moaianeHiay-
BanHga PHK e Tpurepom tepmiHallii TpaHckpumiiii. YizHanHa polyA-cursaay
IHOYKye KOH(OpPMAIIiliHi 3MiHH B IOAIMEPAa3HOMY KOMIIAEKCI, IKi ITPUBOASTD
10 3HUZKEHH4 cHopimHeHoCTi nmoaiMepasu a0 [JHK i Tpanckpunty (puc. 2.13).

Oco01mBOCTi 01JIKOBOTO CMHTe3y B eyKapioTiB

Y3araabHeHy cxemy OyzoBHU 3pinoi eykapioruaynoi MPHK, aka 3BiabHS-
E€TBCS 3 IIOAIMEPA3HOIO KOMIIAEKCY, TPaHCIOPTYETbCA B IIUTOIIAA3MY
¥ BUKOPHCTOBYETBCS K MaTPHIS OAd OIAKOBOTO CHHTE3y, 300paskeHO Ha
puc. 2.14. Mixk KeroM i HOYaTKOM KOAYIOUOi MIAGHKHU (CTApTOBUM KOO-
HOM) po3TalloBaHa OS'-KiHIIeBa 30Ha, gKa He TpaHcaweTbca (S UTR -
UnTranslated Region). 3a Koayro4doo OIASHKOIO, IKA 3aKiHIYETHCH OIHUM
i3 CTOII-KO/IOHIB, i mepen polyA-1ocaifoBHICTIO MicTUThCs 3'-KiHIIEBA 30HA,
10 He HigmaeTbcsa TpaHCAdIl. OOUABI 1i 30HU MiCTATH BasKAUBI €eAEMEHTH
TIOCAIZTOBHOCTI, IKi BUKOPUCTOBYIOTBCSH [IASI PETYALIIii 6IAKOBOTO CHHTE3Y.

Ken Koayroua mianssHka

@ sur |aue UAA| 3'UTR | polyA |

Puc. 2.14. Cxema 6ymoBu MPHK

Koxknaa eykapiorndHa moaekyaa MPHK Mmae TiABKHW OHY paMKy 39UTY-
BaHHS (OAWH CTAPTOBUM KOJIOH), EAEMEHTH CHUCTEMH iHiliamii TpaHcasitii B
IIUTONAA3Mi B3a€EMO/IIOTE CHOYATKY 3 KEIIOM Ha S5'-KiHIII MOAEKYAHM, IIiCAS
Yoro BiIOYBAETHCSI CKaHYBAHHS MAaTPHIN 3 METOK IIOIINYKY CTapTOBOTO
KOJIOHA (Ha BiAMIiHY BiJ IIPOKapioTiB, iHilliallisa BiAOyBaeTbCa 3a TaK 3BAHHM
CKAHYIOUUM MEXAHIBMOM). 30BCiM He OOOB'S3KOBO IIPU IIFOMY IIEPIIHI KO-
noH AUG, 110 3yCcTpidaeThes, CIIPUHAMAETBECA 9K CTAPTOBHU. YIIi3HAHHSA cTap-
TOBOI'O KO/IOHA 3aA€KUTH Bil KOHTEKCTY IIOCAIJOBHOCTI, B sIKili BiH po3Tallio-
Bauuti. HatikpanmmM KOHTEKCTOM, AKHH MaKCUMaAbHO CIIpHUde iHirfartii
TpaHcadllii, € nocaidogHicms Koszax (Marilyn Kozak): GCC(A/G)CCAUGG.
BigmoBinHo, BiAXWA€HHS BiZl BOTO KOHTEKCTY YTPYAHIOE PO3IIi3ZHAHHA
CTapTOBOI TOYKHU ¥ 3yMOBAIOE HEOOXiTHICTH ITO3UTUBHOI pPeryAsdlrii iHii-
arrii TpaHcadarnii. EpekKTUBHICTD iHIiIiaIll 3aA€KUTH TaKOXK Bif: BiACTaHi
crapToBOoro kKomoHa Bix S'-kiHng MPHK - moBre ckaHyBaHHS MaTpHILi
i yac i"imianii nigBUILye UMOBIPHICTh pyHHYBaHHA KOMIIA€KCY; HadB-
HOCTI / BiACYTHOCTI MBOAQHIIOTOBUX IINHALOK y S'-KiHNEBi# 30HI MPHK,
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110 HE TPAHCAIOETBCS, SKi TAABMYIOTH IIPOLIEC CKaHYBaHHS; IIPHUCYTHOCTI /
BiACYTHOCTi peryadaTopHUX 0iaKiB abo moaekya MikpoPHK (ouB. HuXKYe),
4Ki 3B'd3yI0TbCd B S5'-KiHIIEBiH 30Hi.

EAoHratiia TpaHcAqIlii TakoXK € MIIIeHHIO PEryASTOPHUX BIIAUBIB: HasaB-
HICTb IIIIHMABOK ycepeanHi Komyrodoi yacTuHu MPHK raabmye eaoHraiiiro, gK i
pemnpecopu, 110 BHi3HAIOTE eAeMeHTH nocainoBHOcTI MPHK. 3Mmina yacy kut-
11 MPHK - 111e ogmH 1miasax peryadilii ekcrpecii rena. Yac skurta MPHK y 1u-
TOIIAA3Mi 3aA€KUTH TOAOBHUM YHHOM BiJ] CTYIIEHS 3aXHIIEHOCTi 3'-KiHIII Bif
€K30HyKAea3 (OCKIABKU KEIl € HEUyTAUBUM 10 HyKaeas). [lonaTKoBUM 3aXUCT
CTBOPIOIOTH OiAKM, SKi 3B'A3YIOThCS Y 3'-KiHIEBiH 30HiI — BiZICYTHICTbH TaKOro
3B'SI3yBaHH4 IPHUBOANTE, BIAIOBIAHO, A0 IIIBUAKOL AeTpadartii.

PETYJISILISI TEHHOI EKCITPECII
B EYKAPIOTIB

Perysisiiist TpaHCKpUITIIii

KiapKka [OecaTKiB THCSY eyKapiOTHYHUX TI'eHIiB IOTPeOyIoTh AudepeH-
mitinoi akrTuBalii / pernpecii B IeBHI MOMEHTH 3aA€XKHO Bifl TUILy KAITHH,
cTaail pO3BUTKY, 30BHIIIHIX YMOB TOLIO.

Tpanckpunuiiini paxmopu. 91K i B IPOKapioTiB, KAIOUOBUMHU €AEMEH-
TaMHU CHCTEMHU PETryAdIlii TPaHCKPHIII € PEeryAdTOpHi Yuc-€AEMEHTHU II0-
CAIIOBHOCTi (IIPOKCHMaAbHI Ta AOUCTAAbHI €A€MEHTH IIPOMOTOpPIB, OUB.
puc. 2.11) i mpaHc-peryagsTopu — O0iAKOBI mpaHckpunuyiliHi ¢gpaxkmopu
(TP, min akuMu Oyzmemo po3ymitu crenudidHi, He 06aszaabHi, (pakTOpHU
TpaHckpumnii). [IpoTe KiABKICTH €yKapioOTHYHUX IeHiB 3HaA4YHO OiAbIla,
i 3po3yMiao0, 1110 KOXKEH I'eH He MOXKe KOHTPOAIOBATHCS CBOIM OCOOAVWBHM
dakTOpPOM TPAHCKPUIIII: (PaKTOp TAKOXK € MNPOAYKTOM IIEBHOTO TIeHA,
AKHHU TaKOXK Ma€ KOHTPOAIOBATUCH II€BHUM (PaKTOPOM.

BinmoBigaro Ha HEOOXiAHICTE PETYAIOBATH OKPEMO aKTUBHICTH BEAUKOL
KIiABKOCTI IeHiB AiMiTOBaHUM HaboOpoM (PaKTOPiB TPAHCKPUILi € IPUH-
U MOdYbHOCMI BYIOBH €YKapioTHMYHHX IIPOMOTOPiB. Moro iaroctpye
puc. 2.15: TpH peryAaToOpHi (HalIpuUKAal, IIPOKCUMaAbHiI) €AEMEHTH II0CAi-
JOOBHOCTI MAIOTH CIIOPIAHEHICTh OO0 TPHOX TPAHCKPUNIIHHUX (PAKTOPIB, i3
TPHOX TIAP TAKOl B3aEMO/Iii MOXKHA CKAACTH IIICThL KoMbiHarriti. Hacrmpasmi 3k
KIABKICTh TAKHUX I1ap € 3HAYHO OIABIIIOI0, & YUCAO MOXKAMBUX KOMOIHAIH —
IIPaKTUYHO HECKIiHYEeHHO BeAHMKHM. KoxKeH IpoMOTOp MOXKe MaTU CBiH
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BAAQCHHM Habip MoAyAiB, SIKWH BiApi3Hs€ HOro Big iHIIUX IIPOMOTOPIB, i,
BiAMIOBIAHO, BAAQCHHM Habip MOCUTH BEAHMKOI KIiABKOCTI TPaHCKPHIIIIIHHUX
dakTOpiB, NOTPIOHUX AT aKTHUBAIlil reHa.

AD - akTHBaUiHHHH
AOMEH OHK-3B'A3y04nH

A G S & G &

Puc. 2.15. MoayabHUN DPUHITUII B3a€MOIIT
TPaAHCKPUIIIHHUX (paKTOPiB i3 IpoMoTOpaMMU

3 INPHHIIMIIOM MOIYABHOCTI TiCHO NOB'd3aHHMP IPUHIIUII KOoOnepamus-
Hocmi B3a€MOMil TPaHCKPUMIILWHUX (PaKTOPIB i3 yuc-eAeMeHTaMH, IO
3HaxonaTbcda nopana. Koxken i3 Td 3a3Buuail Mae HOPIBHAHO HEBUCOKY
CIIOPiAHEHICTb M0 BiAIIOBIIHOTO €AEMEHTAa IIOCAITOBHOCTi. AAe SIKIIO ABa
Yuc-eA€eMEeHTHU po3TauroBaHi nmopyd i ABa TP 3maTHI B3aEMOMIATH MiXK CO-
6010, CIIOPimMHEHICTh KOXKHOI'O0 3 HUX IiABHUIIYETHCSI — CTAOIABHICTH KOM-
IIAEKCY 3HA4YHO 3POCTac.

Kpim Toro, akruBaiiiini momeHu TP 3B'a3yioTk 0iAKOBI KodakTOpH
(koaKTHBaTOPH), 110 3yMOBAIOE 30MpaHHS €HXaHCOCOMH Ta IIpeiHiliaTop-
HOr0 KOMIIAEKCY (AuB. puc. 2.12). Pi3Hi eAeMeHTH €HXaHCOCOMH Hil0Th CH-
HEPriYHO, MiABUIIYIOYH 3aTraAbHY CTa0iABHICTh KOMIIAEKCY. 3 iHIIIOTO OOKY,
BiICYTHICTh KiABKOX €AEMEHTIB MOXKe BHKAMKATH necTaliaizaiiiro Ta pos-
mag eHXaHCOCOMH, fe cropimHeHicTh A0 JAHK KOXHOTO OKPEMOro eAeMeH-
Ty HeBUCOKa. lle 3abe3nedyye ouHamism akKTHUBALlii: eHxaHcocoMa He € (PiK-
COBaHOIO, a 30upaeThcs / pPo30upaeTbcs B IeBHI MoMeHTH. Cain 3ayBazku-
TH, III0 KOMIIOHEHTH MYABTHOIAKOBHX KOMIIAEKCIB, fKi 30HparThCcsa Ha
IPOMOTOpPax, MOXKYTb, HaBIaKH, OAOKyBaTH iHIIliallif0o TPaHCKPHUIIILT —
ToAi iX HA3UBAIOTh PEIIPECOPAMH Ta KOPEIIPECOPaMH.

AKTUBHICTb IIEBHOTO I'eHa 3aA€XXUTH BiJ HAsgBHOCTI y KAITHHI II€BHOI'O
Habopy akKTHUBaTOpPiB / perpecopiB TpaHcKpumlii. BinmoBingHo, reHu ca-
MUX (PaKTOPIiB TPAHCKPHUIIIL] ITepebyBaroTh IIifi KOHTPOAEM CKAQIHHUX CHUC-
TEM PETYASILii, SKi IIPaIfOI0Th i Yac PO3BUTKY Ta Au(EepeHiaiii KAiTuH.
Y pesyabTaTi B KAITHHI IIEBHOTO THILy Bil0yBa€TbCH CHHTE3 CIIEIIM(PIYHOTO
Habopy TP, 10 npuBOAUTS N0 aKTUBAIlii crierndivyHOro Habopy reHiB.
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Y Toit Ke yac, eKCIIpecis IIEBHOI'O I'eHa MOXKE OIIEpaTHBHO KOHTPOAIOBa-
THCS Y BiAIIOBiAb HA 30BHIIIIHI CUTHAAU IIIAIXOM 3MiHU aKTUBHOCTI BXK€ CHH-
Te30BaHUX TPAHCKPUIILINHUX (pakTopiB. [IBa HalBaXKAWBIIII MexaHi3MHU
Takoi peryasitii: Bgaemozisa Td rmeBHOTO THIIY — 20pMOHOB020 peuenmopa —
31 CTEepOiAHUMH TOPMOHAMH Ta KACKa[AH IMOCTPAHCAIIAHUX Moaudikariii
y BiIIOBiAb Ha [il0 XiMiYHHX CHTHaAIB (cusHasibHa mparcoykyis). [opmo-
HOBHH PeLEenTop y BiZICYTHOCTI TOPMOHY IlepeOyBa€e B IIUTOIIAA3Mi B Heak-
TUBHOMY CTPYKTYpHOMY cTaHi. KoAr TOpMOH ITPOHUKAE B LIUTOIIAA3MY, BiH
B3a€EMOJi€ 3 PeLEenToOpoM, III0 3yMOBAIOE HOTIo aKTHUBAIlil0: F'OPMOHOBUM
pelenTop OpsMye OO0 Sapa, Oe 3B'd3yeThcd 31 crienqudidHUM eAeMEeHTOM
IIOCAIZTOBHOCTI Ta 3aIlyckKae Kackaj 30HpaHHsS eHXaHcocoMu. [IpuraamoMm
CUTHaABHOI TPAHCAYKIIii € 3B'A3yBaHHA 0iAKOBOTO TOPMOHY 3 PEIIEIITOPOM
Ha 30BHIIIHBOMY 0OIli KAITHHHOI MeMOpaHHU, siKe aKTHUBYE IPUMEMOpPaHHY
KiHagy 3 iHmoro 0oky meMbpanu. Kinaza 3aificHioe pocpopHAIOBaHHS He-
aKTHUBHOTO TPaHCKPHUIIIHHOTO hakTOopa, 1110 ¥ HepeBOAUTH HOT0 B aKTUBHY
dopmy. HacTo mpumeMOpaHHa KiHas3a 3aryckae Kackaa pocpopHAOBaH-
He — poccopHAoe 0in0K, IKUHM HaOyBae BHACAILOK IIHOTO KiHA3HOI aKTUB-
HOCTI, 119 HOBa KiHa3a (pocdopuAloe iHIIHE 0iA0K (ab0 KiabKa pi3HUX Oia-
KiB, 3aBOSIKHU 4YOMY 3IiHCHIOETHCS ITINCHAEHHS CHUTHaAy Ta / abo #ioro pos-
raAy>KeHHsI II0 KIABKOX IIIASIXaX, CHPAMOBAHHX A0 KiABKOX KiHIIEBUX Millle-
Hell), mepeTBOPIOIOYN HOoro Ha KiHasy, i Tak gaai — 1o pocpopHAIOBaHHS Ta,
BIAIIOBIHO, aKTUBAIll TPAaHCKPHUIIIIHHOTO haKkTopa.

Pezynauyis mpanckpunyii ma cmpyxmypa xpomamuny. CyTTEBOIO 0CO0-
AUBICTIO eyKapioTiB € Ta obcraBuHa, 1m0 JHK KAiTHHHOrO sapa opraHizo-
BaHa y CKAaJHI XpOMaTHHOBI CTPYKTYpPH (po3mia 1). Hykaeocomu Ta xpo-
MaTuHOBa (PidpHAa B I[IAOMYy BHCTYIAIOTH SIK 3aTaAbHHH pernpecop reHHOi
akTUBHOCTiI. THM caMHM BOHH [OIIOMAraroThb 3a0e3IIeYUTH 3araAbHy iHaK-
THUBAIllil0 OIiABIIIOCTI M'eHiB B €yKapiOTUYHIN KAITUHI, 32 BUHATKOM THX, YU
aKTUBAallisg 3[iMCHIOETHCH 3a yuacTio Td. AkTuBallis TpaHCKPHUIILIi IToTpe-
Oye mepeOymoB CTPYKTYPH XPOMATHHY B HaIIPSIMKY AeKOHAEHcAllil Xpoma-
TUHOBOI (PiOPHAU Ta BU3BOAEHHS YUC-€AEMEHTIB Bi HyKaeocoM. [las pea-
Aizarii Takux repe0ymoB € ABa OCHOBHI iHCTPYMEHTH, 9Ki HiIOTH y TiCHIiH
KOOPAHHAIlI OIMH 3 OMHHUM: CHUCTEMa NOCMMPAHCASYIUHUX MOOUPIKAUIT
ricroHiB i ATP-3aaexkHi Komniexcu pemooentogaHHst XPOMaTHHY, IO IIPO-
BOAATH PEMO3UIlifoBaHHA HykKaeocoM. CrenudidyHa KapTUHA (HaTepH) TicTo-
HOBUX Moaudikallill Bizlirpae Takox i 3BOPOTHY POAb — Yy 3AiMiCHEHHI ra-
paHTOBaHOI pernpecii IeBHUX AIATHOK XPOMaTHHY.

Cepen iHmmx MomudgikKallili, alleTUAIOBAHHSA 3aAUINKIB Lys (y IeBHHX
KOHCEpPBaTUBHUX II03UIIiAX) MalizKe 3aBXKIH KOPEAIOE 3 aKTHUBAIli€l0 TpaHC-
KpHIILLii — anfeTHAbOBaHi ricTroH-anetuaTpancgepasamu (HAT) rictonu aky-
MYAIOIOTBCSI B aKTHBHHX IIPOMOTOpPaxX, i HABIAKW, Oid TiCTOH-I€alleTHAA3
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OPUBOAUTE 0 iHAKTUBALIil. AlleTHATpaHChepas3u Ta AeaneTHAa3! MOCTiHHO
6e3aapecHO IPAIOIOTh Y XPOMATHHI, HiaTpuMmyioun neBHUil 6a3oBuii 6a-
AQHC alleTHAIOBAHHS / JealleTHAIOBAHH4 TicTOHIB. IIpu akTuBallil meBHOTO
IIpoMoTOpa auneTUATpaHcdepasu 3AiHCHIOITH afpecHe TilepalleTHAIOBaH-
HS, a IIiCAS 3HHUKHEHHS aKTUBYIOUOI'O CHUTHAAYy [AealleTHAAa3H IIOBEPTAalOTh
IIPOMOTOP A0 0a30BOr0 HEAKTHBHOTO CTaHy. [lealleTHAaasd TAKOXK MOXKYTh
OyTH aIpeCcHO PEKPYTOBaHi 0 IPOMOTOPIB perpecopaMy TPaHCKPHUIIILI 1Ag
OiATPUMAaHHS rapaHTOBAHOIO JIealleTHALOBAHOTO CTATYCy.

HAT BXOomaTh OO0 CKAQLy MYABTHOIAKOBHX KOMIIAEKCIB, fKi 9AaCTO € KOM-
IIOHEHTaMU eHxaHcocoM. Hacto y ckaani HAT mpucytHi 6poMomoMeHH —
CTPYKTYPHI MOYAi, III0 MAIOTh CHEIM(PIYHYy CIOPIAHEHICTh 0 alleTHABOBA-
Hux AisuHIB. To6To HAT ymizHatoTk Lys, yxe aneruavoBadi iHmmmMu HAT,
1 3AIMCHIOIOTE AalleTHMAIOBAHHS CYCIOHIX HYKA€OCOM, MiATPUMYIOYH TaKHUM
YHMHOM alleTUABOBAHHUM CTATyC ME€BHOI MIATHKH XPOMAaTHHY. ALIETHAIOBaAHHSI
TiCTOHIB cHpHsie HAeKOHAeHcallii xpoMaTHHOBOI (ibpuan 3a paxyHOK
3HUKEHHS ITO3UTHBHOIO 3apsy I'OAOBHHUX (PAaKTOPIB KOHAeEHcallii, SKUMU
€ ricTroHOBI xBocTu. Po3ropranHsa ¢ibpuan Ta THMYacoBa AUCOLallis TicTo-
Ha H1 crBOproe "BIKHO MOXKAHUBOCTI" [IAS 3B'A3yBaHHS PETryAITOPHUX (PaK-
TOpiB i3 MizxKHyKA€ocoMHOI0 AiHKepHOoo /IHK. Kpim Toro, areTmaboBaHi Ai-
3MHOBI 3aAMIIKH TiCTOHIB MOXKYTb Oe3IlocepenHbO BIIi3HaBaTHCH (PakTopa-
MU i KodakTopaMu TpaHCKpumili. Hanpukaan, HagBHICTE OGPOMOIOMEHY
y ckaazai TFIID copusie migBUILEHHIO AOKAaABHOI KOHIIEHTpAIlil I1hoTo Oasa-
ABHOTO (pakTopa TPAaHCKPHUIILIl B alleTHABOBAHUX MiATHKaX XPOMAaTHHY.

[TinBuIieHHI JOCTYIIHOCTI IIPOMOTOPIB MiA Yac iIXHBOI aKTHUBAlIlii IToTpe-
Oye TakKoOXK IHINIMX CIlelliaAbHUX MexXaHi3MiB. CnpaBa B ToMy, 110 3a isio-
AOTIYHOI 10HHOI cuAM eaekTpocraTuyHi B3aemosii /IHK i ricToHiB ayzke Mi-
IIHi ¥ HyKAaeocoMa 30epirae BHCOKY CTabiABHICTH, IKa NPAKTUYHO BUKAIO-
4yae HaBiTh IepeMillleHHs HykaeocoMu B3mnoBxK [IHK. Ockiabku nepemi-
IIIEHHS HYKA€OCOM € HEOOXiTHUM JAS €KCIIOHYBAaHHS PETyAdTOPHUX CalTiB
Ha [JHK mo aii TpaHCKpUNIIHAHUX (PAKTOPIiB, Y KAITHHI iCHye cremiasbHa
cucreMa: KOMIIAEKCH peMopeAroBaHHsS xpomatTuHy (KP), aki gacTo € Kom-
nmoHeHTaMu eHxaHcocoM. KP e ATP-3aaeXHUMH MyABTUOIAKOBHMH MOAe-
KyAIPHHUMHU MalllUHaMU, dKi 3a0e3[edyloTh IepeMillleHHS HYyKA€OCOM y3-
OB XPOMAaTHHOBOI (PiOPHAU (PEIIO3UIIIOBAHHS) i CIPULAIOTH THMYaCOBO-
My BHIAAEHHIO HYKAEOCOM i3 aKTHBHHX IIPOMOTOPIB Ha OiAKH, IO € IPO-
MIXKHUMU [epeHOCHUKaMHu TicTtoHiB. KP 3paTHI 34iHCHIOBATH YHCAEHHI
B3aeMmomii 3 HykaeocomHoo /JHK, ricTOHOBUMH XBOCTaMH, CIelTUiIHUMU
Ta 3araAbHUMH (PAaKTOpaMU TPaHCKPHIIILiI, TiCTOH-alleTHATPaHCepazaMu
Tomro. Caif 3ayBasKUTH, IO [is KOMIIAEKCIB PEeMOEAIOBAHHSI IPUBOIUTH
He 000B'I3KOBO [I0 aKTHBAllil TPAHCKPHIILIi, a TaKOXK i M0 perpecii — 3a-
A€XKHO Bil KOHTEKCTYy iHIINX (PYHKIIIOHAABHO BaKAMUBHUX BIIAUBIB, Y KOO-
Iepaltii 3 AaKUMU Ipallloe JaHUN KOMIIAEKC.
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OnuH i3 YUCAEHHUX BapiaHTIB CIleHapiiB akTHBallii mpoMoTopa 300pazke-
HO Ha puc. 2.16: ogHA 3 HYKAEOCOM 3aKpHUBa€ 06a3aabHUM IIPOMOTOD; V AiH-
Kepi MiK HYKA€OCOMaMH IHIIIIIOETBCS 30HMpPaHHS €HXAaHCOCOMH, 0 CKAQIy
aKoi 3aaydaerbca HAT; HAT 3milicHIOE alleTHAIOBAHHS TiCTOHIB; A0 €HXaH-
cocoMHu pekpyrTyeThed iHma HAT i KoMIIaeKC peMOOEAIOBaHHS, IKUU IIepe-
MiIIlye HYKA€OCOMY; i3 6a3aAbHHM ITPOMOTOPOM 3B'a3yeTbcss PHK-1oaime-
paza Ta 6a3asbHi (PaKTOPU TPAHCKPHUIILIL.

ExnxaHcocoma
Hyrkaeocoma I Hyxaeocoma II
— L
T® BazaAbHHI
IpoMOTOp x
PHK-nmoaimepa3sa HAT
Ac Ac
azaAbHi
pakTopH
Kommnaekc
peMoaeAIOBaHHSA

Puc. 2.16. OxuH i3 BapiaHTIB IOCAIIOBHOCTI eTalliB akTHUBAaIlii
eykapiorugHoro nipomotopa. HAT — ricToH-atneTuaTpaHncgepasa,
Ac — arleraTHi 3aAHIIIKHA

Ha crapgii eaoHraiiii TpaHCKpHIILii HyKAeoCcOMa TaKOX Ma€ CTBOPIOBATH
CYTTEBI meperkonu nad npoxomxeHHs PHK-mmoaimepasu. [Ipu 1iboMy Xpo-
MaTHH, HaBITh y MeXKaxX aKTUBHHX I€HIB, y IiAoMy 30epirae HyKACOCOMHY
cTpyKTypy. EnoHrariia PHK-mmoaimMepasn yepe3 XpoMaTHUH IIOAETIIIYETECS ITi-
AMM HabOpoM (paKTOpPIiB eAOHTAallii, sIKi, 30KpeMa, 3a0e3rnedyioTh pyHHyBaH-
HSIM HyKA€OCOM IIOIIEPENY IT0AIMEpasy Ta IXHIM BiTHOBAEHHSIM 1033y .

Xoua 6a3oBa CTpyKTypa iHTepdasHoro xpomaTuny — ¢ibpuasa miamer-
poMm 30 HM — € HEePEIIKOAOI0 OAd aKTHBAIil TPaHCKPHIILlil, rapaHTOBaHa
pemnpecisa morpelOye MiABHUIIEHHS CTyHEeHs KOMIIAKTH3allili XpoMaTHUHY.
Taka mogaTKoBa KOMITaKTH3allisd B NeTEepPOXpPOMATHUHI Ta iHIIUX PErrpeco-
BaHUX MIASTHKAX 3aA€XKUTH BiJ] CIEIliaAbHUX XiMiYHUX MapKepiB. HatiBaxk-
AUBIIIIUMHY 3 HUX € 3HOBY K TaKH HOCTTPAHCAALINHI Momudikanii ricToHIB
(y mepory dYepry METHUAIOBAHHS CHEIU(IYHUX 3aAWINKIB Lys) i meTHa-
roBanHg [JJHK. MexaHi3MH TaKoi perrpecii po3rasaaioTbcsa B Po3miai 6.
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PHK-inTepdepeHnina

PHK-inTepdepeHIiis € 11e OQHI€I0 CUCTEMOIO HETATUBHOI PeryAdIlii eKc-
npecii reHiB depe3 BukopuctaHHs Mikpo-PHK. AxTuBaliiad reHiB MiKpo-
PHK (rpanckpubytorbcss PHK-moaimepa3zoio II) 3yMOBAIOE CHHTE3 MOAEKYA
PHK, gki MicT4Tb ABOAAHITIOTOBI INMUABKU. [IINHUABKYM BUPiI3alOTBCH HYK-
Aeasor i craroTh cyberparom mas PHKazwm, gaka orpumasa Ha3By oaticep
(Dicer). Ocranniti nerpanye Oyab-aky aBoaaHiroroy PHK mo dpparmeHTiB
noBxKUHOIO 19-21 mapa ocHoB. Lli oparmenTH 3B'93yIOThCS 3 KiAbKOMa bia-
kKamu, yrBoprorodn kKomIiaekce RISC (RNA Induced Silencing Complex).
OnuH i3 AaHIOriB aBoAaHIoroBoi PHK € koMmaeMeHTapHUM 10 TIASTHKU
MPHK meBHOro 0iAKOBOTO reHa, sika ¥ cTa€e MiII€HHIO OAS KOMIIAEKCY.
PesyasTaToMm B3aemozii 3 MPHK Mozke OyTu: peKpyTyBaHHA OiAKAMH KOM-
IAEKCY (PepMeEeHTIB, 9Ki 3AiHCHIOIOTh METHAIOBAHHS TiCTOHIB, II0 ITPUBOAUTD
[0 KOMITaKTHU3allii XpoMaTHHY Ta perpecii reHa; NOCTTPaHCKPHUIIIiHHA Ae-
rpaganis MPHK 3a paxyHOK HyKAea3HOI aKTUBHOCTI KOMIIAEKCY (XapakTep-
Hillle OAS POCAWH); 3yITHHKA OGIAKOBOTO CHHTE3y (OIABII XapaKTepPHO OAS TBa-
PUH — y IboMy BUNaaKy B3aemozis 3 MPHK BigOyBaeTbCcsa B IUTOIIAA3MI).

AnpTepHaTMBHMM CIIAVICMHT

[Mpe-mPHK, 1110 cuHTE3yEeTHCH T Yac TPAHCKPHIILi, MOXKe ITiAIaBaTUC
CIIAQHICHHTY Ta IIOAIaIEHIAYBAHHIO PIi3HHUMH aAbTEpPHATUBHUMH IMIATIXaAMU
(puc. 2.17): KiAbKa €K30HIB Ha IIOYaTKy 4YH BCEpPEOUHi I'eHa MOXKYTh BHUpiza-
THUCH 3 TPAHCKPHUIITY, OCTAHHINM MOXKe 00pi3aTHCsd Ta IIiggaBaTHCd MoAiaaeHi-
AYBaHHIO 3a PaxXyHOK BUKOPHUCTAHHS POlyA-cHUTHAAy BCepPEeArHI OHOTO 3 iHT-
POHIB ToIIO. Y pe3yAbTaTi YTBOPIOIOTHCS Pi3HiI MoaeKyan MPHK 3 pizHMMUN
HabopaMu eK30HIB sIKi, BiAIIOBiIHO, KOAYIOTH Pi3Hi Oianku. CepeqHsa KiAbKIiCTh
aapTepHaTUBHUX (popM MPHK ortiHI0eThCS v 5,4 HA OOUH T'€H AIOVUHU.

BaraTokoMIIOHEHTHICTD (i HEOOXimHICTh Koomepalii MixK KOMIIOHEHTa-
MH) craaliCcoCOMM Ta CHUCTEMHU pPO3pisaHHS / MoAialeHIAyBaHHS O3BOASIE
3AiMCHIOBATH TOHKY peryadiiito yrBopeHHda MPHK meBHoro Tumy 3a paxy-
HOK 3MiHH TPaHCKPHUIIIINHOI aKTHUBHOCTI I'€HIiB, IKi KOAYIOTH Ti YU iHIII
KOMIIOHEHTH MallluHepii IPoleCUHTy, 3MiHM KOHIeHTpallili KOMIIOHEHTIB,
ixHpoi xiMmigyHOI MomudiKkarii.

KarouoBa poAb y BH3HAYEHHi IIAGXY CIIAQMCHHTY HAAEXKUTH OiAKaM-
peryagropaM cronaaicuHry. Hampuraan, OJOCHUTH 4acTO PETYASITOP CIIEIlH-
iuHO 3B'A3YETHCH 3 IEBHOIO IOCAIIOBHICTIO HYKACOTHUIB yCEepeouHi eK-
30HA Ta CTUMYAIOE PO3II3HAHHA MEXK 3 iHTpoHaMHu (craadic-cadTiB) 1o
o0maBa OOKHU BiJ HBOTO. 3p03yMiAo, III0 B pa3i BiACYTHOCTI peryasTopa Ta-
KU eK30H OyZie BUpPi3aHO pa3oM 3 iHTpoOHaMHU, 10 Horo pAaHKYIOTh. Pery-
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ASITOpP, HABIIAKH, MOXKe OAOKYBaTH BITi3HAHHS craadc-caiitiB. CriaaficHHT-
PETYASITOPH MOKYTh MaTH CaliTH 3B'3yBaHHSI B iHTPOHAX, BIIAUBAIOYH Ha
e(beKTHUBHICTh 30UpaHHsA criaalicocoMu. Bubip maaxy yTBOpeHHS KiHIIEBO-
ro MPHK-IIpoayKTy 4acTo 3aA€XKHUTh TAKOXK BiJl aAbT€PHATHBHOI'O BUOOPY
3a JIOTIOMOTOI0 CHAAHCHHT-PETYASITOPIB pPolyA-cUTrHaAiB, SKi MOXKYThH OyTH
IPUCYTHIMHU HE AUIIIEe HUXKYE OCTAaHHBOT'O €K30HAa, a ¥ ycepeanHi iHTPOHiB.

TFen 1l Ten 2 TCen 4
5' - 0 - — -~ 3
iHHHH—T 1
3 Ten 3 5
TpaHCKPHITH

BE-E-E
........ .
.................................................... D......................
BE-E-m
D ......................
-1
-8
B8

Puc. 2.17. 30oHa eyKapioOTUYHOrO reHOMY: ITOKa3aHO YOTHPHU I'€eHU
Ta BiAIIOBiAHI €K30HH (IPAMOKYTHHKH) ¥ CKAQ/i 3MiCTOBHHUX AQHITIOTIB.
[TpAMOKYTHHUKH 6iA0r0 KOABOPY BasKKO BiTHECTH [0 KOHKPETHOTO I'eHa.

YHu3y: KiHIEeBi TPaHCKPUIITH, CHHTE30BaHi y il 30Hi,
CTPIAKH BKa3yIOTb HalIPAM TPAHCKPHIILI]

[Topsan i3 crmaacHHT-peryAaTopaMy, AOCHTH Ba*KAUBUM (PAKTOPOM pe-
ryaqaii criaaficUHTY € IIBUAKICTH TPAHCKPUIILi: UMM HUXKYa IIBUAKICTE,
TUM OiabIlle yacy "posibpartucs" i3 CHTHaaaMH — Ha BEAWKIH IITBUIKOCTI
noaiMepasza MoxKe "ITPOCKOYHUTH' depe3 €K30H 4YH polyA-curHaa. [Ipu npo-
My IIBHAKICTE (4acToTa peKpyTyBaHHS IIoAiMepa3s A0 IIpoMoTopa) BHU3HAa-
4aeThCs Ha cTamii iHiiiamii TpaHCKpHUIIIi Ta KOHTPOAIOETHCS TPAHCKPUII-
mitHuMHM aktTopaMu. OTKe, 3HAYHOI MipOI0 MIASX CIIAAMCHHTY BH3HAa-
JaeThCsd BXKe Ha erari i”imiamii. [Ipm npoMmy go mpomoTopa (a oTke, i D0
PHK-1mioaAiMepa3HOro KOMIIAEKCY) MOXKYTb PEKPYTYyBaTHUCS TAaKOXK 1 PEryAs-
TOPH CIIAQVICHUHIY.
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[asi eyKapiOTUYHUX I'eHiB JOCHUTH YacTO CIIOCTEPIraeThbCcs TAKOXK SBU-
e mpaHc-cnaaticuHey: ob'eqHadHsa y ckaani MPHK ek30HIB pi3HHX reHiB.
OCHOBOIO A TPAHC-CIIAAMCHHTY € Ta 00CTaBHHA, IO A8 0araTboX T'eHiB
icHye He ofHAa, a KiAbKa aAbTE€PHATHBHUX CTAPTOBUX TOYOK TPaAHCKPHUIILI],
Y TOMY YHCAl ¥ Taki, 110 po3TallIoBaHi JOCUTE JaA€KO BiJ reHa ¥ BogHOYAaC
€ CTapTOBUMM TOYKaMU IHIINX I'eHiB (puc. 2.17). Y pesyabpTaTi TpaHCKpPHU-
IILisg iHOAi 3MiMiCHIOETHCH dYepe3 KiAbKa I'eHiB (Taka CUTyallid Aelllo Hara-
y€ PO3TASHYTI BHIIE MPOKaPIOTUYHI OIEPOHU) i CIIAAMCHUHT BimOyBaeThCsd
Ha piBHIi Takux "00'eAHAaHUX" ITIEPBUHHUX TPAHCKPUIITIB.

Kpim Toro, onmcaHo TakoxK BUNAAKH TPaHC-CIIAaMCHUHTY MixX 1npe-MPHK,
dKi € IPOAYKTaMU Pi3HUX OAUHUIIL TPAHCKPUIILLii, iHOAI TaKUMU, 110 PO3-
TalIloBaHI Ha Pi3HUX XpoMocoMax. Y IObOMYy BUMNAAKy Ha S'- i 3'-KiHIEX
nBox npe-MPHK micTuThecd HiIOM "po3ipBaHuil" iHTPOH — 00'€qHAHHS OBOX
KIiHIIiB y crmaadicocoMi HpUBOAUTEH A0 BUAAAEHHS IILOTO iHTPOHA Ta 3IMIN-
BaHH4 KiHIIEBUX €K30HiB.

11O TAKE T'EH?

Tepmin "reH" 6yao 3ampornonosano Moxauacerom (Wilhelm Johannsen)
y 1909 p., HEBOOB3I ITiCAA BiAKPUTTSI 3aHOBO MEHIAEAIBCHKUX 3aKOHIB CIIa-
OKOBOCTi (AMB. iCTOPUYHY MOBIAKY HANPHUKIHII IMApydYHUKa). [3 THX 9aciB
IIOHATTS IeHa KiAbKa pasziB migaBasocd CyTTEBIM peBisii. HacTuHy pi3HHX
BIAIIOBIIHUX HOro BH3HAYEHb OyAO HaBeOEeHO B po3miai 1, i caim 3ayBazkuTH,
1110 BCi BOHK MarOoTh IIPaBO Ha iCHyBaHHSI. Aae BasKAWBO PO3YMITH, 1110 KOXKHE
3 HUX Ma€ B TOM caMHM 4Yac OOCUTH CYTTEBI oOMexkeHHd. BeszariepeyHuM
€ AUIIIe Te, 110 reH € miagukoro [JHK (i HaBiTh 11e TBepmKeHHS MOTpPedye yTo-
YHEHb CTOCOBHO BipyciB, mo Mmictars PHK gk reHeTwdHHi martepias, OUB.
po3mia 5), mpoTe Take BU3HAUEHHS HIUOI0 HE TOBOPHUTEH IIPO BAACTHUBOCTI, dKi
MaroThb OyTH IpUTaMaHHI 1M AiAgHIl, 1100 i1 MoxkHa OyA0 BBazKaTH T'€HOM.

Big mouaTKy icHyBaHHS TepMiH iHTepHpeTyBaBcd B ayci Mennead,
TOOTO SIK JUCKPETHA ¥ Hepo3miAbHAa CIIaJKOBa ONUHUIIH, sIKa HE 3aA€KUTH
Bim IHIIMX CHagKOBUX OAWHUIE i BiANOBiZlae 3a IIpodgB NIEBHOI O3HAKH.
B okpemux Bunagkax (3razaHuil y po3zisi 1 reH sgr ropoxy € IPHUKAaI0M
TaKOTIO THUILYy) TaKa iHTepIIpeTallis Moxe OyTH 3acTOoCOBaHa, Xo4da 3P03yMi-
AO, IO IIPO HE3aAEKHICTh CIIaAKyBaHHS Pi3HUX I'€HIB MOXKHa TOBOPHUTU
TIABKH 3a YMOBH, II10 T€HU MICTSITBECH B Pi3HHUX XPOMOCOMAaX.

3po3yMiA0 TAKOXK, II0 T€H HE € AUCKPETHUM i HEPO3MIABHUM: I'eH 9K
niaguka [JTHK mae moBXuHY, I JiAGHKA MO3Ke OyTH PO3IiAeHOI0 Ha dpar-
MEHTH. Y IIpolleci CBO€I eKcpecii I'eHHM B3a€EMOJIIOTH Ha Pi3HUX PiBHEX:
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aKTUBAIligd TPAHCKPUIILI] Ta MIAIX CIIAAMCHHTY 3aAeXaTb Bifl aKTHBHOCTI
FeHiB TPAHCKPUNOIIHHUX (PAKTOPIB i CIAAHCHHI-PETYASITOPIB, TPAHCASINA
MPHK - Big akTuBHOCTI reHiB O0iAKiB-peryadaTopiB TpaHcasii; 0iAKoBi
IPOAYKTH Pi3HUX I'eHiB B3a€MOMIIOTH TOLIO. Y pe3yAbTaTi aKTUBHICTb OJ-
HOIO T'eHa MOXKe MiCUAUTH YU IIPUTHITHUTU €KCIIPECiio iHIIIoro, i B3araai,
[AS TIPOSIBY O3HAKH, K IIPABHAO, € HEOOXiMHOI aKTHBHICTH KiABKOX re-
HiB. OcTaHHIM 4YacoM Habyaa MONYAIPHOCTI KOMII'IoTepHa Metadopa,
3rifHO 3 FKOI0 CIIaAKOBHUM amapaTr (reHoM i cucremMy HOro eKcrpecii)
MOJKHAa pPO3ragjaTh gK "oIlepalliiHy cHCcTeMy', II0 KEPyE OpraHizmow,
a reH — 9K "mignporpamy" 1i€i cuctreMu.

[Ticas Toro, gk OyA0 3'ICOBaHO, III0 I'€HH 3HAXOAATBCSI B XPOMOCOMAX,
TeH CTaB PO3TASfaTHCd 9K XPOMOCOMHHHE AOKyC, a caMa XpoMocoMma —
dK AiHifiHa KoMOiHAallig T'eHiB, 10 He NePeKPUBAIOTHCA. YacTo Tak BOHO i €,
ase, 3 iHIIOro OOKYy, OOMMH AOKYyC (omHa miagHka xpomocomHol [IHK) moxke
MICTHUTH KiAbKa I'eHiB — I'eHHU [IepeKpUBaIOThCA a00 3a paxyHOK IIEPEKPUTTI
paMoOK 34YHUTYyBaHHA (OesKi OakTepiodaru Ta OKpeMi INeHU eyKapioTiB),
abo 3a paxyHOK pO3TalllyBaHHS I'eHiB (B €yKapiOTHYHHUX I'€eHOMax) y Me-
JKaxX iHTPOHY iHIIIOro reHa, abo 3a paxyHOK PO3TAIIlyBaHHS ABOX KOAYIOUHX
nocaimoBHocTed Ha omHivt miagHili [IHK Ha gBox pi3HUX AaHIIOrax (K Ha
puc. 2.17). KpiMm ToOro, KOHIIeINIlisd reHa 9K AOKYCYy He MoOxKe OyTH 3acToco-
BaHa JAsT MOOIABHUX eareMeHTIiB — miagHokK /IHK (aki gacTo MicTgTh OOWH
abo KiAbKa I'eHiB), III0 MOXKYTb 3MIiHIOBAaTH CBOIO AOKAaAi3allil0o B T€HOMI.

Po3BUTOK MOAEKYASIpPHOI 6i0AOTii CrIoYaTKy HPHUBIB 10 PO3yMiHHS TOTO,
110 T'eH — e giagHKa Moaekyau [JHK, sika BiAIloBiae 3a CHHTE3 MOAEKYAU
biaka ("omuH reH — oauH 0iaoK"). IHomdi e cropaBndi Tak, IIPOTE CBHOTOMAHI
BIKe fICHO, III0, IIO-IIepIlle, He MEHIII Ba*XKAUBUMU € I'€HU, 110 KOAVIOTE Pi3-
"HoMmaHiTHI PHK, gki He migmarorbes TpaHcasiti. [lo-mpyre, omHa miasHKA
JHK (CyKynHIiCTh €K30HIB €yKapioTHYHOI'0 I'eHa) 4acTo Ja€ KiabKa 0iAKo-
BHUX IIPOAYKTIB 3a PaxyHOK aAbBTEPHATHUBHOIO CHAAMCHHTY. PizHuIG Mix
6i0AOTiYHMMH BHIAMH YacTO 3yMOBAE€HA HE TIABKHU i HE CTIABKH Pi3HHIIEIO
B Habopax KOAYIOUHX ITOCAIIOBHOCTEH (€K30HIB), CKIABKU Pi3HUMH KOMOi-
HalliIMM ITUX €K30HiB. [Ipuyomy Take nepeKoMOiHyBaHHS MOXKAHWBO SK Ha
piBHi JJHK, Tak i Ha piBHi KiHIIEBUX TpPaHCKpUNTIB. OTKe, IKIIO TPaKTy-
BaTH IreH 9K CIIaJKOBHH PaKTOp, TO 2eH — ue He minvku dinanka JHK, wo
micmumo neeny ingopmauiro, a it cucmema excnpecit uiei ingpopmauit.

IHTEeHCUBHUNE PO3BUTOK IIPOTATOM OCTaHHiIX 10-15 pokiB HOBOI AWCITHII-
AlHM — T€HOMIKH, IO CIIpsIMOBaHa Ha BCTAHOBAEHHS Ta aHAaAi3 HYKACOTUII-
HHX IIOCAITOBHOCTEH I[IAMX I'€HOMIB, 3yMOBUB TE€HEHIIIO PO3TAIOATH I'€H K
aHOTOBAHy IN€HOMHY MIASHKY 3 II€BHUMHM BAACTHBOCTAMH. 3TiHO 3 BH3HAa-
YeHHSIM MiKHApOJHOIO KOHCOPILIyMYy OHTOAOTLII IIocAifoBHOCTEM (Sequence
Ontology Consortium), 2zen — ye neeHa 6usHaueHa 30HA 2eHOMHOL NOC/1iO06HO-
cmi, sixa eidnoeidae oduHuui cnadiosocmi ii mMicmumeo pe2ynsimopHi OisAHKU
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ma odinanxu, wo mpanckpubyromecst. [linm caAoBaMHu "OAUHUIIA CIIQIKOBOCTI"
cAim po3ymitu TOM pakT, II0 I'eH KOAy€E MeBHIi (oauH abo KiabKa) PyHKILiO-
HaAbHI mpoaykTH (6iaku abo moaekyau PHK, 1o He TpaHcaroroThes). Iling
"MiASTHKOIO, III0 TPaHCKPUOYEThCS' MaeThCA Ha yBasi II€BHA I'pylla €K30HIB,
3'€AHaHUX IHTPOHaMH, dgKa TPaHCKPHOYeTbCcd AK onHe Iiiae. ITpu mmomy 3a
[IpaBHUAAMH aHOTAIlIl IIOCAIZOBHOCTEH, IPUHHATHMH CYJaCHHUMH 0a3aMu na-
HUX I€HOMHHUX IIOCAIZIOBHOCTEH, IEpPBUHHI TPAaHCKPHUIITH, KOTPI HiamaroTheCs
aABTEPHATUBHOMY CIIAAMCHHTY, BBAXKAIOTHCH TAaKHMMH, 110 HAaAE€KaThb OJHOMY
reHy, HaBiTh SKIIIO KiHIIEeBi 6iAkY € pisHuMH. ToOTO reH — Iie rpylia eK30HiB,
III0 TPAHCKPUOYIOTHCS pa3oM, abo T'eH — 1ie JiASHKa T'eHOMYy, 1o nae Habip
KIiHIIEBUX TPAHCKPHUIITIB, SIKi MIiCTITh Xo4a 0 OOWH CITIABHHE eK30H. Haper-
Ti, BAXKAMUBUM MOMEHTOM HaBE[IEHOI'O0 BH3HAYEHHH I'€Ha € T€, IO [0 CKAAIy
i€l eaAeMeHTAPHOI OAWHUII CHIAKOBOCT OpPraHi3My IPUHHSITO BKAIOYATH pe-
TYASITOPHI JIASHKUY, IKi KOHTPOAIOIOTH HOTO aKTHUBHICTD.

3 TUM yTOYHEHHHM, 10 B IIPOKAPIOTUYHUX CHUCTEMax (Y BHIIAIKY OIIEpO-
HIB) pPeryAdaTopHi MIATHKHU MOXKYTb KOHTPOAIOBATH TPYIy I'€HIiB, TaKe TPaKTy-
BaHHS I'eHa [0 CaMOI'0 OCTaHHBOTO 4YaCy 3aAHIIIAAOCS 3aTaAbHOIIPHUHHATHM.

3 MeToI0 peTeAbHOro aHaaidy iH(opwmallii, sika 3anucaHa B TeHoMi H
peani3yeThbcss BHACAILOK TPAHCKPHUIILiI, YJOTUpPU poKHU Tomy HamioHaabHUM
inctutryroM CIHIA 3 BuBdeHHsS reHoMy AroauHu (National Human Genome
Research Institute) 6yao 3amouyarkoBaHo MixkHaponHuii npoekT ENCODE
(Encyclopedia of DNA Elements), otHUM 3 OCHOBHHX 3aBAaHb SKOTO € TO-
TaABHUH aHaai3 TPaHCKPUITOMY AloAuHU. HerogaBHO Oyao 3aBepIIIEHO
nepiui etamn Iiei poboTH — mpoaHaaizoBaHO (PYHKIIOHYBaHHS 1 % reHo-
My AroauHU (pubau3Ho 30 MAH IIap OCHOB), i IepIli pe3yAbTaTH IIPHUHEC-
an Hu3Ky HecnogiBaHok (The ENCODE Project Consortium // Nature,
2007, Vol. 447, P. 799-816).

[Mo-mepure, BimHocHa KiabKicTb [AHK, m1o migmaeTbcs TPaHCKPHIIIL,
BHABHAACH HEOYiKyBaHO BHCOKOIO — Ha piBHi 80 %. 3Baxkaro4u Ha 4acTKy
reHOMY, SIKy CTaHOBAYATBH €K30HH Pa3oM 3 iHTpoHaMu (auB. puc. 1.10), BU-
HUKAa€ ONUTAHHS, YU BCi i TPAHCKPUIITH BiANOBimaioTh reHamM? HarmesHo,
JacTHHA OHUX IIEPBUHHUX TPAHCKPHUIITIB € IIPOCTO HACAIAKOM HeCIeIrrndi-
yHOoi xaoTuuyHoi arTuBHOCTI PHK-moaimepas. IIpore 3HayHa dYacTka
TPAHCKPUIITIB MiCTUTH KOHCEPBATUBHI (ZAS CCaBLiB i cepen IONyASIliHi
AIOTUHU) €A€eMEHTH ITIOCAIIOBHOCTI — 6An3bK0 60 % TakKUX eAeMEHTIB 3Ha-
XOOUTBCA T103a MeXKaMHU BiOMHUX paHille GIAKOBHUX T'€HIB YH PETYASTOP-
HUX MIASHOK. IMOBipHO, y 0araTboxX BHIAAKaX IIi TPAHCKPHUIITH € HEBiIO-
mumu padinie PHK, gKi He migmaroTbcs TPAHCASILI, A OIABIIIOCTI 3 HHX
ixHe (pyHKIliOHaABHEe 3HA4YEHHd Ille Mae OyTu 3'scoBaHo. KpiMm Toro, 6yao
BCTAHOBAEHO, III0 YaCTO HiAAal0ThCS TPAHCKPHUIIIIl PEryAdTOpPHI MIATHKU
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(mpoMoTopH, enxaHcepH). IMOBiIipHO, TaKa TPAHCKPHIIIIA € IIPOCTO OIHUM
i3 cmocobiB MiATPUMYBATH PETYASITOPHY MIASHKY B AOCTYITHOMY CTaHi Oe-
KOHIEHCOBAaHOI XpoMaTUHOBOI (hibpHAH.

Hasg BigoMux 6iAkoBUX reHiB (399 y mocaimzkeHilt 4acTHHI reHoMYy) OyAO
IIPOAEMOHCTPOBAHO HASBHICTH BEAMKOI KiABKOCTiI HEBIJOMUX paHillle cTa-
PTOBHUX TOYOK TpaHcKpunmii. [IpubAan3HO ITOAOBHHA T€HIiB MAlOTh aAbTEp-
HaTHBHI CTapTOBi TOYKH, gKi Bizicroats Ha 100 THC. Hap OCHOB BiJ aHO-
TOBaHUX paHillle CTapTiB TPAHCKPHUILIi ITuX reHiB. [esKi 3 IUX CTapTOBUX
TOYOK BUKOPHCTOBYIOTH IIPOMOTOPH iHIITUX IeHiB: OHA TaKa TOYKa MOIKe
OyTH CITIABHOIO IOAS ABOX YH TPBHOX I€HiB, i MepBUHHUN TPAHCKPHUIIT iHOIL
MiCUTP KiAbKa I'eHHUX AOKYCiB — I'pyIl €K30HIB (AuB. puc. 2.17).

KpiMm Toro, mas Giabmrocti 0iAKOBHX T'€HIB aHaai3 IXHIX TPAHCKPHUIITIB I10-
Ka3ye HagBHICTh HEBIIOMMX paHillle eK30HiB. [ledaKi 3 IIUX €K30HIB po3Talllo-
BaHi Ha BiACTaHi A0 KiABKOX THUCSY I1ap OCHOB BiJ yCiX iHIIIMX €K30HIiB I'eHa,
IHOMI ONMHAIOYHCH Y MeXKax iHIIoro reHa. 9k aeMoHCTpye puc. 2.17, iHomi
BaXKKO BiIHECTH HaHWH €K30H [0 TOI'0 YH iHIIIOTO KOHKPETHOro reHa. biab-
II0I0 3a O4YiKyBaHY BUSBHAACS KIABKICTE pidHUX i3ocpopMm MPHK, mo BUHH-
KaloTh SIK YHACAIZIOK aABTEPHATHBHOTO CIIAAUCUHTY, TaK i TPaHCCHAANCHHTY.

Pesyavratu npoekty ENCODE BKa3ylOTh Ha AHCIIEPTOBAHUN XapakTep
PO3IIOMiAY PErYASITOPHHUX €AEMEHTIB II0 BCHOMY I€HOMy: 6araTo peryasaTop-
HUX E€AEMEHTIB pO3TaIlloOBaHO BCEPEANHI €K30HIB Ta IHTPOHIB, IPU IHOMY
BOHHU MOXKYTb OyTH eAeMeHTaMH CHUCTEMH PEryAdIlii 30BCiM iHIIIOTO reHa.

OTKe, IOHATTH IeHa 3HOBY HOTpebye meBHOi peBisii. BianoBigHo mo om-
HOTO 3 HEIIOMABHO 3aIIPOIIOHOBAHUX BH3HAYEHH, 2eH — Ue 06'€cOHaHHsL
(union) zenomnux nocnidoerocmeii, wo Kodyromo 3e'st3HuUil (coherent) Habip
pyHKUioOHaNnbHUX npodyKkmie, SIKi MOXKYMob UACMIIK0E60 nepeKpusamucst
(Gerstein et al. // Genome Res., 2007, Vol. 17, P. 669-681). Ilig korepeH-
THICTIO HaOOPYy NMPOAYKTIB MaeThCs Ha yBas3i, 1110 ¥ BUIIAAKY OIAKOBUX I'eHiB
KOXKEH €K30H € CITIABHUM Xo04a 0 [As ABOX IIPOAYKTIB JAHOTO Habopy.

[onOBHHUH akKIeHT y IIbOMY BH3HaA4Y€HHi poOUTHCS Ha KiHIIEBiI IPOAYK-
TH aKTHUBHOCTI T'€HIB — HEPEKPUTTS Mi3K IIPOMIXKHHMH TPaHCKPUIITAMH
irHOPy€eThCH. SIKII0 BUXOAUTH 3 MIEPEKPUTTS MiK ITIEPBHHHUMH TPAHCKPHUII-
TaMH (IHTepIIpeTyBaTU TI'€H SK KAACTEpP €K30HiB, II0 MOXYThb CIIiABHO
TPaHCKPUOYBATHCH), TO, HAIIPUKAA, Ha TeHOMHIH miagHIl puc. 2.17 caifg
Oyaro 60 BHU3HAYUTH AHIE aABa T'eHU (00'eqHaBmIN reHH 1, 2, 4 B OOUH).
SIKIIO 3K BUXOOUTH 3 MNEPEKPUTTH MiK KiHIIEBUMHU IIPOAYKTaMH, TO Ha IIiH
MIAFHIII MIiCTUTBCA ITpUHAMMHI LIiCTh I'eHIB (reHH 1-2 Ta 1-4 PopMyloTh
OKpEMi I'PyIH €K30HiB, II0 YaCTKOBO IIepeKpUBaIOThCS 3 reHamu 1, 2, 4).
TobT0 reH He ODOB'S3KOBO CKAQMIAETHCH 3 €K30HIB, 110 PO3TAIIOBaHi ITOPSL;
rpyIa eK30HiB OTHOrO I'eHa MOKe OyTH AHCIIEProBaHOIO IT0 TeHOMHIM 30Hi,
1 OKpeMi €K30HU I'pPyNH MOXKYTh OJHOYACHO HaAeXaTH OO0 IHIINUX TeHiB.
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3po3ymia0, 110 y HOPOCTOMY BUIANKy, KOAM HEMa€ aAbTepPHATHBHOTO
Ccrina¥icHHTY (abo B3araai HeMae iHTPOHIB), BH3HAYEHHSI 3BOOHUTHCS [0
KAQCHYHOTO: T'eH — 11e aiagaka [JHK, 1o konye Mmoaekyay 6iaka a6o PHK.

Kpim Toro, 3rifHo 3 BHU3HAYEHHSM, III0 OOIOBOPIOETHCH, PETYASTOPHI
€A€MEHTH He € KOMIIOHEHTaMH I'eHa (IPOIIOHYEThCS Ha3MWBaTH iX "eaeMeH-
TaMH, acollifioBaHUMH 3 reHaMHU' — gene-associated): cucrema peryasirii
€ CKAQHIIIOI0, HiXK IIPOCTE CIIiBBiIHOIIIEHHS "OAWH [0 OLHOTO" MiX pery-
ASITOPHUMH €A€MEHTaMH Ta KOAYIOYHMH MiASHKaMH.

HaBenene Bu3Ha4eHHsI, 3BUYaliHO, HE MOXKE€ BBaXKaTHCS OCTATOYHUM.
OueBHAHO, III0 ITOHATTS I'€eHa € HAaATO CKAQOHUM, IT00 HOro MoxKHa OyAo
9iTKO CcOOPMYAIOBATH: Pi3HI BH3HAYEHHH, Ki aKIEHTYIOTH yBary Ha pis-
HUX BAACTHUBOCTHX I'€HiB Pi3HUX THUIIIB, €, BIAIIOBIAHO A0 IIPUHIIUILY A0A-
TKOBOCTi, OTHOYACHO CITPaBEIAUBUMHU.

Konmpoavni sanumanns i 3a60anns

1. IIIo Take KOMOH i BimKpuTa paMka 3uuTyBaHHS? CKIABKU iCHy€ KOJOHIB?
SKi mo3uIlii HYKA€OTHIB y CKAQQi KOAOHA € HaMGiAbII i HaliMeHI BU-
3Ha4YaAbHUMU?

2. OxaparkTepusyiTe eTarny 0iAKOBOTO CHHTe3y. YKy POAb y CHHTe3i 0iaKiB
BUKOHYy€ pubocoma ta TPHK?

3. Y 4yoMy moadraroTh XapaKTEepPHi BiAMIHHOCTI MEXaHi3MiB €KCIIpecii reHe-
TH4HOI iHpopMalii y mpo- Ta eyKapioTiB?

4. B axkoMy HaIpaMKY 3AiHCHIOETBCH 34uuTyBaHHA iHGopwmarii 3 JHK mix
yac tpaHckpumniii? lllo Take 3MiCcTOBHUH i aHTHU3MICTOBHHUHI AQHIIOTU?
SKuii i3 HUX € MaTPUIHHUM?

5. Yka pizHUIEG MiXK yuc- i mpaHc-eAeMeHTaMU CUCTEMU PEeTryAsIlii TpaHc-
KPUMLi?

6. OnunIiTe CHCTEMY PETyALIlii AAKTO3HOTO OIIEpOHA.

7. $Ky OymoBy MaioThb GakTepiaAbHHE IPOMOTOP i IPOMOTOP €YKapiOTHIHOI
PHK-ntoaimepasu II?

8. Sky cremiaaizariiro MaroTh eykapiornyHi PHK-noaiMepasy pisHUX TUIIB?

9. CdopmyaroiiTe OCHOBHI HPUHIIMIHN PETYASIii TPaHCKPUMLIi 3a y4acTio
TPaHCKPHUNILIHHUX (PaKTOPIB.

10. 91k y3romKyroTbes TpaHCKpuIlia Ta npouecuHr MPHK B eykapioTiB?

11. OnuiiTh OCHOBHI MeXaHi3MU aKTHUBAllil TPaHCKPUIILLi B eyKapioTiB.

12. Illo Take PHK-inTepdepenmia?

13. 91k BinOyBaeThbCs BHUOIp aAbTEpHATUBHUX IAGXIB CIIAAHCHHTY?

14. Jaiire Bu3HaA4YEHHS TpaHC-COAAMCHHTY. 3a SIKUMU MeXaHi3MaMH BiH
3MIHCHIOETRCI?

15. CopmyaroiiTe Kiabka BHU3HA4YEHL reHa. [1ogCHITH 0OMeEKeHHS, sKi Mae
KOXKHeE 3 HUX.
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PO3/III 3

PdopMasibHa reHeTHKa:
3aKOHOMIipPHOCTI CITaAKyBaHH: O03HaK

Buxongauu 3 po3yMiHHSI MOAEKYASPHHUX 1 IIUTOAOTIYHHUX OCHOB (PYHK-
LIIOHYBaHHSA anapartry CIaAKOBOCTi, BUKAQAEHUX y MOIEPEaHIX po3airax,
MOXKHAa OIIHCATH IIPOLIECH Iepeaadi KiHIIEBOTO PE3yAbTATy aKTHBHOCTI
reHiB — O3HaK — Biz 0aTBKIiB /10 HAIAAKIB i gaai B paay HMOKOAiHb. [Ipu
IIbOMY BHKOPHCTOBYIOTH IIEBHY CHCTEMY II03HAUYEHb, SKa JA03BOALE, Bil-
BOAIKAQIOYHCh BiJ, KOHKPETHHX MOAEKYAIPHUX MEXaHi3MiB, 3arucaTu
IIPOIleC Y CUMBOABHIH (pOopMi — Ha KIITAAT TOTO, IK 34 JOIIOMOTOIO0 MaTe-
MaTUYHHUX (POPMYA 1 piBHSIHB OMUCYIOTH i3U4Hi 1mmpoiiecu. Tak camo, SIK
MaTeMaTHdHa (pidHKa TiCHO IoB'S3aHa 3 (PiI3UKOI0 €KCIIEPHUMEHTAABHOIO,
Taka (popMasbHA T'eHETHKa € 3acoboM abo mepenbaduTH XapaKTep po3-
MOMiAy O3HAK y HAIIaAKiB Ha OCHOBI BigoMocTed mpo Habip reHiB (reHo-
TUn) 0aThKiB, a00 HABIIAKH — YCTAHOBHUTHU TI'€HOTUI OATBHKIB i HAIIaAKiB
3a KiABKICHUM PO3IIOZiAOM O3HaK.

IcTopyuyHO reHeTHKa 9K HayKa po3Ilodasacss caMe 3 BUPIIIeHHS -
TaHb APYTOr0O THUILY, i JOCHUTH MOBTUIl Yac HOCHAA XapakTep (popMaabHOI
JAUCIIUIIAIHM IIPOCTO TOMY, III0 MOAEKYAdpHAa IpHUpoaa I'eHa Oyaa HeBimo-
moro. [Ipore 11e He 3aBaAUAO0 BCTAHOBHUTH BasKAWBI I'eHETHYHI 3aKOHOMIip-
HOCTi B3XKe B IIe¥ TOYaTKOBUH Iepios.

OcHOBHi 3akKOHH cHagkoBocTi Oyau Binkputi ['peropom MeHnesem
(1822-1884), MmoHaxXoM aBIryCTHHCHKOIO MOHACTHUPS, SKUH XKHUB y aBCTPiH-
cekoMy Micti BpronH (HuHiI BpHo, Yexis), BUKAaaB MaTeMaTUKy B MOHAacC-
THUPCBKIN IIIKOAI Ta €EKCIIEPUMEHTYBAaB i3 Mepeaaydelo y CIaaoK iHAUBiay-
aABHHUX O3HaK ropoxy Pisum sativum. Pobora MeHpmeas:, sKa € B3iplieM Ha-
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YKOBOI poOOTH, TOAi He MNPUBEPHyAa yBaru IIMPOKOr0O 3araAy, OCKIABKU
BUNepenuaa cBili yac. MeHOeAiBCbKi pe3yabTaTH OyAM BiIKPUTI 3aHOBO
gyepe3 35 pokiB, a came B 1900 p. (@IuB. iCTOpUYHY OOBIAKY), BimkoaH it Ge-
PYTh IOYATOK CUCTEMATUYIHI TeHETHUYHI TOCAIZKEHHS.

3AKOHW MEH/EJI

OaHUM i3 TOAOBHHUX ITOHATH I'€HETUKH € IIOHATTS 03HAKU — I1€BHOI BU-
3HAQ4YEHOI BAACTUBOCTI opraHiamMy abo Horo 4acTHHH, 3a KO0 OlHa 0COOH-
Ha Binpi3HdgeThcd Big iHmIoi. O3HAKOI0 B M€HETHYHOMY PO3YMiHHI MOIKHA
BBaXKaTU Oy[b-sIKy XapaKTepPUCTUKY Ha PiBHI 30BHINIHIX pucC, (piziosoriu-
HuX abo 6ioxiMiYHHMX 0COOAMBOCTEH: Bara, Koaip, pict, Habip pedyoBHH IIeB-
HOT'O TUILy B OpraHax i KAiTMHaX, CYKYyIIHICTb I€BHUX 0iAKiB ToIo. CyKyTII-
HICTb O3HAK JAHOT'0 OpraHizMy Ha3UBalOTh ¢peHomunom. MeHOeAb yCBigO-
MUB, 110 03HAKH, 9Ki MOKHA BUKOPHUCTATU B T€HETUIHOMY aHAaAi3i, TOBUHHI
BUABASITUCH IIOCTIHHO (HE3aA€XKHO BiJ, BiKy, 30BHIIIIHIX YMOB TOIIIO0) i MaTu
aBa abo OiAbllle aAbTEPHATHBHUX ITPOSIBiB.

HaliBaskKAMBIIINM €KCIIEPUMEHTAABHUM IIiAXOA0OM T€HETHKHU (IIpaKTU-
pomHe abo HITy4YHE ITOEOHAHHS ABOX raMeT HpPH 3alAimHeHHi. Cxperry-
BaHH4 I[I03HA4YaIOTh 3HAKOM MHOXKeEHHS "x". Y cxemMax Ha Mepllle Miclle
CTaBAITH '€HOTHUII KiHOYOI cTaTi, SKy [H0o3HadaTh CUMBOAOM "¢" (O3epKaro
Benepwu), Ha npyre — 49oAoBidoi i3 cumBoaoM "3" (mmmt i ciric Mapca). ITig
TeHOTHUIIOM y CXeMaX CXpellyBaHb PO3YMiIOTh He CYKYyIIHICTh YyCix T'eHiB Op-
raHi3My, a TiABKM THX, III0 CTOCYIOTBCH O3HAaK, 9Ki aHaAI3yIOThCA.

JomiHaHTHI Ta perecuBHi aseai (ODUB. po3aia 1) ogHOrO reHa mo3Hada-
IOTh, 9K IIPaBHAO, OMHAKOBUMHU BEAUKOIO Ta MaAOIO AiTepaMH BiAIIOBiIHO.
[ToToMCTBO Bif CXpelllyBaHHS ABOX OCOOHH i3 Pi3HHMH aAbTepPHATUBHUMH
IIposiBaMU O3HaKH HA3UBAIOTh 2i0pUOHUM, & OKPEMOTO IIpefCTaBHHUKA Ta-
KOTO IoToMCTBa — ribpumom. BaTeKiBCBKI opraHiaMmu, sKi 6epyThk y cxpe-
IIyBaHHS, [TO3HAYAIOTH AiTepoio P (Bix AaTHHCBKOro parentes — 0ATBHKH),
a IIoToMCTBO — aAiteporo F (Bim aatuHcbkoro filii — gitu). 3asBuyait 0isa
Aitepu F craBagarhs nudpoBUM iHOEKC, SKUH BiAIIOBiZae IOPSIAKOBOMY
HOMepy TiOpUIHOTO TOKOAIHHS.
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MoHoriopnaHi cxpelryBaHHS

CxpelniyBaHHs, B 9KOMYy IIPOBOOUTBLCS aHaAi3 oaHiei mapu asbTepHa-
THBHUX O03HAK, HA3UBAETHCS MOHO2i6pudnHum. [loBepHEMOCS 10 ITPUKAALY,
III0 BKE€ PO3TASAABCA HAIIPHUKIHIN po3miay 1 — cmaagkyBaHHS 3a0apBA€HHS
HaCiHHA TOPOXY, IO 3aA€KUTH BiJ I'eHa Sgr. BigmoBimHo no copMyabo-
BaHUX BHIIE IIpaBHA, [IO3HAYUMO HOPMaABHUY (OOMiIHAHTHHUH) an€Ab IIHO-
ro reHa sk A (reH ga€ (pyHKILIOHAaABHUH INPOAYKT, IKUMY 3yMOBAIOE PYHHY-
BaHHS XAOpoiAy Ta, BiAIIOBIAHO, JKOBTHH KOAIp HACiHHHA), a MyTaHTHHH
PELIECUBHUN aaeAb (FreH He gae PyHKIIIOHAABHOTO HNPOAYKTY, i HACIHHS 3a-
AUIIAETHCS 3€A€HUM) SIK a. BaacHe, came Taka MyTallid, KOAH I'eH BTpadae
3IaTHICTh KOAYBATHU ITOBHOLIHHHN IPOAYKT, 1 3yMOBAIOE 3a3BHYall BHHU-
KHEHHS PelecuBHOI (hOPMHU I1LOT'0 I'eHa.

r Q@ xI@
F1: 9

raMeTH

9><6‘ A@
<
F2:12 1 a

Puc. 3.1. CxemMa MOHOTIOpPHAHOTO CXpeIyBaHHS
TOMO3UTOTHHUX 6ATBKIBCHKUX (POPM FOPOXY 3 3KOBTHM i 3€A€HUM HaCIiHHAM
i HACTYITHOTO CXpEIyBaHHs NOPUAIB IIEPIIOT0 ITIOKOAIHHS.
IIpaBopyu nokaszaHo penritky [leHHeTa OA9 APYTrOro CXperryBaHHSI

MeHpneab y3sdB OAsS CXpellyBaHHS MBI IONEepeqHBO OTPHUMaHi HUM
ucmi (2enemuuni) ninii — TaK HA3UBAIOTh TPYIIH OCOOHWH, AKi cTabiAbHO
BiTHOBAIOIOTBH ¥ HH3II ITOKOAIHB OHI ¥ Ti caMi CITaJKOBO KOHCTAaHTHI O3Ha-
K. ToOTo OaThKiBCBKiI (popmu (MeHaeAb YCTAHOBHUB Iie 3a KiHIIEBHM pe-
3yABTaTOM) OyAH IOMO3UTOTaMH 3a areAdMU A Ta a i3 HaCiHHAM BiATIOBia-
HO KOBTOTI'O Ta 3€A€HOr0 KOoAbOpPy (puc. 3.1). ¥ mepiiomMy IIOKOAIHHI IicAs
00'emHaHHS raMeT ABOX THUIIIB (KOXKEH i3 0aTbKiB IIPOAYKYE MaMeTH TiAbKU
OZTHOTO THILy) yCi OCOOMHU OYAU TI'e€Te€pPO3UTOTaMHU KOBTOI'O KOABOPY — BH-
ABAIBCH TIABKU JIOMIHAHTHHM aAseAb, a O3HaKa iHIIOrO 0aThKa (perecHBHA)
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He criocrepirasacs. lle sBHUIIE cCTaA0 OCHOBOIO OAsI (DOPMYAIOBAHHS IepIIOro
3akoHy Menaeas (200 3aKOHY OZHOMAaHITHOCTI TiOPH/IiB IIEPIIIOTO ITOKOAIHHS):
Y nepuiomy NOKONiHHI 6i0 cxpewyeaHHst 2omo3uzom i3 OOMiHAHMHOO Mma
PeuecusHol0 03HAKAMU BUSENSIEMBLCSL MiNbKU OOMIHAHMHA O3HAKA.

li6puay ImepIroro MHOKOAIHHS MNPOAYKYIOTH yKe aBa TUIHU TraMeT —
3 areaaMu A abo a. Ilpu cxpelyBaHHI IIUX TiOPHUIOIB MAIOTh YTBOPUTUCH
TPHU Pi3HI KOMOiHAaIll aseaiB (CTporo KaxKydw, YOTHpPHU KoMOiHarii, aBi
3 9KuUX — aA Ta Aa — € €eKBiIBaA€HTHHMH). [IAd IIOAETIIEHHH PO3PaxyHKIiB
IUX KOMOiHAIIiH¥ iHOAI 3aCTOCOBYIOTE TAOAHIIIO, 3aIIPOIIOHOBaHY [leHHeTOM
(ii e HasuBawTH pelriTkoio [leHHeTa): y IleplIoMy PAOKYy Ta IIEPIIOMY
CTOBMYUKY 3alIUCYIOTh THUIIM F'aMeT, i TOAi Ha IIepeTHHI OTPUMYIOTH KOM-
Ginamii aseaiB y HamaakiB. I3 pemritku IlemHera Ha puc. 3.1 BHOHO, IO
yacToTa reTepo3urotr Aa Oyae y ABa pas3y BUILOIO, HiK OTHAKOBi 94aCTOTHU
TOMO3HUTOT 3a AOMiHAHTHHM i pelleCHBHUM aseaaMu. OTke, OAd BEAHKOL
KIiABKOCTi OCOOMH APYroro MOKOAiHHA reHoTHUnu AA, Aa, aa OyayTh OTpUMaHi
y croiBBigHomeHHi 1 : 2 : 1, a coiBBinHOIIIEHHST (DEHOTHUITIB (3JKOBTHX 10 3€Ae-
Hux) Oyme mopiBHIOBaTH 3 : 1. Came mieil pes3yabTaT i oTpuMaB MeHIEAb.
TBepazKeHHSI TIPO Te, 110 V OpYy20MYy NOKONIHHI 8i06yeaemubCst po3uienyieHHs
dominaHMHOT 03HAKU Ha OOMIHAHMHY MA peuecueHy Yy cnieeioHowenHi 3 : 1,
HA3UBAIOTh APYTrHM 3aKoHOM MeHaeast, 200 32aKOHOM PO3IIIEIIACHHSI.

OrpuMaHi Ipynu HamanakiB MeHAeAb IIifigaB caMO3allMAEHHIO Ta
BCTAQHOBHB, III0 POCAHMHM 3 PELIECUBHHMH O3HaKaMH HE OAlOTh PO3IIEII-
A€HHS B HACTYITHUX ITOKOAIHHaX. TakuM caMHM YHHOM IIOBOAUTH cebe ¥
1/3 Bcix ocobuH i3 mOMiHAHTHOIO O3HaKOI0. A permra 2/3 HOMiHAHTHHUX
OCOOWH [Ar0Th PO3LIETIACHHS Ha JOMIHAHTHHX i PEIlECHBHUX 3HOBY XK Ta-
KU y criBBimHOIIEeHHi 3 : 1.

He 6ymemo TyT 11e pa3 moBTOPIOBATH BUCHOBKH, SKi 3poO6UB MeHaeAb
Ha M[iAgcTaBl OTPUMAaHUX HUM PE3yABTATIB, — IPAKTHUYHO, BiH OIIHCcaB II0-
BEIHKY XPOMOCOM IIifi yac MeMo3y Ta 3amaigHeHHsi. BakauBicTb Horo
poboTH TIoASITaAa IIle ¥ Y AeMOHCTpPAILLil TOro, 10, CAIAKYIOYH 3a CHAIKY-
BaHHSIM 30BHIIIIHIX O3HAK IIPU CXPEIIyBaHHAX, MOXKHa POOUTH BUCHOBKU
LIOJ0 T€HOTHUILy OCOOUHHU.

[HOAI TaKi BUCHOBKHU MOXKHA POOUTH i 6e3 cXpelllyBaHb: y pas3i HassBHOC-
Ti B IIEBHOT'O OpPraHi3My PELIECUBHOi O3HAKH BiH 3aBXAHU € IOMO3UTOTOIO.
Ane y BUIQOKY JAOMIiHAHTHOI O3HAKH TaKHUH OMHO3HAYHUIH BHCHOBOK 3POOUTH
HEMOIKAWBO: OCOOMHA MO3Ke OyTH SIK TOMO-, TaK i TeTepO3UroToro. Y cxemax
CXpellyBaHb TaKy OCOOHMHY 4acTO 3aIlHCYIOTh y BUTASI ¢peHOmunoeozo
paduxana A_ (Maro49u Ha yBaai, 110 3aMiCTb _ MOXKE CTOSATH K BEAUKA, TaK i
MaAeHBbKa AiTepa — 6e3 3MiHU IpH 1IEOMY (PEHOTHIIOBOTO IIPOsIBY). [as BcTa-
HOBAEHHS T€HOTHILy 3aCTOCOBYIOTH CXPEIIyBaHHS IOCAIMKyBaHOI OCOOHMHU
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(3 MOMIHAHTHOIO O3HAKOIO) 3 OCOOMHOIO, F'OMO3HMIOTHOIO 3a PEIECHBOM, —
aHanisyroue cxpewyeanHst, IKe JiTKO iIeHTUDIKY€E T€HOTUIT OCOOMHU. 3anexK-
HO BiZl T€HOTHUITY OOCAIIZKYyBaHOI OCOOMHU B aHaAi3yI04OMy CXpeIlyBaHHi abo
CIIOCTEpIraeThcsl po3llernaeHHs 1 : 1 (rerepo3urora, BapianT 1), abo Bci Ha-
IAOKH XapaKTepU3yIoThCsI JOMIHAHTHOIO 03HAKOIO (TOMO3UTroTa, BapiaHT 2):

1 2
P Aa X aa | AA x aa
G (THnH ramer) A a a A a
F1 Aa, aa Aa

B3aemopis asies1iB OIHOIO reHa

OnucaHuii TpHUKAA CHOaAKyBaHHS 3a0apBAeHHS HACIHHA TOPOXY
HaAEXXUTh A0 CHUTyallil TaK 3BAHOT'O NO6H020 OOMIHYEAHHSA. I[IPOAB O3HAa-
KU He 3aA€XHUTb BiJ KiAbKOCTi (ABa abo OOMH) OOMiHAHTHHX aAeAiB
y reHotuIi. Ilpore y npupoai yacTo 3ycTpidarThCs 1€ iHIII THUIIHN B3a-
€MO/ii aAeAbHUX I'€HiB.

[Tepinii i3 HUX CHOCTEPIraeThCd Yy BHIIAAKY, KOAH PELIECHBHUN aA€Ab
He na€e (PyHKIIIOHAABHOT'O IIPOAYKTY, aA€ O3HAKa 3aA€XKUTDH BiJl KiABKOCTL
KOITili JOMiIHAaHTHOIO aaead B reHoTuIri. Harmpukaan, 3abapBaeHHS KBIiTKHU
B YEPBOHUM KOAIpP Y POTUKIB Antirrhinum majus 3aA€>KUTh Bifl KiABKOCTI
YepBOHOIO IIiIrMEHTY, a I1e¥ OocTaHHIN 3'dBAGETHCS BHACAIIOK aKTHBHOCTI
depMeHTYy, 110 KOHTPOAIOETHCH IIEBHUM IeHOM. [IBa reHu AA 3yMOBAIOIOTH
iHTeHCHBHe 4YepBOHe 3a0apBA€HHS, TOMO3UTroTa aa (BiACYyTHICTH (DEPMEHTY
Ta, BIAIIOBINHO, IIIrMEHTY) XapaKTepHU3yeTbCsl OiAMM KOABOPOM KBIiTKH, I'€Te-
po3uUroTa Ma€ BABiYi MEHIITy iHTEHCHUBHICTDL 3a0apBA€HHS IMTOPIBHSIHO 3 TOMO-
3UTOTOI0 3a JOMIiHAHTHUM aAeAeM (yABidi MeHIe pepMeHTY H IirMeHTY) —
KBITKY POXKEBOTO KOABOPY (pHuC. 3.2). AHAAOTIYHO CHAAKYETBbCA Kydeps-
BicTE mip'sa B roay0iB: ocoOMHA, reTepo3UroTHA 34 TEHOM Ky4epsaBOCTi, Xa-
PaKTEPU3YETHCA XBUASICTHUM Hip'aM. Takuil THUII B3aeMomii aAeAbHUX I'eHiB
Ha3WBaOTh HEenoeHuUm OOMiHyeaHHsM. 3a HEIIOBHOTO AOMIHyYBaHHA IeTe-
po3Urora xXapakTepHu3yeThcsl (DEHOTUIIOM, BIIMIiHHUM BiJ 000X TOMO3WUTOT —
i3 1iefo IOMpaBKOIO HepHIui 3akKoH MeHaeAad 3aAHIIaeThcd 06e3 3MiH.
[ITo cTocyeThCcs Pe3yAbTaATIB CXPEIIyBaHHHA I'€TE€PO3HUIOT, TO PO3IIETIACHHS
3a T€HOTHUIIOM i (PEHOTHUIIOM 306iraTUMyThCd Ta CTAHOBUTHUMYTH 1 : 2 : 1.
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Puc. 3.2. HenmoBHe noMiHyBaHHS 3a0apBA€HHS KBIiTiB ¥ POTHKIB

AHaAOTYHI pPO3ILIETIACHHS XapaKTepHi ¥ JAT K00OMiIHYEaHHS 3 TIi€I0 Pi3-
HUIIEIO, III0 HAIIAJKU BiJ CXpeIlyBaHHS TNOMO3UTIOT Pi3HUX THIIB OyAyTh
XapaKTepHU3yBaTUCH HAdBHICTIO (PEHOTUIIOBHUX O3HAK 000X 6aTBHKIB OIHO-
vacHo. ToOTO B IbOMy pasi oOuaBa aseAi € JOMIiHAHTHUMHU: HAIOTH (PYHK-
LiOHAABHI IIPOAYKTH, IO TPOXHU PO3PI3HSIOTHCH 3a IIEBHUMHU XapaKTepUC-
TUKaMHu. Taka cHUTyalli JOCHUTBH YacCTO CIIOCTEpiraeThbcsd Oad (PEPMEHTIB,
KOAU [OBa aA€Ai 3yMOBAIOIOTH CHHTE3 [ABOX OiAKiB — i30¢pepmerHmis —
i3 IPaKTHYHO OJHAKOBOIO aKTHBHICTIO, aAe IIPH I[LOMY BOHU PO3Pi3HS-
IOTHCS 32 MOAEKYASIPHOIO Barorw (oAuH i3 6iAKiB Ma€e OOaTKOBUH CTPYKTY-
PHUM HOMeH, KiHIIeBUH XBiCT TOIIO).

Po3rasgHyTi mpuUKAaau NOTPEOYIOTh BaXKAUBOTO YTOYHEHHS. 3 TOro ak-
Ty, 10 y ABOX I'OMOAOTIYHMX XpPOMOCOMaxX MOXKYTb MICTUTHCS AUIIE OABa
pi3Hi aaeai ogHOTO TeHa, HE BHIIAMBAE, III0 Y TPYIIi OCOOMH I'eH 000OB'd3KO-
BO Ma€e MaKCHMyM ABa aaseai. HacrpaBmi, y 6iAbIllocTi BUIIQOKIB IM'eHH ic-
HYIOTb Y BUTASl KIiABKOX (T€OPETHYHO HeOoOMeXKeHOi KiABKOCTi) pPi3HHX
aneniB. lle aBuIle oTPUMaA0 HA3By MHOMCUHHULL aneniam. OOHUM i3 IpU-
KAQIiB MHOXXHHHOTO aAeAizMy € cuctema rpyn Kpoi ABO. [Job6pe Bimomi
4oTUpU Ipynu KpoBi — 0, A, B i AB — BH3Ha49a10ThCI TPhOMAa AAEASIMU OJI-
Horo reHa: A, B, 0. Aaeal I* Ta B € KOOOMiIHAHTHHMH (BiANOBIIAIOTH 3a
dopMyBaHHA Ha MNOBEPXHI €PUTPOLMTIB aHTUTIEHIB ABOX THHIB — A i B),
aAe IIpU LILOMY AOMIHYIOTb HaJ aseAeM ©, IKHM He IIPOAYKY€E KOMHOIO aH-
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TUTeHy. 3a HassBHOCTI TPHOX AaA€AiB MOXKAWBO ILIiCTh KOMOIHAIIH MiXK HH-
MU, aA€ PEIeCUBHICTDH © 3BOAUTH KiABKICTH (DEHOTHUIIIB (TPyH KPOBi) 0 YO-
TuppoX: rpyri O BigmoBimae reHorun ©©, rpymi A — reHoTunu BB ta AP,
rpymi B — BB ta B, rpyni AB — renotun RB.

AuriOpnaHi 7 noairiopmaHi cxpelyBaHHA

Y cBoix gocaigax MeHIeAbr TaKOXK aHaAi3yBaB CIIaAKyBaHHS ABOX IIap
aAbTEepPHATUBHUX O3HAK OAHOYACHO: TaKi CXpelllyBaHHS Ha3UBalOThCH Ou-
2i6pudHumu, a OCOOMHHU, II0 € TETEPO3UTOTHUMH 34 ABOMAa T€HAMH OJIHO-
YacHO, — duzemepo3uzomamu. MeHIeAb CXpelyBaB (pOPMU TOpPOXy 3 KOB-
THM 1 TAQIEeHbKUM HACIHHAM i3 POCAMHAMH 3 HACIiHHAM 3€A€HUM Ta 3MOp-
IIKyBaTUM. YCi riOpuay meprioro IOKOAIHHS MaAW KOBTi ¥ raaziki ropo-
IINHU: JKOBTUH KOAIp, K 1 B IIOIIEPEAHBOMY IIPUKAAML, JOMiHyBaB Hal 3€-
A€HUM, a raaaka dopma — HaJ 3MOPUIIKYBaTo0. 3aANUIIUBIIN [TO3HAYEHHS
A/a 3a aneagvmu 3abapBAeHHS, aseAi (POPMH HaCiHHA [O3HAYUMO SK
B (raameHbKa) i b (3MopirkyBarta). [licas camo3anuaeHHS TiOpHUAIB ITEPIOo-
IO TIOKOAIHHSI CIOCTepiraaocs po3ilenseHHsa 9:3:3: 1 — BUSIBHAOCH,
10 9/16 noToMcTBa XapaKTepH3yBaAOCh HAIBHICTIO ABOX AOMiHAHTHHX O3-
HaK OQHOYACHO (3KOBTE€ Ta rAaJKe HacCiHHs), ABi rpynu 1o 3/ 16 — HasgBHic-
TIO AWIIIE OOHIi€l 3 ABOX AOMIHAHTHHUX O3HAK (KOBTE — 3MOPIIIKyBaTe, 3€Ae-
He — raanke), i 1/16 ocobuH 6yau mpuTaMaHHI OOHABI pelleCHBHI 03HAKU.

SIKIII0 IPUIIyCTUTH (110 ¥ 3poObuB MeHeAp), 1110 ABa I'eHH CIIaAKyIOTh-
Cd HE3aAeXKHO, TO AUTIOPHUAHI CXpellyBaHHS MOXKHA PO3TAINATH IK OBa
He3aA€XXHi MOHOTIOpPHAHI CcXpellyBaHHsS. 3a APYrHUM 3aKOHOM MeHzeas,
PO3IIIETIAEHHS 32 KOABOPOM Yy APYTOMY ITOKOAIHHI ctaHOBUTE 3/4A : 1/4aaq,
i 3a ¢popmoro Takoxk — 3/4B_: 1/4bb. 3a BiZoOMHM HIPaBUAOM OOOYTKY
MmMmoBipHOCTeH (IMOBIpHICTH 34iMCHEHHS ABOX IIOAiM OAHOYACHO AOPiBHIOE
N00yTKY MMOBIpHOCTEH KOXKHOI 3 IIMX IIOAiM) MOXKHa po3paxyBaTHU BHUILE-
3raJjaHe PO3IIEIIACHHSI:

A_B 3/4x3/4=9/16
aaB_ 1/4x3/4=3/16
A_bb 3/4%x1/4=3/16
aabb 1/4x1/4=1/16

BHUKOPHCTOBYIOYH IIPAaBUAO OOOYTKY Ta 3HAIOYH PO3IIETIACHHS IIPH MOHO-

riOpuaHOMY CXpelllyBaHHi, MOXKHA PO3paxyBaTH CITiBBiIHOIIIEHHS IK (DEHOTH-
IIOBHX, TaK i TEHOTHUIIOBUX KAACIB y IIOAITIOPHUAHUX CXpeIIyBaHHIX (TabA. 3.1).
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Tabnuys 3.1. Mesaxi napaMeTpH PO3LIENAECHD IIPH MOAIriOpHMAHNUX CXpelIyBaHHAX

KiabKicTb KiabKicThb

KiabkicTh THIIB deHOTHI- . . YacTka
. . . KiabkicThb
nmap aaeaiB, | ramer, IKi | HHX KAaciB FEeHOTHIL- ocobun F2,
CxpelryBaHHS 3a AIKHMH MOKe Ipo- F2 npu . TOMO3HIOT-
. HHX KAacCiB
pisHATHCH AYKyBaTH IIOBHOMY F2 HHX IO
0aTbKRH rerepo- AOMiHy- BCix reHax
3HroTa BaHHIi
Monoribpunae 1 2 2 3 1/4
Juribpunme 2 4 4 9 1/16
Tpuribpunne 3 8 8 27 1/64
[ToairibpunHe n n 2n 3n 1/4n

[IpoaHaaizyBaBLIIN pPe3yAbBTATH AUTIOPUAHUX CXpeLlyBaHb, MeHOeAb
CchOPMYAIOBAB MIOCTYAAQT IPO He3alesHe CNAOKYBAHHSI 03HAK, STKUI HOTIM
CTaB Ha3UBaTUCH TpeTiMm 3akoHOM MeHaead.

BIIXWJIEHHI
BI MEHIEJIIBCbKUX PO3IIEIIVIEHD

3akoHn MeHpeas MaloTh [IAs T€HETUKH IIPHUOAM3HO TaKe 3HA4YeHHs, 110 U
3aKOHH MOBEMiHKH iIeaAbHUX rasiB — aad TepMomuHaMiku. [lomiGHO mo TOTrO,
SIK MOJIEAB iZTEAABHOTO ra3y YCKAQIHIOETHCS 3 METOI0 BpaXyBaHHA OCOOAMBOCTEH
PEaABHOTO ra3y, MEHIEAIBCBKi 3aKOHOMIPHOCTI € 6a3UCOM AT PO3POOKU CKAAI-
HIMIMX MozeAet, B SKHUX OepyThbCs [0 yBaru pPi3HOMaHITHI 0COOAMBOCTI (DYHKITi-
OHYBaHHSI CIIa/IKOBOIO ariapaTy B KOHKPEeTHHX BuUIlazikax. OmucaHi BHIIE PO3-
LIETIACHHSI, SIKi PEAABHO CIIOCTEPIraloThCS [1AS IIEBHUX O3HAK T'OPOXY, € CKOpiIlle
BUHATKOM i3 IIpaBrAa. BaacHe, ycsl IIOCTMEHIEAIBCEKA IeHETUKa IIPHCBIYeHa
3'sICyBaHHIO IIPUYUH Pi3HOMAHITHUX BIIXUAEHD Bif 3aK0HIB MeHaeas.

YcraHOoBIeHHs PaKTy BiOXMIIeHHA:
KpuTepin >

[Tepm Hixk 3'9coByBaTH IPUYUHU Ta MEXaHiI3MHU BiIXHAE€HBb, ¥ KOXKHO-
My KOHKPETHOMY BUIIAIKY CAi[ BiAIIOBICTH Ha IHUTaHHY, YU [OiliCHO Mae
Miclle Take BiIXHA€HHs BiJl odiKyBaHOTO 3a MeHIeAeM pO3IOMiAy O3HaK.
AmKe BiACYTHICTH BIAIOBIAHOCTI MiXK O4YIKyBaHUM Ta PeasbHUM CITiBBiI-
HOILIEHHAM (PEHOTHUIIIB MOXKe OyTH BHUKAMKaHAa IIPOCTO BUIIAAKOBHUMH Bil-
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XUAeHHSIMU. [IpoiArocTpyeMo I1e Ha IIPOCTOMY HPUKAAAl MiAKUAAHHS MOHE-
TOK 3 HACTYITHHM MaAiHHAM OPAOM ab0 PEeIIKoio. 3po3yMino, 110 HMOBIip-
HIiCTh IaAiHHSA Ha opaa / PEIKYy CTaHOBHUTH 1/2, TOOTO o4iKyBaHe CIIiBBi-
HoIlleHHd TaaiHb nopiBHIOE 1 : 1. KonkperHo Ha 10 migkumaHp Mae OyTu
IpubAU3HO S ITaiHb Ha opAa Ta S — Ha peniky. KArouoBUM y moniepeHbOMY
PEYEHHI € CAOBO "IIPUOAM3HO" — YUM OiAbllle Oy/Ie MiAKUAaHb, THM OAMKYIUM
[0 odiKyBaHOTO Oyzme pe3yabTaT. Uepe3 BHUMNAAKOBI BiAXHUAEHHS 3a3BHYAM
(y YoMy MOZKHa AETKO IIEPEKOHATHCH) CIIOCTEPIraloThCs CIIBBIAHOIIIEHHI Ha
KimraaT 3-7 maAiHb Ha opaa Ta 7-3 Ha peuky (a 7 : 3 = 2,333:1, 110 cyTTe-
BO BiIPi3HAETHCS Bifl TEOPETUYHO OYiKyBaHOIO CIIiBBiIHOIIIEHHH).

OTxke, BUIAOKOBI BiIXUAEHHS MOIKYTHb IIPUBOAUTH OO0 Pi3HUIII MiXK Te-
OPETHUYHO OYiKyBaHUMHU PO3LIENACHHAMH Ta TaKHMH, 110 CIIOCTEPIraroThb-
ca B pocaimi. Yum Giabmiuii po3mip BHOIPKH, TUM MEHIIUMHU OYAyTH TaKi
BimxuaeHHd. YKIIO0 eKCllepUMeHTaAbHI JaHi BiAPIi3HAIOTHCH Bill TEOPETUY-
HO OYiKyBaHUX TIABKHU 32 PaxyHOK BHUIIQKOBHUX BiAXUAEHBb, TO KaXKyTh, 1110
BHUIIPABIOBYETECS Hynvoea 2zinomesa. Y IIPOTHAEKHOMY pasi HeobXimgHO
3aIIpOIIOHYBATH IHINIE IIOSICHEHHH PO3IIEIIACHHSIM, 9Ki CIIOCTEpPiraroThCHd,
a 0TKe, 3aIlIPOIIOHyBAaTH iHIILY TilIOTE3Y.

JAsT OIIIHKYW HYABOBOI TNIIOTE3M B MaTeMaTH4HIH CTATHUCTHUII KOPUCTY-
IOTBCA Y2-kpumepiem. BeanynHa y2 KiABKICHO BimoOpazkae BiAXHACHHS Bif
OYiKyBaHOI'O PO3IMOMIAY 3 YPaXyBaHHSIM PO3Mipy BHOIpKH:

szfO,

ne f— KiabKicTb 0COOMH 3 (peHOTHUIIaMU IIEBHOI'O KAacy y BHUOIpIL, fo — odi-
KyBaHa KiABKICTh, 3HAK CYyMHM BKas3ye€ Ha IIifICYMOBYBaHHS II0 BCiX (peHO-
TUIIOBUX KAacax (4ucaoM n). [IpuiycTUMoO, HAaIpUKAA, 1110 Y CXpeENlyBaHHi
ropoxy 3 JKOBTHUM 1 3eaeHUM HaciHHaM (puc. 3.1) y ApyromMy ITOKOAiHHI
oTpuMaHoO 70 pocauH 3 KOBTHUM HaciHHAM i 30 — i3 3eaeHuM (n = 2). HyaroBa
rinore3a mependadae criBBigHomIeHHd 3 : 1, ToOTO O4iKyBaHi KiABKOCTi
CTaHOBAYATH BiAmoBimHO 75 i 25. 3acTocyBaHHsa HaBeeHOI POPMYAH oa€e

_ 2 _ 2
4= (70-175) N (30-25)
75 25

BaskAMBOIO XapaKTEepPHUCTUKOIO € TaKOXK Uucio cmynerie ceoboou. Cepen
yCiX peHOTHUIIOBUX KAACIB IMOBIPHICTH HOABU OMHOTO 3 HUX OMHO3HAYHO BU-
3HAYAETHCS MMOBIPHOCTSIMHU PEIITH KAACiB, TOOTO YHCAO CTYIIEHIiB CBOOOIU
m=n-1. Y HalloMy IPHUKAQl KIABKICTh (EHOTHIIOBUX KAaCiB n= 2,
a 4YHCAO CTYIIeHIiB cBoOoau m = 1: mas meBHOI BUOIPKH KiABKiCTH OCOOHH Of-
HOTO KAACy aBTOMAaTHYHO Ja€ KiAbKiCTb OCOOMH iHIIIOTO Kaacy. Yucao cryrie-

=1,333.
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HIiB CBOOOIU Ba’KAMBO BPaxXOBYBAaTH, OCKIABKH 3i 30IABIIIEHHSM ITi€i BEAUYHU-
HU pocTe ¥ iIMOBIpHICTh BUIIAIKOBOTIO BiIXHAEHHS BiJl O9iKyBaHHUX BEAHYHH.

[Ticas BU3HAYEHHsS YHCAA CTYIEHIB CBOOOAM HEOOXiHO iHTEepIIpeTyBaTH
3Ha4YeHH4d Y2 CTOCOBHO MMOBipHOCTi (1 — p) Toro, IO BiAXMAEHHS BiJ O4iKyBa-
HOTO PO3IIOMIAY € CMamMuCmMuUuHo 3HaUywumMu (He BUIIaAKOBUMH), — HacIpa-
BIi, caMe TakKe 3aBAaHHda HaldacTillle CTOITh mepen AocAimHuKoM. Beanmdn-
Ha p 3aA€KUTH Bif 3HAYEHHS ¥2 1 YHUCAa CTYIIEHIB CBOOOAM — 3a3BHYall p ycra-
HOBAIOIOTH, BUKOPHCTOBYIOUH CIIelliaabHi Tabaulli abo rpadiku. Ha puc. 3.3
HaBeaeHOo y rpadigHiti popMmi TabAMYHI 3HAYEHHS 3aAE€KHOCTI p BiX ¥2 IAS
Pi3HUX 3HAYEHBb YHCAA CTYIIEHIB CBOOOAH. YIKIIO, HAIIPUKAA, IIPOBECTH BEP-
TUKaABHY AiHit0 3 Toukm 1,333 Ha oci abcruc 10 nmepeTuHy 3 rpadikoM Oas
m = 1, To MOXKHa OLIiIHHUTH, 1110 B HAIIIOMY IIpuKAaai p = 0,27.

| - 1 1 1 1 1 1 1 1

il
T T 1T

S

e
-—

|
T

0.01

0 2 4 6 8 10 12 14 16 18
X2
Puc. 3.3. 3aaexHicTb iMOBipHOCTI p Bifx %2

IAST YOTUPHOX 3HAYEHDb YHCAA CTYIIEHIB CBOOOIU M.
3eaenuM 3adapboBano 30Hy p > 0,05, yepBonum — p < 0,05

OTpuMaHy BEAUYHHY p IIOPiBHIOIOTH 3 IIEBHUM pi8HEM 3HAUYULOCTMI O,
AKUH 3a71a€ NPUHHATHY [AS JAHOTO BUMNAAKY WMOBIpHICTH XHOHOTO BH-
3HaHHYA HYABOBOI TillOT€3U HEBIipHOIO: SKIIO p > 0, HYABOBY TillOTe3y IIPHU-
HUMAaIoTh; SKIIO p < 0, — BIiAKUAAIOTh, BU3HAIOYN BiXWAEHHS, I1I0 CIIOCTEPi-
raloThCH, CTATUCTUYHO 3HAYYIIMMH. 3a3BUYail y OGiOAOTIYHUX MOCAIIKEH-
HAX BHKOPHUCTOBYIOTE o = 0,05. To6To, gkmo p < 0,05, To 3 iMOBipHicTIO
> 0,95 (rak 3BaHa Oogipua UmosipHicms 1 — o) BiAXUAEHHS, III0 CIOCTEPi-
raroThbCHd, BU3HAIOTHCH CTATHCTUYHO 3HAUYIIIUMU; AL BCIiX iHITUX 3HA4YEHb
p GepeTbcsa HyaBOBa rimores3a. OTKe, y HAIIIOMY ITPUKAA/I HYABOBA TillOTe-
3a BUIIPaABIOBYETHCs. Y IOIEPEAHBOMY IIPOCTOMY HPHUKAAML 3 MigKUIaH-
HSIM MOHETHU (TaKO3K OflHA CTEIIiHb BIABHOCTI ) IIPY CEMHU BHUIIALIHHAX OpAa
Ta TPbOX — PEMKHU ¥2 = 1,6 i p = 0,2 — HyAbOBa rinoresa (y cipaBeIANBOCTI
4KOi B JaHOMY BHUIIQJIKy HIXTO HE CYMHIBa€ThCH) TAaKOK BHUIIPABAOBYETHCS.
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Tabnuys 3.2. BeAHYHHH Y2 OASI ABOX 3HAYE€Hb P 3aA€XKHO
Bix uucaa cryneHie cBoGoau

‘Inctso. 12

CTeleHiB

BiABHOCTI p=0,05 p=0,01
1 3,841 6,635
2 5,991 9,210
3 7,815 11,341
4 9,488 13,277
5 11,070 15,086
6 12,592 16,812
7 14,067 18,475
8 15,507 20,090
9 16,919 21,666
10 18,307 23,209

Ha mpakTuii 3 MeTo HepeBipKU HYABOBOI TNIIOTE3HM IIOPiBHIOIOTH PO3-
paxoBaHe 3HA4Y€HH4 y2 i3 TAaKMM KPUTHYHUM 3Ha4YE€HHSM, 110 BiAIloBizae
p = a (puc. 3.3, Taba. 3.2), i mpUAMaAIOTh HYABOBY TilloTe3y, AKIIO )2
€ MEHIIUM 3a KPUTHYHHUH, Ta BIOIKUAAIOTh Y IIPOTHAEKHOMY BUIIAIKY.

ITpyamHEM cTATMCTUYHO 3HAYYIIMX BiIXnIeHb
Bil MeH/Ie/1iBCbKMX po3IleIIeHb

Caif 3ayBazkuTH, 1110, 9K I1€ 3PO3YMIAO 3 OMMHUCAHUX V PO3MiAi 1 ITUTOAOTI-
YHHX OCHOB CIIaIKOBOCTi, MEH/EAIBCBHKI PO3IIETIACHHS Y HMPHUHIIUII MOXKYTb
OyTU peasi30BaHHUMU TIABKHU [AS BUIIB i3 HOPMaABHHM CTaTE€BHM IIPOIIECOM,
JUTIAOITHICTIO 000X cTaTel Ta 3a YMOBH BiICYTHOCTI ITOPYIIEHDb y MeH03i.

Ane ¥ Ipu BHKOHAaHHI 3a3HA4YE€HUX YMOB BHUIIQIKH BiIXVMAEHb Bif MeHe-
AIBCBKUX POS3IIEIACHb JOCUTH YHCAE€HHI. [Ipu 11bOMy MEHOEAIBCBKI 3aKOHO-
MipHOCTi He IIOPYIIYIOTBCS — IIPOCTO HA HUX HAKAQ[AIOTHCH iHIII eeKTH.
Tpu Taki edekTH — B3aEMOid HEAAEALHUX T'€HIB, 34ElAE€HHSI TI'pyIl TI'eHiB
B OJHIM XpOMOCOMi Ta po3TalllyBaHHH I'eHa B CTATEBHX XPOMOCOMAaX — PO3TASI-
[AaroThCA B OKpPEMUX ITiapo3airax. Cepen iHIINX TIPUYNH CAiZl HA3BaTH TakKi:

1. AeTaabHicTh IeBHUX KOMOiHallii aaeaiB. Hampukaan, npu cxpe-
IIyBaHHI JKOBTUX (F€TEPO3HUTOTHUX) MHUINEH, pPO3IIETIACHHS Ha JKOBTI
¥ 4OopHi (perecuBHiI TOMO3HUTOTH) 3aBXKAU CTaHOBUTE 2 : 1. [loxi6Huit pe-
3yABTAT CIOCTEPIraceThbCs TAKOXK IIPH CXPeNlyBaHHI MAATHHOBUX AHUCHUIIb.
SIKIII0 TTepeBipUTH BariTHUX CaMOK, TO BUSBASETHCS, 110 YBEPTH eMOpio-
HiB THHE IIle 10 HapoIXKeHHd. A caMe, THHYTbh I'OMO3HUTI'OTH 3a JOMiHaHT-
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HUM aA€AE€M, UOMY M CIIOCTEPIraeThbCs BiAXUAEHHS BiJl OUiKyBaHOI'O PO3-
merniaeHHd 3 : 1 (BiOCyTHIM OAWH i3 YOTUPHOX T€HOTUIIOBUX KAaciB). Takum
YUHOM, V IIbOMY IIPUKAQ[i JOMiHAaHTHUH aseAb € HacHpaBOi JOMiHaHT-
HUM AUIIIE 1100 3a0apBAE€HHS LIEPCTi — CTOCOBHO XKUTTE3NATHOCTI TOHU
caMull aaseab € periecuBHUM. HaBeneHuil BUIIaOK, KOAM OOUH I'€H BIIAH-
Ba€ Ha JEKiAbKa 03HAK OJHOYACHO (3abapBAEHHS LIEPCTi Ta KUTTE3AAT-
HICTB), € OOHUM i3 IIPUKAQIIB nneiiomponit.

2. IcHy10Th aseai, g9Ki (P€HOTUIIOBO BUABAAIOTHCS TiABKH B IIEBHOI 4ac-
THHU OpPraHi3MiB, II0 MiCTATh iX y MeHOTHII. [JAd XapaKTepUCTHUKU TAKOTO
BapiabEeABPHOTO MIPOSBY I'€HiB BUKOPUCTOBYIOTH IIOHATTS neHempanmuocmi
Ta excnpecuenocmi. Mipolo MEHETPAHTHOCTI € YacTKa 0COOMH, dKi Xapak-
TEPU3YIOThCS [IEBHUM (PEHOTHUIIOM, CEPEJ YCiX OCOOMH 3 OHAKOBHUM TI'€HO-
TUIOM. [ledKi CrIagKoBi XBOPOOU AIOMMHY, HATIPUKAA[, IIoJarpa, XapakTe-
PH3YIOTHCS HEIIOBHOIO ME€HETPAaHTHICTIO, TOOTO He BCi 0co0H, 9Ki HECYTh
MyTallilo, XBOPiloTb. EKCIIpeCHBHICTE BimoOpazkae CHAy HPOSBY MYyTaHT-
Horo reHa y deHorurmi. Tak, apo3odisn, TOMO3HUIOTHI 3a MyTaHTHUM aAse-
AeM eyeless, MOXKYTh MaTH Pi3HY KiABKICTH (paceTok odeil — Big HOpMaAb-
HOI KiABKOCTI OO IIOBHOI iXHBOI BiICYTHOCTi. 30aTHICTb I€HOTHILY BUSIBAS-
THUCS II0-Pi3HOMY 3aA€XKHO BiJl 30BHIIIHIX YMOB BimoOpakae HOro Hopmy
peaxuyii — IIEBHUN [iana3oH IPOsSBY, Y MeXKax IKOTO O3HAKH MOXYTh Ba-
piroBaTH y BiAMIOBiAb Ha Bapiallii yMOB PO3BUTKY OpPTaHi3My.

3. [edki 03HaKU IPUTAMaHHI OCOOMHAM MPOTATOM HE BCBOTO JKUTTS,
a BUHHKAIOTh AMIIIE B IIEBHUU IEPIo: XapaKTep PO3ILETIACHHS MOXKE 3aAe-
XKaTu Bin Biky. Hampuraan, y AIOAWHU € CIIaOKOBI CHHAPOMU, SIKi BUIBAS-
IOTBCH AHWIIIE B [TIOXUAOMY Billi (CHHApOM AablireiiMepa, xBopoba ['eHTiHITOHA).

4. [1o BiAXUAEHb Bifl O4iKyBaHUX MEHIAEAIBCBKUX PO3IIENAEHb IIPUBO-
OUTH TAKOXK dBUIIle mnpuHmuHey. OCHOBOIO MOro € TakK 3BaHa eIlireHe-
THYHA CIIaAKOBICTh — yCIIaaKyBaHHs Big 0aTekiB He mpocto [JHK, a xpo-
MaTHHY, 9KHH Hece Ha cobi IeBHi XiMiyHI MapKepH, Bi IKHUX 3aA€KUTh
CTPYKTYPHUH CTaH MOIASHKH Ta, BiAIIOBiAHO, aKTUBHICTH IIEBHHUX TI€HIiB
(mmB. posmia 6). YHACAIZOK Takoro e(peKTy IIpodB IIEBHOTO I'eHa MOXKe Oy-
TH 3yMOBA€HUI THM, BiJ KOro caMe 3 6aTbKiB JaHa XpoMocoMa OTPHUMaHa.

5. Y mpupogi icHye 6araTo BUAIB 3i crareBUM auMmopdizMmoM, i craThb
Biflirpae BEAUKY POAb y IIPOSIBI ITiAOI HM3KU O3HAaK (AUB. IIiIpPO3MdiA, IPHU-
CBgYEeHUH 34YE€NAEHHIO 3i CTaTTIO, a TaKOX POo3IiA 6).

Hacnpasnzi, yci 3a3Ha4eHi Bullle epeKTH MOXKYTh OyTH 3BeEeHi 10 B3a-
eMomii reHiB y CKAamHIM cucTeMi (PYyHKI[IOHyBaHHA T€HOMY, Xo4da U He
3aBXK/IM TaKy B3a€EMOMIII0 MOXKHAa AETKO OIIHCATH: YacTo Tpeba BpaxoByBa-
TH HaATO 0araTo OKpeMUX €AeMEHTIB, IKi BIIAUBAIOTh OJUH Ha OJHOTO.
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B3AEMOIIJ HEAJIEJIbHUX I'EHIB

ITig B3aeMOmi€l0 HEAACABPHHUX I'€HIB Yy BY3bKOMY 3HA4€HHI 3a3BHUYal po-
3yMilOTh BUIIQJIKU, KOAU OeKilbKa Pi3HUX I'€HIiB BIAWBAIOTH Ha PO3BUTOK
o0Hiei o3HaKU. [Ipy MBPOMYy TAKOK CIOCTEPIraroThbCd BiOAXHMAEHHA Bif 0di-
KyBaHUX CITiBBiIHOIIEHb (PEHOTUIIOBUX KAACiB. CAig po3yMiTH, 10 HAETH-
cd He mpo Oe3rmocepelHI0 B3aEMOJIII0 MiK MeHaMHU: HPOSB O3HAKH 3aAe-
JKUTBH BiJl IIPOAYKTIB Pi3HUX IeHiB (Hampukaaz, PEepMeHTIB, SIKi 3aAydeHi
[0 omgHOro GioxiMiyHOro Kackazny). Po3pi3HAOTE TpH THIHN B3aeMoOmii He-
aA€ABHUX I'eHiB: KoMNlemeHmapHicme, enicmas i noaimepiio.

Komnnemenmaphicme — THII B3a€EMO/Iil HEAAEABHUX I'€HIiB, IIPU SKOMY
HPUCYTHICTH Y 3UTOTi JOMIHAHTHHX aA€AIB IIUX TeHiB (xo4a 0 1o ogHOMY
JAd KOXKHOIO I'eHa) 3yMOBAIOE TaKHUH NPOdAB O3HAKH, SKHUH HE CIlocTepira-
€ThCS 3a HAIBHOCTI AHIIIE OJHOTO 3 JOMiHAHTHUX aAreAiB okpemo. ['eHH, 110
B3a€EMO/IIIOTh 3a TAaKOI0 CXEMOIO, HA3UBAalOTh KomniemeHmapHumu. KOHK-
PEeTHHH BHU/I PO3IIENAeHb Ha (PEHOTHIIOBI KAACH 3a KOMIIA€MEHTapHOI B3a-
€eMo/ii 3aAeXXHUTh BiJ TOro, Y MAalOTh JOMIHAHTHI aseAi KOXKHOTIO 3 I'eHiB
BAaCHUHY (PeHOTUIIOBUH HPOSB.

Posraguemo HaWmpocTimuii BUIIaZIOK B3a€MOZil ABOX KOMIIAEMEHTAap-
HuX reHiB A/a i B/b. 3rinHo 3 TpetiMm 3akoHOM MeHpaead, Ipu OUTiOpUI-
HOMY CXpelIyBaHHi OYiKyBaHHM pO3LIENACHHAM 3a d¢eHoTurom y F2
€ 9A B : 3A _bb:3aaB_: laabb. Came 11e pO3ILIEIAEHHS i CIIOCTEPIraeTh-
cd IpU crHaakKyBaHHI popMu rpebHa B Kyped (puc. 3.4), KOAHM KOKEH i3
OOMIHAHTHHX aA€AIB IBOX KOMIIAEMEHTApPHUX Te€HIB Ma€ CBid BaacHUHU
deHoTUIIOBU TPOaB (Taba. 3.3).

Puc. 3.4. Pizna dopma rpebeHa B Kypeti: TpogHaononi6bHa (a),
ropoxomnoni6bHa (6), ropixonoaibua (8), mpocra (2
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Tabruys 3.3. KomnaeMeHTapHa B3a€MOZis1 reHiB,
SIKi BU3Ha4YaroTh Gopmy rpebeHs B Kyper

dbeHOTHIIH YacTKH YacTKH
T'eHo- 6 . CeHo- dbeHO- TeHo- dbeHO-
aTBbKiB reHo- deno-
THHK. ((bopma THIIH THIITH THIIH TKl'liB THIITH Tl{l'IiB
GaTBKiB rpeGensi) F1 F1 F2 F2 F2 F2
AB | 9/16 | IOPXO- | g/4¢
Topoxo- nonibHa
AAbDb noxioHa T'opoxo-
AaBb ropixo- A_bb 3/16 nonibHa 3/16
moaioHa TpostHIo-
aaBB 'l;iosiigi(;- aaB_ 3/16 onibHa 3/16
A aabb | 1/16 | Ilpocra | 1/16

Y 3amanrHoro ropoiluky 3abapBA€HHS KBITKH B YEPBOHHH KOAIp 3ase-
JKUTDH BiJ ABOX JOMIHAHTHHUX aA€AiB, 3KOJ€EH i3 SIKUX HE Ma€ CBOI'O BAACHO-
ro (peHOTHUIIOBOTO MpodaBy. [eHH KOAyIOThH ABa (pePMEHTH, 3aAydeHi 0 II0-
CAIZIOBHOTO [IBOCTYIIEHEBOI'O II€PETBOPEHHS IIEBHOIO CyOCTpaTy Ha 4epBO-
HUH IIIrMEHT: Y BiACyTHOCTI xo4a 0 omHOro 3 pepMeHTIiB (Xoda 6 OgHOTO
JOMIiHAHTHOTO aA€eAsl) MEeAIOCTKU KBITKH 3aAHUINAIOTHCH He3abapBACHUMH
(puc. 3.5). TobTo reHoTHNOBI KAacu A_bb, aaB_ i aabb MalOTh OTHAKOBHUHI
deHoTun (6iai mearocTku) i popMyrOTH OooMH (PEHOTUIIOBUM Kaac: y F2
criocTepiraerbcs po3uienaeHHd 9 : 7 (taba. 3.4).

PepmeHT A
(reHoTHI A )

PepmeHT B
(remoTHn B )

-
NPOAyKT

BincyTHicTh
depmenTy A
(reHOTHII Qa)

He3zabapBaeHHU

cybcTpar

HezabapBaeHHu
cybeTpar

BincyTHicTs

B
depmeHT A ¢depmeHTy
(remoTHn A_) (remoTHumn bb)

He3zabapeaenuit
e P

Puc. 3.5. Cxema BuU3HaUEHHS 3a0apBAEHHS [IEAIOCTOK Y 3aIIallTHOTO TOPOLIKY

HezabapeBaeHHu
cy6crpar
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Tabruys 3.4. KoMmnaeMeHTapHa B3a€MOJZis FreHiB, SKi BH3Ha9al0Th
3a0apBAE€HHSI KBiTKH B 3aIlalllHOrO FOPOLIKY

Pexo- YacTEH YacTEH
I'eno- THITH T'eno- PeHO- T'eno- PeHO-
. reHo- deno-
THIIH OaThKiB THITH THIIH THIIH — THITH rEmis
OaTpKiB (Kf)Alp F1 F1 F2 F2 F2 F2
KBiTKH)
AAbb bira 12_55 2 ; 1 2 gyepBoHa | 9/16
5 | oa AaBb | wepBona |~ p | 3/16 Gira | 7/16
aabb 1/16

3abapBaeHHd TA0Ly B rapOy3a TakOK BH3HAYAETHCS ABOMAa INeHaMH
(3a cxemor0, aHaAOTIYHOIO 10 TakKoi Ha puc. 3.5), ase TIABKH OAUH i3 AOMi-
HaHTHUX aA€AIB ITUX IMeHiB He Ma€ BAACHOIO IIpodBy — y F2 criocrepiraetrhb-
cqa positernaeHHs 9 : 3 : 4 (taba. 3.5). Y manomy Bumnaaky aseab W — oguH
i3 reHiB, IKWI BiAINIOBia€e 3a CHHTE3 a00 HAKOIIUYEHHS 3€A€HOTO IIirMEHTY
(xaopodpiay). ¥ mpuUCYTHOCTI aseas Y 3eA€HHUH IIIrMEHT IIePeTBOPIOETHCSI HA
JKOBTHH (TOOTO, aneab Yy (DEHOTHUIII BUABASIETHCS BUKAIOYHO 3a HasgBHOCTI W,
ase BAACHOIO (PEHOTHUIIOBOIO IIPOSBY HE Ma€). Y IIPHUCYTHOCTI ABOX AA€AIB W
IIirMEHT y3araai He yTBOPIOETHCSI, TOMY IIAOAU 3aAHIIAIOTHCS OiAMMHE.

Tabruys 3.5. KoMmnaeMeHTapHa B3a€MOJZis FreHiB, AKi BH3Ha9al0Th
3abapBAeHHS nmAoAy B rapOy3a

PeHo-
I'eHo- THIIH T'eno- PeHo- I'eno- q::::“ PeHO- qqa:euo-
THIIH GaTBKIiB THIIH THIIH THIIH — THIIH THMB
OaTBKiB (xoaip F1 F1 F2 F2
naoxy) F2 F2
. WY 9/16 Kostuit 9/16
WWYY | Kosrui Wyy | 3/16 | 3enemmii | 3/16
WwYy | ZKostuit wwY 3/16
wwyy Bianit wwyy_ 1/16 Bianit 4/16

[Ile oguH THUI PO3IIETACHHS V OAPYIOMY IIOKOAIHHI IIpU KOMIIA€MeHTa-
PHIEl B3aeMomifi TEeHIB CIIOCTEPIraeTbCsd TO/i, KOAW oOUaBA MOMiIHAHTHI
areAl MarOTh OMTHAKOBUM BAACHHE peHOTHNOBUM npoaB. Tak, moMmiHaHTHI
aseAl IBOX IIEBHUX I'€HIiB BH3HAYaIOTh OMHAKOBY C(PepHUUHy (POpMy MAOLY
B rap0y3a, SKIIO BOHH MHPHUCYTHI B T'€HOTHIII OKPEMO; CyMiCHA mid ITUX
aAneAiB 3yMOBAIOE OUCKOMOMIOHY (popMy. Y ApPyromMy ITIOKOAIHHI CIIOCTEpi-
raloThCd TPU (PEHOTHUIIOBI KAACH y CIiBBimHOIIEHHi 9 : 6 : 1 3a paxXxyHOK
00'emHaHHS T€HOTUIIOBUX KaaciB A_bbi aaB_ (taba. 3.6).
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Tabruys 3.6. KoMmnaeMeHTapHa B3a€MOJZis FreHiB, SKi BH3Ha9al0Th
dopmy naony B rapbysa

I'eHo- PeHO- YacTrH
THIIH THIIH T'eHo- PeHo I'eHo- YacTKH PeHO dexno-
GaTeKiB | OaTBKiB THITH THIIH THIIH reHo- THIIH s
(bopma F1 F1 F2 THHIiB F2 F2 F2
naony)
Jucko-
AAbb Ci)g};n— AB 9/16 noibHa 9/16
Jucko- A_bb 3/16 Cdpepu-
AaBb . 6/16
nomibHa aaB_ 3/16 YyHAa
aaBB Ccpepu- Bumos-
qHa aabb 1/16 1/16
JKeHa

Enicmas — TUII B3a€EMO/Iil HeaAeABPHHUX I'eHiB, IIPU SKOMY OHWH I'eH 31a-
TeH IIpUTrHidyBaTH mito iHimmoro. 'eH, gkuii npuUrHiyye, Ha3uBaIlOTH eni-
cmamuuHuM, a T€H, [is SKOro IIPUTHIYYEThCH, — 2inocmamuuHum. Xapak-
TEP PO3MNOMiAy (PEHOTUIIOBHX KAACIB 3aA€XKHUTH BiZl HAsSBHOCTI BAACHOTO
IPOSIBY Y ABOX I'eHiB, L0 B3a€MOMIIOTh, Ta BiJ TOr0, JOMiHAHTHUH YU pe-
IIECUBHUY aAeAb T'eHa € eIliCTaTUYHHM.

SKIo iHTIGITOPOM € AOMIHAHTHHUH aseAb €NiCTATUYHOIO T'eHa, Ma€e Mi-
clie dominHanmHuil enicma3 (Taba. 3.7 — aneab I IpurHiuye npoan asead C
pu 3abapBAEHHI Hip'sa B Kypei).

Tabnuys 3.7. EmicTaTHYHa B3a€MOAifA reHiB, AKi BH3HaA4Yal0Th
3a0apBAeHHA mip's B Kype#

deHOTHIIH YacTrH
CeHo- GaTbKiB T'eno- dbeHo- CeHo- dPeHoO- YacTkH
THIIH (3abGaps- THIIH THIIH THIIH reHo- THIIH deno-
GaTBKiB A€HHSI F1 F1 F2 Tl;;m F2 THIiB F2
nip's)
ccIr Bire C.ii 3/16 | zabapBaeHe | 3/16
Ccli Oine CL 9/16
. 61 ccl_ 3/16 Oiae 13/16
cen e ccil 1/16

IHmuM BapiaHTOM POS3ILIENA€HHS HPU AOMIHAHTHOMY €IicTa3i Moike
OyTu posmienaeHHsa 12 : 3 : 1. Ile criocrepiraeTbes npu 3abapBAEHHI XyTpa
B JEAKMX I'PU3YHIB. AaeAb A 3yMOBAIOE CHHTE3 YOPHOIO IIIrMEHTY, a aAeAb B —
pyzoro. 3a BiICYTHOCTi 000X JOMiIHAHTHHX AA€AIB XyTPO 3aAUIIAETHCH OiAMM.
3a HagBHOCTI ABOX aseAiB (A_B ) CHHTe3yIOThCS oOHUBa IIIrMEHTH, aA€ pPy-
AUH MacCKY€EThCSI YOPHUM — XyTPO B IIFOMY pa3i Ma€ JopHe 3ab0apBACHHS.

104



Po30ia 3. @opmarbHa TeHeTVKa: 3aKOHOMIPHOCTI CITaJIKyBaHHS O3HaK

Y BUIIQOKy, KOAU TilIOCTATUYHUIN I'eH He BUABASETBHCHA 3a IIPUCYTHOCTI
€TiCTaTUYHOTO PELIECUBHOIO aA€Ad B T'OMO3HUIOTHOMY CTaHi, TOBOPSTH IIPO
peuecueHuii enicmas. SIK IIpUKAAL OJAHOTO TUILYy B3aeMomii MOXKHa HaBecC-
THU CHaAKyBaHHS KOABOPY IIEPCTi B AaOPagopCbKUX MHCAHMBCBKHX COOakK.
OpOuH reH 3yMOBAIOE THII IIIMEHTY, AKUH CHHTE3YETHCSI KAITHHAMHU IIKIipHU:
aneAb B 3yMOBAIOE CHHTE3 YOPHOIO IIrMEHTY, a PELIECUBHUMN aneAb b —
KOPHUYHEBOTI'0. |HIIINH IeH KOHTPOAIOE HAKOIIMYEHHH IIIrMEHTY y BOAOCCI:
HagBHICTh JOMIHAHTHOTO aAseAsd E IPUBOAUTH A0 HAKOIIHMYEHHS IIIrMEHTY,
TOAl IK y TOMO3UT'OT 3a PELIECUBHUUM aAE€AEM e HIrMEeHTY y BOAOCCI He-
Mae, Taki cobaku MarwThb XKOBTHUH Koaip. OTKe, aaneAb e B TOMO3UTOTHOMY
CTaHi IPUBOAUTE 0 BiICYTHOCTI HNIrMEHTY Yy BOAOCCi, TOOTO MOXKHa CKa-
3aTH, 10 BiH IIpUTHiYye ITposB reHa 3abapBaeHHsS. O4eBUIHO, III0 M€HO-
TUNOBI Kaacu B_ee Ta bbee 6ynyTh 06'eqHyBaTHCSI B OOUH (DEHOTHIIOBUH,
1 OpU CXpellyBaHHI AUTeTEePO3UTOT CIIOCTEPIraTUMETBCS PO3ILIETIACHHS
9 (B_E_ — 4opHi) : 3 (bbE_— xopuuHeBi) : 4 (3 B_ee + 1 bbee — :xo0BTi). Oue-
BUOHO TAaKOXK, III0 HaBeOEHUU IIPHUKAAL PELIECUBHOI'O €IlicTa3y CKOpiIlle
MOXKHa iHTEepIpeTyBaTH K KOMIIAEMEHTapPHICTb: YopHe 3abapBAE€HHS BO-
AOCCSI CIIOCTEPITa€eThCs TIABKH 3a HAasBHOCTI JOMIHAHTHUX aAeAiB 000X Te-
HiB (OIMB. aHAAOTiYHE PO3IIEIIACHHS B TabA. 3.5).

[Topsan i3 IPOCTHM PELIeCHBHUM eITicTa3oM, iHOAI (DOPMaABHO PO3TASI-
Oal0Th noodeiliHuil peuecueHuili enicmas — CUTYyallil0, KOAU pPEILIECUBHUH
aneAb OyOb-SIKOTO 3 TeHIB, 1110 B3a€EMOMIIIOTh, Y TOMO3UTOTHOMY CTaHI € eIri-
CTaTUYHHUM LIOAO iHIIOro reHa. Tak, po3rAgHyTe po3mIenAeHHsS 9 : 7 (criang-
KyBaHHS 3ab0apBA€HHS KBITKHM B 3allalllHOT'O NOpPoLIKY, Taba. 3.4) MoxkHA
iHTepIpeTyBaTH 9K INOABIMHUN pelleCUBHUH ellicTas: aa IIPUTHIYyeE IIPOsB
aanead B, a bb, y cBoro 4epry, — nposaB A. HaBeneHi mpukaaay 1eMOHCTPY-
IOTB, III0 PEIECHBHHH erricTa3 (mpocTuil abo moaBiliHU) HacHpaBai 3BO-
OUTBHCHI 10 KOMIIAEMEHTapPHOCTI.

YiTKO BH3HAYHUTH THUII B3a€MOJii HeaA€ABPHUX T€HIiB MOXKAHBO B THUX
BHNQKaX, KOAH BiZIOMHH OiOXIMIYHHH MeXaHi3M MpPOSBY OCAIIZKyBaHOL
O3HAKH (9K, CKaxKiMO, Yy BUIIAJKy 3a0apBA€HHS KBITKH B 3allalllHOTO TO-
poiiky). Yacro OioXiMiYHHE MeXaHi3M 3aAWMNIA€TBCS HEBIAOMHM, i TOMi
0OMEKYIOTECH KOHCTATAI€I0 (DOPMaABHOI T€HETHYHOI CXeMHU CIIaIKyBaHHS
o3Haku. OTXe, igeHTH@IKAIlSg TOrO M IHIIIOTO THILy B3a€EMO/Ii HeareAb-
HUX T'€HIiB 94acTO € YMOBHOK. K moka3aHo B Taba. 3.3-3.7, npu Biaxu-
AEHHSIX y POS3ILIEIIAEHHSIX, 3YMOBAEHHX B3a€MOJI€I0 ABOX I'€HiB, CIiBBiI-
HOIIIEHHSI (DEHOTUIIOBUX KAACiB, III0 CIlocTepiraroThed y F2, 3aBkam MoxK-
Ha BUBECTH 3 KaacudHoro 9 : 3 : 3 : 1. [Iag 1IboTO BaXXKAHUBO YCBiIOMHUTH,
dKi caMe KAacH 00'€IHYIOTBHCS, ITiCAS YOr0 MO3KHA 3pOOUTH BHCHOBOK ITPO
MOXKAUBHH THI B3aemozii (Tada. 3.8).
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Tabruys 3.8. CniBBinHOMEeHHA PeHOTHNOBUX KAaciB y F2 auriopuanoro
CXpelLyBaHHS IPH AeAKHX THIAaX B3a€MOZil HeaAeAbBHHX IeHiB

FeHoTHnIH
Tun B3aemoxii
A B_ A_bb aaB_ aabb

9 3 3 1 KOMIIAEMEHTAaPHICTD
9 3 4 KOMITA€MEHTAapPHICTB,
pellecuBHUM emicras

9 7 KOMITAEMEHTAapPHICTB,

noABIMHUN pelleCUBHUH ericTas

9 §) 1 KOMIIA€MEHTAaPHICTD
12 3 1 JOMIHAHTHUH eIricTas

12 (+1 aabb) 3 1 (+12) JOMiHaHTHUH ericTas

Honimepis — TUII B3aeMoii HeareABPHUX I'€HiB, IIpU 9KOMY O3HakKa ¢o-
PMY€ETBCS B pe3yAbTaTi Ail KiABKOX I'eHiB 3 OMHAKOBHUM BIIAMBOM Ha O3HaKYy
(0OHO3HAUHUX 2eHig), TOOTO HOeThCd PO POAUWHHU iMEeHTUYHUX ab0 IOMOAO-
TMYHUX T'eHiB, III0 [IOBTOPIOIOTHCS B T'€HOMi Ta MalOTh OJHAKOBUH IIPOLB.
CymapHUii epeKT MOXKE 3aA€KATHU IIPOCTO Big HagBHOCTI Xoda 6 OmHOTO
TAKOTO I'eHa (IIpH BH3HA4YEHHI SKICHHUX O3HAaK) abo0 BiJ KiABKOCTI JOMiHAH-
THUX aA€AiB B3a€MOiIOUMX TIeHiB (IpM BU3HAYEHHI KiABKICHHUX O3HAaK).
BianoBinHO, PO3PI3HAIOTE HEKYMYASIMUBHY Ta KYMYJISLMUBHY IIOAIMepito.
Y pasi moaiMmepii MpUHHATO MO3HAYATH B3a€EMO/IiI0Yi T'eHU OHI€I0 OYKBOIO,
Pi3HI TE€HW IIpU IFOMY MO3HAYAIOTH HHXKHIM OUQPOBUM iHIEKCOM
(Ara1AraAzas...). [Ipn Hexymynamueriii nonimepii 1OCTATHBO OTHOTO IO-
MiHAHTHOTO aAeAd Oyab-gKOro reHa 3 YHCAad THUX, sKi BIIAWBAIOTh Ha O3HAa-
Ky, 11100 I 03HaKa BUABUAACH. XapaKTepPHE PO3ILEIIAeHHS Y APYTroOMy IIO-
KoAiHHI 15 : 1, mpukraamoMm € opma maomay y rpuliukiB Capsella bursa-
pastoris (Taba. 3.9).

Tabnuys 3.9. IloaimepHa B3aeMOZifA reHiB, AKi BH3Ha4YaoTh hopmy nmaony
B Capsella bursa-pastoris

PeHoO- YacT- YacTt-
I'eno- THIIH I'eno- PeHoO- KH PeHOTH- KH
. I'eno-
THIIH OaTBKiB THIIH THIIH runa F2 | TEHO- nu deHo-
DOaTbKiB (dbopma F1 F1 THIIB F2 THIIB
naony) F2 F2
TPUKYT- Ai_ Ay | 9/16 | TpuKyTHa
A1A1A2A2
Ha TpuKy- | Ai_aaz | 3/16 | TpukytHa | 15/16
A1 a1A2 (0)5)
THa a1 Ao_ | 3/16 | TpuUKyTHaA
it dadz | oBasbHA aiaiazaz | 1/16 | oBaabHa 1/16
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Y BUNIQZIKY rymynsamueHoi nonimepii CTYIIiHb ITPOSABY O3HAKHU (AKY Ha-
3UBAIOTh AAUTHBHOIO) 3aA€KUTH BiJ KIABKOCTI JOMIHAHTHHX AAEAIB IOAi-
MEPHUX (aAWTHUBHUX) I'€HiB: MOXKHa CcKas3aTy, 110 BIIAUB OKpPEMHUX TI'eHiB
HAKOITMYYETHCS, 1 YUM OiAbIlle JOMIHAHTHUX aA€AIB Pi3HUX I'€HiB, TUM CHAb-
Hille IposgBASETbCS oO3HakKa. Came 3a TaKUM IIPUHIUIIOM CIIQIKYyEThHCS,
HaIIPUKAA[, KOAIp IIKiIpH B AIOAWHU (pucC. 3.6).

Puc. 3.6. Bapiaiiii 3a6apBAeHHS IIKipU B AIOAUHU

A nBOX Iap aJUTHBHUX I'€HIiB XapaKTEepHE PO3IIENIA€HHS V APYTOMY
IIOKOAIHHI cTaHOBUTE 1 : 4 : 6 : 4 : 1 — IpUKAQZOM € PO3BUTOK 3abapBACH-
He 3epHa mreHulli (taba. 3.10). 3a THIOM KyMyAdTHBHOI ItoAiMepii criaz-
KY€TBhCH OiABIIICTD KiABKICHHUX O3HAaK.

Tabnuys 3.10. IloaAimepHa B3aeMoOAis reHis,
SIKi BH3HA4YalOTh 3a0apBACHHSA 3€epHA NMIIEHHIL

PeHO-
CeHo- Tum‘f I'eHo- I'eHo- Hactxn PeHO- Hacrxn
OaTbKiB PeHO- reHo- tdeHo-
THITH 6ap- THITH THoH F1 THITH THIIB THITH THIIIB
Garexis | (3202P F1 F2 F2
BAC€HHSA F2 F2
3epHa)
A1A1A2A 1/16 | yepBoHE 1/16
A1 a1A2A2 2/ 16 TEMHO-
A1A1A2A2 YEPBOHE A1A1A2a2 2/ 16 poKeBe 4/ 16
A1A1 azxaq 1 / 16
Aia1Asa 4/16
AraiAzxaz | poKeEBE e e / poxkeBe | 6/16
@ 1/16
AA
araiaaz Gire aia; Axaz 2/16 CBITAO- 4/16
Aiaipaz | 2/16 | poxese
a1a1 a2 1/16 Gine 1/16
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KUIBKICHI OSHAKMA

Buine #mmaocsg roAOBHHM YHHOM IIPO O3HAKH, fKi YiTKO BUSBASIOTHCS
y PEeHOTHUITI ¥ MOCHTH AETKO BIiAPI3HSIOTHECHA Bill aApTepHATUBHHUX. [Ipu
poO3denAeHHI IX He BUHUKAE CyMHIBIB, 10 9KOT0 (PEHOTHIIOBOTO KAacCy 3a
[AaHOIO0 03HAKOIO CAiZl BIMHECTH Ty 4M iHIIY ocoOMHY. Taki o3HaKH (1e, Ha-
IIPUKAA[], 0COOAMBOCTI 3a0apBAeHHS YU (POPMH, BiACYyTHICTH IMeBHOTO e-
PMEHTY Ta iH.) 3a3BHUYall HA3UBAIOTh sikicHumu. OgHAK 6araTo cnagKoBHX
0O3HaK HEMOXKAMBO TOYHO 1 gKicHO onmcatTu. CKaXiM0, KOAHU CIIOCTepira-
IOTBCH IIOCTYIIOBI MAAOIIOMITHI ITepexoau MiK OCOOMHaMH, a IIPU PO3IIETI-
A€HHI HeMae€ 4YiTKO po3MezKOBaHUX (PeHOTHUIIOBUX KaaciB. Lli o3Haku (Bara
¥ po3Mmipu Tiaa, IIAOAOBUTICTD, YPOKAWHICTh, IPOAYKTHUBHICTb, CKOPOCTH-
TAiCTB, BMICT OiAKIB i KUPIB TOIIO) MOBOMAUTHCH BUBYATH IIIASIXOM BHMi-
proBaHb ab0 MiAPaxyHKIB, SKi 03BOAIIOTH AATH iM YHCEABHY XapaKTepHUC-
TUKy. [logiOHi 03HaKYU NPUHHATO HA3UBATH KinsvkicHumu. YiTKy MEXKy MixK
AKicCHUMH ¥ KiABPKICHHUMH O3HAKaMU IIPOBECTH HEMOXKAUBO: [IesdKi KiAbKic-
Hi MOXKHa OIIMCAaTH SKICHO (HaIllpHUKAall, BUCOKHUU — KapAWKOBUM, CKOPO-
CTUTAUH — ITi3HBOCTUTANH), SKIiCHI 3K BiIMIHHOCTI MOXXHa BUPAa3UTH KiABKi-
CHO (HAIIPHKAQ, Pi3HHUIIO B 3a0apBA€HHI — KiABKiCTIO mirmMeHTy). [IpoTe
AKICHUHM OMHUC MOXKAUBUH AUWIIIE ¥ PIOAKUX BUMIAAKAX, KOAU IIi BiZMiHHOCTI
JOCHUTH Pi3Ki ¥ MiXK HUMH HeMae NPOMiKHUX popM. BiapmricTs rocriomap-
CBbKO-KOPHUCHHUX O3HAK KyABTHBOBaHHUX POCAMH i JOMAIIIHIX TBapUH BiIHO-
CATh OO KIABKICHUX, TOMY PO3YMIHHHA TOI'O, 9K CIaAKYIOTbCS KiABKICHI
O3HAaKH, € AyKe BaXKAUBHUM A CEAEKITIHHOI poOoTH.

KiabkicHI 03HaKM, SK IpPaBUAO, MIHAWBINI, HiXK sgKicHi. Lle 3aAekUThb
Bim mBox mpuuuH. [lo-miepiiie, CIaakKoBi BiAMIHHOCTI OCOOMH 3a Ti€l0 4YH
IHIIIOI0 KiABKICHOIO O3HAKOK 3a3BHUYail 3yMOBAEHI B3a€EMO/I€I0 MEKiABKOX
ap IIOAIMEPHHUX T'€HIB, IIPUYOMYy KOXKEH I'€eH JOCHUTH CyTTEBO BIIAUBA€ Ha
PO3BHUTOK maHoil o3HakKHu. [leBHI KoMOiHAIlil TOAIMEPHHUX TeHiB, IKi BU3HAa-
4alOTh KIABKICHY O3HAaKy, 3CyBalOTh CTYIIIHB IIPOSIBY O3HAKU B IIO3UTHB-
HUH OiK, iHNIi — y HeraTuBHUH. Ha BinMiHy Bif 11bOro, y BHNAAKY SKICHHUX
O3HAK Pi3HUIIT MiXK 0COOMHaMM BH3HAYAETHCS 3/1€0iABIIOr0 AUIIIE OIHIEO,
nBoma abo, 3piznka, TpboMma IapaMu aseaiB. [lo-gpyre, KiAbKIiCHI 03HaKHU
3a3BHUYal 3HAYHO CHUABHIIIE, IOPIBHAHO 3 SAKICHUMHU, 3aA€XKaThb BiZl 30BHI-
mHixX dpakTopiB. [Ipu npoMmy pi3Hi pakTOpHU YaCTO MOXKYTH OIATH Ha (PEHO-
TUIIOBUH IIPOSB I'eHiB pi3HOHAIIPABAEHO.

[Ipu BUB4YEHHI CIIafIKyBaHHS KiABKICHUX 03HAK BUKOPUCTOBYIOTH I1€B-
Hi CTATHUCTHYHI IapaMeTpH, 3a JOIIOMOTI'0I0 SKHUX XapaKTepU3yI0Th CTYIIiHb
IIPOosIBYy TAaKUX O3HaK. ['0AOBHI 3 ITUX ITapaMeTpiB — cepenHe apudMeTHUIHE
(x), cepenHe kBagpaTudHe BigxuaeHH4 (o) i KoedirierT miHauBocTi (CV).
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O3HaKy, Ky BUBYAIOTb, BUMIiPIOIOTb B YCiX OCOOMH MOCAIZKYyBaHOI I'Py-
I, OTPUMaHi [aHi po30HMBaIOTh Ha MOBIABHY, aA€ BiTHOCHO HEBEAHKY KiAb-
KiCThb KAACiB, Y KOXKHOMY 3 SIKHX 00'€HaHi 0OCOOMHHU OiABII-MEHII CXOXKi 3a
3HAYEHHSIM O3HaKU. ToOTO CTBOPIOIOTH BapiallilHUH pan, AKUYU 3py4YHO 30-
OpazkyBaTH y BUTASI/I TicTOrpaMU — CTOBITYHKIB 3 OCHOBaMH, {IKi BiJIIOBi-
[OaioTh iHTepBaAy, IPUHHATOMY JAd JAHOTO KAACy, i BUCOTOIO, IO BiAIIOBi-
A€ KiABKOCTi BapiaHTIiB (TOOTO KiABKOCTi OCOOMH, fKi HaAe€KaThb 10 JAHOTO
KAACy ). AHAaAOTIYHO MOXKHAa ITO0yAyBaTH KPUBY po3roniay (puc. 3.7).

KiAbKicTs TBapuH

30

254

20

15

10

450 500 550 600 650 700

KaacH 3a Baroxo, Kr

Puc. 3.7. Po3nozmia 3a Barorwo KOpiB KOCTPOMCEKOI IOPOIU
BiKOM ITOHA[ IT'ITH POKIB

[Ticag mobymoBH BapialliliHOTO psgAy 3HAXOOATH cepedHe apudme-
muuHe (X ), K€ A€ YIBA€HHH IIPO TUIIOBE 3HAYEHHS CTYII€HS IIPOSBY
O03HaKH B OOCAIMKYyBaHi# rpymi ocobuH. CepenHe apudMeTHUIHE po3pa-

XOBYIOTE 3a DOPMYAOIO
_ 1
X=—)>x,
NZ i

e X; — 3Ha4YEeHHd OAS OKpPeMHUX 0CoOUH; N — KiABKiCTh OCOOUH.

CepenHe apudMeTUYHE He A€ YIBU IIPO CTYMIiHb MiHAWBOCTI O3HAKU
B MeXKaX OOCAIKyBaHOI IpyIIM: BapiallifiHi pdau, dKi MaioTb OOHAKOBE
cepenHe apuMeETHYHE, MOXKYTb 3HAYHO BiApPI3HATHCS 3a MIiHAWBICTIO.
Haity>kuBaHIIIIow0 Mipo0 MiHAUBOCTI (LLIMPUHU PO3IIOIiAY O3HAKU) € cepedHe
xeadpamuune eidxuneHHs (c), IOTO PO3PaAXOBYIOTH 38 POPMYAOIO
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CepenHe KBaapaTH4YHE BiAXHUAEHHHI MOO3BOAIE IIOPIBHIOBATH MiHAU-
BicTb omHiel # Tiel K 03HAaKH B Pi3HUX rpyrnax ocobuH. [Ipore el mokas-
HUK He IIpUAATHUY A IIOPIBHSIHHS MiHAWBOCTI O3HaAK, SKi XapaKTepHU3y-
I0OThCS PiI3HUMU OAUHUIIAMH BUMIipIOBAHHS, HAIPUKAA, MiHAUBOCTI Baru
Ta 3pocTy. Y TAKOMY BHUIAOKy PO3PaxXOBYIOTH koegiuienm eapiauii (CV),
10 ABASE€ COOOI0 BHpPasKe€HE y Bi[COTKAaX BiTHOIIIEHHS CEPEIHBOrO KBajl-
PaTHYHOrO BiIXUAEHHS O CEPeIHBOr0 apuPMeTUIHOIO:

v =Zx100%.
X

[TorpibHO 3ayBazkuUTH, 110 HE CALL KOPHUCTYBaTHCS KoedillieHTOM Bapi-
amii Tam, me MOXKHa OOiHTHCHA cepemHiM KBaApaTUYHUM BiAXUACHHIM, —
y MaTeMaTH4YHOMY BiIHOLIEHHI OCTAHHE 3HAYHO TOYHIIIE XapaKTepHU3ye
MiHAUBICTb O3HaKHU.

BakaMBO pPO3yMITH TakKOXK, L0 OyAb-gKHH EMITipUYHHE BapialliiHuii
PAn € BHUIIQQKOBOIO BUOIPKOIO, IKA MIiCTUTh OOMEXKeHY KiABKIiCTb BapiaH-
TiB, i TOMy He 30BCiM TOYHO BifoOpazkae XapaKTepHY AT JAHOI ITOITYASIIii
BEAHMYHHY IOCAIIXKYyBaHOI 03HaKu Ta il MiHAUBICTE. [lOCTOBIpHICTL OioMeT-
PUYHHUX ITOKA3HUKIB, 110 BU3HAYAIOTHCH [AS €MIIiPUYHOI BHOIPKH, CHABHO
3aAekaTh Bil KIABKOCTI OCOOHMH, IO BXOAATH OO Ii CKAQAy: YUM OiAbIIia
BHOipKa, TUM OAMXKYI I1i HOKA3HUKHU 10 CBOTO iCTUHHOTO 3HAYEHHH.

9K mpaBHAO, KIABKICHI O3HAKM 3aAexKaTb Bifl IIOAIMEPHUX TIeHiB, IO
Y 3yMOBAIOE [esIKi OCOOAMBOCTI IXHBOIO CIIaAKyBaHHS. [Ipu 11bOMy B OCHOBI
CITaIKOBOI Hepeadi KiAbKICHUX 03HAK AE€KATh TaKi caMi dBUINA PO3ILIEIIACH-
H4 Ta IepekoMOiHalli reHiB, 110 # Ipu nepenadi axkicHux. [Ipu cxpenryBaHHi
0COOMH, 9Ki BiApi3HAIOTBECSI 3a KIABKICHOIO O3HAKOIO, MIedKi HaIanku y Fo
MOXKYTh MaTH OiABIlIe YU MEHIIle 3HAYEHHs IPOsIBY O3HAKH, HixK BUXIiIHI Oa-
TBKU. K0 oO6uaBa 6aTbKM HECYTb K INeHH, 10 30iABIIYIOTH e 3HA4YeHHS,
Tak i Ti, 110 3MEHIIVIOTH HOoro, To y Fz MaroTh 3'9BUTHUCA HAINQIKH, B IKUX
KOHIIEHTpALlis TIAIOC- abo MiHyc-TeHiB Oyze BHIIOIO, HiXK y 6aTeKiB. [Ipumyc-
THUMO, HaIIPUKAQ[, IO IToAiMepHi reHr A, B i C 30iABIIYIOTE IPOSAB O3HAKH,
a ixHi aseai a, b i ¢ 3MEHIIYIOTH HOro, i 110 NeHOTUI ofHiel 0aThKiBCHKOL
dopmu AABBcc, a inmoi — aabbCC. Toni cepen ocobun F, meski MmaTumyThb
reHotunt AABBCC abo aabbcc; y TiepIinx 3Ha4e€HHsI 03HAKH Oynae Oiabiie,
a B APYyTHX — MeEHIe, HiXX y 0aTbKiB. Taka MOXKAHUBICTBL PO3CYHYTH MeEXKi
CrIaIKOBOi MiHAMBOCTI KiABKiCHOI O3HAKU Ma€ BEAUKE IMpPaKTHUYHE 3HA4YeHHS.
Y GaraTbox BUITQKaX IIMM IIASXOM BIAETHCSI BUOIAUTHU 3 Fo opMmmu, gaxki re-
HOTHIIOBO i (PEHOTUIIORO € ITIHHIIITUMHU, HiXK BUXI/THI 0aTbKIBCBbKi (DOPMH.
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Y HaWIIpoOCTIIIIOMY BUTAGl TE€OPiss IIOAIMEPHHX TIe€HIiB IIPUIIYCKae, III0
Oynb-siIKa KiAbKiCHa O3HaKa BU3HAYAETHCS B3aEMOMIEI0 KiABKOX aIUTHBHO
[II0YMX TEHiB, sKi MaloTh NPUOAM3HO ONHAKOBHM BIIAUB HAa II0 O3HAKY.
HacnpaBai moAiMepHi T'eHH 4YacTo Pi3HATHBCH 3a 'CHAOIO', 3 SIKOIO KOXKEH
i3 HUX BH3Ha4a€ IIPOdB OaHOI O3HAKM: 3aA€XKHO Bifl CTYII€eHS BIIAMBY Ha
KIABKICHY O3HaKy I'€HM IOMIASIOTH Ha CUMbHI Ta c1abKi, a TaKOXK I'€HU
3 IPOMiZKHUM BIIAUBOM Ha IIPOSIB O3HaKHU. [ledKUU T'eH i3 MAeHOTPOITHOIO
[i€I0 MOXKe BHUCTYIIATH 9K CHABHHH IIIOZI0 OMHHX O3HAK i 9K CAAOKWi —
CTOCOBHO iHIIMX. KpiM TOro, B3a€MOBIIHOCHHH MOAIMEPHHX I'€HIB MOXKYThb
OyTH HeagUTUBHUMU H HEPiKO YCKAQIHIOIOTHCH SIBHUIIIAMH KOMIIAEMEH-
TapHOCTi abo emicTasdy, a TaKOX HadBHICTIO CAAOKIIIMX TeHiB-
MoaudiKaToOpPiB, BIIAUB IKHX CKAQHO BpaXOByBaTH.

Biapm abo mMeHII TOYHe BHU3HAYEHHd KOHKPETHOro HabOpy TeHiB, dKi
BU3HAYAIOTh I[IPOIB KiABKICHOI O03HAKH, € IOCUTH CKAAJHUM 3aBIaHHSIM.
Y nmpakTHIli POCAMHHHUIITBA i TBAapUHHUIITBA IIOCTiMHO BHUHUKAae morpebda
3HATH, 9KOI MipOI0 MIiHAUBICTH KiABKICHOI O3HAKU 3YMOBA€HA T'€HETUY-
HUMH PUYIUHAMHU, a SKOK — MOAUMIKAILIIMH, BUKAUKAHUMH (PaKkTOpaMu
30BHIIITHBOTO CepemoBHINa. Bia po3B'd3aHHa IIi€l IpobAeMU 3aAEKUTH
IPOTHO3 €e(PEeKTHUBHOCTI A000pYy, III0 HPOBOAUTHCH 3a MAHOIO O3HAKOIO.
Y Takux BUIIaAKaX CYTTEBY KOPUCTb MOXKE IPHUHECTH OOYHCAEHHS koedi-
uienma ycnaodxoeyeanocmi o3Haku. lle moxke OyTH 3miticHeHO ¥ Oe3 ycra-
HOBAE€HHS KOHKPETHUX TI€HiB, SIKi BH3HAYalOTh 1[I0 03HaKy. KoedilrieHT
YCIIaAKOBYBAHOCTI € BEAHYHHOIO, III0 IIOKAa3ye, Ka JacTKa Ipulajac Ha
FeHeTHYHY KOMIIOHEHTY B 3araAbHill (DEHOTHUIIOBIM MiHAMBOCTI JOCAIIKY-
BaHOI KiABKICHOI 03HaKH. PeHOTHUIIOBa MIiHAMBICTH O3HAKH XapaKTepH3y-
€TBCH CepeaHIM KBaJAPATHUIHUM BiAXHAEHHSIM ab0 KBagpaTOM IIHOTO Biaxu-
A€HHS — OUCIiepciero (02). 3araabHa (peHOTHUIOBa AMCIHepcisa (o2p) cKaaga-
€TBCH 3 MUCIIEPCIi, IO 3aA€KUTH BiJl TeHETUYHOI Pi3HOMAaHITHOCTI 0COOMH
(02g), i mucmepcii, 3yMOBA€HOI 30BHINIHIMU BIAWBaMH (02%g). KoedirieHT
YCIIaAKOBYBaHOCTI h? BU3HAYAETHCS PiBHAHHAM:

2 2

(o} O,
2 G G
p=—20_-2¢

2 2
o.+o, O,

IcHye mekiabka pi3HHX CIIOCOOIB OO4YMCAEHHST KoedillieHTa yCHaaKOoBY-
BaHocTi. Ha#impocrtimmuii i3 HuX 0a3yeThCs Ha 3iCTaBA€HHI MIHAWBOCTI Ki-
ABKICHOI 03HAKU B '€HETHYHO OMHOPIAHIM IpyIi 0OCOOMH i3 MiHAMBICTIO Ili€l
3K O3HAKH B I'pyIi 0COOHH, y34TOi 3 TeTepOreHHOi IIOIyAdIlii TOro camoro
Buny. ['eHeTHYHO OOHOPIAHY TPYIy OTPUMYIOTH YV pPe3yAbTaTi TOro, II0
IIPOTSrOM 0araTboX ITIOKOAIHb PO3MHOXKEHHS 3QiMCHIOETHCH HIASIXOM CXpe-
IIyBaHHSA O0AHM3BKOCIOPITHEHNX OCOOMH abo caMOo3aIlIuAeHHS.
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XPOMOCOMM
JAK I'PYIIN 3UEIVIEHHJ I'EHIB

To#t ¢pakT, 1110 TEHU MICTATBHCH y XPOMOCOMax, fKi, BAacCHe, i Iepeaa-
IOTBCA Bim 0ATBKIB 40 HAIAAKIB, CYTTEBO 00MeXye TpeTid 3akoH MeHpae-
ASI: HE3aA€XKHO OfHAa BiZl 0HOI CHaAKYyIOThCS XPOMOCOMHU — BEAWKI I'PyIH
TeHiB (TPyHH 34YelAeHHS). 3po3yMiAo, IO I1e OOMEKEeHHSI Ma€e 3yMOBAIOBa-
TU BIAXWUA€HHS BiJl MEHIEAIBCBKHUX PO3IIENAEHb y pPasi MOoAIrHOpuaHUX
cxpellyBaHb. Hampukaan, Ipu cxpelryBaHHiI gurerepos3uror AaBb, 3a
yMoBH, 10 TeHU A/a i B/b 3HaxomaThCd B OOHIHA XPOMOCOMi, 3aMiCThb
positerniaeHHsa 9 : 3 :3:1 mMae OyTH OoTpHUMaHO ABa (PEHOTHIOBI KAacH
y BimHomrenHi 3 : 1 (puc. 3.8). [HmMM 3aco00M mepeBipUTH HASIBHICTH re-
HIB B OOHIH XpoMocoMi, € aHaaizyiode cxpentyBaHHs AaBb x aabb: skuio
[Ba I'eHU CIIaAKYIOTbCS HE3aA€3KHO, TO YTBOPIOIOTHCS YOTUPHU (PEHOTHUIIOBI
KAaCU HaUa[KiB y criBBigHoIeHHi 1:1:1: 1 (CKOpHUCTYHTECh CXEMOIO
MOHOTIOPHHOIO aHAAI3yIOYOTO CXPELIeHHsI, HaBeIeHOI BHIIE, i IpaBHU-
AOM JOOYTKY MMOBipHOCTEM); AKIIIO T€HU 3YeIIA€HI B OHi#l XpoMocoMi, Oy-
e aBa (PeHOTHUIIOBUX Kaacu (AaBb, aabb) y piBHOMY CHiBBiZHOIIIEHHI.

A B A B
| |
a b X a b
| S
A B A B a b
) | SRR | NN | Wiy — -
A B a b a b
RN S S S M S S
1 2 1

Puc. 3.8. CxpenryBaHHa AUTETEPO3UTOT 34 YMOBH,
110 ABa M'eHH MIiCTAThCA B OAHIHM XpoMocoMi

CroocTepesKeHHsI TaKOro THILy Ta BCTAHOBAEGHHS TOTO (paKTy, L0 KiAb-
KICTh T'PYIl 34YEIIA€HHSI AOPiBHIOE TallAOiAHIM KiABKOCTiI XpOMOCOM, D03BO-
avau cBoro udacy Moprany (Thomas Hunt Morgan) i cniBpobiTHHKaM
OTpUMAaTH T'€HETH4YHi MOKa3W TOro, II0 I'eHH PO3TallloBaHi y XpoMOCOMax
(ouB. icTOpUYHY OOBIOKY).
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[Ipore, i e Texx 6yA0 BCTaHOBAEHO rpyroio MopraHa, o4ikyBaHi CIIiB-
BiJHOIIEHHS Ha KIITAAT IIIOMHO HaBEAEHHUX MalizKe HIKOAH HE PeaAi3yloThbCa
TOYHO: OOMiH MiATHKaMU MiXK TOMOAOTIYHUMH XPOMOCOMaMH ITpH MeHo3i —
KPOCHHIOBEp (AWB. po3dia 1) — HIpUBOAWUTEL A0 'HepeMilllyBaHHS' T€HiB
Yy Me>KaX TOMOAOTIYHUX TI'PYIl 3YEIIA€HHS (TOMOAOTIYHHUX XPOMOCOM) i, TAKHUM
YUHOM, YaCTKOBO BiIHOBAIOE HE3aAEKHICTh IIepe/iadi reHiB 10 HalllaaKiB.

AyTocomu

Camka Camensn

Puc. 3.9. Cxema XxpoMoCOMHUX HabopiB camku Ta camig Drosophila melanogaster:
TPH IapH ayTOCOM i OfHA — CTATEBUX XPOMOCOM

OctaHHE TBEpPIZKEHHS MOTPeOy€e YTOYHEHHS: KPOCHHIOBEP VHACAIZIOK
TOMOAOTIYHOI pekoMbiHallil Bi0yBaeThCS TIABKH B IIapaxX MOMOAOTIYHUX XPO-
MOCOM, $IKi € OJHAKOBHUMH 32 MOP(OAOTIEI0 Ta HAOOPOM I'eHiB y 000X cTaTei, —
TaK 3BaHUX ayTOCOM. Y OIABIIOCTI OpraHi3MiB, sIKi PO3MHOIKYIOTHCS CTaTe-
BUM IIA9XOM, OfHA IIapa XPOMOCOM — CTaTEBIi — IIpeACTaBA€HA ABOMa HETro-
MOAOTIYHUMH THIIAMH (OeTaABHIIlIe IIPO T€HETHKY CTaTi UAEThCSI B PO3IiAi 6).
OpHa 3i craTed IIpu LILOMY (fOMOTaMeTHa) XapaKTepU3yeThbcd ABOMa OIHAa-
KOBHMM CTaT€BHMM XpOMOCOMAaMHU, iHIlla (reTeporaMeTHa) — ABOMa Pi3HUMU
(HamIpyKAaz, y ccaBLiB i AeIKHX KOMax ABi X-XpOMOCOMH BH3HA4YaIOTh CAMKY,
X- i Y-xpomocoma — camrig, puc. 3.9). PekombiHallis B mapi HETrOMOAOTIYHUX
CTaTEBHUX XPOMOCOM € HEMOKAHUBOIO (060 CYyTTEBO OOMEXKEHOI0), OT2KE CTATEB1
XPOMOCOMH IIEPEAIOTHCS SIK OIHE IliA€ BiJf FeTEpOoraMeTHOi CTaTi 40 HalllaaKa.

CnagkKyBaHHA O03HaK, 349eIJIEHMX 31 CTaTTIO

CyTTeBoI0 0OCTAaBHHOIO, IKa TAKOK BIIAMBA€E Ha PO3IMOMIiA (PEHOTHIIO-
BHUX KAAaCiB, € Te, III0 HETOMOAOTIYHI CcTaTeBi XpOMOCOMH MiCTATh Pi3Hi Ha-
Oopwu reuniB. He caim mymaTwH, 1[0 IIe T€HHU, sKi BU3HAYAIOTH CTATEBI O3HAKU:
OiABLIICTH TeHIiB X-XPOMOCOMH AIOAHMHH Ta KOMaX KOMAYE O3HAKH, CITIABHI
aas obox craredi, Todi SK Y-XpoMocoMa B3araai € mMpakTHYHO iHEPTHOIO,
OCKIABKH B Hill Maifzke HeMae aKTUBHUX reHiB. CriaikyBaHHSI 03HaK, T€HU
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AKHUX PO3TalllOBaHi B CTATEBUX XPOMOCOMaX, HA3UBAETHCS CNAOKYEAHHAM,
3uenieHum 3i cmammio, i A9 HBOTO CIIOCTEPIralOThCs CYyTTEBI BiIXUAEHHS
BiZl MEHIEAIBCBKUX PO3IIETIAEHb.

Ynepiie Take ciagkKyBaHHS OOCAIZKEHO MopraHoMm Ha HpHKAAL IIAOIO-
Boi mymku Drosophila melanogaster — o0'ekTa, 1110 BigirpaB HaA3BHYaMlHO
BEAUKY POABb Y PO3BUTKY N€HETHKH. AKTYaAbBHUM BiH 3aAUIIIAE€THCI ¥ MOCI.

Y X-xpomocoMmi apo3odiau 3HAXOAUTHCS OOUH i3 T'eHiB, BiJ SKUX 3aie-
JKUTHb PO3BUTOK YE€PBOHOrO 3a0apBA€HHS OKa ("HOPMaABHiI' MyXU — MyXHU
duxozo0 muny — MaloThb 4epBOHi oui). MyTallid IIbOr0 reHa IIePeTBOPIOE
Horo Ha MyTaHTHUH pelleCUBHUU aaeab white (CKOpoueHe IT03HA4YEeHHS W,
BIAIIOBIAHUH aseAb QUKOTO TUILy ITI03HAYAIOTh 9K w') — TOMO3UTroTa 3a pe-
IIECUBHHM aA€A€M XapaKTepHu3yeTbcd OiannMm odunMma. MopraH ImocTaBHB
[Ba Tak 3BaHi peuunpokHi cxpewyeanns (puc. 3.10): camKa 3 YepBOHUMU
oymMa X caMelpb i3 OiamMu (npsme cxpewyeaHHs), i HaBOakKu — OirooKa
caMKa X 4YepBOHOOKHH caMellb (0bepHeHe CXpeusyB8aHHsl).

IIpsame cxpellyBaHHS OOepHeHe CXpeLLyBaHHS
P 0 \ d:_ ;
— X e b R G —
wtwt wY ww wtY
1 AN 1 AN
whw whY whw wY
L N\ n AN
F2 whwt wtY whw w"Y
§ N\ n AN
whw wY ww wY

Puc. 3.10. Cxema penUIPOKHHUX CXPENyBaHb Apo30dia,
SIKi HECYTBb PELIECUBHY MyTallifo w (6iai o4i) i MaroTh
BIAIOBIAHUY aAeAb JUKOTO THILy W' (YEPBOHI Oi).
X-XpOMOCOMY MO3HAYEHO CHHIM KOABOPOM,
Y-xpomocoMy — 3eAeHUM

Y npsMoMy cXpelnlyBaHHI HAIIaAKU IIEPIIIOro ITOKOAIHHS BCi OyAH dep-
BOHOOKIi, TOOTO BUKOHYBaBCs IepHIui 3akoH MeHzeasa. Aae B obepHEHOMY
CXpelllyBaHHi BxXKe B II€PIIOMY ITOKOAIHHI CITOCTEpiraaocs po3LIEIACHHS Ha
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YEPBOHOOKHX i OIAOOKHMX TAKMM YHHOM, III0 BCi caMKu OyAM YEPBOHOOKI,
a caMili — 6iA00Ki. Taka KapTUHA CIIaAKyBaHHs, KOAW y O3HAKH OATBHKIB ITepe-
[AIOThCS HalllaIKaM ITPOTUAEXKHIN cTaTi, HA3UBAETHCS KPpUC-Kpoc (Criss-Cross).

[Ipu cxpenryBaHHI OCOOMH MEPIIIOTO IIOKOAIHHA y F2 y mpamomy
CXpellyBaHHi OyAO OTPHMAaHO 3araabHe po3llernAeHHa 3 : 1, aae caMKU —
BCi YepBOHOOKIi, caMIli — YepBOHOOKi Ta 06ir00OKi y cmiBBigHOImeHHi 1 : 1.
B obepHeHOMY cxpelryBaHHI BigHOIIeHHd 1 : 1 criocTepirarocd SK [Ad
caMIliB, Tak i AT cCaMOK.

OCKiIABKY HaBeIEHi PO3IIEIIA€HHS IIOBHICTIO KOPEAIOIOTH i3 IIOBEAIHKOIO
CTaTeBHUX XPOMOCOM, OIMCAHHH €KCIIEpHMMEHT CTaB CBOI'O 4acy OLHHUM i3
KAIOYOBHX JOKa3iB POAl XpOMOCOM Y CIIaAKOBOCTI.

KPOCVMIHI'OBEP

I'eHeTVYIHI HACTIIAKM OOMIHIB OUITHKaAMM
MID>K TOMOJIOTiYHMMM XpOMOCOMaMM

9K yxke HIIAOCd, IPU CXpeENlyBaHHI AureTepo3urotu AaBb i3 romMo3u-
roTolo aabb MalOTH yTBOPUTHCS ABa (PEHOTHUIIOBI KAAaCH 3 T€HOTUIIAMU
AaBb i aabb, GKI1I0 TeHU 3HAXOOATHCSA B OOHIM XPOMOCOMI, i YOTUPU KAACHU
(AaBb, aabb, Aabb, aaBb) — akio B pi3dHUX. [IpoTe, po3rasgmaroyu BUIIA-
[IOK 3YEeIIA€HHS OBOX I'€HIB, CAiJl y3STH [0 yBark I'OMOAOTIYHY peKoMbiHa-
mito (po3mia 1), gka BimOyBaeThCd Mia dYac MeHO3y IIPU raMeToreHesi Ta
OPUBOOUTL A0 OOMIHY TOMOAOTIYHHUMH JIATHKAMH MiXX T'OMOAOTIYHUMU
XpoMOCOMaMH — KPOCHHIOBepy. 3p03yMiAo, III0 BHACAILJOK KPOCHUHTOBEPY
B MUTETEPO3UTOTHOTO OaThKa, KPiM ramer, g9Ki MicTdTb KombiHallii reHiB
AB'i ab, i3 1eBHOIO iMOBIpHICTIO YTBOPSTHCS TAKOXK raMeTH 3 KoMOiHaIli-
avu Ab i aB. Y pe3yApTaTi cepen HaAI@AKIiB, KpiM ABOX reHOTUITiB AaBb
i aabb, OynyThb 3HaligeHi Takox reHotunu Aabb, aaBb.

Came Taky cutyallito iatocTpye puc. 3.11, Ha SKOMy HaBeeHO pe3yAbTa-
TH KOHKPETHOTO CXpeIlyBaHHSA Apo3ocpia, 3aificHeHoro rpyroio MopraHa.
Y apyri#i xpomocomi Apo30diisM TIPUCYTHI ABa T€HH, PEIECHUBHI aA€Al TKUX
3yMOBAIOIOTE YOpHE 3ab0apBaeHHsd Tiaa (black abo b, aneab IUKOTO THILY — Cipe
TiAO — TIO3HAYAETHCS 9K b') 1 peaykoBaHi Kpuaa (vestigial abo vg, areAb TUKO-
ro TUIly — vg'). AHaai3yrode CXpellyBaHHS OUIETEPO3UTOTHOI CAMKH 3 TOMO-
3UTOTHUM CaMIIEM IIPUBOAUTH OO POIIIETIACHHS HAIlaAKiB Ha YOTHUPHU (PeHOo-
TUMIOBI KAacH. BIABIIICTE OCOOMH PO3IOAIAEHO B PIBHOMY CIIiBBiTHOIIIEHHI
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MiXX ABOMa KAacaMH: AUKHM THUIIOM Ta MyxXaMH 3 YOPHHM TiAOM i pemykoBa-
HHUMH KpUAAMH — caMe THMH KAacaMH, 110 OYiKyIOThCH 3 OTASIy Ha 34EIIA€H-
HH OBOX TeHiB. Aae 17 % 0COOMH IIpeACTaBA€HO (TAKOXK Yy PiBHOMY CIIiBBiI-
HOIIIeHHi) nBoMa (PEHOTUIIOBUMH KAacaMU, dKi MaAu O yTBOPUTHCS IIPU He-
3aA€XKHOMY CIlafKyBaHHI. lli 1Ba Kaacu Ha3UBaIOTh KPOCOBEPHUMU — SIK IIO-
Ka3aHo Ha cxeMi puc. 3.11, BOHU YTBOPHUAUCSH BHACAIIOK OOMIiHY MiASTHKaMH
MDDK TOMOAOTIYHUMH XpoMocoMaMHt caMKH. OCKIABKH caMellb € II0ABiHHOIO0
TOMO3UTOTOI0, OOMIH MiATHKAMH HOTO XPOMOCOM y BHUITQIKY, III0 PO3TASA-
€TbCd, HE MaB OM MeHEeTHYHUX HACAIIKIB, ase CAif 3ayBaskKHTH, III0 B CaMIIiB
npo3odiia KPOCUHTOBED IIPU CIIEpMAaTOTeHe3l B3araai He Big0yBaeThCd.

b* vg* b vg

R S
vagxg\bvg
R - R S

b* vg* b vg b* vg b vg*

el e b b [l e 0
b vg b vg vg b vg
e el —— e ]l
41% 42% 9% 8%

Puc. 3.11. CxeMa CXpelllyBaHHS CaMIliB Apo30dia,
TOMO3HUTOTHHUX 3a ABOMa PELIECUBHUMH aA€AdMH, Ki MicTATbCI
B OJHIiM XpoMocoMi, i3 caMKaMH, reTEPO3UTOTHHMHU 3a LIUMH I'eHaMH

3po3yMiao, IO OAT ABOX XPOMOCOMHHX AOKYCIiB IIEPEHECEHHSI BHACAI-
JOK KPOCHHTOBEPY IIEPIIIOTO UM APYTOro 3 HUX Ha T'OMOAOTIYHY XPOMOCOMY
€ piBHOMMOBIpHUMH IOAiIMHU. BinmoBigHO, 9acTOTH ABOX KPOCOBEPHHUX
KAACIiB € IIPpaKTUYHO OOHaKOBHUMHU (puc. 3.11). Yacrora KpOCHHIOBEPY
(y HamlloMy IIpHKAa[i BOHA CTAHOBUTH 9 + 8 = 17 %) BHU3HA4Ya€TBhCA 4K
BiTHOIIIEHHST KiABKOCTI TaMeT i3 oOMiHaMu MiXK BOMAa AOKyCaMHu 0 3ara-
ABHOI KiABKOCTi rameT. 3BU4aifHO, BiJHOCHA KiABKICThH FaMeET Pi3HUX THUIIIB
BU3HAYAETHCA 3a pe3yAbTaTaMH BiAIIOBIIHUX CXPEILTyBaHb.

3po3yMia0 TakoK, 10 YHUM OIiABIIOI € BiACTaHb MiXK ABOMAa XPOMO-
COMHHUMHU AOKyCaMH, TUM 0iAbllle peKOMOIHAIlIHHUX NOAiHl ¥ OiABIIH KiAb-
KOCTi TOYOK MoxKe BinbyTucd Mixk HuMHU. lle o3Hadae, 110 yacToTa Kpo-
CHHTOBepy € Miporo pi3udHOI BiACTaHI MiXK AOKyCcaMH, i y BiICOTKaxX KpPo-
CHHIOBEPY MOKHa BHUMIPIOBATH BiAHOCHY BiICTaHBb MiXK IeHaMH Ha XpPO-
mocomi. Came TakuMM YHMHOM IIPOTSII'OM AOBroro 4dacy, a iHoai ¥ moci,
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3MilCHIOBaAH KapTyBaHHS XPOMOCOM — YCTAHOBAIOBAaAMW AiHIHHHH mops-
IOOK po3MilneHHd reHiB. OOWHUIECI0 BUMIPY BiACTaHI Ha TaKHUX KapTax
€ canmumopzan (centiMorgan, cM): 1 cM BignoBigae Bigcraxi, o 3abes-
Iedye 4acToTy KpocuHrosepy B 1 %. OTxe, BincTaHb Mixk reHamu black
i vestigial cranoBuTbh 17 cM.

BinnocHa BifcTaHb MiK reHaMH, Ky MOXKHa BH3HAYHUTU 32 YaCTOTOIO
KPOCHHTIOBEpPY, Ma€ BEPXHIO TPAHUIIO — IIpHU BimcTani SO cM i Giablire B3a-
raani HEMOXXAMBO BCTAHOBUTH, YU MICTITBCSI T€HHM B OOHIH XPOMOCOMI.
[IpunycTumo, 110 BiACTaHb MiXK ABOMa I'eHaMH MOPiBHIOE ILiH I'paHUYHIM
BEAWYHHI — KPOCHHTOBEpP BimbyBaeThcd i3 yactoToo S0 %. Tomi moaoBuHA
raMeT, KOTpi IPOAyKy€e OUreTepo3urora (4K Ha puc. 3.11), € KpocoBepHHU-
MH, — YTBOPIOETBCS BCBHOI'O YOTHPHU KAACH raMmeT 1o 25 % y KOKHOMY.
I, BinmoBigHO, B aHaAi3yl04oOMy CXpeIllyBaHHI Oyae OTPUMAaHO CIIiBBiIHO-
mieHHs PeHOTUIIoBUX KaaciB 1 : 1 : 1 : 1 — Take came, 110 ¥ IPH HE3aAEXK-
HOMY CIIaIKyBaHHI I'€HiB, pO3TalllOBAaHUX y Pi3HUX XPOMOCOMAaX.

BaacHe, y niepeMilltyBaHHi IeHiB MixK ABOMa I'OMOAOTIYHHUMH XPOMOCO-
MaMH, sKe 3abe3rnedye (IOBHICTIO ab0 YaCTKOBO — 3aA€XKHO Bix izudHOI
BizicTaHi MiK reHaMHU) CHPaBEIAUBICTE TPETHOTO 3aKOHY MeHaeas:, i moas-
ra€ ocHOBHa 0OioAoriyHa poab KpocuHroBepy. CrpaBai, Ko 0 He 0yAo
KPOCHHTOBEPY, TO IPH CXPELIyBaHHI IIOAIreTepOo3uroT romo3urora 3a 6a-
raTbMa PELEeCUBHUMU aA€ASMH OJHOYacCHO (n aaeaiB, po3TallloBaHHUX
B OIHiH XpoMOCOMi) yTBOploBasacd 0 B OZHOMY BUIIQAKY i3 YOTUPHOX
(3a mpyrum 3akoHOoM MeHzmeas, nuB. puc. 3.8). Kpocunrosep 3abesmneuye
Oasd 6araThoX IIap INeHiB NPaKTUYHO He3aAeXKHe CITaKyBaHHd, i HMOBIip-
HICTb yTBOPEHHH TAaKOi FOMO3HUTOTH 3MEHIIYEThCHA Ha KiAbKa MHNOPAAKIB —
no 1/4n (muB. Taba. 3.1). 3 oragay Ha Te, IO OIABIINICTE PEIIECUBHUX AAEAIB
€ MyTaHTHHMM, KPOCHHTOBEDP, TAaKHM YHHOM, Pi3KO MiABHUIIYE YaCTKY
KUTTE3NATHUX I'E€TEPO3UTOT Y HACTYIIHOMY IIOKOAiHHiI. KpiM TOro, BUKAH-
KaHe KpPOCHHTOBEPOM HE3aA€XKHE CIIaJKyBaHHY I'€HiB 3yMOBAIOE CTBOPEH-
HS BEAMKOI KiABKOCTI IXHiX KOMOiHAaIlifi y MexKaxX ITOMyAsIlii, III0 CIIPHUSIE,
3 OlHOTr'0 OOKY, 3araabHil reHeTHYHiH cTabiAbHOCTI IOIyAdILii, 3 iHIIOTO —
3abe3redye MeBHUH €BOAIOIIIHHUHI TTOTEHITIaA.

KpocuHroBep Big0yBa€eTbCs B YCiX MOCAIMKEHHUX BUIIB TBAPHH i poc-
AUWH, XO4a HasBHICTb IIPOIIECY Ta HOTo dacToTa MOXKe 3aAeXKaTH BiJ cTa-
Ti: HAOIPHUKAA[, ¥ cCaMIiB ApP030(iaH, SK yKe 3raayBaA0Csd, i CAaMOK IIIOB-
Kompsnaa (obmaBi cTaTi € reTreporaMeTHHMH) KPOCHHIOBep He BimOyBa-
€TBCH; V AIOUHU pPeKoMOiHallia 3MiMCHIOETBCS y ABa pasH dacTillle HpU
criepMaToreHe3i y 40AOBIiKiB, HiK IpU ooreHesi y KiHok. YacroTa Kpo-
CHUHTOBEPY 3aA€KUTH TaKOXK Bia (PakKTOPiB 30BHIIIHBOIO CEpeaoOBHUIIA
(Hampukaaz, Bi TeMIIepaTypH OAS IOMKIAOTEPMHHUX OPraHi3MiB) i cTagiit
IHOUBIAYaABHOT'O PO3BUTKY. Y340B3K XPOMOCOMH YaCTOTH T'OMOAOTIYHOI
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pekombiHarlii po3nomiaeHi HEPIiBHOMIPHO: 3aA€XKHICTH 4acTOTH Bim di-
3WYHOI BificTaHi € AIHIHHOI0 B CepenHiX YacTWHAaX IAededl XPOoMOCOM,
OAMIKYE [0 TEeTepPOXPOMATHHOBUX IEHTPOMEPHHUX 1 TEAOMEPHUX 30H
KPOCHHIOBEp HIPUTHiIUyeThCcda. ICHYIOTH TaKOK II€BHI 'rapddi To4uKU'", aKi
XapaKTEepPU3YIOThCH ITiIBUIIEHOI0 YacTOTOoI peKoMbOinamii. Hapermri, gk
i Oynob-axkuii iHIIKE OiOAOTIYHHE IIPOIlEC, TOMOAOTIYHA peKoMOiHallis
KOHTPOAIOETHCS II€BHUM HA0OPOM TeHiB, MyTallii SKHX TAKOXK BIIAWBA-
IOTh Ha 4acTOTy KPOCHHTOBEPY.

IToaBiviEMYI KpOCMHTOBEP

Kpocunroep, 1110 crioctepiraeTbcsa MixK ABOMa XPOMOCOMHUMU AOKY-
camu (9K Ha puc. 3.11), € HacaigkoM GaraThboxX PeKOMOIHAIIHHUX ITOMiH
Ha OiASHIN, KOTpa PO3MiAde 1Ii ABa MeHU: YV NeHETHYHOMY aHaAil3l JAeTeK-
TYE€TBhCA CyMapHUH pe3yAbTaT yCiX TaKuxX IOoAiH, Horo MoxkHa popMasbHO
po3rAsoaTH sIK OAWHApPHUM 0oO0MiH miagaukamu. TepMmiH "moaBiHUM Kpo-
cuHroBep" (DOoTpidiHUUE abo BHUIIOTO MOPSAKY) Bimobpazkae TIABKH TOH
dakT, 110 aHaAI3yIOThCS MeHETUYHI HACAIIKH PEeKOMOIHAIIMHUX ITodifl Ha
HIASTHITI XPpOMOCOMH, SIKa Ma€ TPU MapPKEPHI AOKYCH (YOTHUPH AAT HOTPiH-
HOTO KPOCHUHTOBEPY i T. A.).

Hampukaazm, akmio aHaaidyBatu pekoMbOiHallifiHi moaii Mi>k gBoma Ao-
KycaMu A i C Ha puc. 3.12 (mpumycTumo, 110 AisgdHKa B He MiCTHUTh Map-
KEPHOTO I'eHa, IKHUH MaB OHU (PEHOTHIIOBHH IIPOSB), TO KPOCHHTOBEPU HA
miagakax Mixk A i Bimixk A i COynyTs cipuiMaTiCs K OAWHAPHUU KPO-
CUHIOBEp Aech Ha miadHI MixK A i C, a ToaBifiHE IIepexpecTs, sIKe IoBep-
Tae Aokyc C no BUXIHOI XpOMOCOMH, y3araai He Oyzae 3adikcoBaHe K pe-
KoMOiHaIllifiHa nomida. JKIo X Ha miAdHIN B € reH, 9KUH MOXKHa aHaAizy-
BaTH, TO BCi 3a3Ha4YeHi pekoMOiHalritiHi momii 6ymyTh CripuiiMaTUCs OKPEMO:
BiciM THIIB ramer, dKi IIPoAyKye TpPUreTepo3urotra Ha puc. 3.12, MoxkHa
Oyne 3adikcyBaTH B aHaAi3yl0YOMy CXpeLlyBaHHi (3 TOMO3UI'OTOIO 34
TpbOMa pPelLieCUBHUMU aseaaMu abe/ abc).

PesyapTaTu Takoro rililoTeTUYHOrO aHAaAiI3yIOYOTO CXpeIlyBaHHS HaBe-
aeHo B Taba. 3.11. 3a 4acToTO KPOCOBEPHUX OCOOMH Bi[CTaHb MiXK AO-
Kycamu A/a i B/b popiBHioe 15+ 3 =18 cM (nomBiiHHUH KPOCHHTOBEP
TaKOK CIPHYUHIOE PEIUIIPOKHE IepeMillleHHs B/ b 10 TOMOAOTIYHHUX XPO-
MOCOM, i, gKII0 6 aHaaidyBaAHu AuIlle ABa AOKycH — A/a i B/b, — To 1 110-
OBiiiHI ITepexpecTs maBasu 6 BHECOK y 4acTOTy (POPMAABHO OJUHAPHOTO
KPOCHHIOBepy). AHaAOTIi9HO, BiAgcTaHb MiX AoKycamu B/b i C/c craHo-
BUTH 26 + 3 = 29 cM. Otxke, Bincranb MixK A/ai C/c (BoHa OOPiBHIOE CyMi
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Bifncrane#t Mixk A/a i B/b Ta Mmixk B/ b i C/c) MOxkHa po3paxyBaTH sIK CyMy
4acTOT OOUHAPHHUX KPOCOBEPIB, MOAABIIN M0 Hei ITOABOEHY YaCTOTy IIO-
ABIHHUX KpocoBepiB 15 + 26 + 2 x 3 =47 cM.

HexpocoBepHi
A B C HMoasitHi
—r
A__B_C KpOCOBEpH
a b c
a b ¢C S S AI bu CI
——— e A
M
——» Kpocosepn
—— il
a B C
M

— is g
M

Puc. 3.12. OgunapHi # noaBiHiHI KPOCUHIOBEPH Ha MIATHII,
10 MICTHTE TPU I'€HH, i raMeTH, sKi IIPOAYKYE TPUTeTePO3UroTa

Tabnuys 3.11. Po3lienAeHHA B aHaAi3yl09OMYy CXpellyBaHHi
TPHIeTepO3HIroTH 3 pHc. 3.12

TFameTn I'eHOTHIH 3HrOT YacToTa, %
HexpocoBepHi: ABC/abc 28,5
56
ABC, abc abc/ abc 27,5
Kpocunurosep mixk Ai B: Abc/abc 7
15
Abc, aBC aBC/abc 8 41
Kpocunurosep mixk Bi C: ABc/abc 13,5
26
ABc, abC abC/abc 12,5
[NoaBifiHMY KPOCHHIOBED AbC/ abc 1,7
Mixk Ai Bta Bi C: 3
AbC, aBc aBc/abc 1,3

Cain 3ayBaskuTH, 110 B pasi BiZICYTHOCTI AOKycy B/b Bincraup Mixk A/a
i C/c Oyaa 6 ominena gk 18 + 29 -2 x 3 =41 cM (raba. 3.11): moaBi¥tHUH
KPOCHHTOBEP Ha HiadHIl MK A/a i C/c 3HUIKYy€E CIIOCTEPEeKyBaHy YaCTOTY
KpocoBepHUX POpM. Y3araai, 9um OiAbllIla BiAcTaHp MiXK ABOMa MeHAMH, THM
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BUIIIA HMOBIPHICTh IOABIMHMX (I BHIIOTO IIOPSAKY) KPOCHHTOBEPIB 1 THM
MEHIII TOYHO MOXKHa BH3HAYUTHU BiICTaHb. | HaBIakH, BiACTaHb BU3HAYAETh-
cd TUM TO4YHIillle, YUM BOHa MeHIIa. Hallpukaazn, B OAHOMY 3 KAACHYHHX
€KCIIEpUMEHTIB Irpynu MopraHa, BU3HA4YaAUCH BiJHOCHI BifCcTaHi MiK TPbO-
Ma reHaMU, po3TalloBaHUMU B X-XpoMmocoMi apo3odiau: y (yellow — 3KOBTHH
KOAip Tina ), w (reH white, 110 B3Ke 3ramyBaBcsl) Ta bi (bifid — BuAKoromiOHi
Kpuaa). [loaBiliHi KpocoBepH B IBOMY BHUIIAKY B3arasi He CHOCTEepirasucs,
JacToTa KPOCOBEPIB MixK reHaMmu Yy i bi (4,7 cM) TouHO nOopiBHIOBaAa CyMi 4a-
CTOT KPOCOBepiB Mixk reHamu y i w (1,2 cM) Ta wi bi (3,5 cM) — noxibHi crio-
CTEPEKEHHd i CTaAl OCHOBOIO JAsSI (DOPMYAIOBAHHS KOHIIEIIIIT 1110710 AiHiHHO-
I'0 PO3TalllyBaHHS I'€HiB Ha XpPOMOCOMI.

Iarepdepeniiia

[ToBepTar4YNCh [0 HAIIIOTO IpHUKAaALy Ha puc. 3.12, Tpeba 3a3Ha4YUTH,
10 HaBeZeHa B TabA. 3.11 yactoTa noaBiHUX KpocoBepiB (3 %) cyriepeduTh
IPUMIYILIEHHIO IIPO IOBHY HE3aA€XKHICTh MiXK PEKOMOIHAHTHUMH MIOMiIMHU
Ha CYCIIHIX miAgHKax XxpoMocoM. AKINo 0 Taki rmomii Ha AiATHKAX MiX AO-
KycamMu A/a i B/b ta B/b i C/c 6yan He3aAreKHUMH, TO 4acToTa IIOABiH-
HHUX KPOCOBEPIiB (pe3yAbTaTy ABOX OOHOYACHHUX MOMIM Ha IUX MiATGHKAX)
Masa 6 mOpiBHIOBATHU AOOYTKY YaCTOT BiAINIOBIMHUX OOMHMHAPHUX KPOCHHTO-
BepiB (3a mpaBuaoM A00yTKy #moBipHOCTei): 0,18 x 0,29 = 0,052 (5,2 %).
3a3HayuMo, 110 B IKOCTi YacTOTH OAUHAPHUX IIONiH caim Opatu came
CyMapHy 4YacTOTy KpOCHHTroBepy (Hampukaaz, 0,15+ 0,03 =0,18):
BaXXAUBHUM € Te€, 3 KO YacCTOTOTOIO aseai B/b oOMiHSIAMCS MiCIIMH
(muB. Taba. 3.11), i HEBaXKAUBO, UM [IOBEPHYAHCS IIPH oMy aaeai C/c Ha
"cBO€ Miclle" BHACAIIOK OABIHHOTIO KPOCHHIOBEDPY.

Otxke, oOMiH MiXK AOKycaMH Ha ONHIM MiAFAHII BIIAMBa€ Ha TaKHUH 00-
MiH Ha CYCiIHIX MmiASHKaxX — dBUIlE, dKe Ha3UuBalOTh iHmepdgepenuiero.
Y mamomy npukaazmi (i e TurnoBa cutyanid) iHTepdepeHLid € IT03UTHB-
HOI0O — KPOCHHTOBEPH Ha CYCiOHIX miA9HKax 3aBa’kalOTb OJUH OJHOMY.
3po3ymiao, 110 iHTEpP(EPEHIlid € TUM CYTTEBIIIIOI, YUM MEHIIIOI € Bim-
CTaHb MiX ABOMa MJIASTHKaMH. [HOMi criocTepira€ThbCs TaKOXK HeraTUBHA
iHTepdepeHIlisad, KOAU BiA0yBa€TbCs B3aEMHA CTHUMYALIIS peKoMOiHaIlii-
HOTrO mIpolecy Ha ABOX abo Oiaplme cycimHix miagukax. [Ipore HacupaBmi
HeraTUBHa iHTepdepeHLlisa BimoOpaskae He MiABHUIIEHHS YacTOTH IIOABi-
HUX KPOCHHTOBEPIB, a € HAaCAIJKOM KOHBEPCIi reHa (OIMB. HUKYeE).

Jaq OLIHKK BiANIOBIAHOCTI MK O4iKyBaHOIO Ha IIiCTaBi HE3aAE€XKHOCTIL
OKpEeMUX PeKOMOIHAIIMHUX MOl 4acTOTOI0 MOABIHHOINO KpOCHHIoBepy ho Ta
9acTOTOIO h, IO CIIOCTEPIraEThCSI, BUKOPHUCTOBYIOTEH KoediuieHm KoiHuedeHuil
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C= h/ho. Tobro, y HamoMmy npukaazni C = 0,030/0,052 = 0,58, BeanyuHa
inTepdepenuii cranoButs I = 1 - C=0,42.

3 HaBeAEeHUX OLIHOK 3P03yMiA0, III0 iHTep(epeHLliss YaCTKOBO KOMIIEH-
Cy€e BIIAUB IIOABIHOIO KPOCHHI'OBEPY Ha BH3HAUEHHS Bi[CTaHi MixXX ABOMa
reHamu. CrpaBmi, gkuio 0 aBi pekoMbiHalliliHi nmoaii Oyan He3aAeKHUMH,
i yacroTa nmoABIMHOTO KpocHHroBepy Oyaa 6 5,2 %, To yacToTa KPOCHHTIO-
Bepy Mix aoKycamu A/a i C/c (ouiHeHa y BiacytTHocTi B/b) craHoBuAa 6
18 + 29 — 2x5,2 = 36,6 cM.

f=d
0.5
0.4
f | PyHK1Lis

0.3 XoaneHHa
0.2

0.1

0.0

— T T T T T T T T T T T T 1
00 01 02 03 04 05 06 07 08 09
d

Puc. 3.13. PeasbHa 3aA€KHICTh YaCTOTH KPOCHHTOBEPY
MiX ABOMa AOKycaMH f Bif BizncTaHi d (4epBoHa KpHBa)
HOPiBHSAHO 3 ABOMA ifleaai30BaHUMH 3aA€KHOCTAMHU

Po3paxoBana yacTroTa KpPOCHHIOBepy f MiK ABOMa AOKyCcaMH gK pe-
3yAbTaT OAWHAPHUX i MHOXKHWHHHUX II€PEXPECTb y MNPHIIYLUIEHHI IIpOo He3a-
AEXKHICTh OKPEMHX PEKOMOIHAIlIHHHUX IOAIH ONMHCYeThCH (PYHKILE0 XOA-
nerina (John Haldane):

f= %[1 - exp(—2d)] ,

ne d — di3zuyHa BifcTaHb MiXK ABOMa AOKYCaMH B OJMHHIIAX iMOBIPHOCTI
(3minroernesa Big O mo 1). Ha maaux Bincranax exp(-2d) ~ 1 —-2d i f~ d (gac-
TOTa KPOCHHIOBEPY € IMPAMO MIPOHOPIIHHOI (Pi3uYHIN BiacTaHi, MpakTHIHO
1le CIIpaBeIAMBO [ad BiacraHeil no ~10 cM), Ha BeAMKHX BiacraHax f HaOAH-
2KaETHCA 210 1/2 — MaKCHUMaAbHO MOXKAUBOI 4YaCTOTH KPOCHHIOBEDPY. YHACAIIOK
iHTepcdepeHIlii peasbHa 3aA€KHICTH YacTOTH BiA pidwyHOI BizcTaHi 3aiiMae
IIPOMIZKHE ITOAOKEHHS MizK (pyHKIli€o XoanetiHa Ta npsaMoro f= d (puc. 3.13).
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Kousepcis reHa

flBuIIle KOHBEPCii reHa Ma€e TiCHUM 3B'SI30K i3 IIPOIIECOM IMOMOAOTIYHOI pe-
KOMOIHAIlii — He3aA€KHO BiJl TOro, Y1 BiI0YBCS OOMIH MIATHKAMH MizK TOMOAO-
TMYHUMH XPOMOCOMaMH (OuB. po3mdia 1). Ak nokazaHo Ha puc. 3.14, yHacAigok
KOHBepcii, 1110 BigOyaacst 3 mepeTBOpeHHSM aseass B Ha b abo HaBIaku, rere-
posurora Bb MoOXKe IIPOAYKyBaTH TaMeTH ABOX TUIIB y CIiBBigHomIeHHi 3 : 1.
Y reHeTHYHOMY aHAAi3i 3a IOIIOMOIOI0 CXpeIlyBaHb TaKi raMeTH MOXKYThb (pop-
MaABHO PO3TAIATUCS K IIOABIHHI KpocoBepH (OpiBH. puc. 3.12), 1110 xapak-
TEPU3YIOTbCH HETaTHBHOIO iHTepgepeHIli€cl0 — BHCOKA dYacToTa "TOoABIMHHX
KpPOCOBepiB" 3a BiACYTHOCTI KpocoBepHUX (popM MizK AoKycamu A/ai C/c.

A B C
Kousepcisa A B C

A (0 e bl b

B

A B C a b ¢
a b c
|abc

TeTpaza

> [=>
(o =l .}
O FEO

a [+
e e e e

a [+
e e e e

o

Famern

Puc. 3.14. Terpazna y npodasi I metiody Ta nBa BapiaHTH HabOpy ramer,
gKi BOHA IIPOAYKY€E y BUIIaAKYy KoHBepcii rena B/ b
MiX IBOMa rOMOAOTIYHHMH XpPOMAaTHIAMH

Caifg BigMiTHTH, 1110 KOHBEPCiS reHa CTBOPIOE OAS AUIIAOITHUX OPTaHi-
3MiB MOXKAHMBICTH BiTHOBA€HHSI I'€HETHYHOI iH(opMamii, gka BUIBHAACHT
IIOMIKO/I?KEHOI0 BHACAIZOK MyTallii B OJHIN i3 ABOX TOMOAOTIYHHX XPOMO-
COM (OHUB. TAKOXK PO3MIiA 5).

HepiBHMUNI KpocHIOBep

F'omoaoriyHa peKoMbiHalliss — JOCUTH TOYHHUH MPOoIeC, SKUY BilOyBaeThCs
MixK romoaoriuauMu miagHkamu JJHK (auB. po3mia 1). Y pesyabrarti, 3a3BHyaii
IIpU KPOCHHIOBEPi, K 1 B yCiX IonepenHix IIpUKAaax, BigOyBaeTbca oOMiH
OMHAKOBHMH 3a OOBKUHOIO MIASTHKAMU, III0 MICTSITh OHAKOBY KIABKICTH I'€HiB.
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Aae iHomi criocTepiraeTbcd pPeKOMOIHAIlisT MiXK TOMOAOTIYHHUMHU TiASTHKaMU,
4Ki 3a¥iMaloTh Pi3HE IIOAOXKEHHSI Ha XPOMOCOMi, YHACAIOK YOTO 3MiHCHIOETh-
cs OOMiH HEOJHAKOBHMH 3a MOBXKUHOIO MIASHKAMM — HEPIiBHUME KPOCHHIO-
Bep. JK nmokazaHo Ha puc. 3.15, Takuil 0OMiH 3yMOBAIOE AYTIAIKAIlIIO MiATHKH
B OIHI¥ XpOMOCOMi Ta [eAelliro — B iHmi¥. TakuM 4YMHOM, HEPiBHUH KPOCHH-
TOBEP € OIHI€I0 3 IIPUYHNH XPOMOCOMHUX I1epelyn0B (IUB. po3mia 4).

B+
il

Puc. 3.15. Cxema HepiBHOTO KPOCHHTOBEPY

CaMme Taka cHTyallisl CIIOCTEPIraeThbCd AAT XPOMOCOMHOI'O AOKYCY, PO3-
TalIoBaHOro B X-poMocOMi Apo30diau, SKUM BIIAMBAE Ha KiABKICTH ace-
TOK OKa: MyXH QUKOTO THUIIY MICTATh OAUH TaKUH AOKYC (II03HA4YAEThCS K
BY), nynaikallisgs AOKyCy (9Ka IT03Ha4Ya€eThbCs 9K MyTallid Bar abo B) mpuBo-
OUTH 00 3HUXKEHHS KiAbKOCTi dpaceToK. [loBTOpeHHS HEPIBHOTO KPOCHUHTO-
Bepy MiX OJAWHAPHUM 1 AYIAIKOBAHHM AOKycaMHU Beze OO0 TpHHOAiKalii —
MyTalis BB, o4i MalOTh II1e MEHIIY KiABKiCTb (PaceToK.

MiToTaHMII KPOCMHIOBEp

Yci po3ragHyTI IIPUKAAIN CTOCYIOTBCS KPOCHHTOBEPY, IO 30iHCHIOETHCSI
mig yac MeHo3y IIpu rameToreHesi. Aae KpOCHHIOBEp MOXKe TaKOXK BigOyBa-
THUCHA B COMaTUYHUX KAITHHAX — IIi[ 4ac MiTO3y Ha cTaii yTBOPEHHS YOTH-
PBOX XpoMaTu. 30KpeMa, TaKi BUIIaOKHU OIIHCaHo Iad Apo3odiau. Tak, cam-
Ka, TeTepO3UroTHA 3a aAeASIMHU AOKYCy W (w® — 04i KOABOPY Kopasa Ta w —
0ial ou4i) Mae 0O4i POKEBOIO KOABOPY. JKIIO AMYMHKH, III0 PO3BHUBAIOTHLCH,
OiaaaTH PeHTTeHiBCLKOMY OITPOMiHEHHIO, TO T 9ac MiTO3y MOXKe BimOyTHCS
OOMiH MIATHKAMH MiXK HECECTPUHCBLKHMHU TOMOAOTIYHHMHU XPOMaTHUIOAMH.
Y peayabTaTi B OfHIM i3 HJOUIpHIX KAITHH OIIMHATHCH ABI XPOMOCOMH 3 aAe-
AeM w, a B iHIIN — aBi 3 aaeaeM wee. [lepiiia KaiTUHA IIPU HACTYIIHOMY PO3-
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MHOKEHHi JaCTh MTOYATOK PO3BUTKY KAOHY iMEHTHYHUX KAITUH — 0iAOl ITAIMH
Ha TAl POKEBOI'O OKa, Apyra — 3yMOBUTB I10SIBY TEMHO-YEPBOHOI ITASIMH.

MiToTHUYHUN KPOCHHIOBEP € HACAIAKOM TOYHOI perapallii ABOAAHITIO-
TOBHUX PO3PHUBIB IIiJ Yac peraikallii 3a MexaHi3MOM T'OMOAOTIYHOI peKoMOi-
Hawii (muB. puc. 1.25). [licag 3aBepllleHHd IIPOLIECY penaparliii Ta po3mi-
A€HHS CTPYKTypH Xoaifes, SKa yTBOPHAACH MiX ABOMAa MOYipHIMH MOAe-
kyaamu [HK, 11i MoAeKyAH MOXKyTb OOMIHATHCH CBOIMH miagHKaMHu. [lasa
OHOKAITUHHUX €YKapioTiB MITOTHYHUN KPOCHHIOBEDP, HAIIEBHO, € BasKAU-
BHM 3aCc000M 3a0e31eYyuTH peKoMOiHAaIlil0 FeHETUYHOTO MaTepiasy IIpHu Be-
reTaTUBHOMY PO3MHOXKEHHI.

Konmpoavni sanumanns i 3a60annsa

1. CdopmyaroiiTe Tpu 3aKOHM MeHaeAsd Ta HOSCHITH IX, BUXOAAYIU 3 MOAE-
KYASIPHHUX 1 IITUTOAOTIYHHUX MEXaHi3MiB CIIaJKOBOCTI.

2. Ilo Take reHoTUIl, PeHOTHUII, (PEHOTHUIIOBUN paarKaas, TOMO3UTOTa, reTe-
posurora?

3. YxumM YuMHOM 3a3BHYail BUHUKAIOThH PEIIECUBHI areai?

4. 9ka pi3HUIET MiXX HOBHHUM MOOMiHYBaHHSIM, HEIIOBHUM [JOMiHyBaHHAM
1 KoJOMiHyBaHHAM?

5. PospaxyiiTe pO3IIENA€HHd Bif CXpENlyBaHHA AUreTepo3uror AaBs 3a
YMOBHU HEIIOBHOI'O NOMiHyBaHHS [Ad reHa Aa.

6. Po3paxyiiTe 3HaueHHd 2 OAd BUIIQOKY BUMAiHHS MOHETH 25 pasiB op-
AoM i 32 pasu — pelikoio. Y1 BUIIPaBAOBYEThCA HyAbOBA Trirmoresar?

7. [atiTe BU3Ha4YeHHd KOMIIAEMEHTAPHOCTI, €IIicTa3y Ta IIoAiMepii IIpu B3ae-
Mozii HeareAbHUX I'eHiB.

8. YuwM Bigpi3HAIOTHCH ITAXOAU 10 BUBYEHHS KIABKICHUX i IKICHUX 03HAK?

9. OnuIiTh CTATUCTUYHI ITapaMeTpH, 3a JOIIOMOI0I0 SKHUX XapaKTePU3yIOTh CTY-
IIiHB ITPOSIBY KiABKICHIX O03HaK? [TosICHITE 3MiCT KOoeillieHTy CIIaIKOBOCT.

10. CkiabKUY IPyII 3UETIAEHHS I'eHiB icHye y apo3odiau?

11.3anuImiTe cxemMy Ta pe3yAbTaTH CXPELIyBaHHS CAMKH APO030(QiAH 3 JKOB-
THM TIAOM (349eIlAeHAa 31 CTaTTIO pelleCHBHA MyTallid y) i3 caMmIleM JUKOTO
TUILy (4opHE Tino, y'). YlKe po3slieniaeHHS Oyne peasizoBaHO Bif CXpelly-
BaHHY HAIIAAKIiB (y ApPyroMy HOKOAiHHI)? [IpoaHaaidyiiTe TakoX BiAIIO-
BigHe o0epHEHe CXpelllyBaHHd.

12.91k BH3Ha4YaeThCA YacTOTa KPOCHHIOBepy? B gKHX OAMHHUIIAX BHMIipIO-
IOTDH BIZICTAHBb MIiXK I'eHaMM Ha OCHOBI BCTAHOBAEHHI ITi€i yacToTu?

13. 3a K01 YMOBH € MOXKAMBHM IOCAIZKEHHS I10/IBIfHOTO KPOCHHIOBEPY ?

14. 1o Take iHTepdepeHIlid Ta AKUH BIIAUB BOHA Ma€ Ha YacTOTY KPOCHH-
roeepy? 9K BU3HA4YaEThbCH KOeDIIli€HT KOIHIIEAECHITii?

15.1Ilo Take KOHBEpPCis TreHa ¥ YoMy BOHA BiaOyBaeThCH?

16.3 grux nIpUYMUH BigOyBaeThCd HEPiBHUH KPOCHHTOBED i AKi HACAIOKM BiH
Ma€ OAS CTPYKTYPHU FOMOAOTIYHUX XPOMOCOM?
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MinnuBicTh
reHeTMYHOI0 MaTepiaxy

OpHi€ro i3 3araAbHHUX BAAQCTHUBOCTEN 0iOAOTIYHHX CHCTEM € iXHSI KOH-
CEepPBATHUBHICTb — 3ATHICTH BiJHOBAIOBATU I'€eHETUYHHH Marepiaa i mepe-
JaBaTu Horo HamaakaM y Malike He3MiHHOMYy Buragnai. MoaeKyaspHa
MamuHepis pernaikarii Ta penapaitii JAHK (po3mia 1) 3abe3nedye Haa3BU-
9allHO BUCOKY TOYHICTHL BiJHOBAE€HHS T'e€HETHYHOI iH(opmMmarlii — piBeHb
IIOMHAOK CTaHOBUTH ~10-10 HYKA€OTHIHUX 3aMiH, TOOTO MeHIle ofHiel 3a-
MiHHM Ha €yKapioTH4YHHH reHoM IIpHU ogHoMy IonBoeHHi JTHK. 3posymiao,
1o abcosromHa To49HICTh BinTBopeHHs [JHK € HEMOXKAWBOIO, i MiHAUBICTD
TeHETHYHOI'0 MaTepiasy € TaKOXK BaXXAWUBHUM aCIEKTOM HOro iCHyBaHHS.

MiHAMBICTE MOXKHa BU3HAYUTH SK 30ATHICTH P€HETHYHOI'O araparty A0
3MiH, SIKi 3yMOBAIOIOTH (PEHOTHIIOBI BiAMIHHOCTI Mi*K OCOOMHaMHU OHOTO BH-
Oy B POy ITOKOAIHB ab0 B MeXKaX OHOTO ITOKOAiHHs. MiHAHBICTE MOXKe Oy-
THU CIIpUYMHEHa 3MiHaMU IeHOMYy (cnadkoea MiHAueicms) abo BUHUKATU B
pe3yabTaTi 3MiHH eKcrpecil TeHiB 3a il pakTopiB HABKOAHUIITHEOTO CEPEI0-
BUIIIA ITPOTATOM iHAWBIAYaABHOTO PO3BUTKY (Hecnadkosa MiHAU8icmy).

CnagkoBa MIiHAMBICTR MOXKe OyTH 3yMOBA€HA YTBOPEHHAM abo HOBHUX
BapiaHTiB nocaimoBHocTe#t HykaeotuniB [AHK (mymauyiiina miHaugicms), abo
HOBHX KOMOIHAIlH yzKe iCHYIOUHMX IIOCAIZOBHOCTEH, IKi BUHHKAIOTh 34 Paxy-
HOK peKOMOiHalll Ta BHIIAAKOBOIO PO3IOMiAY XPOMOCOM y MeHo03i (KombiHa-
mueHa MiHaugicms). MexaHi3MU # HaCAIIKM KOMOIHATUBHOI MIHAHBOCTI
ormrcaHo B po3misax 1 i 3, a B IIbOMY po3miAi yBary Oye 30CcepesKeHO came
Ha MyTamiiHi¥ MiHAuBocTi. CaAif PO3PIi3HATH TAKOXK BAACHE MyTaIliliHy MiH-
AUBICTb, SIKa IIPUBOAUTH [0 BUIIQAKOBUX 3MiH I'eHETHYHHX IIporpaM (came
IIPpO TaKy MiHAUBICTH iTUMETBHCH HUXKYE), i 3arIporpaMoBaHi 3MiHU TMeHETHUY-
HOTO MaTepiasy B MEBHHUX T€HOMHHX 30Hax abo iHoai B MaciuTabi 11iaoro re-
HOMY, IPUKAQIU IKHUX PO3TAdAAaTUMYThCS B po3aisax S1i 6.



Tenernka

Mymauii — 11e He3arrporpaMoBaHi, BUIIAAKOBI Ta cTabiAbHI (Taki, 1110 3a-
AUINAIOTBCS "Haz3aBXKOW' Ta CHaKyIoThcd) 3MiHH B cTpykrypi JHK, gaki
3'9BAFIOTBCS 200 B pe3yAbTaTi Aii MOINIKOMKYIOUMX YHMHHHKIB, abo sK pe-
3yAbBTAT IIOMHAOK CHUCTEM peraikarii, pernaparii yu pekoMbinartii. Myrartis,
fdKa BUHHUKAA B COMaTHUYHUX KAITHHAX (comMamuuHa mMymauisy), CIIagKy€eTbCs
TIABKH B POy KAITHHHUX IIOKOAiIHB, a Ta, 110 B CTaTEBUX (2eHepamugHa
Mymayis) — HepegacTbCsd HACTYITHUM ITOKOAIHHAM HamaznkiB. Kpim myra-
i, KOTPi BUHUKAIOTE y SIAEPHOMY I'€HOMI (si0epHi mymauyii), 3MiHHI MOKYTb
BigOyBaTucs Takoxk y JHK miToxoHApiii i XaopomaacTiB — 1ie yumonnas-
MAMUUHT MYMAYLL.

TUIIV MYTAIIIN

MyTamnitini 3MiHM MOKYTEb OXOIIAIOBATH OEKiABKA HYKACOTHUIIB MOAEKYAU
JHK, BeAUKi 3a MOBXKHUHOIO IIOCAITOBHOCTI Ta IliAi Habopu xpomocoM. Bimmo-
BiIHO, PO3Pi3HAIOTH TOYKOBIi, XpPOMOCOMHi Ta I'eHOMHI MyTallii.

3miny mnocaimoBHOCTi [IHK, 0o0MekeHy AWIlle OMHUM YU JAEKiABKOMA
HYKA€OTHIaMHU, Ha3UBalOTh moukoeoro mymauiero. Taka MyTallid MoOKe
ABAATH COOOIO 3aMiHy OJHOTO HYKACOTHUAY Ha iHIIMi. 3amiHa, B pe3yabTa-
Ti KO0l 3amicTe IypuHy (A, G) BRatodaeTbes nipuminua (T, C) abo HaBmna-
KM Ha3WBaeTbCAd mpaHceepciero. 3aMiHa IypHUHY Ha IypuH (A—G) i, Bix-
noBigHo, mipumiguHy Ha nipumiguH (T—C), HasuBaeTbCI MPAH3UUIET.
Tpan3uilii Ta TpaHcBepcii, 9Ki BimOyaucda B KOAyIOYill 4YacTWHI reHa, MO-
JKyTh 3yMOBHUTH 3aMiHy aMiHOKHCAOTH B CKAai 0iAKa — y TaKOMYy BHUIAQIKY
MyTallil0 Ha3WBaIOTh MiCCEeHC-Mymayieto (missense), ab0 HECUHOHIMIUHOI
HYKA€OTHIHOIO 3aMiHOI0. YHACAIZIOK BUPOMIXKEHOCTI T€HETHYHOI'O0 KOIY
(muB. po3mia 2) 3aMiHa HyKACOTHAY MOXK€ He 3MiHHUTH 3MicTy KofoHa. Taka
HYKAEOTH/IHA 3aMiHa Ha3WBa€EThCH celMmceHc-mymauyiero (samesense), abo
CUHOHIMIUHOW MyTamicro. IIpu yTBOpPEHHI B pe3yAbTaTi TpaHCBepcii du
TPaH3UILil CTOI-KO/I0HA (0€33MiCTOBHOIO III0ZI0 aMiHOKHUCAOT) HYKACOTHIHY
3aMiHy Ha3UBaIOTh HOHCEeHC-Mymayiero (nonsense).

[HIIMME ABOMA THUIIaMM TOYKOBHX MyTallilf € BcTaBKa (iHcepuyis) abo BU-
HagiHHe (Oeseyis]) OMHOTO UM EeKiABKOX HYKAEOTHIB. [Hcepliida abo meaertis
He KpaTHOI TPHOM KiABKOCTI HyKA€OTH/IB y KOAYIOYil 4acTHHI I'€Ha IIPUBO-
OUTH OO 3CYBY PaMKH 34HUTYBaHH4. SIKII0 BCTaBKa ITOBTOPIOE IIOCAIIOBHICTD,
dKa IPUCYTHS IT00AM3Y MiCIld iHceplil, To il HasuBalTh oynikauyieto, a ba-
raTopazoBUll IIOBTOP HOEKIABKOX HYKACOTHIIB — eKCnaHciero nosmopis. YcCi
PO3TASHYTI THITH TOYKOBHX MyTallif cCXeMaTHYHO 300pazkeHo Ha puc. 4.1.
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TpaHcBepcia Heaenis IHcepuin

(ale[rlelsle]  [ale[r]e]r]e] [ale]r]e]r]e]
[ale[a]efr]e]  [ale[z]T]e] [a[e[r]ealr]e]

Aynaigauis ErcnaHciss TPHHYKA€OTHAHOI'O MOBTOPY
[ale[x]c]x]e] (a[e[x]e]r]e]
lale]r]c]r]c]r]6] Lale]v]clelr]c]e]v]c]+]¢]

Puc. 4.1. Tunu TOYKOBUX MyTalliii

Xpomocomni mymauii (XxpoMOCOMHi nepebymnoBu abo XpOMOCOMHI abe-
pauii) — 11e IopyLIeHHd B HOPMaAbHIiM Mopdoaorii XpoMocoMm, CIIoCcTepe-
JKyBaHi Ha crafii MmeTadasu abo Teaodasm MiTo3y, KOAU MOXKHA PO3Pi3HL-
TH OKpeMi XxpomocoMu. OTKe, XpOMOCOMHUMU MyTalliIMHU € TaKi BEAUKO-
MaciTabHi 3MiHu 1ocaigoBHocTe#t [JHK (Bim 1 MAH map ocHOB i Giabiire),
dKi MOXKHa ifeHTH(IKyBaTH 3a JOIIOMOTOI0 OIITHYHOIO MiKpocKoma. 31e-
OiABILIIOTO i XPOMOCOMHHMH abepalliiMu PO3yMilOTh Oyab-gIKi HOPYIIEeH-
HsI MOPOAOTii XpPOMOCOM — Yy TOMY YMCAiI TaKi, III0 YHEMOKAUBAIOIOTH Ha-
CTYIIHUH IOMiA KAITMHU abo B3araai € HECYMICHHMH 3 KUTTAM i TOMy He
CHaKYIOIOTHECH. XPOMOCOMHI MyTallil — Ile YaCTHHAa XPOMOCOMHHUX abepa-
1IiH, 9Ki yCIIaaAKOBYIOThCH OOYipHIMU KAITHHAMHU.

XpomocoMHi mepebyaoBH MOXKYTh OyTH BHYTPIIIHBOXPOMOCOMHUMU
(BimOyBaroThbCcs B Mekax OAHiel XpoMocoMH) i MiXKXpPOMOCOMHHMHU (IIepe-
OynoBH, 110 OXOIIAIOIOTH Bl Pi3Hi XPOMOCOMH).

OfHUM i3 TUINIB BHYTPIilITHBOXPOMOCOMHUX IepebynoB € Oeneuyii. Po3-
Pi3HAIOTHL TepMiHaAbHI aeasewii (OegpiwweHrHci — BTpaTH KiHIEBUX OIASTHOK
XPOMOCOM) Ta IHTEPCTUIIaABHI — BTPATH BHYTPIIIHIX YaCTHH XPOMOCOM
(puc. 4.2). [1o BHYTPIIIHBOXPOMOCOMHUX IIepe0yL0B TaKOXK HaAeXaTb
oyniikauyii (IBOKpaTHI IOBTOPU IIEBHOTO CETMEHTY XpPOMOCOMH, puc. 4.3),
amnnigpikayii (baraTopa3oBi IIOBTOPU CETMEHTa XPOMOCOMH) Ta IHBEepCii —
IIOBOPOTH MIATHKU XpoMocoMu Ha 180°. 3asekHO Bif TOTO, 3aAydae iHBep-
cig obaacTh MEHTPOMEPH YH Hi, PO3PI3HSIOTH BiAIOBIAHO MEPUIEHTPUIHI
Ta napaleHTpu4Hi iHBepcii. [lepiri MoXKyTb 3HAaYHO 3MiHIOBATH MOPQOAO-
riro XpoMOCOMH, a APYTi He NPUBOAATH OO 3MiHH MOP(QOAOTIYHOTO THILY
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XPOMOCOMH ¥ HOETEKTYIOTBCS AHIIE 3a IOIIOMOTOI0 METOMIB AU(EpPEHIliM-
HOTO 3a0apBA€HHS — METO/IB, SIKi I03BOASIOTH Bi3yaai3yBaTH IE€BHi 6iAbIll
abo MEHIII iHTeHCUBHO 3a0apBA€HI MIASTHKHU, PO3IMOMIA SKHUX € CIIeudid-
HOIO 03HAKOIO KOXKHOi XpomMocoMH (puc. 4.4).

a o
A.BCDE A.BCDE
A.BC A.BE

~ v -

‘ 3 - -.i.- IeHTpoMepa
Puc. 4.2. Cxemu ¥ doTo TepMiHaABHOI (a) Ta IHTePCTHUIIaABHOI (6) AeAertii.

OBaamt Ha cxeMax II03HAYaIoTh LIEHTPOMEPH. Ha CbOTO HaBE€ICHO XPOMOCOMHU AOOAVHU,
JEAET oBaHi I[iAHHKI/I BKa3aHO KBaJpPaTHHUMHU [NYyKKaMHU

A‘BCDE
A.BCDCDE

a4 -~
L 4
-g_- m 3" W neHTpoMepa

)

Puc. 4.3. Cxema ta ¢oto aymnaikanii. Ha ¢oto — xpoMmocomMu AIOOHHH,
OyTAikoBaHU#E hparMeHT 00BeIeHO YePBOHUM
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a o
A B C D E A B C D E
A B A C D E

B D C E
G
Puc. 4.4. Cxema Ta GoTo napaieHTpu4Hol (a) i mepuiieHTpU4HOI (6) iHBepCii.

Ha ¢oTo — XpOMOCOMU AIOAWHU, JIATHKHU iHBEpCiii 00BeIeHO YEPBOHUM,
XPOMOCOMH 3 IHBEPCIIMHU BKa3aHO CTPIAKOIO

J1o MiKXpOMOCOMHHUX I1epeOya0B BiMHOCATH IHCEpUii Ta MPAaHCAOKAULL.
[HCepIiia — 1Ie BcTaBKa MIAIHKHU OIHIET XpPOMOCOMH BCeEpeauHy iHIMIO01
(MaroTbcs Ha yBa3i He2omos02iui XPOMOCOMH), sIKa CYIPOBOIXKYETHCH Ie-
AELli€I0 B IePIit XpoMOCOoMi.

OOMiH miATHKAMH MiXK HETOMOAOTIYHHMH XPOMOCOMaMH HA3UBAaETHCS
TpaHCAOKalli€lo. Po3pi3HAIOTE peyunpokHi Ta HepeyunpokHi TpaHCAOKA-
mii. B3aemHu#i 00MiH OiASHKaMH ABOX HETOMOAOTIYHHX XPOMOCOM — I
penuIIpoKHi TpaHcaokaii (puc. 4.5). IIpu mpomMy MOXKyTb 00'emHaTHCS
OBl 1eHTpoMepHi obaacTi pPi3HHUX XPOMOCOM, TOAi OOMiH Bele OO yTBO-
PEeHHS OUIIEHTPHUYHOI XpoMocomu (puc. 4.5, 6). Taka xpomocoma € HpHU-
KAQIOM IiepeOyZoBH, IO HE CIIaAKyeThbCd, — 1l€é XpoMOCOMHa abeparlid,
dKa He € MyTaui€. Pi3HOBHIOM penHIpoOKHUX TPaHCAOKallill € pobepm-
COHIBCbKI mpaHcnokayii — o6'eqHaHHS ABOX aKPOLIEHTPHUYHUX XPOMOCOM
(micas ABOAQHIIIOTOBOIO PO3PHUBY B LIEHTPOMEPHHUX 30HAX) y MeTa- 49U
cybMeTaneHTpUYHy (puc. 4.5, 6). [Ipn bOMy KiABKIiCTH XPOMOCOM 3MEH-
HIyeThCH Ha OMHY: TIABKH OJHAa IIOAOBHMHA KOXKHOI IIEHTPOMEPH MIiCTHUTh
€AEMEHTH IIOCAIJOBHOCTI, Ba*KAWUBI [JAd YTBOPEHHS KiHETOXOpPYy I dac
MiTO3y, BiAIIOBiAHO, (PparMeHT, 1110 YTBOPUBCH LIASIXOM 3'€ THAHHS 1HIITUX
IIOAOBUH, BTPAYAETHCS.
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a o B

A/ enTpomepa
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JdBOoAaHIIOrOBHH
¢ PO3pHB
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AuineHTpHIHA

/ Xpomocoma
() —— (@) @ = R w— )
AN
E&:l Pk N — el EG:):l PoGepTcoHiBCBKa

AlleHTpK‘-IHHi:I ¢parmeﬂ'r’ TPaHCAOKAIIlISAA
dparmenT, axkui axuH
BTpavaeTbCsa BTpadYaeThCsa

Puc. 4.5. PertunipokHi TpaHcaokariii: 6e3 yrBOpeHHSI UILIEHTPUYIHOI XpOMOCOMH (a);
3 YTBOPEHHSIM [UIIEHTPUYHOI XpOMOCOMH (6); poOEPTCOHIBCHKA TPAHCAOKALLiS (8)

[Tpu HepeIUITPOKHUX TPAHCAOKAIlIIX, HA BiAMIiHY BiJ iHCEpIiii, AiASTH-
Ka O Hi€l XpOMOCOMU IIPUENHYETHCS A0 KiHIE iHINOI (32 yMOBH IIOPYIIEH-
HS T€AOMEPHOI 30HU IIi€i iHIII0I XpOMOCOMH).

Tpu TUIIN 2eHOMHUX mymayiii — 2an10i0ist, NOIN0I0IsL Ta aHeynioiois —
HIMPOKO PO3IMOBCIO/XKEHI V TBaApUHHOMY ¥ pocAMHHOMY CBiTi. ['anaoifgis —
Ile 3MEHIIeHHS BABiYi AWUMIAOiZHOrO HAabOpPy XPOMOCOM. 3BOPOTHHUM SIBH-
IIEM € IIOAIIAOiAis — KpaTHe ramaoigHoMy 30iABIIIEHHSI KiABKOCTi XpOMO-
coMm. KaitTnHa 3 TppOMa ramaOifHUMH HabOpaMH XPOMOCOM Ha3HUBAaETHCS
TPHUIAOIMHOIO, YOTUPMA — TeTPanAoimHoio i T. a. Iloainaoigis mozke OyTu
3yMOBA€HA a00 KpaTHUM 30iABIIEHHSIM BAACHUX IAS JAHOTO BHAY XPOMO-
coM (asemonosninnoidis), abo BUHHKATH 3a PaxXyHOK Tribpummu3sailii, ToOTO
00'emHaHHS T€HOMIB Pi3HUX BUIAIB (A//I0NOAINA0I0LS).

AHeynnoidiss — 11le He KpaTHa ramaoigHOMy Habopy 3MiHa KiABKOCTI
xpomocoMm. Haifyacrimie BoHa BHUSIBAFETHCH y 30iAbIIIEHHI ab0 3MEHIIIEeHHI
KIiABKOCTI KOIIi¥l omHiel XpoMocoMH, pifllle — AeKiABKOX. AHEyIIAOigHAa KAi-
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TUHA (YU OpraHi3M), sKa MiICTUTh OAHY AOAATKOBY XPOMOCOMY, Ma€ Ha3BY
mpucomik. YTpara oaHiel XpOMOCOMH HPUBOAUTE 0 MOHOCOMIi, ABOX TO-
MOAOTIYHHX XPOMOCOM — 10 HYICOMIL.

MOJIEKYJISIPHI MEXAHISMU
MYTALIMHOI MIHJIMBOCTI

[>xepeaoM MyTallifHUX 3MiH € mepebydoBU IIOCAIIOBHOCTI HYKAEOTH-
niB JHK, gki BUHUKAaIOTh ¥ pe3yAbTaTi XiMIiYHUX MoaudiKaliii MOAEKYAH,
TayToMepH3alii a30THCTUX OCHOB, IlepeMillleHHd MOOIABHUX €eAeMEHTIB
(ouB. po3mia 6), iHTerparii uykopinHoi, (Hanpukaazn, BipycHoi) JHK i mo-
MHAOK IIi Jac pernaikaiiii Ta penaparitii. [lomkomxkenua [IHK He € BaacHe
MyTalliIMH, a AUILEe nepeomMymayiiiHumu 3MiHaMH, 9Ki MOXKyTb OyTu abo
BHIIpaBAEHiI cucTeMaMu perniaparii, abo 3adikcoBani B /JHK y Burasai my-
Taniii. Tod6To MyTallisa € Takoio 3MiHOI0 nocaimoBHocTi [JJHK, aka 3aaumiu-
AACh IIicAd pemiapallii Ta HaCTYIIHOI 4eproBoi peraikariii.

IMomkomxenas [JJHK MoKyTh BUHUKATH BHACAIOK 9K BIIAUBY IIPOAYKTIB
HOPMAABHOI KUTTEMIAABHOCTI KAITHHHU, TaK 1 il 30BHINIHIX (PaKTOpPIiB cepe-
pgoBumia. EHnoreHHi Ta eK30reHHi (pakTopH, 3HaTHi nomkomkyBatu [IHK,
Ha3WBaIOTh MYymazeHamu, a IIPoLeC YTBOPEHHS MyTallii — mymazeHe3om.
MyTareHnes, skuil BiAOyBaeTbCd y NPUPOAHUX YMOBaX, KOHKPETHI IIPUYHHU
dKOI0, SIK IIPaBHAO, BaXKKO iAeHTHU(IKyBaTH, — 1€ CNOHMAHHUL MYmazeHes.
SIk1o MyTallii BUKAMKAIOTBCS LITYYHO (IIPH BHUKOPHCTAaHHI MyTareHHUX da-
KTOPIiB Y €KCIIEPUMEHTAaX), KaXKyTh PO (HOYKOBAHUU mymazeHe3. MoaeKyAs-
PHI MexaHi3MK BUHUKHeHHS mnomkoskeHb [JJHK i dikcarii ix y Buragni my-
Tallif MPUHITUIIOBO HE BiIPi3HAIOTLCS OAS 000X THUITIB MyTareHesy.

IHomikomxkennsa [THK,
110 BUHMKAKOTH Y IIPOLeci >KUTTEIATbPHOCTI KJIITMHM

[lossBa mepeaMyTalliftHUX 3MiH F€HETUYHOTO MaTepiaAay B KAITHHI yHa-
CAIZIOK MeTabOAIYHUX IIPOIECiB € HOpMaAbHUM sBHUIlleM. KiABKIiCTH CITOH-
TaHHUX NoIKomKeHb [JHK, 1110 BUHHUKAIOTE ¥ OAHIM KAITHHI AIOAWHU 3a
o6y, omiHoeTbcsa B 104-106. TlepeBaskHa dYaCTUHA LIHUX MIOLIKOIXKEHbDb
y HOpMi BHUIAASEThCS CHCTeMaMU peraparlii, i TIAbBKM HeBeAHKa KiAbKiCTb
3aAUMIAETHCS Y BUTASAI MyTallii.
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HatinmomupeHinmmuMu nepeaMyTamiitHuMu HomkomkeHHaMu [JHK e
BTPaTH a30THCTHUX OCHOB (YTBOPEHHH aIlypUHOBHUX abo amipuMigUHOBUX
cairiB), ximiuHi Momudikallii ocHoB, kKoBaseHTHi 3muBaHHdg [JHK-/THK
i JITHK-0ia0K, OmHO- Ta MABOAQHIIOTOBI PO3PUBH IYKPOogdochaTHOrO OCTO-
Ba JIHK. Ili mommkomKeHHsT BUHHUKAIOTh 3€0IABIIIOTO B PeaKIligaX TigpoAi-
3y (xiMigHI peaxkilii 3 BoA0I0), peakligx 3 aKTUBHHMH pPafuKasaMU OKCH-
reHy Ta IIePOKCHAHUMHU paguKasaMH, a TaKO¥K YHACAIIOK MeTHAYBaHHS
(aakianyBaHHS) OCHOB.

Tioponiz 2niko3udHo20 38's13KY MiK a30THCTOI0 OCHOBOIO Ta Ae30KCUPUOO0-
3010 (ouB. puc. 1.1) IpUBOOUTH A0 BHUIOAAEHHS a30TUCTOI OCHOBU U IIOSIBU
B IbOMY MICIIi amypHHOBOIO 4YH amnipuMminmHoBoro cadita (All-catita).
3a noby B kaiTnHHIM [JHK yTBOproeThcst 6am3pko 10 THC. Takux All-caiiTiB.
HemrpaBuabHa pernaparlid IIUX IIOMIKOIXKEHb MOXKe 3yMOBUTH HYKACOTUIHI
3aMiHU (TpaH3uLii uu TpaHcBepcii). BincyTHicTs penapailii craHe IpUYIHHOIO
TOro, IO I Yac HAaCTYIIHOIO peHAiKalifHoro mukay Harpotu All-caiita
y CKAQi MaTPUYHOTO AQHILIOTA B AQHIIIO3i, III0 CHHTE3YEThCs, Oyae BCTaB-
AC€HO OOBIABHUHM HYKAEOTHI — 3 iMOBIipHicTIO 3/4 BiH BUABUTHECH HE THUM,
110 MaB OU CTOATH B IILOMY MicCIli, TOOTO BUHUKHE TOYKOBAa MyTallisl THUILY
HyKAeoTuaHOi 3aminu. Kpim Toro, JAHK-moaiMmepaszHUE KOMIIAEKC MOKE
"mpockoynTH" All-caliT y CKAaai MaTpHIl, HACAIIKOM 4Yoro Oynae meAerisd
HYKA€OTHY B CKAA/i AQHIIIOTA, 1110 CUHTE3yETHCH.

Hepenaposani All-caliTi MOXKyTh TaKOXK IIE€PETBOPIOBATUCH Ha OIHO-
AQHITIOTOBI po3puBU. HakonmuyeHHd OJHOAAHIIIOTOBUX PO3PHUBIB, Y CBOIO
4yepry, IPUBOAUTE OO0 PO3PUBIB ABOAAHIIIOTOBUX (KOAU ABa OJHOAAHIIIOIO-
Bi po3pHBU po3TAIIOBAaHI HAa HEBEAUKIH BiZICTAHI Ta Ha Pi3HUX AAQHIIOrax),
110 MO3Ke OyTH ITPUYHHOI0 YTBOPEHHH Pi3HUX THUIIIB XPOMOCOMHHX abepa-
miti. OgHoaaHIrorosi po3puBu JJHK MOXKyTH BUHHUKATH TAKOXK Y pe3yAbTa-
Ti OpAMOTrO Tixpoaidy docdomiedipHOTro 3B'A3KY.

ITpu 2i0ponizi eK30YUKAIUHUX AMIHOZPYN A30MUCMUX OCHO8 BUHU-
Kae ae3daMiHyBaHHS OoCHOB (Ho SO0 IOmIKOMXKEHBb Ha KAITHHY 3a m00Y).
Taxk, y pe3yAbTaTi Ae3aMiHyBaHHS IIUTO3HUH IIEPETBOPIOETHCS Ha ypallvA
(muB. puc. 1.2), a 5-MEeTHAIIMTO3UH — Ha TUMiH. OOHABI OCHOBH, IIIO 3'SIBH-
AVICS BHACAIZIOK TaKWUX IIE€PETBOPEHBb, KOMIIAEMEHTApPHI aZleHiHy, a OTKe,
y pasi BiACcyTHOCTI penapallii ge3aMiHyBaHHSI MOXKE 3yMOBHUTH HYKA€OTHUII-
Hy 3aMiHy (ctabiapHy 3aminy napu GC Ha AT-mapy npu penaikartii).

OxcudamugHi nowrkooxxerHs: /ITHK BUHUKAIOTh B pPe3yAbTaTi XiMiYHUX
peaxiliii me30KCUPHO03U Ta A30THUCTHUX OCHOB i3 BIABHUMH pPaIHUKaAaMH
OKCHUTeHy ab0 IMEepPOKCHAHUMHU paguKasaMu. [I3KepeAoM paguKaaiB € mpo-
IIeCu AUXaHHS KAITMHHU. HalicyTTeBin okcuaaTuBHi nmomkomkeHHs HK —
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Ile yTBOPEHHS 8-OKCHUIYaHIHY (IpHUEAHAHHA OKCHUIe€HY OO BOCBMOIO aToMa
KiAblld, OuB. pUc. 1.2), KOMIIAEMEHTApPHOTO THMIiHY, i 2-OKCHaAeHiHy, KOM-
IIAEMEHTAPHOr0 IUTO3UHY. [IpoayKTaMu peakiiiii 3 BIABHUMH paguKasaMH
€ TAKOX OJHOAAHITIOrOBi po3puBHu Ta 3muBaHHS [JJHK-/THK abo [ITHK-0iA0K,
SIKi MOXKYTb OyTH IIpUYNHAMH XPOMOCOMHHUX abepartiii.

[ITe omHUM MeXaHi3MOM BHHHKHEHHS II€peAMyTallifHUX MOIIKO/IKEHb
JHK € memunyeaHHsi OCHO8 TIO aToOMax, sIKi B HOPMi He IIiifaroThCd ITii
Mmoaudikarii. [fToMHUAKE MeTHAYBaHHSI BUKAHKAIOTh II0SIBY TaKUX CyTTEBHX
normko/keHb [JHK: yTBopeHHd 7-MeTHUATYaHiHy, 3-MeTuAaneHiHy Ta Of-me-
THAQEHIHY. 7-MeTuaryaHin i 3-MeTHAQ[IEHIH MEPEIIKOAXKAITE HOPMAaAb-
HOMY ITPOXOIKEHHIO PeIlAiKallii, YHaCAiJOK 4OTO BimOyBaeThCH yTBOPEHHS
OZTHOAQIIIOTOBHUX ITPOTAAMH (HiASTHOK HeAoperAikallii) HarmpoTu Monudiko-
BaHUX HyKA€OTHAIB. O0-MeTHAaIEHIH € KOMIIAEMEHTApPHHUM ITUTO3HUHY ¥ MoXKe
OyTH IIPUYHHOIO TPAH3UIIIH.

ITomuiikm penstikaiiii Ta penapartii

[ToMHrAKOBE BKAIOUEHHSI HYKACOTHIB IiJ 4Yac pernaikamii € JocuThk Ba-
TOMOIO ITPUYMHOI0 BUHHUKHEHHS TOYKOBHX MyTallif i XpOMOCOMHUX Itepeby-
J0B. YTBOPEHHSI HEKOMIIAEMEHTAPHHUX Nap HYKACOTHUAIB (MiCMeT4iB) IIif
Jac pernaikaiiii BinbyBaeTbcs 3 4acToToo 1 Ha 10 THC. HYKACOTHIHUX I1ap.
OCHOBHOIO NIPUYMHOIO IIOMHAKOBOIO IIPHUENHAHHSI HYKAEOTHIB IIi dac
penaikamii € maymomepis a30TUCTHUX OCHOB. CIIOHTaHHI nepebymIoBU eAe-
KTPOHHHUX CHUCTEM T'e€TEPOIINKAIB IIPUBOASTD /10 iCHYBaHHS KOXXHOi OCHOBH
y BUTASGlI ABOX TayTOMepHUX (opM: aMiHO- 4yu iMmiHOQopmH mas A, C;
eHoAbHOI yu Ketopopmu aad G, T (puc. 4.6). PiBHOBara 3cyHyTa B OiK aMiHO-
Ta KeTopopM, fKi ¥ NPUCYTHI y CKAai INOABIHHUX CIlipaseH (OUB. TaKOXK
puc. 1.2) i gaa gKUX peaaizyloTbcd IIpaBHAa KoMIaeMeHTapHOcTi A-T, G-C.
Ane criaproBaHHSI OCHOB IiAIIOPSIAKOBYETHCS IHIIIUM IIpaBHUAAM OAS MiHOP-
HUX TayTOMepHHX (POopM: HaIpukaazn, iMiHodopma A ta aminodopma C
YTBOPIOIOTH MizK CO00I0 ABa BOAHEBi 3B'3KU (pucC. 4.0), 1110 MO3Ke BimOy-
THCH IIiZ1 Yac BIIi3HAaHHS MaTpPHILll YepProBUM HYKAEOTHUOOM ITPHU peHAiKallii.
AnaaoriuyHO, €HOABHa (popMa THMIHY € KOMIAEMEHTapHOIO0 TIyaHiHY.
Y pesyabTaTi IIBUAKOIO IIOBEPHEHHS OO Ma*KOPHOI TayTOMepHOI hopMH,
y ckaani JJHK 3aAuniuTbcss HEKOMIIAEMEHTapHa apa HYKAEOTHAIB. YKIIO
cucTeMa pelaryBaHHS IIOMHAOK I dac cuHTedy [JHK i mortiMm cucrema
perapairii MmicMeT4iB (OUB. po3mia 1) He cripallioe, y HACTYITHOMY pelaika-
TUBHOMY IIMKAI TaKa HEKOMIIAEMEHTapHa mapa 3adiKCyeTbCs y BUTAA[I
MyTalii B oiHiY i3 ABOX OOUipHIX MOAEKYA.
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Puc. 4.6. TayroMepHi popMH a30THCTHX OCHOB, YHHU3Y —
KOMIIAEMEHTAapHA I1apa iMiHOOPMH aAeHiHy Ta aMiHO(OPMH ITUTO3UHY

Ha miagHkax MiKpocaTeAiTHUX TaHAEMHHX IIOBTOPiB (IIOBTOPIB eae-
MEHTIB IIOCAIJOBHOCTI MOBXKWHOIO 1-15 map ocHOB, po3aia 6) criocrepira-
eTbcd crenudgiyHa nomuaka [AHK-moaiMepa3HOro KOMIIAEKCY — IIPOKOB-
3yBaHHS (slippage) [IHK-noaimepasu. Ha miagHiii maTpudHOro abo HOBO-
cuHTe3oBaHoro AaHIOTIB JIHK iHKOAM BinOyBaeThCd YTBOPEHHS MiKpPO-
nereAb abo MIKPOUIITHABOK 3a PaXyHOK BHYTPIIIHBOAAQHIIOTOBUX KOM-
IAEMEHTAapHUX B3aeMOAill. Y BUIIAAKY IIOSBU MiKpPOIIETAI HAa MaTpPHUYIHO-
My AaHIo3i JJHK modipHiii aaHIor Oy/ae KOPOTIIHHE Ha KiAbKa HYKAEOTH-
OiB, i OT¥Ke, ITicAd HACTYIIHOTO payHAy pellaikallii Oyae crocrepiraTucs
neaenisa (puc. 4.7, a). Adxuio Taka MiKpOIIeTAd YTBOPIOETECHA B JOYipPHBOMY
AQHII031, KiABKICTb HYKAEOTHIIB Y HbOMY 30IiABIIUTBLCS, IO IIPUBEAE 10
BCTaBKH OQHOr0 abo AeKiAbKOX IIOBTOPIB (puc. 4.7, 6).
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Puc. 4.7. 3meHmeHHsd () i 30iabIIeHHs (6) KiABKOCTi IIOBTOPIB
IpHu yTBOopeHHi MikponeTai B /IHK mifg gyac penaikarii.

Myranii BUHHKaIOTh HE TiABKM BHACAIZIOK HEOOCTATHHO €(PeKTHUBHOL
penapaiiii — geski mpoiecu penapaitii [AHK cami € mpuymHaMu MyTaltiid.
Hacawmnepen 11e cToCcyeThCSd HETOYHUX CHUCTEM penapariii: SOS-penapairii,
dKa 3yMoBAloe HeTouyHHUH cuHTe3 [JHK y pasi BeAHKOi KiABKOCTI IIOIIKO-
JKeHb, III0 BUKAWKAE IIle OiAbllle 3pocTaHHA MyTalliii, i cucTeMu perapartii
[OBOAAHIIOTOBUX PO3PUBIB 3a paXyHOK HETOMOAOTIYHOIO 3'€IHAHHS KiHIIIB
NHEJ (zuB. po3zmia 1). Came NHEJ BBaxkaeThCd OCHOBHOIO IIPUYHHOIO pe-
aaizarii XpoMoCOMHUX ITIepeldya0oB, OCKIABKHU 3abe3nedye 3'€THAHHS KiHITIB
Oyap-akux moaekya [JHK.
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MexaHi3MM BUHMKHEeHHs ITOJIIUIOININ i aHeyns10in

KiabpKicHiI aHOMAaAii XpOMOCOM IMOB'd3aHi 3 TIOPYLUIEHHSIM ITPOIIECIB, AKi
3a0e3meYyoTh PO3XOMKEHHS XPOMOCOM (XpoMaTHA) Yy MiT03i Ta Meioa3i.
[TpUYNHOIO TIOMHAOK PO3MIOAiAy XPOMOCOM MOXKYTH OYTH ITOPYILIEHHS KO-
HTPOAIO KAITHHHOTO IIOMAIAY, AePEeKTHU B LIEHTPOMEPHiH 00AaCTi XpOMOCOM
i ITIOIIKO/I?KEHHS MiKpPOTPYOO4YOK BepeTeHa MOoaiAy. 3aA€XKHO BiJ TOrO, 9K
caMe BUHHKAA aHOMaAid B KiABKOCTi XpOMOCOM (Y pe3yAbTaTi MiTOTHUYHO-
o 41 MEeHOTHUYIHOTO IIOiAY), PO3PI3HSIIOTH COMATHUYHY H MEHOTHYHY IT0Ai-
AOIZIIO Ta aHEYIIAOMLIIO.

OaoHUM i3 MexXaHi3MiB BUHUKHEHHI aBTOIIOAIIIAOIAHUX KAITHH € IBHUIIE
eunopetnaikartii JIHK: KaiTHHa TPoXoauTh MEKiABKA ITUKAIB peraikarrii 6e3
IIOAABIIION0 BUXOAY B MiT03. [HIINH MexaHi3M — NOpyLIeHHsa MiKpoTpybo-
YOK BepeTeHa IIOiAy, IO IPHUBOAUTEL 0 HEPO3XOMXKEHHS XPOMOCOM abo
xpomatud. [Toainaoiznito Mo3kHa BUKAWKATH 1 IITYYHUM IIIASIXOM, 3aCTOCO-
BYIOYH PEYOBHHH — OAOKATOPH MITO3y (KOAXIITMH, KoAlleMin Ta iH.). Li crioay-
KU Ta iXHi aHaAorH iHTIOYIOTh YTBOPEHHS MIKpPOTPYOOYOK BepeTeHa IOJIiAY,
1 XpOMOCOMH IIiCAS peTIAiKallii He PO3XOAdThCS 0 IIOAIOCIB KAiTHHHU. KpiMm
TOTO, aBTOIIOAITIAOITHI KAITHHHU MOXKHA OTPHUMATH IIIAIXOM OAOKYBaHHS HeE
BAACHEe MHOIiAy gapa (KapiokiHedy), a IIOMiAy IIUTOIAA3MH (IHTOKiHE3y).
[Ba mumnaoigHUX dapa, 3aAUINAOYUCh B OAHIM ITUTOMIAA3Mi, IPU 00'e€l-
HaHHi CTBOPIOIOTH KAITHHY 3 TeTPanAOifHUM HAaOOPOM XPOMOCOM.

AAOTIOAITIAOIIM YTBOPIOIOTHCH HITYYHHUM IIAGXOM 3a PaXyHOK MiXKBH-
J0BOi ribpumu3artii.

Yci THnM aHeymnAoifill € pe3yAbTaTOM HEPO3XOIKEHHSI OKPEMHUX XPO-
MOCOM (UM XpoMaTH) IPHU IOMiAl KAITMHU — MiT03i 4u Metiosi (puc. 4.8).
Haituacrimme Hepo3Xoa:KeHHS XPOMOCOM IIOB'd3aHe 3 Ae(PeKTOM IIEHTPO-
MEPHOI OiAGHKH: TaKa XpoMocoMa He IIPHUKPINAIOETHCSI A0 BEpETEHAa II0-
OiAy ¥ ONIMHAETHCA B OOHIM AOUYipHIM KAITHHI pa3oM 3i CBOIM rOMOAOTIOM,
iHIIIa MOYipHS KAITHHA BUSIBAIETHCS IT030aBA€HOIO OfHiEl Xxpomocomu. OTKe,
yci popMu aHeymnaomi#t (MOHOCOMId i TpHcOMisI, HyaicoMid i TpHucoMiss) MO-
XKYTb OyTH Pe3yABTATOM OJHOTO IIMKAY HEIIPaBHUABHOTO PO3IOMiAY XPOMO-
coMm. I[Tpu mMeHoTHYHOMY IIOMiAl HEPO3XOAKEHHS XPOMOCOM MOKe BinOyBa-
THC4 9K y IIePIIOMY, TaK i B APYTrOMY IIOiAi.

[MoAinaoimHiI Ta aHEYIAOIAHI KAITHHH XapaKTepPHU3YIOThCHA IIOPYIIEHHIM
nporieciB metiody. Tak, mpu yTBOPEHHI TaMeT y IIOAIIOAOIAIB 3aMicTh GiBa-
A€HTIB (OUB. po3dia 1) MOXYTh yTBOPIOBATHUCS TPU-, TeTpa- Ta YHIBAaA€HTH,
1I0 IOPYLIyE CETPETALliI0 XPOMOCOM i BHKAMKAE IIOSIBY HOBHUX T'€HOMHUX
MmyTauiti. Kpim Toro, mmcbasaHC y KiABKOCTI XpPOMOCOM IIPUBOOUTE [0
aHOMaABHUX MITOTHYHHUX IIOMiAIB.
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Puc. 4.8. Cxema yTBOpPEHHS aHEYIIAOIMHUX KAITHH
IPU IIEPIIOMY MEeHOTHYHOMY HomiAl (a)
i Ipu gpyromy MeHOTHUYIHOMY IIOZiAl 9u MiTO3i (6)

IHOyKItist MyTartinn MyTareHHUMH paKTopamMn

3a CBO€IO NPHUPOAOI0 MyTareH! MNOMIASIOTH Ha (PiduyHi, XiMidHi Ta
OioaoriuHi. Koam myrarenHuii pakTop 6e3mocepentbo B3aemomie 3 JJHK
i BUKAMKAE MOMIKO/I3KEHHS, TOBOPSATH IIPO IPSIMY Oif0 MyTareHy. MyrareH
Moxke He B3aemogiatu 3 [IHK, aae 3amyckaTu Kackag IpOIIECiB, gKi B Ki-
HIIEBOMY HACAIAKY HPUBOASTH OO0 MOSIBU IIOIIKOMIXKEHH (abo mo iHTri0y-
BaHHY IXHBOI penaparii). Y npoMy BUOAAKy HAETHCS IIPO OIIOCEPEaAKOBa-
Hy [il0 MyTareHy. BiabmiicTs MyTareHHHUX (PakKTOpiB, HE3aA€XKHO BiJ ix-
HBOI IPUPOAH, MAIOTh SK IIPIMY, TaK i ollocepeakoBaHy Aito. Maiixke Bci
MyTareHHu € OJHOYacCHO ¥ KaHyepozeHamu, TOOTO BOHHU 3aTHi CTUMYAIO-

BaTHu PO3BUTOK IIYXAHH.

Ximiuni mymazeHu 3a CBOEIO CTPYKTYPOIO Ta MeXaHi3MaMU Mii SBAGIOTH
cobor0 myxKe Pi3HOMAaHITHY I'PYIly CIOAYK. XiMidHI MyTareHH MOXKYyTb OyTH
HOPMaABHHMH MeTaloAiTaMM KAITMHH — aymomymazeHu, abdo MOTpallAsaTH
B OpraHi3M (KAiTHHY) 330BHI — KceHoblomuku. Hatigacrie xiMidHI MyTareHu
KAACUQIKYIOTH 3a XIMIYHOIO CTPYKTYPOIO abo 3a Turom peaxkii 3 JTHK.
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Heaki xiMiuHi MyTareHH € aHa/lo2amMu aszomucmux ocHog. BoHU 3a
CTPYKTYPOIO MOAIOHI IO HOPMAABHHX OCHOB i MOXKYTh BUKOPHUCTOBYBATHUCS
depMeHTaMHU, 9Ki 3a0€3IeYyIOTh IIPOILIECH CHUHTE3y HYKA€IHOBHUX KHCAOT.
Hampukaan, S-OpoMypamma € aHaAoroM THUMIHY i, BiamoBimHO, MoOXKe
BKAIOYaTHcs 3aMmicte Hporo B [HK. IIpore, Ha BigMiHy Bim THMIiHY,
S5-OpoMypanua 3HAYHO A€TIIE ITiAZA€ThCS TayToMepisallii: y pe3yabrarti
B HACTYITHOMY PeTAIKaIlifHOMY IIMKAI HampoTu S-Opomyparmay mo HK
4acToO BKAIOYAETHCS I'yaHiH.

ApoMaTH4Hi CIIOAYKH, 3/1aTHI 10 iHTepKaadalii (BOy10ByBaHHS) MiXK Cy-
cimuiMu mapaMu ocHOB moBitiHoil cmipaai /IHK, HaaexaTh o0 iHmepka-
JII0UUX MyTareHHUX YUHHUKIB. [Ipukaagamu € 6pomuctuil etuniii i mnay-
HOMIIMH (puc. 4.9, a, 6), mpodaaBiH, akKTUHOMIIIMH D TomIO — mAaQHApPHI
MOAEKYAH, SIKi 32 PO3MipOM HaOAMIKAIOTHCH [I0 IIyPHUH-IIiPUMIiIUHOBOI ITIapH.
BOynoByro4uuch y HMOABIMHY CIlipaab, iHTepKaAdTOp yABidi 30iAbLIye Bif-
CTaHb MiXK CycigHiMu HapaMu OoCHOB (puc. 4.9, g). Ilix yac penaikariii Biza-
OyBaeTbCcd iHCepIlis A0JaTKOBOTO HYKAEOTHAY B MiCIi iHTepKaadIii, Io
IIPU3BOAUTE OO MyTallil — 3CYBY PaMKU 3YHUTYBaHHS.

Ho NH:2

Puc. 4.9. Ximiuni popmMmyan 6poMHCTOrO eTUAI0 (q) i mayHOMiluHYy (6)
1 CTPYKTypa KOMIIAEKCY iHTepKaAbOBAHOI TTOXiAHOI JayHOMIIMHY (depBoHa) 3 [THK
(8, 300pazkeHHa CTBOPEHO 3a goromMororo nporpamu PyMOL,
Ko CTPYKTypH y Protein Data Bank 1NAB)

PizHOMaHITHI OpPUPOAHI Ta CHHTETHYHI pPEYOBUHU, B3aEMOMIIOYU

3 [IHK, BukaukamTh XiMidHi Mmomudikaii azoructux ocHoB. CkaxKimo,
CHUABHI OKHCHHUKH, TaKi K a3oTHcTa KUcaoTa abo OixpomaT Kaaito, BU-

138



Pos30is 4. MiH/IVBICTb TeHETMYHOIO MaTepialy

KAWKAIOTh OKHCHE [Je3aMiHyBaHHS OCHOB. AAKiAyIO4i areHTH (HiTpo30-
METHACEYOBHHA, Tiodocchamin Ta iHII) OPUEOHYIOTH aAKIABHI paguKasud
dK €K30IIUKAIYHI IPyIIH a30TUCTHUX OCHOB.

[esaki xiMiyHO iHEPTHI MOAEKYAH, III0 IOTPANIAFIOTH B OpraHiaM, Haly-
BalOTh MyTareHHUX BAAQCTUBOCTEH TIABKH BHACAIZIOK IXHiX MeTabOAIIYHUX
IepeTBOpPeHDb — memaboniuHol axmueayii. Taki XiMidHi pedYOBUHH Ha3uBa-
I0Tb npomymazeHamu — 11e, HaIIpUKAa, Tiapodo0Hi MoAilIMKAiYHI apoMa-
TUYHI ByraeBoaHi, apAOTOKCHH (TOKCHH, III0 CHHTE3YEThCS OaraTtbMa My-
KOPOBHMH IIBiA€eBUMU rpubamMm).

¥Y3araai, nomkomkeHHda /[JHK XiMiYHUMU pedoBHHaAMHU JaAeKO He 3aB-
KW CIIPUYUHAETHCH Oe3[0CepeTHBOI0 B3aEMOMIIEI0 MyTareHy 3 a30THCTH-
MH OCHOBaMHU YU I[yKpodochaTHUM OCTOBOM. HacTo XiMigHI pPEYOBUHU
BCTYNAIOTh Y CKAQJHI BHYTPIIIHBOKAITHHHI Peakilii, 110 CyIIPOBOIKYIOTh-
Ccs IIOSBOIO BIABHHUX paiMKaaiB, ki NomKomaxXyioTh [IHK. I'enepaTopamu
BiIABHUX paaWKaAiB MOXKYTh BHCTYIIATH CHUABHI OKHCHUKH, COAl MeTaaiB,
[edKi aHTUOIOTHKH, HAaIlpUuKAaz OaeoMiluH. XiMiYHMMHU MyTareHaMmu, sSKi
He B3aemogitoTh 3 [IHK, € Takox iHribiTopu pepMeHTIiB MeTaboAi3My HYK-
AeTHOBHUX KHCAOT i pertapaitii. Tak, CHABHUM iHTIGITOPOM CHCTEM perapartii
JHK € aakaaoig kodein. AHasor THUMIiHY — S-propypanua — cam y JIHK He
BOYZIOBY€ETBCH, a € iHTi0iTOpoM (PepMEHTY TUMinHuAQTCHUHTEeTa3!. PesyabTa-
TOM € HecTada TUMIiHOBHUX HYKAECOTHIB yV KAITHHI, II10 MOXKe OyTH IIPHUIH-
HOIO YTBOPEHHS OTHOAAHIIIOTOBUX IIPOTAaAUH IIpu pemnaikartii /IHK.

Pizuuni mymazenni parxmopu TIPEACTABACHI €AEKTPOMArHiTHUM BH-
OPOMiHIOBaHHAM i3 HOBXKUHOIO XBHAI MeHIIe 300 HM i KOPIOYCKYASIPHU-
MH BUIPOMIHIOBaHHAMU. [OHI3yroue 8UNPOMIHIO8AHHS (PEHTTEHIBCHKI Ta
Y-IIPOMeEHi, 0- i [B-4acCTHUHKH) BUKAMKAE i0HI3allil0 MOAEKYA — BTpPATy YU
IIPUENHAHHS EAEKTPOHIB, VHACAIIOK YOI'0 YTBOPIOIOTHCS IIO3UTHUBHO YU
HEraTHBHO 3aps/KEHi palKasud KOMIIOHEHTIB HYKA€IHOBHUX KHCAOT. XiMidHi
peaxiiii MixK ITUMH paguKasaMU BUKAWKAIOTh pyHHYBaHHS Pi3HOMaHITHHUX
KOBaAE€HTHUX 3B's3KiB: dpocdomiedpipHUX, TAIKO3ZUIHUX, 3B'9A3KIB ycepeau-
Hi a30THCTHX OCHOB i IykpiB. [lomiOHI mpomecHu iHAYKYIOTHL K TOYKOBI,
TaK i xpoMocoMHi myTarii Bcix TuniB. Kpim npamoi aii va [AHK, ioHizyroue
BUIIPOMiHIOBaHHS iHAYKY€E MOABY BIABHUX TiAPOKCHUABHHUX i MEPOKCHUIHUX
PaauKaaiB, gKi MiACUAIOIOTH IIPSIMY MyTareHHYy Oif0 i0Hi3yro4oi pazmiartii.

Cepen HeioHI3yHU020 BUNPOMIHIOBAHHS. HAMOIABIILy MyTareHHYy aKTHB-
HICTb MAalOTh YABTPadioOA€TOBi ITPOMEHI KOPOTKOXBUABOBOTO Mialla30HY
(100280 uM). Came B il CIIEKTPaAbHIH 00AaCTi 3HAXOASITHCS MAKCHMYMH
IIOTAMHAaHHS CBiTAQ a30THCTHMH OCHOBaMHU. [loranHaHHS eHepril yabTpadi-
OAETOBUX ITPOMEHIB Bezle M0 30yIKE€HHS €eAeKTPOHIB — IXHIM IlepexomaM Ha
BUIIll €EHEPTETUYHI PiBHI, 1110 Ja€ MOXKAUBICTb HPOXOPKEHHIO (POTOXIMIYHUX
peakiiiii Mi>k a30THCTHMM OoCHOBaMH. Haituacrilie mpoaykTaMy TaKHUX peak-
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il € mipUMiAMHOBI AMMeEpPHU, HAIIPUKAQ[, MiXK CyCiIHIMHU (IO OIHOMY Aa-
HIOry) TuMiHaMu (ouB. puc. 1.18). [JOBroXBHABROBHU MaKCHUMYyM IIOTAH-
HaHHS OCHOB ITpunagac Ha 260 HM: CBiTAO 3 JOBXKWHOIO XBUAl IToHan 280
HM OpakTudHo He mnoranHaeTbes [IHK. [leBHa mMyTrareHHa akTUBHICTH 10B-
TOXBHABOBOTO YABTPaA(iOAETy ITOSICHIOETHCS ITOTAMHAHHAM €HEpPTii iHIIMMHU
XpoModpopaMH (HaIpUKAaL, AESIKUMH KoepMeHTaMH) i3 IOLAABIIIOI0 IIe-
penadero eAeKTpoHHoOro 30ymkeHHs Ha JIJHK. Kpim Toro, rmoranHyTa eHeprid
MOXKe TaKOXK OyTH HNPHYMHOIO T'eHepallil BIABHHUX pafilKaAiB JAEIKHUMH MO-
AEKyAaMH (CKazKiMo, pubodAaBiHOM).

o 6ionoziunux mymazennux ¢gparxmopie BiTHOCITHCS BipycHu, bakrepii,
napas3uTi. OCHOBHOIO ITPHYHMHOIO MyTareHHOI akKTHBHOCTI BipycCiB (peTpo-
BipyciB i BipyciB, mo mictate JAHK, guB. poszia 5) € inTerparisa ixaix JJHK
y reHOM XasdiHa. [HTerpailis B MexKax KOAYI04oi ab0 peryAaTOpHOL MiASTH-
KU I'eHa MOXKe BHKAMKATH MyTallilo abo BIIAMHYTH Ha HOpPMaAbHY €KCIIpe-
ciro. Myraiiro Mmoxe crnpuduHUTH ek3oreHHa JHK, mTydHo BBeneHa
B KAITHHY. [ToniOHUE MexaHi3M MyTareHesy € IIiAKOM IMOAIOHUM M0 edek-
TiB IepeMillieHHs MOOIABHHUX eAeMeHTIB (po3mia 6). KpiMm Toro, mpudmHOO
30iABIIIEHHS 3araAbHOTO PiBHS MyTallifl y KAITHHAX, 0OpOOAEHHMX €K30TeH-
Horo /IHK abo 3apazkeHUxX Bipycamu, € "KOHKypeHIlid' gyxkopinuoi JHK i3
KAITUHHOIO 32 MOAEKYASIPHY MAalllMHEPil0 CHCTEM pelapaltii.

3pocTaHHga PiBHA MyTallili Pi3HOrO TUILY, IO CIIOCTEPIracThCd B cOMa-
TUYHUX KAITHHAX OpraHi3MiB, 9Ki Higgasucs BipyCHHM, OaKTepiaaAbHUM Ta
IHITUM iH(EKIiIM, HOCHUTh Ha3BY IHeKuyiliHo2o mymazeHe3y. [HpekItii-
HUI MyTareHe3 IIOSICHIOETBCS KOMIIAEKCOM IIPOIECiB, II0 BimOyBarOThCS
Opu B3aeMo/ii opraHiaMmy xasdaiHa 3 iH(eKIiiHHM areHTOM abo Iapasu-
ToM. [IpuumHOIO0 MyTallili MOXyTb OyTH, HAaIpUKAA[, TOKCUHU, SKi BHIi-
ASIIOTH OakTepii Ta mapas3uTH, TOKCUYHI MeTabOoAITH i PEYOBUHU, CHHTE30-
BaHi OpraHiaMoM IIpU peakliisaX iIMyHHOI BiAIoBizui.

HACJIIIKV MYTALIIVTHOI MIHJIMBOCTI

3araAbHUM HAaCAIIKOM MyTalliliHOI MiHAMBOCTI € IOPYIIEHHS CIIalKO-
BHUX IPOTpaM KAITHH 1 opraHiaMmiB. Aae ITpH IIbOMY MyTalliliHa MiHAWBICTH
CIPUYMHSE IMiIBUIIEHHT O0iOAOTIYHOI'O pPi3HOMAaHITTH: 3abesrnedye I10IBY
HOBHUX T'€HOMHHX BapiaHTIB i, BiAIOBiZHO, M€HOTUIIOBUX i (PEHOTUIIOBUX
dopM. BiabmriicTh 3 yTBOPEHHUX BapiaHTIiB I'€HOMY € BiIHOCHO HEHTpaAb-
HUMH. BearKka yacTWHa HOBOYTBOPEHHX (DEHOTHIIIB € ab0 HEXKHUTTE3AAT-
HUMH (IPOSIB JIEMA/IbHUX MyTalli#i), a60 MaloTh 3HUXKEHY KHUTTE3AATHICTD
(mposiB HamiBAeTaabHUX MyTawi#). [IpoTe iHKOAM HOBi BapiaHTH HabyBa-
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I0Th aAlITUBHOI IepeBaru. AIAlITUBHI Ta HEHUTpaAbHI BapiaHTH 3aKpill-
AIOIOTBCS B IIOIYASISX — caMe BOHH 3a0e3MedyIoTh TaKi IBUINA, IK MHO-
KUHHHUY areai3M i reHeTHYHHUH noaiMopdism (quB. po3miau 3 i 8).

Caif 3ayBaskuUTH, 110 TOYKOBI MyTallil IpUBOASTE [0 3MiHU CHaAKOBOI
nporpaMu He 0O60B'SI3KOBO TiABKU TOMi, KOAU BOHH BilOyBalOThCH B KO-
I0OYUX JOiAgHKaxX reHoMy. HykaeoTuaHi 3aMiHM B HEKOAYVIOYHX diASTHKaX
MOXKYTh BIIAUBATH Ha EKCIIPECil0 TeHiB: 3aMiHH HYKAECOTHAIB y 5'- abo
3'-kiHneBux niagukax MPHK, 10 He TpaHCAIOIOTBCS, MOXKYTh BIIAUBaTHU Ha
yac xutrtd MPHK; 3aminm B iHTpoHax — Ha €(QEeKTUBHICTH CIAAHCHUHTY;
Y PETYAITOPHHUX OiAdHKax I'eHa — Ha piBeHb ekclpecii. Takum ynHOM, He
3aBxkau roaimopdism JHK y HEKOAYyIOUHX HiATHKAX € HEUTPAABHUM.

FoBopsYHM IIPO HACAIAKYM MyTalliliHOI MiHAWMBOCTI, CAi BiAMEXKyBaTH Ti,
III0 CTOCYIOTBCS OKPEMOTO OpraHisMmy (iHAWBiAyasbHI HaCAiIKH), Bix Hac-
AIIKIB [AST TIOIIYAAINiY 1 BUAIB y IiAOMY (€BOAIOLIIHHI Hacaimku). Myrartii
B COMaTHYHUX KAITHHaX 4YacTO IPHUBOAATH N0 HETAaTUBHUX €(EeKTIiB OAd
OKpEeMUX OPTaHi3MiB: HAIPUKAA, YCi TUIIU MyTallili, Bil TOUKOBUX OO Te-
HOMHHUX, MOXKYTb OyTH IPHUYNHOIO BHHHUKHEHHSI 3AOSKICHHUX HOBOYTBO-
peHb. Aae Taki MyTallil He CIaAKYyIOThCS B HACTYITHHX ITOKOAIHHAX Halllaml-
KiB. ['eHepaTuBHI MyTallii 3yMOBAIOIOTH PO3BHUTOK OCOOMH, yCi KAITHHHU
AKUX OyAyTh HECTU AaHy 3MiHy. THIIOBUM IpPOgBOM TaKHUX MyTallill € pi3-
HOMAaHITHI CITaAKOBi XBOpOOHU (IUB. po3mia 7).

3po3yMino, 10 AAd MONYAdIlid 1 TPy opraHiaMiB, a oTIKe, i OAS BHUIO-
YTBOPEHHS, HAHUOIABIII 3HAYUMHMH € TeHepaTUBHI MyTallii. ¥ Xozi po3BUTKY
pidHHUX KaaciB XpebeTHHX (Bim KPYTrAOPOTHX [0 CCaBLIiB) CIIOCTEPIiraeThCd
3HaYHa KiAbKICTh XPOMOCOMHUX i TeHOMHUX NepebyaoB, IKi B OCHOBHOMY
IpenCTaBA€HI TPaHCAOKAIIIMH, iIHBEPCISIMHU Ta 3MiHaMU KiABKOCTi1 XpOMO-
com. Tak, AOAMHA BiApi3HAETHCS Bi AIOAWHONOAIOHMX MaBII pPoOEepTCOo-
HIBCHKOIO TPAHCAOKAII€IO (Apyra XpoMoCcoMa AIOANHHU € TPaHCAOKAIIiHOI0
dopMOI0 ABOX aKPOLEHTPHUYHNX XPOMOCOM MaBII, IUB. PO3MIiA 7).

BaxkAuBY poAb B €BOAIOLIIi POCAMHHOI'O H TBapHMHHOI'O CBiTy Bimirpa-
IOTB TEHOMHI MyTamii (rmoainaoifgii Ta aneymaoxaii). Ilpore, 9K mpaBUAO, Bi-
CYTHICTBb y KapioTHIIi OfHiel 3 XpOMOCOM IOMOAOTIYHOI Tapy IIPUBOAUTE 10
3HUIKEHHS JKUTTE3JATHOCTI OCOOMH, a B AEeIKHX BHUIIQAKaX Ma€ A€TAABHIi
Hacaigru. Takuil epeKT MOXKHA OACHUTH abo HEAOCTATHICTIO MEBHUX OiA-
KOBHX ITPOAYKTIB (EKCIIPECYIOThCSH T€HH AHIIe OfHiel XxpoMocomu), abo HasaB-
HICTIO B XpOMOCOMI, IKa IIPHUCYTHA B QHEYIIAOIHOMY SAPi, ACTAABHHX aA€Ab-
HHX BapiaHTiB neBHUX reHiB. Caizl 3a3HAYNUTH, 1110 (PEHOTUIIOBHH e(peKT MOo-
HOCOMIi 3aA€XKUTH Bifl TOro, SKa XpoMocoMa BTpaudeHa. Y AIOAMHH, HaIIpU-
KAa[, MOHOCOMIi 3a craTeBoro X-xpoMocoMoro (cuHapoM lllepemnieBCcbKOro —
TepHepa, AUB. PO3/iA 7) MAIOTh MEHIII HECIIPUATAUBUHN [Ad OpPraHisMy eeKT
OPIiBHAHO 3 MOHOCOMISIMH 3a ayTOCOMaMH, SIKi € AeTaABHHUMHU. Y Apo30disr
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HEXXUTTE3NATHUMH € OCOOMHM 3 HeCcTadel 4YeTBEPTOi XPOMOCOMH, TOMi SIK
HecTada Apyroi, Tperboi abo X-XpoOMOCOMH HE Ma€ AETAaABHUX HACAIIKIB.
Y pocanH (MIIEHHUIl, KyKypyA3H, TIOTIOHY) MOHOCOMHiI (DOPMH MOXKYTb HE
BiAPi3HATHUCS Bi/l HOPMAaABHUX MHIAOIMHUX O0COOMH abo MaTH He3HAdHi BiI-
MIHHOCTI B po3Mipax OKPEMUX YaCTUH POCAWHH.

[ITo crocyeThCcs HAIBHOCTI B KapioTHIl OOAATKOBOI XPOMOCOMH, TO
3HUZKEHHS KUTTE3MATHOCTI ab0 AeTaABHICTh TPUCOMIH 3arasnoM XapakTep-
Ha [As IIPEACTaBHHKIB TBapUHHOIO CBiTy. POoCAMHHU-TPHCOMIKH dYacTo
€ XKUTTE3NATHUMHN ¥ MaroTh He3HAYHI BiIXMAE€HHS BiJ HOPMaAbBHUX Opra-
Hi3MiB: y gypMany Datura stramonium, HalIpUKAaM, OIIUCAHI KUTTE30aTHI
TPHUCOMIKH 10 KOXKHIiH i3 12 map XpoMoCcOoM.

[Toainaoimia HaiibiAbIlle PO3MOBCIOMKEHA B POCAMHHOMY CBiTi. 30iAb-
IIeHHsI Ha0OPiB XpOMOCOM Yy POCAMH IIPUBOAUTE A0 30iAbIlIeHHS iXHBOI Be-
reTaTHBHOI MacH Ta PO3BUTKY CTiMKOCTi M0 HECIPUATAUBUX yMOB. Po3smo-
BCIO/IPKEHICTB OAITIAOIAHUX (POPM y POCAMH MOB'sI3aHA 3 THUM, II0 OAS HHUX
XapakTepHe BereTaTUBHE PO3MHOXKEHHSI Ta camo3amnuAeHHs. [loainmaoigHi
dopMu y TBapUH HaH4YacTillle HE € JKUTTE3AATHUMHU, OCKIABKHU ITOAITIAOIIA
HEeCyMiCHa 31 cTaTeBHM IIponecoM. HacTo IOAIIAOIZS y TBapHH 3YMOBAIOE
iXHIO CTEePHABHICTBH, OCOOAUBO I1€ CTOCYETBCS AAOIIOAINAOIAHUX (pbopM. Bin-
IIOBiTHO, IIOAITIAOIZIHI POPMH € XapaKTEPHUMHU [Ad TBapHH i3 IapTeHore-
HETUYHUM PO3MHOXKEHHSIM.

MOON®IKAIIIMHA MIHJIVMBICTD

Bynp-akuii opraHi3M € BiOKPUTOIO CHUCTEMOIO: peaasilzallisg CcragKoBOi
IporpaMu BinOyBaeThCd HE TIABKH il KOHTPOAEM T'€HOTHUILy, ase ¥ Mix
BIIAUBOM OTOYYIOUOI'O CEPELOBHUINA. YMOBH CEPENOBHUIIIA MOXKYTh 3YMOB-
AIOBaTHU ${K CTYIIiHb IIPOSIBY CIIaAKOBOI O3HAKH (€KCIIPECHUBHICTB), Tak
1 IMOBIpHICTb IIPOSIBY O3HAKU B3araasi (HeHeTpaHTHiCcTh). TakKUM YHWHOM,
0COOMHU 3 OTHAKOBUMU I'€HOTUIIAMHU, 3aA€KHO Bifl BIAUBY HAaBKOAUIITHBO-
0 CEepeIoBHIIA, MOXKYTh MaTH BinmMiHHI deHOoTHnHN. Taka MIiHAMBICTH Ha-
3UBAETLCA peHomunogow, abo moougikauyiliHoro. KnacCHYHUM ITPUKAQIOM
PeHOTUIIOBUX 3MiH y MeXKaX OJHOT0 OPraHi3My € pPi3Hi popMU AHCTOBOI
IIAACTHHKH y CTPIAOAMCTA — 3aA€KHO BiJ pO3TalllyBaHHS AUCTS B IIiIBOI-
Hii abo HagBoaHi#l dyacTuHi pocanHu (puc. 4.10). Mogudikamiinum 3mi-
HaM B OCHOBHOMY MiAalOTbCS KIABKICHI Ta $SKIiCHi IIOAIT€HHi O3HaKH.
Hanpukaaz, 3pict, Bara, CXUABHICTD [0 PO3IIOBCIOMXKEHHUX XBOPOO, TpUBa-
AICTB XHUTTH 3HAYHO 3aA€KATh Bil YMOB CEpPEIOBHIIIA.
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Puc. 4.10. Monudikariig ANCTOBOI ITAACTHHKH Y CTpiaoamcTa:
migBoaHi (a) 1 HagBoAHUH (6) AUCTKH

Monudikariiiina MiHAUBICTE 3yMOBA€HA HE 3MiHaAMH IIOCAILOBHOCTEH
JHK, a 3miHaMu B eKcrpecii reHiB (Bim epeKTHBHOCTI TPaHCKPHIIIII 10
ocobauBocTell mepelbiry OioXiMIiYHMX peaklliyi) mifg BIAWUBOM (PaKTOpiB
HaBKOAUIIIHBOTO cepenoBuIlia. O4eBHUIHO, 1110 TaKi 3MiHH He CHaJKyIOThCS,
pore Mexki MoaudikalifHoi MiHAMBOCTI (Hopma pearuyii) nast KOXKHOI OKpe-
MOl O3HAKH TMOBHICTIO BH3HAYAIOTHCS TE€HOTHIIOM. Po3Max HOPMH peakIlii
€ aJalITHBHOIO O3HAKOIO Ta BU3HA4YA€ MeXKi 3MiH YMOB HaBKOAHWIIIHBLOIO Ce-
penoBHIlA, B IKUX MOXKE iCHyBaTH OCOOMHA, TOOTO OKPEMHU IM'eHOTHII.

PesyarraToM MomudikalliiiHoi MiHAMBOCTI Moxke OyTH ITosIBa OpraHis-
MiB, sIKi (p€HOTHIIOBO KOIIiIOIOTH ITPOSIB II€BHOTO reHOTHILy. Taki peHOTH-
noBi dopMu Ha3zuBarOTh eHokoniamu. Ilo cyri, peHOKOMIi € TTpossBOM
KpaliHix BapiaHTIiB HOpMH peakuii. Hanpukaaza, HemocTaTHICTH BiTaMiHy
D copuyumnHIOEe PO3BUTOK PaxiTy, SKHH 3a CUMIITOMATHUKOIO HIYMM He Bif-
pi3HsSEThCH Bif CIaAKOBOI'0O 3aXBOPIOBAHHSI, 3yMOBAEHOI'O MYyTalliIMHU, gKi
IPUBOAATE A0 HEYYTAUBOCTI 10 BiTaMiHy D.

o orpemoro TUny MomudikKalifHoi MiHAMBOCTI BiTHOCSTH TaK 3BaHi
OOBroTpUBaAi Monudikarliii, ki MOXKyTb CIIaAKyBaTHUCS IIPOTSITOM HOEKiAb-
KOX IOKOAiHBb. BitoMHUM IpHUKAQIOM € 3MiHa 3a0apBACHHS B KOAOPAICHKO-
ro JXyKa, SKa BUSIBASETBHCH ITiCAT BUTPUMYyBaHHS ASA€YOK 34 BHCOKHUX Te-
MIeparyp. 3MiHeHe 3ab0apBA€HHS 30epira€ThbCd MAS KiABKOX ITOKOAIHB,
a IoTiM HOBEPTaETBCA OO0 BUXIAHOTO cTaHy. [IpHm ObOMYy CIIaAKyBaHHS
BiA0yBa€ThCsI BUKAIOYHO II0 MATEPUHCHKIH AiHII: 3MiH y reHOMi He BinOy-
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Ba€ThCH, a TpUBaAicTb MomudiKallil MOSCHIOETHCS HAKOIIMYEHHSM y IH-
TOIAA3Mi KAITHH 3apoAKOBOTO HIAGXYy cTrabiabHux MPHK reHiB TeraoBoro
LIOKY, SKi 3 IUTONAA3MOI0 AUIEKAITHHU IIepefaloThcs HallagkaMm. 3po-

3yMiao,

10 Yepe3 [AeKiAbKa IIOKOAIHB BiAOyAeThcs "PO3BENEHHS" ITUX

MPHK: ixHS KiABKICTBH CTaHE€ BPELITI-PELIT HEAOCTATHBOIO [AL IIPOSBY
3MiHEHOTO 3a0apBACHHS.

Konmpoavni sanumanns i 3a60annsa

W=

Noak

© ®

10.

11

13.
14.

15

JaiiTe BU3HAUYEHHS TEPMiHY "MiHAUBICTD'. 9IKi iCHYIOTE THITH MiHAMBOCTI?
YuM 3yMOBA€HA CIIaJKOBa MiHAHUBICTB?

[ITo Taxke MmyTarilii? YuM comaTH4HI MyTallii BiApi3HSIOTbCS Bin reHepa-
TUBHUX.

OmnuuIiTh TUIH TOYKOBUX MyTallill.

OmnUIIiTh TUIIN XPOMOCOMHUX i TEHOMHUX MyTalliid.

Illo € mxkepeaoM MyTallitHUX 3MiH?

Aki momkomkenusa [JHK BUHHKAIOTDH y TIPOLEC JKUTTEMIIABPHOCTI KAITUH
i BHACAIJOK IIOMHUAOK pemaikarlii Ta periapartii?

OnumriTh MeXaHi3MU BUHUKHEHHS XPOMOCOMHUX i TEHOMHHX MyTalliil.
[HatiTe BU3HAYeHHS HNOHATTA "MyTareHHHH pakrop'. IIlo Take mpsma Ta
OIIOCEPEIKOBAHA /i MyTareHy?

SIKi TUIM XiMIYHHUX MyTareHiB BH 3HaeTe. ONHIIITP MEXaHi3MH IXHBOI
mii. Illo Take mpoMyTareHu?

. [osicHiTe MexaHi3MU MyTareHHO]I il QizuyHUX haKkTOPiB.
12.

9Ki MyTareHHi YMHHUKH MOXHa BigHectn mo dakTopiB 06iosoriuHoi
npuponu? ki MmexaHiaMu IXHBOI mii?

SKi HaCAIIKY MyTalliiHOI MiHAMBOCTI € HeTaTUBHUMU? [103uTUBHUMU?

[ITo Take MommdikarifiHa MiHAUBICTL? YIKi OCHOBHI IIpHYMHHU ii IpOSIBy?
Yum mopudikaliiHa MiHAUBICTD BiIPi3HAETHCS BiJ MyTallilfHOI?

. IlTo Take peHOKO™II?
16.

[ITo Take moBrorpuBasi moaudikarii? I[logcHITE MexXaHi3MH IXHBOTO
YTBOPEHHS.
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PO3/IUI 5

I'eneTnka OakTepin, BipyciB
1 OMHOKJIITMHHMX eyKapioTiB

[TpokapioTHyHa KAITHHA BiAPi3HSETHCS IIOPIiBHSHO IIPOCTOI0 OpraHi-
3alli€io (BLOCYTHICTb dapa Ta PO3BHHEHOI KOMIIapTMeEHTaaizarlii, BincyT-
HiCcTBb Mel03y, MOpPiBHSIHO HeBeAWKa KiabKicTb [IHK), mo pobuts i1 3pyd-
HUM 00'€KTOM mocaimkeHb. CaMe BUBUYEHHS ITPOKAPIOTIB 3irpaso IIpoBigHY
pPoABb y 3'acyBaHHA OaraThox 6a30BUX IIPUHIUINB (PYHKI[IOHYyBaHHS TI'eHe-
THYHOTIO arapary, 0COOAMBO B IIEpIIi AECATHAITTH ITiCAd IIOYATKy iHTE€HCHB-
HUX JIOCAI?KEHb MOAEKYASPHUX OCHOB CIIankKoBocCTi. [Ipu 36epezkeHHi 3a-
raAbHHUX OPUHIUIIB, OpraHizallig Ta (PyHKIOIOHYBAHHS CIIAIIKOBOTO aria-
paTy TakuX IIOPiBHIHO IIPOCTHUX CHCTEM MAae€ IIeBHi 0COOANBOCTI.

OPTAHISBALIIZI TEHETVIYHOI'O AIIAPATY
ITPOKAPIOTIB

9k mpaBHAO, OaKTepiaAbHUII I'€HOM IIPEACTABACHHUU OHIEI0 IIMPKYATP-
Horo Moaekyaoro [IHK (6akrepiaapHOIO0 Xpomocomoro). [la JJHK B3aemomie 3
Oinkamu, popMyIOYH HYKAEOIZ, KW 3aliMae IeBHY 30HY OaKTepiaAbHOI KAi-
TUHU. 3arasbHa JOBKUHA XPOMOCOMH, HAIIpUKAand, v Escherichia coli, cra-
HOBUTBH 4,6 MAH ITap OCHOB, 0AM3BKO 90 % SKHUX HPUIIaAAIoTh HAa KOMIYIOUi
OCAiZTOBHOCTI (auB. Taba. 1.1). CepenHiit po3mip rena E. coli — 950 map oc-
HOB (IIPOKapioTUYHI T'€HU HE MICTSTh iHTPOHIB), cepeaHs NOBXKHWHA MiKIeH-
HOI gingHku — 118 map ocHoB. IIpoTe MiKreHHi 30HM MaroThb JOCHUTH HeEPiB-
HOMIipHUH PO3MOJIiA TIO0 JOBXKUHI, gka Bapiroe Big 0 mo 1730 mmap ocHOB.
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Y bGakTepiaAbHOMY T€HOMi IPHUCYTHI TaKOX MOOIABHI €A€eMEHTH KAacy
dHK-mpaHcno3oHie, 1IIAKOM aHAaAOTIYHI TPAHCIIO30HAM y MeHOMax eyKapi-
oTiB (aUB. po3mia 6). BakTepiasbHi TPAHCIIO30HHU IIOMIASIOTH Ha ABa THUIIH,
fKi JenIo pi3HAThCS MiK coboi0 3a 0yI0BOIO IIOCAILOBHOCTEH i OBXKUHOIO:
[S-eaemenTHn (insertion sequences), po3mip grux Bapitoe Big 700 mo
1400 map ocHOB, i BaacHe TpaHcrio3oHu (Tn) 6iasmioro poamipy. TpaHcrio-
30HH 000X THIIIB 4aCTO MICTATH T'€HH mpaHcno3asu. TpaHcrosasa 3maikic-
HIOE KaTaai3 XiMIiYHHX peaxIliifi, gKi 3a0e3eduyoTh IIePEeMIIlleHHsS TpPaHC-
IIO30HA B iHIIIE Miclle reHoMy (aAuB. po3xaia 6). KpiMm reHiB TpaHCro3asu
y ckaaai Tn-TpaHCIIO30HIB MOXKYTh OyTH MIPUCYTHIMHU iHII MeHH.

Pemnaikanis OakTepiaAbHOI XPOMOCOMHU PO3MOYHHAETBCSI 3 MIASHKH
OPHUIKUHY (IK IIPaBHAO, €IHMHOIO, Po3mia 1) i IpomoBKyeTbcd B obuaBa
0OKM mBOMa pPENAIKATHBHUMHU BHAKaMH (puc. 5.1). BBaxkaeTbcd, 110 opH-
JDKUH TIPU IIEOMY B3a€MOMIE 3 KAITHHHOIO MeMOPaHOI0; Mi3K HOBUM (IIIOHHO
CHHTE30BaHUM) i cCTapUM OPHIXKHMHAMU IIifl Yac penaikaliii HapoulyeTbcsa
KAITUHHA 000AOHKA, TI0 3aBePILIEHHI peraiKallii Bii0yBaeThCs ITOIiA JOUipHiX
KAITHH — [0 KOXKHOI IepeXOAuTh TOBHUH MaTepUHCHKUI Halip I'eHiB.

OpHAOKHH

PenaikaTHBHA
BHAKA

Puc. 5.1. Cunxponizania pemnaikariii
Ta KAITHHHOTIO ITOiAY OaKTepiaAbHOI KAITHHU

XapaKTepHOIO BiA3HAKOIO OakTepili € HAsABHICTh Y KAITHHI, ITopdan i3 6ak-
TepiaAbHOIO XPOMOCOMOIO, HEBEAMKHX aBTOHOMHHX E€AEMEHTIB TeHOMYy —
nna3smio. Ilaazmina € nupkyasapHoro MoaeKyaoro [IHK (tumoBuii posmip
0AM3BKO 3 THC. IIap OCHOB), SKa MICTHUTb KiAbKa I'€HIB i pemnaikyeThcda He-
3aA€XKHO Bif OaKTepiaAbHOI XpOMOCOMH (Ma€ BAACHUM OpHIKUH). [Ira3mi-
AU IINPOKO BUKOPHUCTOBYIOTBCS GK 3PYYHHU IHCTPYMEHT MOAEKYASPHO-
0iOAOTIYHUX MOCAIMKEHB (AUB. pPo3mdia 9).
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OBMIH I'EHETIYHVM MATEPIAJIOM
MDX BAKTEPIZIMU

Xoya OakTepii PO3MHOXKYIOTBCH MIAIXOM KAITMHHOTO IOMiAy, YV HUX
CIIOCTEPIraeThCd TaKOXK CBOEpPimHUM "cTaTeBHUH IIpollec’ IIEPEHECEHHS re-
HETUYHOIo MaTepiaay Bim omuiel KaiTmHHM no iHmioi. Take mepeHeceHHS
BiAOyBa€ThCA ITiZl Yac koH'rozayii — Oe3rocepeHbOTO KOHTAKTY MiXK KAi-
TUHaMHU. 3aAeKUTh KOH'IOTallid BiJ IMPHUCYTHOCTI B OAHIM i3 KAITHH 0c00-
AUBOI maa3Minu — F-¢pakmopa (paxkTopa pepTHUABHOCTI) — gKa, 9K i 6araTo
IHITMX TTAQ3Min, MO3Ke iCHyBaTH aBTOHOMHO, a MoxKe BOyZIOByBaTHChH y Oa-
KTepiaAbHY XPOMOCOMY IIIASIXOM caiT-crienudidHoi pekombinaiii. B E. coli
icHye aBa "craTeBi' THIHM KAITHH, 10 ITo3Ha4YarThesd gk Fr i F-) — koH'tora-
ig cynpoBonaxKyeTbcda nepeHecenusm [JHK Bing kaituau F+ mo F-.

F-pakTop MicTUTH KiabKa I'€HIB, ¥ TOMY YHCAi Taki, 110 BiAIIOBiZAIOTH
3a YTBOPEHHS TaK 3BaHUX N8 — TPyOUaCTHUX BUPOCTIB Ha IIOBEPXHi KAi-
TUHU. [liAl 3'€eAHYIOTBCS 3 pellelITopaMU KAITHH F-, 1 MiXK KAITUHaMHU ABOX
TUIIIB YTBOPIOETBCA IUTONAA3MAaTHYHHUM MicToK (puc. 5.2). Cneuudivyna
HyKAeasa poOuTh omHoaaHIforoBuil pos3piz y AHK F-dakrtopa, iHTakT-
HHUH AQHILIOT CAYTYE MaTpPUIEI0 Aas A00yamoBHU 3'-KiHIld, 110 3aAUIINBCH B
Micii po3pi3y, — BinOyBaeTbcsa pernaikania nupkyagpHoi JIHK F-dakropa
3a Tak 3BaHUM THIIOM KilbYsl, WO KOMUmMbsbcsl (TAaKUH MexXaHi3M periaikartii
BUKOPHCTOBYETBCH TAKOXK OAd KomitoBaHHs [IHK 6aratpox 6akTepioda-
riB). IIpouec mobymoBu 3'-KiHII BUIITOBXYE S'-KiHIIEBY OIHOAAHIIOTOBY
[IASHKY, Ka IIPOHHUKAE y KAITHHY F-, e BUKOPHCTOBYETBHCH SIK MaTPHUIIT
oadg cuHTe3y apyroro aaHirora /IHK. ¥V pesyaprarti kaitnHa F- mepeTBopro-
eTbcd Ha F* (puc. 5.3).

YacroTa KOH'IOrailii Ta rogBO€HHs i mepeHeceHHs F-dakropa € HeBU-
cokomo (~10-9), akmo F-¢akTop icHye aBTOHOMHO Biz 0akTepiaabHOI Xpo-
MocoMHU (gK Ha puc. 5.2). Koau F-chakTop BOymoByeTbCa B OakTepiasbHY
XpoMocoMmy, dacToTa 3poctae A0 102-10-! — taki mrramMu kaiTuH F* mozHa-
garoTbcd 9K Hfr (high frequency recombination). IIpu KoH'roramii KAiTHH
F- i Hfr BOymoBauuii F-pakTop iHilliloe peraikarliro 3a THIIOM KiABIId, IO
KOTHUTBCH, 11iA0i 6akTepiaabHOI XpomocoMu (puc. 5.3): y kaituHi Hfr xpomo-
coMa BiOHOBAIOETBCH, Y KAITHHY F- mepeHocuThca ii Komida. Hacnpasai x
IIina XpoMocoMa IIOTpalAsie 00 KAITHHU F- qyske pioko — gK IpaBHAO, Bif-
OyBa€eThCd MOPYLIEHHS KOH'IOralifinol TpyOKU #l po3pHUB XPOMOCOMH, KOT-
pa IEepPeHOCUTHhCS, (AK BUOHO 3 pUC. 5.3, IIe He IOPYLIYE BUXIIHY XPOMO-
coMmy y KaiTuHi Hfr — Tam 3aBxkau € inrakTHuil aauigor JHK, akuii moxe
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OyTH BUKOPHUCTAHHUI Y POAL MATPHII MIAS BiZTHOBAEHHS I[iAICHOCTi JBOAaH-
mroroBoi MmoaekyaHu). OCKIABKM Ha IO4YaTKYy IIPOLECyY B KaiTuHy F- morpar-
Asie AuIlle yacTuHa F-dakTopa, a 1106 BiH OITMHUBCH TaM MIOBHICTIO, BUXi-
[JHa XpoMocoMa Ma€ 3poOUTH ITOBHUM "06epT" (puc. 5.3), SK IpaBHAO, KAi-
TuHa F- He nnepeTBoproeThcd Ha F+ rmpu KoH 'torartii 3 kaiTuHoIo Hfr.

Xpomocoma
( ) 4 )
= .
5
On_J Wt
F-dakTop *
4 N\ ) 4 )
<
ORr>
\_ @ J ©J \_ O ﬂ v

Puc. 5.2. [Tepenecenna F-dakropa 3 kaituau F+y F-

Puc. 5.3. [lepenecenna [IHK Bixg xaituuum Hfr no F-,
JHK inTerpoBanoro F-akropa mo3HaueHO YepPBOHUM
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Koamu B kaiTuHi F- onmmHgeTbca yactuHa romoaoriunoi JIHK iximoi 6akre-
pil, MOYHHAETHCSI TOMOAOTIYHA peKOMOiHallis, ormcaHa B po3miai 1, — 06-
MiH giagHkamMu MixK noHopHoio [JHK i JIHK raituHu-penumieHTa. Pe3yaAb-
Tyloda KAITHHAa-PELUIIIEHT 3aAUINAEThCS ramnaoigHoroo — "zatia" JHK, 110
He IoTpanuAa 00 Xa3daicbKoi XpOMOCOMH, MiNaeThcd Aerpagallii Hykaea-
3aMH, OCKIABKH BOHA HE € IIUPKYASIPHOKI. TakuM YHHOM, MiX ABoMa Oak-
TepiaAbHHUMH IITaMaMU Big0yBaeThCd CBOEPiHE YaCTKOBE CXpPEIyBaHH,
dKe MOIKHA OOCAIKYBaTH 34 AOIIOMOTOIO0 3BUYAHHUX METOMIB T€HEeTUYIHO-
ro aHaaisy. Po3rasgsHemo, Hampukaan, cxpelryBaHHda Hfr-mramy amkoro
TUILy 3a reHamu thr Ta leu' (BU3HaA4alOTh 30aTHICTH CHHTE3yBaTH BiIIo-
BiTHi aMiHOKHCAOTH), IKUHM MICTHUTBh TaKOK I'€H YYTAUBOCTI OO CTPEIITOMi-
ouHy StrS, i3 mraMoM F-, o mae reH CTIMKOCTI OO0 CTpenToMinuHy StrR
i MyTaHTHI TeHH thr Ta leu (aykcompocpruili mTam, aKuii notTpebye mpu-
CYTHOCTI BiAIIOBIIHHUX aMiHOKHCAOT y ITOXKHNBHOMY CE€PEIOBHIII):

Hfr, thrt leur Strs x F-, thr- leu- StR.

3 IIeBHOIO YaCTOTOIO0 B TAKOMY CXpEILIyBaHHi yTBOPIOIOTHCH peKoMOiHa-
HTHI 6akTepii gukoro tumy F-, thrt leut StrR, aki MoxHa BigibpaTH, BUPO-
IIyI0YH KyABTYPY Ha CEPELOBHUII 3i CTPEIITOMIIITHOM.

OckiaBKM IlepeHeceHHsd reHiB i3 kaituHu Hfr y F- BinOyBaeThcs mocai-
JOBHO, TIOYMHAIOYH i3 caiiTa iHTerparii F-dakropa (puc. 5.3), MoxkHa Kap-
TyBaTH PO3MIllleHHS T'€HiB y O0aKTepiaabHiH XpoMocoMi (y HOPSAKY IloTpa-
OA9GHHS iX 10 RaiTHHU F-). [Iad 1IbOTO KOH'IOTAIliI0 (HicAd 3MiNIyBaHHS KAi-
THH OBOX TUIIIB y PIIKOMY CEPEZOBHIL) 3yIUHSIOTH IIIASIXOM CTPYIIyBaH-
HA HOpoOipKM dYepe3 IMEeBHI HPOMiKKH dacy. lle m03BoOAHMAO CBOro d4acy
OTpUMATH AeTaAbHI T€HEeTHYHi KapTu 0aKTepiaabHOI XpOMOCOMH (BizmcTaHi
Ha TaKHX KapTaxX BUMIipIOIOTh Y XBUAUHAX) i JOBECTH ii MUPKYASIPHICTB.

F-dakTop, iHTerpoBaHui#i 40 XPOMOCOMH, MOXKE TaKO¥XK BHUpi3aTHUCH
3 Hel 3 YyTBOPEHHSM aBTOHOMHOI Imaasmigu. Take BupizaHHd iHOAI OyBae
HETOYHUM: HiansHKa F-dakTopa 3aanIIaeThCd B XPOMOCOMI, 3aMiHIOIOYHCH
Ha OiASHKY XPOMOCOMM B CKAa/i IIAa3Mifu. YTBOPIOETHCS TaK 3BaHUU
F'-pakTop, 9KkMil 31aT€H MEPEHOCUTH B iHIII KAITHHU OakTepiasbHiI IeHHU
He3aAeXXHO Biz 6akTepiaabHOI XpoMocoMHU (aBHUIllEe cekxcoykuyii). Ilicas Ta-
KOTO IIE€PEHECEHHd MOXKHAa OTPUMATH YacCTKOBO QUIIAOIHI KAITMHH — 34
reHaMmu, 1o rnepebyBaroTh y ckaani F'-cpakTopa. Mixk ocTaHHIM i XpoMo-
COMOIO KAITHHU-PEIUITIEHTA MOXKAWBA TOMOAOTIYHA peKOoMOiHallidg, 10
OpUBOOUTL abo o yrBopeHHs Hfr-kaiTmH i aynaikanii reHiB (oquHOYHUN
KpOCHHTOBep — BOymoByBaHHs F'-¢pakTopa y xpomocomy), abo mo oOMmiHy
OIASTHKaMH MiK XpoMocoMmoio Ta F'-chakTopoMm (mogBitHUNM KPOCHHTOBED).
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BAKTEPIO®DAI'N

BakTepiocaru (bakTepiasbHi BipyCH) MOMIAFIOTHL HA ABA THIHU: &ipy.Jie-
HMHI, SIKi IPOHUKAIOTh y KAITHHY, PO3MHOXYIOTBCH Ta 3yYMOBAIOIOTH PYyH-
HyBaHHS KAITUHU (AIMUUHUL TIASX), 1 NOMIpHI — TaKi, 10 MOKYTb BUKOPHU-
cToByBaTH abo AITHYHUH IIAgGX, abo miagx sizoeeHii, koau [JHK dara 3a
JIOIIOMOTOI0 cadT-crenugiyHoi pekoMmOiHalii (QIUB. HACTYIIHUY ITinpo31ia)
BOyZIOBYeTBhCH B OakTepiaabHUII TeHOM (dar IepeTBOPIOETHCI HA npogae).
B ocranHbOMY BHUIIQIKY 3a HECHIPUATAUBUX [AsS OakTepii yMOB MOXKe Bif-
OyBatucs iHOykuyis baxmepioghaza — nepexia A0 AITHIHOTO IIAIXY.

[Tporiec nmepeHeceHHs MeHETHYHOTO MaTepiasy MixK O6akTepiaaAbHUMHU KAi-
TUHAMH 34 PaXyHOK aKTHUBHOCTI 6akTepiodariB Ha3MBalOTh mpaHcoyKuyiero.
3pmificHIoOTE ii 3a3BH4Yail nomipHi 6akTepiodaru: Iicag IpakTUYHO HE00-
MexkeHoro icHyBaHHA (aroBoi [HK y 6akTepiaaAbHOMYy reHOMIi, iHAyKIlid
iHomi 3ymoBAloe BupizaHHS ¢paroBoi [JHK pasom i3 GakTepiaaAbHUMH i-
asHKaMU. [aai BinObyBaeTbcsa penaikartiga miei [IHK, cuuTe3 6iaKiB 060A0H-
K1 G6akTepiodara (3akomoBaHUX y reHax ¢gparosoi [IHK) i 36upanns ¢aro-
BUX YaCTHHOK. ParoBi 4acTHHKHU IIOTIM iHQIKYIOTBH iHIII KAITHHH, 1 SKIIO
peaaisyeTbca mIAgX AisoreHii, BOymoByioThcd B [HK kaiTuHH-xXa3gina
pas3oM i3 3aXOIA€HHUMHU paHille OakTepiaaAbHUMH TeHaMHu. [0 ITOMipHUX
dariB HaaexkaTb, 30KpeMa, paru P1, P22, A (IuB. HUKYE OTALL JKUTTEBOT'O
nukay ¢gara A). JHK nomipHux ¢ariB MozKe pPo3rasgaTHCS sIK YacTHHAa
OakTepiaAbHOTO T'€HOMY, sIKa iHOI BUXOMUTH 3 ITi[l KOHTPOAIO: TeHU Gak-
Tepiodpara KOOHUM YHUHOM HeE BiApI3HAIOTHCS Bim OakTepiasbHUX, TOOTO
nepeOyBaloTh Iil KOHTPOAEM IIPOMOTOPIB, IO BIIi3HAIOTHCS OaKTepiasb-
Hoto PHK-mmoaiMepa3oro KaiTHHU-Xa3daiHa.

Bakrepiodgaru rpynu T BiZHOCATH M0 TAKHX, III0 PEAAI3yIOTH TIABKHU Ai-
TUIHUH IAaX. K 1 a9 ToMipHUX dariB, iXHiM reHoM npencTaBaeHUH of-
Hi€o AiHilHOIO aBoaaHiroroBoro JHK. THK T-mapaux daris (T2, T4, T6)
MicTuTb Ipuban3Ho 200 THC. map OCHOB, ParoBi I'eHU KOAYIOTH OiAKH CHC-
TeMH pernaikailii (y Tomy gucai ¥ BaacHy [AHK-moaimepasy), 6iaku dparonoi
00OAOHKH Ta II€BHI PeryAdTOpHi OiAKH, IO CIIPHUSIOTH IIEPEMUKaHHIO PO-
00TH KAITHMHHHX CHCTEM Ha KOPHUCTH OakTepiodara. Ilicad mmpoHUKHEHHS
JHK y KAITHHY ITOYMHAETHCH TPAHCKPUIILLS IPynu (paroBUX reHiB OakTe-
piaabHOI0 PHK-T10AIMEpa3010, 3romom — pemnaikaitis ¢gparosoi JHK, cunres
daroBux 0iAKiB, 30MpaHHS YaCTHHOK OakTepiodara ¥ Ai3UC KAITHHU.

150



Posdin 5. Tenernka Gakrepiri, Bipycis i OMHOKIITMHHIX eyKapioTis

AHaAOTiYHO peaai3yeTbcd AITHYHUH mIAgX T-HemmapHUMH QaraMmu
(T1, T3, TS5, T7), AHK sgxux € Tpoxu MeHIIOI 3a po3MipoMm (~40 Tuc. nmap
ocHOB). Bigpasy micasa nmpoHukHeHHd [JHK y KaiTHHY-Xa3sgiHa BinOyBaeThb-
cg ekcrpecia reHa MoHoMepHOi ¢paroBoi PHK-mmoaimepasu, sska maai edek-
TUBHO TPaHCKpUOye iHIli reHu 6akTepiodara.

BakrepiaabHi KAITHHH MaloThb CBOIO cucTeMy 3axucty Bim [JHK Oaxrtepio-
dariB. OcHOBOIO 11i€i cBoepigHOl "IMyHHOI cucTeMH' € pecmpukxmasu — Be-
AVIKA Tpyna crennigyHuX HyKAeas, siKi po3pi3aroTh AHIIIe IeBHI HEBEANYKI
(gacrime yoTHpu abo IICTh HYKACOTHU/IIB) EAEMEHTH ITOCAITOBHOCTI. AKTHUB-
HICTh PECTPUKTA3U 3aAE€KUTH BiJ METHAIOBAHHS IIEBHHX a30THCTHUX OCHOB
y CKaai crenupiyHuX CadTiB PECTPHUKINi: caliTh y craaai OakrepiasbHOI
JHK € MeTuAbOBaHUMH H TOMY HEIIOMITHHUMH JAY PECTPUKTA3U, HEMETHU-
aboBaHi catitu [JHK 6akTepiodara 3aANMIalOThECA YyTAUBHMH.

Kpim dariB, koTpi MmicTatb aBosanIorosy [AHK gk reHeTHyHUE MaTepi-
aa, iCHYIOTH IIe OBi TPyIH (pariB, TeHOM SIKUX € BiOXUACHHSM Bif "KaHOHY'.
[Tepmia rpyma — 6Gaktepiodaru 3 OZHOAAHITIOTOBOIO IHPKyAdpHO [IHK
(pX-174, M13). Ua AHK gocuts MaseHBKA, (ParoBi r'eHU KOAYIOTH TIABKH
10-12 6iakiB. Hampuraaza, reHoM (dKuii OyB IepIIMM i3 IPOYUTAHUX)
©®X-174 (caim yutaTu "¢i-gecaTs") mobymoBaHUNM HAA3BUYAWHO €KOHOMHO:
[EecdaTh I'eHiB (OOMH i3 HUX — I'eH A — gae aBi pi3Hi moaekyau PHK mipu
TPaHCKPHIILii) 3afiMaloTh MPAaKTUIHO BCIO LUPKyAdpHY JHK b6akrepioda-
ra (puc. 5.4). Biabmn ToOro, meKiAbKa I'€HiB IIepeKpPHUBAIOTLCS 3a PaxXyHOK
BUKOPUCTAHHA Pi3HUX paMoK 3unutyBaHHs: reHH A1 C ta C i D neperpu-
BalOTbCS CBOIMHU KiHIgMHU, reHH B, K i E moBHiCTIO MicTATBECS B Mexkax
iHmUX reHiB; Tpu reHu — A, C i K — BUKOPHUCTOBYIOTH YCi TPHU MOXKAUBI paM-
KU 34NUTyBaHHS Ha onHiMt miagani /[IHK (3Buualino, y JaHOMYy BUIIQIOKY BCi
TPU PaMKHU € BiIKPUTHUMH). SIBUIIlE NEPEKPUTTSI I'eHIiB 3a PaxXyHOK BUKO-
PHCTaHHSI Pi3HHX PaMOK 3YHUTYBaHHS CIIOCTEPIraeThCsl TAKOXK JAS KiABKOX
iHImux 6akTepiodarinB i 3ycTpidyaeThbcss B €yKapioTiB.

Y 6akrepiasbHil KAiTHHI (paroBa JHK, 1110 1103Ha4YaEeTHCS SK (+)-AQHIIIOT,
BUKOPUCTOBYETBECA K MATPHIA OAS CHUHTE3y (—)-AaHIfora. Y pe3yAbTarTi
YTBOPIOETHCS ABOAaHIloroBa IupkyaspHa [JHK, 3 Hei TpaHCKpHOYIOTHCH
IFeHH ((—)-AQHIIOT € MaTPUYHUM), i BOHA, ITiCAS OTHOAAHIIOTOBOTO PO3PUBY
B (+)-AaHIII03i, BUKOPUCTOBYETBHCI [OAd peENAikallii 3a THIIOM KiABIlg, III0
KOTUTBHCHA (AUB. pHUC. 5.2): Ha LUPKYASIPHOMY (—)-AQHIIO31 CHHTE3YETHCH
BEeAMKa KIABKICTBb KOITiM (+)-aaHIliora, pparMeHTH Hapi3aloTbCs, 3aMUKa-
IOTBCH B KiAblle # YIIAKOBYIOTBCS Y (paroBy 000AOHKY.
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3981-136

B K

A* 5075-51 51-221
4497-136

2931-3917

2395-2922

Puc. 5.4. I'enom Gakrepiodara @X-174.
[To3HAYeHOo [I0YaTOK Ta KiHeIllb KOXKHOIO0 I'eHa,
3araavHa goBxkuHa [JHK — 5386 nmap ocHOB

OcranHga rpymna 6akrepiodariB (R17, F2, MS2) MicTUTh K T'€HETHY-
HUll Matepiaa moaekyay PHK, ne € tiabku gyotupu resu (parosa PHK ox-
Ho4dacHO cayrye gk MPHK), mo konyroTs: PHK-3arexxny PHK-nioaimepasy,
dKa 3[iicHIoE KorritoBanHd (paroBoi PHK; nBa 6iAku 060A0HKHU; 6iAOK, 110
3abe3neyye Ai3UC KAITHHH. TakKUM YHMHOM, Ii HaliMeHIIi 3 yCiX BimoMux
BipyciB 3MiMCHIOIOTE HaAWIIPOCTIIINN HIASIX Ilepeaadi cragkoBoi iHdop-
mauitii — tiabku 3 PHK Ha PHK i Ha 0iaoK.

CAUT-CIHELIM®IYHA PEKOMBIHAIIIS

JK nmpuraan cart-crerndiyHoi pekoMmOiHalii po3rasHeMo yKe 3rana-
Hy iHcep1ito (iHTerpaitito) [JHK 6aktepiodara A B baKTepiasbHy XpOMOCO-
My. ¥ craazi ¢paroBoi [IHK e ca#iT attP — miaguka goBxkuHOo0 270 map oc-
HOB, y CKaazi 6aktepiaapHoi [IHK — caiiT attB (23 mapu ocHoB). Obunsa
CalTH MaloThb MIASHKY CIIiABHOI (200 IOMOAOTIYHOI) ITOCAITOBHOCTI HOBXKU-
HOI0O 15 map ocHoB. [IBa 6iaku — GakrepiaabHuii IHF (Integration Host
Factor) i nponykT oxHoro 3 reHiB 6akTepiodara iHmezpasa — 3B'SI3YIOTHCSI
3 IIUMU cadTaMu (puc. 5.5).
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Ilepuia
A OHK napa
PO3pHBiB
attP L attB ; InTerpasa
/.
BakTepiaapna [THK
ﬂpyra O6Mmin
mapa AQHIIOTIB
po3pHBiB
Crpykrypa
InTerpamis Xoainea

Puc. 5.5. Iurerpamia JHK ¢ara A B 6akTepiaabHUE TeHOM

[rTerpasa 3miliCHIOE [Ba OJHOAAHITIOTOBI Po3pi3M B OakTepiasbHiH i da-
rogiti /THK, micag 4yoro BimgHoBAIOE dpocdomiedpipHUii 3B'930K, ase 3 BiAIIOBII-
HHUM KiHIIEM iHIIIOro ayIiAeKca — BinOyBaeTbcd OOMiH AaHIforaMu. Ha 1ipomy
eTalri yTBOPIOEThCH KOHQIrypallid YOTHPHOX AQHIIOTIB, €KBiBaA€HTHAa
CTPYKTypi Xoaimesa (muB. Takox puc. 1.25). Ilicag 1poro 3aiMiCHIOETBCH
Apyra Irapa po3pHBiB i 0OMiHIB AQHIIOTAMH, II0 ¥ 3YMOBAIOE iHTeTrpallio.

PosragnyTuii mOpuKAa yKa3ye Ha OCHOBHY pPI3HHUII0 MiX calT-
CcrieriuivHOI0 Ta TOMOAOTIYHOIO PEKOMOIHAIliIMHU: SKIIIO IIPU TOMOAO-
riyaii pexkomoOinaritii agBi moaekyau [JHK ymizHaroTh omHA OMHY IIASIXOM
HOPIBHAHHSA CBOIX IIOCAIZOBHOCTEH y3M0BK BEAUKHUX MIASTHOK (OUB. PO3-
mian 1), caiit-cienudiuyHa pekoMmOiHamig mnepenbadae HagBHICTH TaKOK
TOMOAOTIYHUX, are KOPOTKUX €AEMEHTIB ITOCAIJOBHOCTI, III0 BITi3HAIOTh-
cda cuenuiyHUMHU OiAKaMHu.

[Iportecu cadiT-crienudivyHoi pekomOiHalii 3a MexaHi3MoOM, IIAKOM
AHaAOTIYHUM PO3TASHYTOMY, OAyKe MOLIUpPeHi B O6akTepiodariB, mpu iH-
cepliii mAa3Mig B OCHOBHHH I'eHOM y OakTepill i ApixKaKiB, BUPi3aHHI IAa-
3mig. [IpakTU4HO cadT-crierudiYHOI pPeKOMOIHAI€I0 € 1 mepeMileHHs
JHK-Tpancmniozona. lllo cTocyeThCcs BUIIUX €YKAPiOTiB, OMHUM i3 TOAOBHUX
IIPOIIECIB, ¥ XOMi SKOT0 BUKOPHCTOBYIOTBECS MeXaHi3Mu calT-crienudivHoi
pekoMOiHallii, € qo3piBaHHS iMyHOTAOOYAIHOBHUX T'eHIB (po3mia 6).
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XXKUTTEBUM IINKJTI BAKTEPIOMDATA A

XKurreBuil IMKA ara A € YyJOBUM IIPHUKAAZIOM H00pe BHUBYEHOI CHC-
TEeMH PeryAsdiii TpaHCKpHUILii B MacuITabi xouya ¥ HEBEAUYKOTO, aAe I[iAOTO
reHoMy. Ilicag TpoOHUKHEHHdA B OakTepiaabHY KAiTHHY Ainitina [IHK 6ax-
Tepiodara A 3aMUKaETLCHA B KiAblle OakTepiaabHOIO Airazorp. 'enHom dara
MICTUTBH T€HHU, 9Ki BiAIOBIIAIOTH 32 CUHTE3 OiAKIB MOAOBKHU Ta XBocTa a-
roBOi YaCTUHKH, penaikarrito paroBoi [IHK, ai3uc 6akrepii, pekombiHaIlio
(BOymoByBanHs ¢paroBoi [IHK y 6akTepiaabHUM I'eHOM), i KiAbKa PEryASTOp-
HUX I'€HiB, 1110 KOAYIOTH (PaKTOPH TPaHCKPHUILIi (puc. 5.0).

I'enn
pexombGinanii

'ean
TOAOBKH

Fenn
Aizucy

T'enHu xBoCcTAa

Puc. 5.6. [upkyaapua /ITHK Gakrepiodara A.
CTpiroYKaMHU ITI03HAYEHO IIPOMOTOPH Ta HAIPSIMOK TPaHCKPUIIILIi:
3€A€Hi — CHABHI IIPOMOTOPH, YEPBOHI — TaKi, 1110 TOTPeOYIOTH aKTHBAITii.

Binpasy micaa iadgekuii PHK-moaiMmepasa 3B'I3yeTbCs 3 ABOMAa CHAB-
HUMU ITpomoTtopamu Pr i PL (puc. 5.6), 3 9KHX BigOyBaeTbCs TPAHCKPUIIILid
y IIPOTHAEKHUX HAIIpsIMaxX Ha reHax cro i N BigmosigHo (puc. 5.7). Obuasa
FeHU 3aKiH4YYIOTbCS T€pMiHaTOpaMH, aAe IIIOMHO 3'dBAdeTbcs 0inoK N, BiH
BHKOHYE POAb aHTUTEpPMiHaTopa — 3abesrnedye irHopyBanHHs PHK-moai-
MEpa30l0 CUTHaAIB TepMiHallii, i BOHa IMIPOAOBXKYE CHHTE3YBATH ITOAIITUCT-
pouny MPHK Ha clIl Ta reHax pekombOiHarii (i3 mpomoTopa Pi) i cll, renax
permaikanii Ta Q (3 mpomoTopa Pg). Ilicad FOro MOXKAWBE PO3TraAysKEeHHS
Ha [ABa aAbTE€PHATUBHI IIASIXH.

154



Posdin 5. Tenernka Gakrepiri, Bipycis i OMHOKIITMHHIX eyKapioTis

Posraguemo cnouaTky Imagx aizoreHii. [IpoaykT rexa cll — akTuBaTOop
TPaHCKpPHUIILi, akui 3abe3nedye 3B'a3yBanHs PHK-moaiMepasu 3i crabkum
npoMmoTopoM Pgre. I3 1iporo mpomoTopa (y HAIpsSMKY, IPOTHUAEKHOMY Ha-
OPAMKY TPaHCKPHIILLI cro, puc. 5.6) TpaHCKPUOYETHCH I'eH cl, IPOAyKTOM
aKoro € 0inok A-pemnpecop. Kpim Toro, 6iaok CII akTuBye reH iHTerpasu
(MicTuThCH cepen reHiB peKoMbiHallil) — pepMeHTYy, 110 3abe3redye BOYyI0-
ByBaHH4 darooi [JHK y renom kaiTnmHHu-xasdgina. IITpoaykT rena clil 3a-
xumae 6iaok CII Big GakTepiasbHHX mpoTeas, TOOTO ITABUIIYE YacC KUTTHI
akTuBaTopa. OTxKe, 3a yMOBH BHCOKOI KoHIleHTpallii ClI 3'aBageTbcda 11eB-
Ha KIABKICTB A-pempecopa, a daroBa [JHK BOymoByeTbcs iHTErpasoro
B OakTepiaabHHHE reHoM (puc. 5.7).

cro
(]
. _I Penpecis

® I-

cltra N
T'enn T'enn
pexomOGinaii penairamii

:

clll cll 0
DO

@ I'enu Aizucy

Ta 000AOHKH
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|
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’ A-penpecop
\Penpecin

[
crora N

D ]

InTerpanisa

Puc. 5.7. CxeMa peryaduii TpaHCKpHILIi B 3KUTTEBOMY IIHKAi hara A.
[IpsIMOKYTHUKH — TPAHCKPUIITYU, OTPHUMAaH] 3 BiAIIOBIIHUX T€HiB, OBaAHd — OiAKHU

Penipecop Mae copifHEHICTH OO OIEPATOPHUX AIASHOK, po3TalloBa-
HHUX MixX rmpomoTtopaMu Pr i Prv, a Takox y 30HI mpomoTtopa PrL. Bzaemo-
[il 3 ommepaTopaMu Belle OO OAOKyBaHHA IIpoMoTopa Pr reHa cro Ta aB-
TOMaTH4YHO OAOKy€ BCi I'eHH HOpaBopyd Bim Hporo. Tak camo pemnpecop
6a0Kkye mpomMoTOop Pr, TOOTO TpPaAHCKPHIIILI0 BCiX reHiB AiBopyd Bim N.
Pa3zom i3 TuM pemnpecop € aKTHBaATOPOM BAacCHOTO Ir'eHa c! i3 mpomoTtopa Pru.
Orxe, Ha cramii aizoreHii TiabKYU reH cl € akTUBHUM (puc. 5.7). Hakomu-
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YeHHsI pelpecopa Ta HACHYEHHd HUM OIEPaTOPHUX MIATHOK 3yMOBAIOE
BUMHKAHHS I[LOTO IIPOMOTOPA — 3a IMPUHIIUIIOM 3BOPOTHOTO 3B'SI3KYy PEIl-
pecop miaTpuMye aKTUBHICTB CBOTO T'eHa Ha IIEBHOMY OIITHUMAABHOMY PiBHI.

Arino 6akTepis magaeTbcd Aii MyTareHiB, KOAM BUHUKAE PH3UK 3aTH-
Oeai kaiTHHU (pa3om i3 BOymoBaHoio ¢aroBoro /IHK), BinOyBaeThcsa akTH-
Ballig neBHOI 6akTepiaabHOI MpoTeasH, siKa TiAPOAI3YE MOAEKYAY PEIPECOo-
pa, pe3yAbTaToM d4YOoro € BTpaTa Horo crnopigHeHocti o [JHK. Yracaimok
3BiabHeHHs IpomoTopiB Pr i Pr PHK-moaimepasa 3B'a3yeTbca 3 HUMU
¥ moumHae TpaHCKpuOyBaTu reHu cro Ta N, ToOTO 3HOB BHHHKAE CHUTya-
IIis, III0 CIOCTEpiraeThbCcd Bimpasy ITicas iHQEKIii — crIpanboBYIOTH I'€HU
pekombiHaitii, cll, penaikamii Ta reH Q. Aae npu 1bomy 6isok CII mBHAOKO
[erpanyeThcs IIpoTea3aMHi, He BCTUTAIOYM aKTHUBYBATH CHHTE3 PEIPEeco-
pa. Taka cama curyallisg (BUCOKa aKTHUBHICTBH IIpoTea3s) MoOKe, 3BUYalHO,
peaaizyBaTucd Bimpasy micad iH(QeKIii.

Birok Cro 3amoBHIOE Ti caMi OIlepaToOpHi AIASHKH MiXK HPOMOTOpaMH
Pr i Prm, ane Termep 119 B3a€EMO/Iid OCTATOYHO BHMHUKAE CHHTE3 perpecopa
3 npomoTropa Prm. Ilomaasblie 3arioBHEHHS oIlepaTopiB IIPU 3pPOCTaHHI
kKoHIeHTpauii Cro BHMHKae TPAHCKPHUIIIIO Cro i I€HiB IIpaBoOpyd Bif
HBOTO, TaK CaMo, 9K i reHiB AiBopydY Bizm N 3a paxyHOK 3B'sidyBaHHsS Cro
3 orlepaTopaMH B 30Hi IpoMoTopa PL. Aae rOAOBHUN HACAILOK aKTHUBHOC-
Ti cro mmoasirae y nosiBi 6iaka Q.

[ITe onuu npomoTop Pr € HacmpaBai CHABHUM, ase Bimpasy 3a HUM
posramoBanuil TepMmiHaTop — PHK-nmoaimepasa y BincyTHOCTi Q cuHTe-
3y€ 3 IIBOTO IIPOMOTOPA KOPOTKUP HepYHKIIIOHAABHUN TPaHCKPUIIT.
Birok Q cnpalboBye SK aHTHTEPMiHATOP, 3a0€3MeYyIodYn JOAaHHS IHO-
ro Gap'epy. Y pesyabTaTi BigOyBaeThCcd CHUHTe3 moaintmcTpoHHoi MPHK
Ha TeHax Ai3ucy Ta 6iAKiB 000AOHKU (IIpaBopyd Bim Q), mapaseAbHO aK-
TUBHICTb TIeHiB pekoMmOiHalii 3abe3neuye BupizanHsa daroBoi [AHK,
a reHiB pemnaikarii — i ammnaidikaniro: 3AifiCHIOETBCA 30UpaHHA (haro-
BHUX YaCTHUHOK 1 Ai3UC KAITHHH.

PosrasiHyTa OHOCHTH CKAaQHA CHCTEMAa PEryASIlii TpaHCKPHIIIii IOPiB-
HSHO IIPOCTOTO reHOMYy OakTepiodara A Ma€e maTH YIBAECHHS IIPO Te, Ha-
CKIABKHM YCKAQIHIOETBCH 3arasbHa CHCTEMa pPEryAdllii TpaHCKPHUILii y
OakTepiil i THM Oiablle — B eykapioTiB. HacnpaBai ckaamHicTh 3araabHUX
CHCTEeM BHYTPIIIHBOKAITHHHOI peryadilii, SKi 3asekaThb Big TOHKOTo 0Oa-
AQHCY BEAMKOi KiABKOCTi Pi3HOMAaHITHUX BIIAUBIB, 3aAHIIAETHCHI OyKe
JAAEKOIO BiJl OCTATOYHOI'O PO3YMiHHA4.
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BIPYCH EYKAPIOTIB

Bipycu, 1110 po3MHOXKYIOTHCH B €YKapPiOTHYHUX KAITHUHAX, IIPEICTaBAE-
Hi BCciMa MOXKAWBHUMH BapiaHTaMHU IIOJI0 THUITY HYKA€IHOBOI KMCAOTH, dKa €
HOCieM reHeTHWYHOI iH(opmarlrii. 3aaeKHO Big IIBOTO Ta BiJ IIAGXY peaai-
3amii reHeTw4yHoi iHdopwmarii Bipycu momiasgioTe Ha ciM KaaciB. [lagxu
eKcCIIpecii mAs IIecTH 3 HUX II0OKa3aHO Ha pHC. 5.8, CboOMUH KAac IIOEIHYE
BaacTuBOCTI KaaciB | i VI. Ilpu ekcnpecii BipycHOI criaakoBoi IIporpamMu
BPELITI-pelIT CUHTE3yeTbcsd Moaekyaa MPHK, 1110 cayrye matpuiiero nag
CHUHTe3y BipyCHUX O0iAKIB KAITHHHOIO CHCTEMOIO TpaHcadilii. IToaiHykaeo-
TuaHuil aaHmor MPHK nozHauaroTh sK (+)-AaHIIOT, BiH KOMIIAeMeHTap-
Hu# (-)-aanmrory abo [AHK, abo PHK.

OHK-Bipycu PHK-BipycH
I II III v v VI
+ + + + c—
4 — - — - l

N oL

=+

MPHK

Puc. 5.8. [Ilagxu peaaizarii cmagkoBoi iHgopMmariii B 1iecTu KaaciB BipyciB.
Aanrroru [JTHK cuni, PHK — gyepBoHi

Bipycu kaacy I mictate asoasanmorosy JHK i, BiAnoBigHO, BUKOPHUC-
TOBYIOTHh KQHOHIYHUH INIASIX peaaizarii criaakoBoi iHdopmariii. Biabnricts
i3 HUX (ameHOBipycH, 0aKyAOBipyCH, BipyCH repriecy, mamiAoMaBipyCH AO-
ouHH, Bipyc maBou SV-40) 3aCTOCOBYIOTH TPAHCKPUIIILIWHUN arapat Kai-
TUHU-Xa3siHa gag cuHTe3ly MPHK, pemnikaris BipycHoi JHK 3xificHIO€TBCS
Yy KAiTHHHOMY sapi. Po3mip reHoMmy Bapitoe Bifg 5,5 g0 150 Tuc. rmap oCcHOB.
9k i 6akrepiodaru, i JHK-Bipycu MOXKyTb peaaidyBaTH Ai30T€HETHUYHUH
mIAgX, 30epirarouyuch y Te€HOMi KAiTHHH-xXas3diHa. [lokcBipycu (Bapioaa,
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BaKIIUHis), III0 TAKOXK HaAeXaTb 0 Kaacy I, marors JJHK gocuts BEAHKOro
po3Mmipy (~200 Tuc. map OCHOB) i BAacHi (pepMeHTH, 3a AOIIOMOTOI0 SIKHX
3MIHCHIOETBCA TPAHCKPHIILA Ta penaikania BipycHoi JIHK y nuronaasmi.

Bipycu kaacy II, 30kpeMa napBOBipyCH, MICTATh ofHOAaHIorosy JIHK
(~S THC. HyKA€OTHAIB) — y BipyCHHUX YaCTHHKAaXxX pPi3HUX BipyciB € abo
TIABKH (—)-Aa@HIIOT, 200 OAHUH i3 ABOX THUIIIB AQHIIOTIB. Y Oyab-IKOMY BH-
naaky Ha omHoaaHIoroift [JHK y kaiTuHi BigOyBaeThbCcsa CHHTE3 iHIIIOTO
AaHITIOTa, Iricag 4oro aBoaaHioroBa [IHK cayxkutk cybGcTpaTroMm mnasg
TPaHCKPHIILi Ta peraikarii.

PHK-Bipycu kaacy Il — peoBipycH — BUKOPHUCTOBYIOTH ABOAAHIIOTOBY
PHK gk cxoBuile criagkoBoi iH¢gopwmailii. BipycHa yacTWHKa MiCTUTB
10-12 okpeMHUX MOAEKYA MOBXKHWHOIO 1-4 THC. Iap OCHOB, a TaKOXK BAACHI
depmeHTH, 110 3AiHACHIOIOTH y IuTonaasMi penaikartirto PHK i ammnaidika-
ito (+)-aaxirora gk MPHK naa cuaTe3y 0iAKiB.

Bipycu kaacy IV — moaioBipycH, IMiKOpHaBipyCH — MaloTh OLHOAQHIIO-
roBy PHK (7-10 Tuc. HyKAeOoTHiB), sska € (+)-aauirorom — PHK Ge3mnocepe-
OHBO KOAy€ BipycCHIi OiakH ¥ ToMy iH(pekIilifiHa cama 1o cobi. Bipycua PHK
€ MaTpPUILIEIO [AS CHHTEe3y (—)-AaHIIOTIB, SKi 1aal BUKOPUCTOBYIOTBECS IAS
cuHTe3dy Oiablloi KiabKOCTi (+)-aaHittoriB. Ha (+)-aaHIrosi BigOyBaeTbcs
CHHTE3 €MHOTO IIOAITIENITUAY — IIOAIIPOTEIHY, — SKUU IIOTIM PO3pi3aeThcd
Ha OKpeMi BipycHi OiAKH.

PHK BipyciB kaacy V — opTOMiKCOBipycH, 30KpeMa BipyC TpHILYy, —
€ (-)-aanmrorom (~12 THC. HYKAEOTHUIIB, iHOAI PpO3diA€HA Ha OKpeMi
dparmenTy). Bipycu BukopucTOByIOTH BaacHy PHK-moaimepasy maa
cuHTedy (+)-aaHiroriB MPHK.

Bipycu raacy VI — peTpoBipycH, 30KpeMa BipyC iMyHOIeIIIUTY AIOIM-
HHU — MicTaTh aBa igeHTH4Hi (+)-aaHmtorn PHK (5-8 Tuc. HyKaeoTHAIB)
i BukopucroByiotrh [IHK gk mpomixKHY cTanito ekcrpecii criagkoBoi iHop-
Maitii (puc. 5.9). ¥ BipycHi¥ 9acTHHII € TaKOX ABa (pepMEHTH: 380pOMHA
mparckpunmasa (PHK-3asexxna [IHK-nmoaimepasa) Ta inmezpasa. 3BOpoT-
Ha TpaHCKpHUIITasa 3AiMCHIOE B IIUTONIAA3Mi KAITMHU CHHTE3 KOMIIAEMEH-
TapHoro aaHmrora [IHK i3 BukopucranHam BipycHoi PHK gk marpumoi Ta
moaekyau TPHK gk mpatimepa, micas goro cuHTeldye apyruit aaxior JHK.
BoaaniroroBa [AHK, 1110 MicuThk reHu iHTerpasu, 3BOPOTHOI TPaHCKPHUII-
Tas3u, 0iAKiB BipycHOi 060A0OHKH Ta noBri moBTopu Ha KiHIgx (LTR - long
terminal repeats) y KOMIIA€KCi 3 iHTerpas3o IpaMye OO0 sgapa, e iHTerpa-
3a spaivicHoe iHcepitiro miei JJHK y renom. Y Takiti popmi nposipyca Bipyc-
Ha [IHK Mozke icHyBaTH B T€HOMi OOCUTBH HOBro. IIpu aktuBalii TpanHc-
Kpuilii Ha mmpoBipyci kaitmHHOI0 PHK-110AIMEpaszoio cuHTe3syerbess MPHK
(o € omHouyacHO BipycHo®o (+)-PHK), BinOyBaeTbcs TpaHCAALiS Ta op-
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MyBaHHS BipyCHHUX YaCTHHOK. K IIpaBHAO, PETPOBipyC He BOMBA€E KAITH-
Hy: [JHK pa3zowm i3 mpoBipycoMm mepenaeTbCcd JOIipHIM KAITHHAM, SKi 3HOBY
3/aTHi yTBOpPIOBATHU BipyCHI YacTHHKHU. 3pO3yMiA0 TaKOXK, IO 3aBASIKU
aKTHUBHOCTI PETPOBIPYCIB € MOKAWBUM II€PEHECEHHSI YaCTUHU I'€HEeTHUYHO-
ro MaTepiaAy BiZl OIHOTO OpraHi3My OO iHIIOrO.

sAnpo IIuTomaazma
Kozayroua Incepuisa
gactuHa LTR
I
. OAHK
lTpchxpunnm
mPHK 3BopoTHA
TPAaHCKpPHIILis
TpaHcaauia
( x> IaTerpasa
@/ Imbexum
@ BBoporua Blpycua PHK
TPpaHCKpHIITa3a

Puc. 5.9. 2KutTeBUH IIUKA peTpoBipyca

Bipycu rpynu VII — peTpoinHi BipycH, 40 HUX HaAeXHUTh i Bipyc remna-
TUTy B, — MicTaTs nBoaanirorony [IHK, BoHa BUKOPUCTOBYETBECH K MaT-
punsa naa cuHtTeldy MPHK, a Takox mperipycHoi PHK (He mokazaHo Ha
puc. 5.8). Lla ocraHHsS € MaTpHIlElo A cuHTe3y BipycHoi [IHK 3a moro-
MOT'0OI0 BipyCHOI 3BOPOTHOI TPaHCKPHUIITA3H.

OOJHOKJIITUHHI EYKAPIOTU

Cepern po3MaiTTd OMHOKAITHHHHUX €YKapioTiB, 9Ki MOXKHA PO3TAIAATH IK
TIPOMIXKHUY €BOAIOIIHHUN ITabeAb Bifl IIPOKapPIioTiB 10 GATATOKAITHHHUX OpP-
raHiaMiB, 3yIIMHUMOCS Ha OBOX HIpHKAanax. [lepinii crocyeTbcs BasKAUBOTO
[AST TEHETUKU EeKCIIEpPHMEHTAaABHOTO O0'€KTa, APYrHi — BHAY, IO peaailye
He3BHYalHi nepeOy0BH CBOTO CIIAIKOBOIO araparty I 4ac PO3BUTKY.
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Hpixxmxki

[pixmaxi, 3 omHOTO OOKY, — €yKapioTH, 3 yCiMa NpUTaMaHHUMH IM 0OCO-
0AmMBOCTAMU (OUB. po3mia 6). 3 iHmIoro 60Ky, Iie HaHmpocTilli 3 eyKapio-
TiB, 10 poOUTH iX (y mepily udepry, Saccharomyces cerevisiae) TOIMyAspP-
HUM MOOEABHUM O0'€KTOM MOCAII?KEHHSI B I'€HETHUIl, MOAEKYASIPHiil 6ioAorii,
Gioaorii KAITHHM, a TaKoX y 6ioTexHoAOTil — moniOHO no OakTepi, ApisKIKi
IIBUIKO PO3MHOXKYIOTBCS ¥ MOCHUTH AETKO IiNAAI0ThCH KYABTHBYBAHHIO Ta
TpaHcdopMmaii (yBegeHHio uyzxkopinaoi JAHK, nus. po3mia 9).

'enomMm S. cerevisiae MiCTUTH ~12 MAH map oCHOB (16 xpomocoMm y rar-
AoimHOMYy Habopi; Kpim xpomocomuoi JHK, mpixkmxki, momibHO mo GakTe-
pifi, yacTo MalTh Yy CBOEMY CKAaQi TAKOXK aBTOHOMHI ItaaszMminu). Tpoxu
OiabIirie 1 % reHoMy CTAHOBAATH IMMOCAIOBHOCTI, 110 TIOBTOPIOIOTHLCS B IIEH-
TPOMEPHHUX i TEAOMEPHHX 30HaX XPOMOCOM, Hemio Oiavmie 2 % — mMobiabHI
eaneMeHTH (Tak 3BaHi Ty-eaeMeHTH, SKi BimHOCAITE Oo Kaacy LTR-perpo-
IIO30HIB — AMB. po3mia 0). ¥Yzaraai IIOCAIIOBHOCTi, III0 IIOBTOPIOIOTHCS
(Brkarouarouu reHu pPHK i TPHK) mopiBHIooTE ~10 % renomy. Ha koagyrodi
IIoCAiTOBHOCTI ~6,7 THC. 0iAKOBHUX reHiB npunagae 6au3bko 70 % reHomy.
CepenHiii po3Mip Komyrodoi mocaimoBHocTi — 480 KomoHIB (Bapiroe Bif
40 mo S5 Ttuc.). Tiabku 6Au3bk0 3,5 % TeHIB MICTITH IHTPOHH y CBOEMY
ckaagi. OTske, reHOM S. cerevisiae € 0YE€BHIHOIO II€PEXiTHOIO AAHKOIO MixK
reHOMaMHU IIPOKapioTiB i BUIIUX eyKapioTiB (AuB. Taba. 1.1; po3mia 6).

[TukA po3BUTKY S. cerevisiae 300paskeHo Ha puc. 5.10. [IuraoigHa Kai-
THHA 3[aTHA PO3MHOXKYBAaTHUCh OPYHBKYBAaHHSIM: Bil0yBa€TbCI MiTO3, IIO-
Oia gaapa, popMyBaHHS KAITHHHOI CTiHKH Ta IIOAiA KAiTHH. B ymoBax He-
cTadi IIOKUBHUX PEYOBHUH 3IIHCHIOETBCS CIIOPYALIlisd, KOAU IUIIAOiTHA
KAITHHA PO3MIAIETHCS HMIAIXOM MeHo3dy. HoTHpH ramnaoigHi Hamagkyu yTBO-
PIOIOTH aCKOCIIOPH, IO iHKAIICYAIOIOTBCS Pa30oM Y CTPYKTYPY, Ky Ha3H-
BaloTh ackoM. CIIOPYASIlisE € MOXKAWBOIO TiABKHU [AS JUMAOITHUX KAITHUH,
reTepO3UTOTHUX 3a AOKycoM MAT, — TaKUX, III0 HECYTh ABa aA€Al IIbOTO AO-
KycCy, gKi nmo3HadaioTbcd SK MATa #i MATo. BiannoBigHo, YTBOPIOIOTEC Ta-
TIAOIIHI aCKOCIIOPU ABOX THUIIIB: a Ta d.

TuII Criopu € Tak 3BaHUM THIIOM CITapIOBaHHsI, a60 CBOEPIIHOIO "CTATTIO"
ranaoimfHuX KAiTHH. [Ipu nepeHeceHHi acka Ha MOXKWBHE CEPEIOBHIIE Bil-
OyBa€eTbC PO3MHOKEHHS CIIOP BET€TATUBHHM IIIASIXOM, a TAKOXK CIapio-
BaHHI MiX "pi3HOCTaTeBUMU' CIIOPaAMHU 3 YTBOPEHHSIM AUIIAOIIHOI KAITHHH.
BukopucToByOUYM acKU pi3HHUX HITaMiB, MOXHAa IIPOBOAUTU CXpPELILyBaH-
HS MiXK HUMH ¥ [OCAIIKYBaTH iXHI pe3yAbTaTH METOJaMU T'€HETHYHOI'O
aHaaizy. [Iag orpuMaHHS 'TiOpUAHUX' IITaMiB 3a3BHUYail BUKOPHUCTOBYIOTh
KOMIIAEMEHTAapHI MeHeTUYHi MapKepH: HaIIpUKAAL, SIKII0 KAITHHU OJHOTO
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HITaMy HE PO3MHOXKYIOTbCH Ha cepenoBHIli 6e3 TpunrodaHy, a iHIIOro —

noTpeOyIOTh TICTHAMH, TO HA BiAIIOBIMHOMY cepeqoBHII MOXKHA BimibpaTu
"TiOpuaHI" TUIIAOIAHI KOAOHII.

o 6pyHBKyeTBCS @ @
TS N
@ o
029 =—Gp

T'anaAoigHa KAiTHHA,
1o GpyHBKY€ETHCS

Ack 3i cmopamu

Puc. 5.10. XurreBuii IUKA ackoMiniera Saccharomyces cerevisiae

SIKI10 i30ATOBATU OKpPEMY aCKOCIIOpY, TO ii IOTOMCTBO, K€ BUHHKHE 3a
paxyHOK OpYHBKYBaHHS, Ma€ CKAQIaTUCS 3 KAITHH omHoro Tumy. [Ipore Ta-
KU nrraM He Oyze HacIipaBi MOHOCIIOPOBHM, SIKIIIO B HBOTO IIPHUCYTHiM
reH HO, skuii 3abe3mnedye IIepeMHKaHHS THIIIB KAITHH: KAITUHA G YTBOPIOE
OpyHBKY THILY o (00 HaBIakH). 3BUYARHO, Y IIbOMY BUIIAAKY KAITHHU Pi3HO-
IO THILY, III0 HAKOITMYIYIOThCS, OYAyTh CIApPIOBATHUCH 3 YTBOPEHHSIM IUIIAOIA-
HHUX FeTEPO3UTOT, IKi BPELITi-pelIT i OyayTh IlepeBazkaTH B KyABTYPi.

[lepeMUKaHHA TUIIIB KAITUH y S. cerevisiae € IIPUKAAIOM IIPOTpamo-
BaHOi reHOMHOI mepebymoBu. AoKyc MAT po3TaiioBaHUN y IpaBoOMYy IIA€Ui
TPEThOI XPOMOCOMH: €AEMEHT II0CAIZOBHOCTI Ya abo Yo, KU BH3HaAYa€E
aneabHYy (OPMY AOKYyCY, (PAAHKOBAHHHM KiAbBKOMAa IiHIIUMH €A€MEHTaMU
3 obox OokiB (puc. 5.11, me 300pazkeHO KOHQirypailito, o BigmoBimae
aneato MATo). [TobAn3y Biz AiBoi Ta mpaBoi TeAOMep € ABi Tak 3BaHi KaceTH,
10 SIBASIIOTE CO00I0 aaeai o Ta a BiAMOBiAHO. Aae KaceTH (II03HAYAIOTHCH
aK HMLo Ta HMLa) 3HaxXooaTbCd y CyOTEAOMEPHHUX IeTePOXPOMATHHOBUX
30HaX, i TOMy He eKCIPEeCYIOTbCS — BOHU HEJOCTYIIHI JAS CHCTEMHU TPaHC-
KPUIILil BHACAIIOK A0AATKOBOI KOMIIAKTHU3allil XpOMaTHHY (OAUB. PO34iA 6).
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[Tpu mepeMuKaHHiI TUIIB KAITHH cIpanboBye reH HO, SKUN KOAye CIie-
nudivHy Hyraeady. Hykaeaza HO pospizae aokyc MAT y 30Hi eaemeHTa Yo
(abo Ya). HacrymHi nofii eKBiBaA€HTHI CXeMi TOMOAOTIYHOI peKoMOiHAallii
(mopiBH. pumc. 5.11 i 1.25): OBOAAHIIOTOBUHM pPO3Pi3 PO3IINPIOETHCS
3 YTBOPEHHSAM ABOX 3'-KiHIIEBHX OJHOAAHIIIOTOBUX XBOCTIB, Y XpPOMOCOMi
YTBOPIOEThCS IIETAS M romoaoriyHa kaceta HMLa minBoouTbCd OO 30HU
po3pi3y, BimOyBaeThcd penapaititinmii cunre3 [HK Ha aanirorax [JHK ka-
cetu. PedyAapTaToM € KOHBeEpCid reHa: 3amiHa aokycy MATa Ha aokyc MATa.
O6uABi KaceTH IPH IIbOMY 3aAUNIAIOTHCS B HE3MIHHOMY BUTASIMI, i B Maii-
OyTHIX ITOKOAIHHAX AiBa KaceTa Moxe OyTH BUKOpPHUCTaHA JAS 3BOPOTHOTO
nepeMukaHHs AoKycy MATa va MATo.

IlenTpomepa HO Teaomepa
W X Yo 2122 i W X Ya Z1Z2 X Ya Z1
HMLo. MATa HMLa

|

e e VS @ e B P i e A s e )

ﬂ X Ya z1

CI]—O *

O~ T T~ O T = :\_I

@ h\_

o111~ O+ 1w o— M —O
MATa

Puc. 5.11. Cxema nepeMHKaHHs THIIy CIIapIOBaHHA y S. cerevisiae.
k1o B eHTpi MicTuThcsa AoKyc MATa, nas KOHBepcii BUKOpUCTOBY€eThCca Kaceta HMLa

PesyapTaTom cuntesdy [JHK, 110 306pazkeHo Ha BcTaBii puc. 5.11, 6yae
YTBOPEHHSI ABOX CTPYKTYp Xoaiged (HopiBH. puc. 1.26). K H0OsICHIOBAAOCH
y po3miai 1, € nBa PiBHOMMOBIPHI IIIAIXH PO3MIA€HHS ITUX CTPYKTYP: i3 Kpo-
CHHTOBEPOM MIiX OBOMa AyIAeKCaMHu Ta 0e3 (aouB. Takoxk pwuc. 1.28).
Y Bunaznky, 3o6paxkeHoMy Ha puc. 5.11, KpoCHHToBep MiXK ABOMA AYTIAEK-
caMmy, III0 HaAexXaTbhb OAHI¥ XpoOMOCOMi, 3yMOBHUTD [EAEIIiI0 — BUPi3aHHI Ii-
ASTHKH MK aokycoM MAT i kaceroro HMLa. O1Ke, y LIbOMY pa3si COpsiMo-
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BaHO PeaAi3yIOThCs AMIIIE TaKi BapiaHTH PO3AiA€HHS, gKi He IPUBOAATE 10
KPOCHHTOBEpPY Ta, BiAIOBiAHO, XpOMOCOMHUX abeparliii.

Cain 3ayBaskUTH, 1110 ¥ IIPU MiXKXpOMaTHUAHIHA rOMOAOTIYHIH peKoMOi-
Hawii He 3aBKAM KPOCHHIOBEp i KOHBepCiad 0e3 KPOCHUHIOBEPY € PiBHO-
BMoBipHUME nomiaMu. Tak, mpu peKoMOiHAaIll ITig yac MiTO3y OHUIAOIAHUX
KAITUH OPiKIKIB KpoCHHroBep BimOyBaeThbcd aummie B 10 % pekomOiHa-
mitinux noxifi. TakuM yuHOM, NpUHAWMHI B AEIKHX BUIIaJKaX, IIPOIIECU
TOMOAOTIYHOI peKoMOiHallii MOXKyTh 3[AiHCHIOBATHCS CaMe€ 3 METOI0 KOHBEP-
cii reHOMHOI OIATHKH, SKa 0 He CyIIPOBO/IKYBaAaCh KPOCHUHIOBEPOM.

KacerHuii mexaHi3M IepeMHKaHHS aKTUBHOCTI I'€HiB € JOCHTH IIOIIH-
PEHUM: aHAAOTIYHI IPOIIECHU OIMMHMCAHO AL iHIIIUX BUIB aCKOMIIIETIB, TPU-
na”HocoM i nesgkux Gaktepiii. Kpim Toro, Takuii MexaHi3M HalleBHO peaai-
3yeTbCs IIPU BHYTPIITHBOXPOMOCOMHIM IOMOAOTIYHIN pekomOiHarlii Ha re-
Hax, I0 TaHOEMHO IIOBTOPIOIOTBECS (3a MOPUHIUIIOM, SIKUH iAlocTpye
puc. 5.11, i 6e3 KpOCHHTOBepy), 3 METOIO IMiATPUMYBATH iA€HTHYIHICTh TaH-
OEMHUX KOIi#i: MyTallid B OAHIM 3 TaKUX KOIIifl 3 BUCOKOIO iMOBipHIiCTIO
Oyne eaiMiHOBaHa 3a pPaxyHOK BHKOPHCTAHHS iHINIOI 3 6araTb0X HOPMaAb-
HUX TOMOAOTIYHUX JIASTHOK SIK MaTPUIL.

[ToBepHEMOCH OO0 IIEpeMHKAHHSA THUIIB KAITHH y S. cerevisiae, siKe € Ta-
KOXK nobpe BUBYEHUM IIPHUKAAZIOM B3a€MO/Iii T'eHiB Ha PiBHI peryAditi TpaHc-
kpurnwii. [IprbansHo 1o 11eHTpy AoKycy MATo po3ralroBaHa ornepaTopHa Mi-
ATHKa, II0 aKTHUBYE OBa IIPOMOTOPH, 3 SKHUX BiIOyBa€ThCS TPAHCKPHIIILIS
y IBOX ITPOTHAEKHUX HaIpsiIMKaX. [IpoayKTaMu I1IMX TeHiB € aBa 6iaku ol Ta
02 — TpaHCKpuMLitiHi dakTopu. [lepmuit i3 HUX aKTHUBYE TPaHCKPHIILLIO
I'PYIH T€HiB, sIKi BU3HA4AIOTh CHELMMIYHI 03HAKM KAITUH O-THILYy, APYTHH —
€ PEpPecopoM Iad TPYIH a-CHerudivyHux reHiB (puc. 5.12). [Ipu 1ibomy B ra-
IAOITHUX KAITHHAX 000X THIIIB €KCIIPECYEThCS Tpylla I'eHiB, CHeIU(iTHHX
[AST TATIACITHUX KAITHH y3araai — 3a paxXyHOK aKTHBallil iHIIMM (aKTopoM
TPaHCKpHUIILi. Y KAiTHHaxX a-Tumy 3 AoKycy MATa ekcripecyeTbcda 0inok al,
AKU caM 110 co0i He BIIAMBA€E Ha TPAHCKPUIILLIO 3a3HAYEHUX I'PYII IeHiB, ase
BizicyTHICTE 0iaKiB a1 i 02 3yMOBAIOE aKTHBALIIO0 a-CIIEIIU(PiYHUX (38 BiACYT-
HOCTI perpecopa) i BUMHUKaHHS 0-CITeIH(IiYHUX (32 BiICYTHOCTI aKTHBaTOPA)
reHiB (puc. 5.12). ¥ rerepo3urotHux 3a odboma MAT-AOKycaMu TUIIAOITHUX
KAiITHHaX 0ia0OK al yTBOpPIOE KOMIIAEKC i3 02, SKUH e(EeKTHUBHO OAOKY€E
TpaHCKpUIIIio ol (y pe3yabrari a-crierudigHi reHu 3HOBY BUMKHEHO), a Ta-
KOXK TPaHCKPHIILIIO I'eHiB, CIIeIM(iYHNX AT TaIlAOITHUX KAITHH (puc. 5.12).

Kpim Toro, kommaekc al-a2 € penpecopoMm reHa HO, axkuii He 3paTeH
igimiroBaTH mpoilec pekoMbiHallii, 300pakeHuii Ha puc. 5.11, y gumnaoin-
HUX KAITHHaX. AKTHBAllid IILOTO T'eHa B TAlIAOIMHUX KAITHHaX moTpebye
Habopy MEBHUX aKTUBATOPIB TPAHCKPHUIILLii, [T0sgBa SKUX Y3ro[zKeHa 3 pery-
ASITTI€I0 KAITMHHOIO ITMKAY: BOHH 3'SIBASIIOTBCSI TiabKM Ha Hi3HiM Gl-crapii,
KOAM ¥ MOXKe PO3IIoYaTHCs IIepeMHUKaHHS TUIIIB KAITHH.
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Puc. 5.12. CxeMa peryasitii TpaHCKPUIILIi B AUIIACITHUX i FallAOIMHMX KAITHHAX
nBox TUMIB S. cerevisiae. YepBoHi cTpiaku — MPHK, oBaau —
BiAmoBiaHi 6iAKOBI IPOAYKTH, AKi € paKTOpaMU TPAHCKPHUIILIL TPyl T'eHiB,
KOTpi crienthiyHO BUABASIOTHCA B FallAOITHUX KAiTHHAaxX y3araai (hsg),
a-KAITHHAX (asg) Ta o-KaiTuHax (asg)

Ane peryadriias akTUBHOCTI reHa HO € 1IIe CKAQIHIIIOI0 Ta HE [0 KiHIII
3'acoBaHoio. CripaBa B TOMY, IIIO IIiCAS MiITO3y raraoigHa cropa IIPOooyKye
[Ba TUIIH KAITHH, 9Ki OELI0 PO3Pi3HAIOTHCS 3a BAACTHUBOCTSIMU, — TaK 3Ba-
Hi MaTepHHCBHKY Ta HodipHio. [lepeMUKaHHS THIIIB KAITHH Big0yBaeThCd
TIABKM B MaTEPHHCBHKIM KAITHUHI, OYipHA He 3maTHaA Iie PoOUTH, OCKIABKH
reH HO He akTuByeTbcd. OTXKe, MaTepUHChKa KAITHHA 3MIiHIOE CBiM THUII —
HaIIPUKA3Z, a Ha 0, i BinOyBaeTbCcd MOMIA 3 YTBOPEHHSIM [ABOX 0-KAITHH,
O[IHA 3 IKUX 3HOBY € MaTEpPHUHCHKOIO i 3MiHIOE CcBili TUII Ha a, a iHIIa — J0-
9ipHBOIO, BOHA 3aAUINAETHCH KAITHHOIO O-THILY.

Taka acuMeTpid IIPOAYKTIB MiTO3y € XapaKTEPHOIO0 TAKOXK JAS Aude-
peHLialii KAITHH 0araTOKAITHHHHUX OpPraHi3MiB, KOAU CTOBOypoBa KAITHHA
[a€ MoYaToK CTOBOYPOBIHM KAITHHI Ta KAITHHI, KOTpa € OIiABII criemiaaizo-
BaHOIO Ta TAaKOIo, 10 BTpPaTHAA YaCTHHY IIOTEHIliaAy PO3BHTKY. Po3ragHy-
Ti OPHUKAQOU BinoOpazkaloTh AHWIIE HEBEAWKY YaCTHUHY BHUBYEHUX AT
S. cerevisiae reHETUYHUX MeEXaHi3MiB, SKi JOIIOMAararmTh 3'ICyBaTH 3arasbHi
3aKOHOMIPHOCTI (PyHKITIOHYBaHHS €yKapiOTHYHOTO arapary CIaaKOBOCTI.
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Indysopisn

FeneTwuyHM# amapat iHQYy30pifl BiIpi3HAETHCH YHIKAABHOIO 0COOAUBIC-
TIO: V KAITHHI OpUCYTHI He OJHe, a [Ba sSApa — MIKpPO- Ta MaKpPOHYKAEYC.
[MTepmuii i3 HHUX MICTUTH OUNAOIAHUYE HaAOIp XpoMOCOM (HAIpPHUKAA,
y Tetrahymena thermophila 'aTb Hap XPOMOCOM), SIKi € Mi/IbKU CXOBHUIIIEM
criaakoBoi iH(popMallii — reHH MiKpOHYyKAeyca He eKCIPeCyloThCd. Y Mak-
POHYKAEyCi XpOMOCOMHHM Habip € 6araToKpaTHO AYIAIKOBaHHM (KiAbKa
COTE€HBb XPOMOCOM), i caMeé T€HH MaKpPOHYKA€yCca aKTHBHO €KCIIPECYIOThCS,
aAe IIpH IIbOMY HE IIepealoThCs HalllaJKaM.

[Ipu HecTaTeBOMYy PO3MHOXKEHHI IIOAiA MiKpOHyKAeyca 3aiMCHIOETHCS
IIASIXOM MiTO3y, 8 MaKpPOHYKAEyca — IIIASIXOM IIPOCTOr'0 MOMIiAy, TOOTO 3 4ya-
COM BiH crapi€, i Horo akTUBHICTE 3HUKYETHCH. ToAl MixK ABOMa KAITHHA-
MU OPOXOOAUTH CTATEBUU MpoIllec: BimOyBaeThbCcd KOH'IOTallisd, Mig Jac Kol
MaKpPOHYKAEYCH PYHHYIOTBCH, MiKPOHYKAEYCH PO3MIAFIOTHCSI IIIASIXOM Me-
Ho3y, 1 KAITHHH OOMIHIOIOTBCS TAIIAOIMHUMH dApaMU — OeTaAl IIpoliecy
MOXKYTh PO3PI3HATHUCH OAS Pi3HUX BHUIIB, as€ B pPe3yAbTaTi yTBOPIOIOTHCH
KAITHHH, III0 MaloTh II0 OOHOMY OUIIAOIZHOMY MiKpOoHyKAeycy. HeraiiHo
IicAsI IBOTO 3IMCHIOETHCS MOro MIiTOTUYHUM TIOMIA, 1 OAHE 3 AOUYipHIX aAaep
II€PETBOPIOETHCS HA MAaKPOHYKAEYC.

[Tix yac popMmyBaHHA MaKpoOHyKAeyca I'eHOM He TiAbKH H6araToKpaTHO
OYTIAIKYETBCS, a ¥ MianaeTbcd CyTTeBUM HepebynoBaM. CriouaTKy B CKAAII
aapa-TronepeHuKa MaKpOHYKAeyca IIPOXoASTh 0araToKpaTHi payHOu pe-
naikarii JJHK — moairenizaitis xpomocoM. [laai BUOAASIOTBCS YUCAEHHI
eaemeHnTH nocaimoBHocti [IHK (IES - internal eliminated sequences), po3s-
TallloBaHi BCcepeANHi reHiB MiKpOHYKAEyca (TaKUM YWHOM, I'eHH MiKpOHY-
KAeyca, 1110 nepepuBatoTbed [ES, v npuHIINII He MOXKYTH OyTH €KCIIPEeCco-
BaHuMH). [licaga cTHKyBaHHS KOAYIOYHUX IIOCAIOBHOCTEM IeHIB 3MAilMiCHIO-
€ThCd (pparMeHTalliss XPOMOCOM Ha CBOEPIAHI MiKpPOXPOMOCOMH — KOXKHAa
Mae oauH abo KiabKa T€HiB i TeaAOMepH Ha KiHIIIX, Ki CHHTE3yIOTbCS Te-
aomepaszoro. Ilixm gac ¢parmeHTamii XpoMOCOM BUOAASIOTHCH TAKOXK YCi
MIKTEHHI 30HU, ITOCAIJOBHOCTI, III0 TIOBTOPIOIOTHCS, i MOOIABHI eAeMeHTH —
npubupaeTbcs Bce 0e33MicToBHe "cMitTda'. 3arasom BugasdgeTbesa 00 90 %
reHoMy. Haperri, mikpoxpoMmocoMu amIinicpikyroTbcsa B 4—-6 payHOoax pe-
MAIKAITil — IIpoliec J03PiBaHHSI MaKPOHYKAEyCa 3aBEPIIYETHCS.

F'eroM MakpoHyKaeyca iHQy3opil Tetrahymena thermophila Bxke BcTaHo-
BA€HO. BiH MicTuTh 27 THUC. T€HIB — CTIABKH 3K, CKIABKHM y BUIIIHUX €yYKapioTiB
(HaBiTH TpOxU OiABIlle, HiXK Y AIOAWHH). YHACAIIOK BHAAACHHS 3HAYHOI dac-
TuHu [IHK 3araspbHHE po3Mmip TIeHOMy (ramaoigHoro Habopy) MTOPiBHIOE
105 maH mmap ocHOB (y 30 pasiB MeHIIIe, Hi3K ¥ CCaBIIiB), BMICT ITOCAIZIOBHOC-
Te, MI0 MTOBTOPIOIOTHLCH CTAHOBUTD ~2 %. 1likaBoio 0COOAMBICTIO T€HETUYHO-
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ro amapary Tetrahymena € Te, o KogoHu UAA ta UAG (CTOII-KOOOHU [AST
OiABIIIOCTI OpPraHi3MiB) KOAYIOTH aMiHOKUCAOTY rayTamid: TiAbKU UGA BHKO-
PHCTOBYETECSI IK CTOII-KO/IOH.

HesBuuatina cucreMma (pyHKIIIOHYBaHHS CIIAQAKOBOIO amapartry iHgy30-
pili cTraBUTE BaxkanBe PyHAAMEHTaAbHE [MHUTAHHS: YOMYy B €YKapPiOTUIHHUX
reHoMax 30epiraeTbcsd BeAHMKa KiAbKicTb 6e33micTroBHOi [AHK? Ilpu Tomy,
L0 3araAbHa CTPYKTypa IeHoMy iH(y30pil NpakTUYHO He BiApi3HSETHCH
BiJl TakKoil BHIIMX €YKapioTiB, peasi3yeTbcsd MexaHi3M BHIaA€HHS 6e33Mic-
TOBHUX IIOCAIZIOBHOCTEN IIpH yTBOPEHHI MakpoHyKAeyca. OTiKe, Ii IOCAI-
JOBHOCTI He mOTpPiOHI mad ekcripecii reHerwuHoi iHdopwmaitii. ITpore i
"3alBi" IOCAIIOBHOCTI, IK i B iHIINX eyKapioTiB, pPeTeAbHO 30epiraroThCcsd
B MIKPOHYKAEYCi ¥ IlepenaloThCcs HallaakaM. Y 4OMy MOXKe IIOASTaTH ajia-
IITUBHE 3HAYEHHS TAKOTO 30epekeHHS, 3aAHIIaEThCH He 30BCIM 3pO3yMi-
AuM. YTiM, TpUHAWMHI OgHA BiAIOBiAb HA I1e TUTAHHS 3MA€THCH O4YEBU]I-
Hoto: 6e33micToBHA [JHK € came Tiero "00KAaAMHKOIO", B 9Kill 30epiraeTbcd
amicroBHa [JHK, abo cBoepimHuM Oydepom, 110 3aXUIIA€ 3MiCTOBHUH re-
HEeTHYHUN MaTepiaa Bi[ IIOITKOMXKYIOYUX BIIAUBIB. AIXKe 30BHIIIIHI MyTa-
reHHi pakTopu iMOBipHille cupaMoBaHi Ha 6e33micToBHY [JHK uepes Te,
III0 BOHA CTAHOBUTD II€PEBasKHY OiABIIICTH €yKapPiOTUYHOTO TeHOMY.

Konmpoavni sanumannsa i 3a60anna

1. Slka pisHUIE MiX 6akTepiaAbHUMU IITaMaMu TuniB F+ i Hfr?

2. SxuMmu magxamMu 3OiHCHIOETBCH II€PEHECEHHS TIeHEeTHYHOI'O MaTepiaay
MiX OakTepiaMu?

3. Ha axki kaacu MOXKHa ODOMIAUTH OakTepiodaru 3a THIIOM HOCIS MeHeTHd-
HOI iHdopmarii?

4. TloSCHITH PI3HUINIO MK Ca¥T-CIIeIgiYHOI0 Ta TOMOAOTIYHOI0 PEeKOMOiHAITi-
€ro. SYlke PyHKITIOHAABHE 3HAYEHHA Ma€ caiT-crenugiyHa peKkoMOiHarlisa?

S. Omnumith XUTTEBHUE IHUKA Oaktepiodara A. Bim doro 3asexxutb BHOIp

HIAGXIB PO3BUTKY IIBOTO para?

9Ky (pyHKIIiF0O BUKOHYE pernpecop ¢ara A? Y 4oMy Iloadrae MexaHi3zM Ho-

ro mii?

Ha axki kaacu Ta 3a SKUM IIPUHITAIIOM IIOJIASIIOTH €yKapioTHUYHI BipycH?

OnuIiTe HUKA PO3BUTKY PETPOBIPYCIiB.

Sk BinOyBaeThCca PO3MHOKEHHS Saccharomyces cerevisiae?

0.3a gaKUM MexXaHi3MOM 3iHCHIOETBCA IIEPEMHKAHHA THUIIB CIIaplOBaHHA

B S. cerevisiae?

11. Y yomy moadrae CTPyKTypHa Ta (PYHKI[IOHAaAbHA PIi3HUIA MiXK MaKpoO-

Ta MiKpPOHYKAEyCcOM y iHQy30piti?

o

=0 0N
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PO31JI 6

I'eneTnka
OaraToKJIITMHHMX eyKapioTiB

HatixapakTepHiIUMHU 0COOAMBOCTSMH OpraHiszarlii criagkoBoro amnapa-
Ty €yKapioTiB IIOPiBHAHO 3 IIPOKapioTaMU € (IUB. TAKOXK po3miau 1 i 2):

HagaBHicTb KAITHHHOIO sipa 3 KiabkoMa Mosekyaamu JIHK, gki € KkoM-
IIOHEHTAMH CKAQIHUX 0IAKOBO-HYKAETHOBUX KOMITAEKCIB — XPOMOCOM.
[IpucyTHICTB, ITOPAL i3 TOAOBHUM SAECPHUM CIaAKOBHM arapaToM,
IUTOTIAA3MaTUYHUX €AeMeHTIB crnaakoBocti — [JJHK ycepenuni mi-
TOXOHAPIN 1 XAOPOIIAACTIB.

Beaukuii po3Mip eyKapioTHYHHX I'€HOMIB, IIPUYOMY 3HadyHa dacTKa
npunaaae Ha mocaimoBHocTi /JIHK, gKi ITOBTOPIOIOTHECH OaraTo pasiB.
Mo3zaiyHuil IpUHIUII OyJ0BU €yKapiOTUYHUX I'eHiB, IPUYOMY OIUH
reH MOXKE [JaBaTH KiAbKa Pi3HUX (PYHKIIOHAABHUX HPOAYKTIB 3a
PaxyHOK aAbTEPHATHUBHOTO CIIAAHCHHTIY.

Beanka KiABKICTB Ie€HIB, IPUYOMY BCi KAITHHH OaraTOKAITHHHOIO
OpraHi3My (3a BHHSTKOM [ESIKUX) MICTATH iIEeHTU4YHI Ha0OpU TIeHiB,
xo4a OiAbIIa IXHsS YacTKa € HeaKTUBHOIO Y KAITHHAX AAaHOTO THILY.
lle BUKAMKAE HEOOXIMHICTb peaailallili CKAaIHOI CUCTEMHU PETYASILil
eKcIipecii reHiB y mporieci audepeHIlitoBaHHS KAITHH ITifl Yac OHTO-
reHe3y. OZHUM i3 BasKAUBUX €A€MEHTIB 1li€i CUCTEMU € eHireHeTud-
Ha CIaJKOBICTBh — 3a0e3ledYeHHs CIaAKyBaHHS JOYipHIMH KAITHHA-
MU He IIPOCTO Habopy reHiB, a ¥ CHUCTEMH CIEeIHU(IiYHOro OAOKY-
BaHH4 I1€BHOI iXHBOI YaCTHUHU.

CraTeBHUH IIPOIIEC, IO AEXKHUTH B OCHOBI PO3MHOXKEHHS II€PEBAXKHOI
OiABIIOCTI 6AraTOKAITMHHHX OPraHi3MiB: HAaIlla[OK OTPHUMYE aIBa
HaboOpH aAeABPHHUX I'eHIiB Big ABOX 0aThKiB pi3HOi crarti. MexaHi3aMu
BU3HAYEHHS CTaTi € Ba’KAMBUM PO3/IiAOM I'€HETHKHU €yKapioTiB.

Basyrouuces Ha MaTepiaai morepeaHix po3aiaiB, po3ragHeMo I1i ocobAm-
BOCTi JeTaAbHIIIE.



Tenernka

EYKAPIOTMYHI TEHOMM

3arajpHi prcu Oya0BM eyKapiOTMIHMX TeHOMiB

¥Yci reHn 6araToKAITHHHOTO OpPraHi3My MOXKHA PO3MIAUTH Ha OBi TPYIIH:
1) renu, Bim 9KUX 3asekaThb II€BHi yHiBepcaabHi (PyHKIII, i 9Ki € akKTHB-
HHMHM B YCiX KAITHHaX, — "I'eHH AoMallHboro rocrnogapcrea’ (housekeeping
genes); 2) reHH, IO CHEIU(IYHO aKTUBYIOTECS B KAITHHAX II€BHOTO THILY, —
"reHu poskoii" (luxury genes). JJocUTh 3araabHOIO0 O3HAKOIO T'€HIB Ilep-
1oi Tpyny € po3TallyBaHHS B IXHIX PETryASTOPHHX 30HAX TaK 3BaHUX
CpG-ocmpiguyie — OIASHOK i3 IMABUINEHUM BMicTOM auHyKaeoTHaiB CpG
(MaeTbCca Ha yBasi IOCAILOBHICTE HYKAECOTHAIB Y3006 MIOABIHHOI cripaai).
3arasoM BMICT IIUX AUHYKAETH/IB Y €YKapiOTHYHUX I'eHOMaxX ITPUOAU3HO
y I'9Th pas3iB MEHIIHUH 3a O4YiKyBaHHUH YHACAILOK METHAIOBAHHS LUTO3HUHY
B ckaani CpG-koHTakTy: SmC (5-METHAIIMTO3UH) CIIOHTAHHO II€PETBOPIO-
€TbCS Ha TUMiH, IO € ONHUM i3 AXKepeA BHUHUKHEHHd MyTalliti. MeTua-
yBaHHS IIUTO3UHY B PETYASTOPHHUX MIATYHKAX € OJHUM i3 MeXaHi3MiB perl-
pecii reHiB (ouB. HuXKYe). BinmoBigHo, reHH, gKi 30epiratoTe CBOI0 aKTHUB-
HIiCTBh y OIABIIIOCTI KAITHMH, MICTITh HeMeTHAbOBaHi auHyKAeoTunu CpG,
BMICT SKHX 30epiraeTbcsd Ha BUCOKOMY PiBHi.

3arasbHa KiABKICTH 0IAKOBUX T€HIiB y I'eHOMax BUIIHUX €yKapioTiB Ba-
pitoe mpubanzHo Bix 20 mo 30 Tuc. (quB. Taba. 1.1). [Ipubansuuil posnomia
eyKapioTH4HUX 6iAKiB 3a iXHIMH (PYHKIIIIMH ITOKa3aHO Ha pHUc. 6.1.

TpaHcnopT

IInToCcKkeaeT Inuri + HeBizomi

CHrHaapHa
TPaHCAYKILisT

PepMEeHTH

B3aemogais 3

Saxucr / imynna HYKACTHOBHMH KHCAOTAMH

cCHCTeMa
Peryasiniss KAITHHHOTO ITHKAY
daxkTOopH 36ipKH

OIAKOBHX CTPYKTYD

Puc. 6.1. IIpubanusHuil po3nomia
6iAKiB eyKapioTHYHOrO IIpoTeoMy 3a (PYyHKILIIMU
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Po30is 6. TeneTnka GaraTOKITVHHMX eyKapioTiB

Cepen eykapioTHuHUX reHiB 25-50 % € yHIKaAbHUMH (IIpeAcTaBA€HI
B I'€HOMi €IMHOIO KOIIi€l0), pelITa HaAekaThb 10 POAUH T'eHiB, III0 CKAaaa-
IOTBhCS 3 KiABKOX KOIIiH, IK ITPaBUAO, He ieHTHYHUuX. BiamoBigHiI (roMoao-
riyHi ase He imeHTH4Hi) OiAKM CTaHOBAATH poamHYy 0OiaKkiB. Kiabka pomauH
(mporeiHKiHA3MU, TPAHCKPUIILIHHI (PAKTOPU MHEBHOTO THIIY, iMyHOTAOOYAi-
HU) MICTSITh COTHIi 0iAKiB, GIABIIICTE POAUH CKAQIAETHCS 3 KiAbKOX (mo 30)
0iakiB. 'eHH Takoi ponquHU YacTo 00'€qHAHI B '€HOMi B KAAQCTEPH — 3HAXO-
[SaThCH HOPS ¥ IIEBHIM XpoMoOCOMi (KAacTepH I'eHiB TEIIAOBOTO IIIOKY, T'AO-
6iHOBI reHu). Caig 3ayBazKUTH, L0 TAKHH KAACTEP HE € OIIEPOHOM — KOXKEH
IeH HiJIaeThCd PETYASI] 9K OKpeMa OQWHUIIS TpaHCKpuIlii. Hanpukaasn,
KAacTep TeHiB B-cyOOAuHUII TeMOrAo0iHy MICTHUTBL TOMOAOTIYHI T'€HH, SKi
aKTHUBYIOTBCS Ha IEBHUX CTANigX iHAWBIAyaAbHOI'O PO3BUTKY (pHC. 6.2).
[IpoTe BCi reHU KaacTepy MaloTh TAKOXK CIIABHY PETYASTOPHY 30HY, dKa
BiomoBizae 3a 3araAbHUH ITOTEHIIMHO aKTUBHHH CTAaH KAACTEPY B KAITH-
HaX, gKi B IPUHIIUIII MAIOTh 3IiHCHIOBATH CHHTE3 N'€MOTAODIHY.

£ Y Y wB ) B
s s e s e e
Em6pion V1rpo6uuii IlceBzoren Hopocanii
PO3BHTOK oprauism

l J
~60 000 nmap ocHOB

Puc. 6.2. Kaacrep -raobiny B 16 XpoMocoMi AFOAMHHI
(kO3KeH I'eH MiCTUTB IHTPOHH). YKa3aHO CTaii po3BUTKY,
Ha IKUX BIAIIOBIAHI TeHU € aKTUBHUMU

B-I'robiHOBUI KAaacTep MICTUTH TAKOXK HEAKTUBHUH IICEBIOTEH (IUB.
po3mia 1). Ilicaa me3axkTuBAallili reHa (HOPYLIEHHS BHACAILOK MyTamii iHi-
miarii TpaHCKpHUILii, cCIAaliCHHTY TOIIIO) IICEBIOTEH IlepecTae OyTH 00 '-
€KTOM Bizmbopy, i B HbOMYy HAKOIHYYETHCS BEAWKA KiABKICTH MyTAallil.
3po3ymiao, 1110 B MIEPIIy Yepry IICEBAOIeHHU 3'SIBASIIOTHCS CaMe€ B KaacTe-
pax — KOAHU € KiAbKa KOIIili I'eHa, i MOIIKOMAXKEHHSI OOHOI'0 3 HUX He IIPH-
BOOUTH N0 paTaAbHUX HACAIIKIB.

KiabKa TreHHHX KAACTepiB IIOBTOPIOIOTHCA B I'eHoMi Oarato pasiB. Cepen
0iAKOBHX T'€HIB 1€ CTOCYETHCSI T€HIB TiCTOHIB (OUB. po3miA 1) — "eHU II'ATH MO-
AEKYA TICTOHIB 3aBXKIU 3rPYIIOBaHi B KAAcTep (KOXKEH I'eH — OKpeMa OLUHUILS
TPaHCKPHIILIii), akuii rmoBTopioeThbcs A0 100 pasiB. IHIIIMM IpHKaagoM Kaac-
TepiB, 110 IIOBTOPIOIOTHCH, € TeHu pubocoMuHoi PHK (muB. posmia 2), ase
B IIbOMY BHIIQJIKy KAQCTEP € OAMHUIIEIO TPAHCKPHIILIiL.

KpiMm reHiB, 1110 HOBTOPIOIOTHECS, €yKAPIOTHYHUN I'€HOM MICTHTH 3HAYHY
KIABKICTBH iHIIUX IIOCAIIOBHOCTEH, II0 IOBTOPIOIOTHCH (Zo SO % reHomy).
OCHOBHI THUIIU TaKUX IIOBTOPiB, KPiM yKe 3raflaHUX IICEBIOTE€HIB, TaKi:
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1. Tandemni noemopu. [1o Takux BiAHOCATL OaraTOKpaTHI IIOBTOPHU
KOPOTKHX IIOCAIIOBHOCTEN 10 6—8 map OCHOB y TeAaOMepax i IIOBTOPU TaK
3BaHOi o-cateaiTHoi JJHK y 1eHTpoMepax (ZoBXKHHAa IIOBTOPY Bapiloe Bif
7 map ocHOB y apo3odiaum qo 100-200 map OoCHOB y CCaBLiB, y AIOOUHU —
171 napa ocuoB). [lo BchoMy reHOMY PO3IOAIA€HI TAKOXK TaK 3BaHi IIPOCTi
noBTopu (SSR, simple sequence repeats). 3a3Buuail BHOIAGIOTH MIKpPOCA-
menimu — 1-15 map oCHOB, 10 HOBTOPKOIOTECA Big 10 M0 KiABKOX THUCHY
pasiB, i wminicamenimu — 15-500 map OCHOB, IO IIOBTOPIOIOTHCS 0
100 pasiB. KiabpKicThk MiHi- Ta MiKpOCATEAITHUX AOKYCiB CTAHOBUTD [ECST-
KN ¥ coTHi Tuca4. Po3nomia AOKYCiB 3a KiABKICTIO IIOBTOPIB € crierudiy-
HOIO iHAWBIiAyaAbHOIO 0O3HAKOO — Ha KIITAAT BiJOUTKIB ITAABIIIB.

2. Ceamenmmni dynnixauyii — BeAUKi OAOKH moBxkuHOIO 1-200 TuC. map
OCHOB, $IKi XapaKTepHU3yIOTbCS BUCOKHM CTylleHeM TroMoaorii. ImoBipHO,
CEerMEeHTHI AyIaikallii € IpooyKTOM KOAHIIHIX IIOPYIIEHb XpoMocoM. Hac-
Tillle 3yCTPivaloThCs B IEPUIIEHTPOMEPHUX 1 CyOTEAOMEPHHUX 30HAX.

3. Inmepcnepchni (Mo6invbHi) enemenmu, 30aTHI OO0 IIepPEMIilllEHHI Ta
PO3MHOKEHHSI B Me3KaX '€HOMY, CTaHOBASIThE OCHOBHY KiabKicTh [JHK, 1o
HOBTOPIOETECA. HacTHHA TaKHX IIOCAIIOBHOCTEH € pPe3yAbTAaTOM KOAMII-
HBOI aKTHUBHOCTiI MOOIABHMX €A€MEHTIB (TaKHX, L0 BTPATHAM 3[aTHICTb
no nepewmiieHHs1). OCHOBHI THIIH €YKapiOTUYHUX MOOIABHUX €AEMEHTIB:

e [JHK-mpaHncno3oHu — IE€PEMIIlIeHHs 3OiMiCHIOETBCH IIIAIXOM BHpi-
3auHsa niagHku [JHK i3 HacTtynmHuM BOyZoByBaHHAM ii B iHIIIE MicIie —
IIIAKOM aHaAOTIYHO [0 BiANOBIZHUX e€AeMEHTIiB y IIpOoKapioTiB.
TpaHCIIO30HU MiCTITH OAUH abo ABa IeHH (y pi3HHUX BHUAIB), 10 KO-
OYIOTh mpaHcno3asy — (PepMeHT, SKUH 3abe3Iedye TPaHCIIO3UILII0
eAeMeHTa, — Horo BUpPi3aHHS 3 JOHOPHOIO caiita Ta BOYIOBYBaHHS
B caiiT-MimreHb. ['eHH TpaHCIo3a3u MOXKYTH OyTH IMOIIKOMKEHUMH —
TOMI TPAHCIIO3UILiA OAaHOTO €AEMEHTAa BigOyBaeTbCs 3 BUKOPHUCTAH-
HAM TpPaHCIIo3a3H, 3akoaoBaHoi iHmum JHK-TpaHcriozoHOM.

Kongyrouya gacTuHa TpaHCHIO30HA (PAAHKOBAaHA HEBEAUKUMU iH-
BEPTOBAaHUMHU IIOBTOpPaMH, fKi BIIi3HA€ TpaHCIIO3a3a, BUpizarodu
dparmentT [JAHK. CaiiT-MinieHb — HEBEAWKA CHElU@iTHA ITOCAILOB-
HicTs [JHK, KoTpa TeX yIi3HaeThCs TPAHCIIO3a30I0 i TeXK po3piza-
€ThCs, IiCAS YOT0O TPaHCIO3a3a KaTaaidye BOyZOBYBaHHS TPAHCIIO-
30Ha O0 cadra-mimedi (puc. 6.3). [Ipomec TpaHCHO3UIl 3aaUIIae
OBOAQHITIOTOBUM PO3pi3 y MicClli, A€ MICTHUBCS TPaHCHIO30H. Y pasi
He3aAexXKHOi Bif penaikamii TpaHcnosulii (HepennikamuseHa mpaHc-
nosuyis), nel po3pis HigmacThcd pernapariii 3a MexaHi3MOM HETOMO-
AOTiYHOTO 3'€MHAHHS KiHINB (guB. po3xia 1). TobTO TpaHCIIO30H
npocto "ctpubae" B iHIlle Mmicile. Aae JOCUTH 4aCTO TPAHCIIO3UITid
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Po30is 6. TeneTnka GaraTOKITVHHMX eyKapioTiB

BiAOyBa€eThCs ITiA Yac penaikarlii (pensiikamueHa mpaHCno3uyisy) —
TOMi pO3pi3 pernapyeTbCs 3a MeXaHi3MOM TOMOAOTIYHOI pekomOiHa-
mii (muB puc. 1.26): cecrpuHCcbKa MoaeKyaa [JHK BUKOPHUCTOBYETH-
csd 9K MaTpHIld, i JiASHKA, III0 MiCTHAA TPAHCIO30H, BiHOBAIOETH-
cd — TPAHCIIO30H i cTpubae B iHIIIE Miclle, i 3aAUIIIAETHCS B IOHOP-
HOMY CaiTi, ToOTO "PO3MHOXKY€ETHCS".

TPaHCNO30H MileHb

3' 3

I 1 3
ﬁ TpaHcmo3a3a
5' 3

I _

5' 3! — —

ﬁ TpaHcmo3a3a

[ R
ﬁ OHK-nmoaimepasa

Puc. 6.3. Mexanism nepemimernsa JIHK-Tpancnio3ona

LTR-pempono3oHu — eA€EMEHTH ITOCAIOBHOCTI, III0 MiCTITh AOBTI Ki-
HIeBi moBTOpHu — Long Terminal Repeats — i KiabKa r'eHiB, 30KpeMa
TeH 3BOPOTHOI TPaHCKPHUIITA3H Ta iHTErpasy (aHaaor TPaHCIIO3a3H).
9IK i 1A HACTYIHUX ABOX THUINIB MOOIABHUX €AEMEHTIB, ITePeEMIIIIeH-
He BinOyBaeTbcsa dyepe3 npomizkHy Moaekysy PHK. Ipoiec mepewmi-
meHHga Korii LTR-perpomno3oHa Haragye KUTTEBUH IIUKA PETPOBI-
pyciB (auB. puc. 5.9). Ilepuium eTarioM € TPaHCKPHUIIId PETPOIIO-
30Ha, Iricag yoro cuHTe3oBaHa MPHK TpancnoptyeThcs go mutTo-
Aa3MHU, A€ MiAOaeTbCs TPAHCAAIl. 3BOpPOTHA TPaHCKpPHUIITA3a, dKa
€ nponykToM wLiei TpaHcaqlii, 3aificHioe cuuaTe3 [JHK: MPHK BHKO-
PHUCTOBYeThCS 9K MaTpuid, 3'-kKiHenb Moaekyau TPHK — ax mpaii-
mep. Komrmaekc cuaTe3oBaHoi [JHK-kormii peTpomno3oHa 3 iHTerpa-
3010 IIOBEPTAETHCH 110 apa, ae g JIHK BOynoByeTbCS B T€HOM.

Inmepcnepcni enemenmu LINE (Long [Nterspersed Elements) mic-
TATHh KiAbKa TI€HiB, BKAIOYAIOYM T€H 3BOPOTHOI TPaHCKPUIITA3H.
[Ticas TpaHckpuniii Ta HacTynHoi TpaHcasiii MPHK y nuromnaasmi
CHUHTe30BaHi 0iaku 3B'a3yroTbcd 3 MPHK, 11eii KoMIiaekc ImoBepTa-
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€TbCH [0 aapa, Ae ¥ BigbyBaeThCs 3BOPOTHA TPAHCKPHIILLA Ta BOY-
OOByBaHHsS eaemeHTa B reHoM. Cunre3d MPHK mpwu Tpanckpwurmii
eaemeHnTa LINE, ak i gaa 6iapmocti iHmmx eykapiotmaynux MPHK,
3aKiH4yeTbCs Ha polyA-curHaai (muB. po3mia 2). Lle#t curHaa caab-
KHUH, 1110 N03BOASE €AEMEHTY BOYIOBYBAaTUCH B iHTPOHHU 3BHYAHHUX
reHiB 6e3 0COOAMBHX IIEPEIIKO/ AT €KCIIpecil X IeHiB: chcTeMa
IPOILIECHHTY YacTO He MoMidae cAabKuil polyA-curHaa. EaemenTn
LINE €, BiAmmoBigHO, HaA3BUYANHO IIOIITUPEHUMH MOOIABHUMHU €Ae-
MEHTaMHU B I'€HOMi BUIINX €yKapioTiB.

Inoni BoHu € He mpocTo miagHKamu "eroictuyHoi [IHK", 1110 aB-

TOHOMHO PO3MHOXKYIOTBCSI B '€HOMi, a BUKOHYIOTh [I€BHI KOHKPETHI
Giosoriuni dyukwii. Hanmpukaan, y apo3odisn BiagcyTHS Teaomepas-
Ha cucreMa, i eaeMeHTH LINE mneBHOro THIIy BUKOHYIOTH (DYHKIIiIO
IIOIOBXKEHHS KiHIIIB XPOMOCOM ITicAsl peIlaikallii: 3BopoTHa TpaHC-
Kpurrasa BUCTyHae K TeaoMepasda, MPHK MmobiabHOTO eaemeHTa —
gk TeaomepasHa matpudHa PHK (muB. po3mia 1). LlikaBo, 110 1mocai-
nosHocti [JHK rena teaomepasu Ta eaemeHTiB LINE xaparrepnusy-
IOTBCSI BHUCOKOIO T'OMOAOTI€I0: ITIAKOM MOZKAMBO, IO TeAOMepasHa
cucTeMa IIOXOAUTH Bi MoOiAbHUX eaeMeHTiB LINE.
Inmepcnepcni enemenmu SINE (Short INterspersed Elements) — ko-
poTKi (100-400 map ocHOB) 6€33MiCTOBHI €AEMEHTH, SIKi BHKOPHC-
TOBYIOTH Oad IiepemiieHHs depmeHTH cucremu LINE. o nworo
KAACy HAAEXKUTh, 30KpeMa, Tak 3BaHHH Alu-moBTop (Ha3Ba II0OXO-
OUTH BiJl HA3BU BiAIIOBITHOI pPECTPHUKTA3HU, KA 3[aTHA CIEIUQidHO
TiApOoAi3yBaTH 11e¥ €eAEeMEHT IIOCAITOBHOCTI).

MoOGiABHI €eA€MEHTH PO3IOIiA€HI B T€HOMI HEPIBHOMIPHO: € JOBTI MiASTHKH,
aki Ha 90 % mpencraBaeHi MOOIABHUMH eAeMEeHTaMU, i Taki 30HH, Ae iHTep-
CIIEPCHiI €AEMEHTH BiICyTHi. 3araaoM CIIOCTepPIraeThbCs HeraTHBHA KOPEASIIis
MiK T'YCTHHOIO T'€HiB i MOOIABHUX eAeMeHTiB. BUHATKOM i3 11i€i 3akoOHOMipHO-
CTi € TIO3UTUBHA KOPEASIIid MiXK I'YCTHHOIO I'eHiB Ta eaeMeHTiB Tuiy SINE.

I'emeTnuHi edpeKTH aKTMBHOCTI MOOiTbHMX €JIeMEeHTIB

O4YeBHIHUM HaCAIIKOM aKTHBHOCTI (HepeMilieHHs) MOOIABHUX €eAEMEHTIB
€ MyTallil, III0 CIIOCTEPIraroThCs 3a YMOBH BOYZOBYBaHHS (iHcepliii) MoOiAb-
HOTO €A€MEHTa B KOAYI04Yy abo0 peryAdaTopHy 4YacTHHYy reHa. Hatikpare BU-
BYEHUMH B I[bOMY Bi/IHOIIIEHHI MOJEABHHUMHU OD0'€KTaMU € KyKypyas3a (came
Ha IIbOMY 00'€KTi MOOGIABHI eaAeMeHTH OyAu Briepiie Binkputi Bapbaporo Mak-
KainTOK, IUB. icTOPHYHY AOBIAKY HANPUKIHII MiAPYyIHUKA) i gpo3odisa.

172



Po30is 6. TeneTnka GaraTOKITVHHMX eyKapioTiB

Y KyKypyZA3M ONHCAHO KiAbKa POAWH MOOIABHUX eAeMeHTIB (Ac-Ds,
Spm, Dt), aki Haaexkatb no kaacy [JHK-tpancmnoszoniB. KoxxHa pommHa
CKAQIAEThCH 3 €AEMEHTIB ABOX THUIIB: A8MOHOMHUX i1 HEA8MOHOMHUX. ABTO-
HOMHUH €eA€eMeHT (OLHOro THILy Ha POAMHY) 3[4aTe€H OO0 IIepeMillleHHs 3a pa-
XYHOK aKTHBHOCTI TPaHCIO3a3u (OUB. pucC. 6.3), 110 KOAYETBCSI CaAMHUM aB-
TOHOMHUM €AeMEeHTOM. HeaBTOHOMHI eAeMeHTH, KiABKICTE 1 po3MaiTTs SKUX
€ 3HA4YHO OIABIIIMMH, TE€K MOXKYThb II€PEMIIllyBaTUCh, aA€ TiABKH 3a YMOBH,
III0 BOHU OyayTh aKTHBOBAHI aBTOHOMHUMH €A€MEHTAaMHU Ti€l caMol poauHU.
Taka akTHBallisd BiAOyBaEeThCs, AKIIO0 00'€qHATH OOHMOBA TUIIM €AEMEHTIB
y P€HOMi IIIASXOM BIAIIOBIAHHUX CXpellyBaHb. HacmipaBai HeaBTOHOMHI eAe-
MEHTH IIOXOAATH Bi/l aBTOHOMHUX — 1I€ TPAHCIIO30HH, B SKHUX YHACAIZIOK My-
Tamifi yrpadeHi (IOIIKOMXKEHi) aKTHWBHI IN'eHM TPAHCIIO3a3H, iXHE IepeMi-
LIEHH4 3iHCHIOETBCS 34 PaXyHOK TPAHCIIO3a3d aBTOHOMHOT'O €AEMEHTA.

Hampukaazn, y ponuHi eaeMeHTIB Ac-DS poAb aBTOHOMHOIO Bifirpae
eAreMeHT Ac, a YUCAEHHI eAeMeHTU Ds — poAb HEaBTOHOMHUX, 110 aKTHUBY-
IOTBCH 3a YMOBH IIPUCYTHOCTI B OyAb-gIKOMYy MICIli TeHOMY eaeMeHTa Ac
(puc. 6.4). AkTHUBOBaHi eaeMeHTH Ds 4dacTo IIepeMillyIoThCs (Hepellaika-
TUBHUM LIAIXOM), BOYZIOBYIOYHCE YV T€HH, KOTPi MalOTh 30BHIlIIHIiH ITPOSB:
Ha puc. 6.4 okazaHO CHUTYyallil0o, KOAH TPAHCIIO30H IIOPYIIyE T'€H, SIKUH
BiANIOBigae 3a myprnypHe 3abapBA€HHS 3epHA. Y pe3yAbTaTi BUHUKAa€E MO-
3aiyHicTb 3ab6apBA€HHS: IIPU HACTYIIHUX IIOMiAaX KAITHUHH, B dKill Binby-
AACh TakKa MOoJisd, yTBOPIOETHCS He3abapBACHUH KAOH.

'
\_/V

@

Puc. 6.4. AkTuBallia eaemeHTa Ds i fioro nepewmiinieHHd 1o resa C,
AKWHM BU3HA4Ya€ NMypIlypHe 3a0apBA€HHS 3epHAa KyKypya3u. KaiTHHHI KAOHH,
110 TIOXOASATH Bifl KAITHH, B IKUX Bi0yAach Taka II0fid, BTpadaloTh 3a0apBAeHHS

Y nposodian mpubanzHo 80 % yciX CIOHTAHHUX MyTallii BUHHKAE
BHACAI/IOK iHcepIlii MOOIABHUX €AeMEHTIB. Y TOMY YHCAi, came iHcepIlid
MOOIABHOTO eAeMeHTa copia (HareXXHUThb 00 Kaacy LTR-peTporio3oHiB) y Ao-
Kyc w' X-XpOMOCOMH IIPUBOAWUTH OO MyTalii white, 1o 3ramyBasacd
B po3ziai 3, — mep1uoi ormrcaHoi myranii gpo3odian.

3 aKTUBHICTIO IPyIIH MODIABHHX eAeMeHTIB apo3ocpian kaacy [AHK-TpaHc-
IO30HIB — P-eslemenmis — TiCHO IIOB'S3aHe SBUIIE TaK 3BAaHOTO 2iOpUOHO020
JuczeHe3y — KOMIIAEKCY OeT€HEePaTHUBHUX aHOMAaAil, 1110 IIPUBOAATD 10 CTe-
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pHABHOCTI (MyTallii, XpoMOCOMHIi abepaliii, TTopyIIeHHsT Meio3y). P-eaemen-
T (Mo 30-50 Komi#i) MiCTATBCI B T€HOMi AabOpPaTOPHUX AiHIH, gKi Tak
1 mo3Ha4YarThCA K AiHIl P-Tuiy, y ainiii M-tumnmy P-eaeMeHTH BiACyTHI.

Konyroua vactuHa P-eaeMeHTa MICTUTH I'eH TpaHCIIo3a3u — 4 €K30HH,
10 MiAJAaIOThCS CHAAPMCHHIY 3a [ABOMa aAbTEPHATUBHUMU NIAIXaMHU
(puc. 6.5): y crareBux KaiTuHax 3piaa MPHK Kozye akTHBHY TpPaHCII03a3Yy;
y COMaTHYHUX KAITHHaX 3aAWMIAE€TBCS OAWH i3 iHTPOHIB, IO HPUBOIUTH
10 CUHTE3y CKOPO4YEeHOro 0iAKa, AKUil € PerpecopoM TPAHCHO3UIN (0AOKYyeE
TpaHcKpuniito Ha P-eaemenTi). TakuM umHOM, TpaHcros3uilii P-eaemenTa
€ MOXKAUBHUMH TiABKH ¥ CTATE€BUX KAITHHAX.

A e 2 e 3 e 4

CraTeBi ComaTuuHi
KAITHHH Cnaaiicuur KAITHHH

(11T 2717371 4] L4 T 2 3 el 4]
TpaHcmo3asa Penpecop .
TPaHCNO3HUIiH

Puc. 6.5. Cxema OynoBu MobGiabHOTO P-eaeMeHTa Apo30dian
(mdppamu 1To3HAUEHO €K30HH) i IBa IIASIXH aABTEPHATHBHOIO CIIAAHMCHHTY
IIPU TPAHCKPHIILI eaeMeHTa

3BuuYalfHO, TPAHCIIO3HUIlI MOXKYThH BiIOYBaTHCS TIABKH Yy CTATE€BHUX KAITH-
Hax MyX P-turry. Aae HagBHICTh ¥ IIUTOTIAA3MI SHUIIEKAITUHU Ta 3aIIAITHEHOTO
AUI 3HAYHOI KIABKOCTI perpecopa TPaHCHO3UILH (MaTepUHCBEKUH (PaKTOP)
OPUBOAUTE [0 TOTO, IO TPAHCIIO3ULIl HEe BiAOyBAaIOTBHCS: Y CXPEIIyBaHHSIX
P-camKu 3 Oyab-IKMM CaMIIEM HapO/KYyEThCS HOPMaAbHE IIOTOMCTBO 6e3
O3HaK TiOpHAHOTrO mucreHely. BiH criocTepiraeTbcd TIABKM B HAIAAKIB Bif
cxpelryBaHHga P-camiia (y sskoro nmpucyTHi P-eaemenTy) i M-camMku (y sIKOi Bif-
cyTHi P-eaeMeHTH i, BiIIOBIAHO, perpecop TPAaHCIO3UIIIN Y IITOIAA3MI SHUIId).

LlikaBo, o aiuii D. melanogaster, siki 6yA0 BBeeHO B Aab0OpPaTOPHY
KyAbTypy noHazn S50 pokiB ToMy, HaaexaTb a0 M-tumy. Myxu, 3HalaeHi
B IpupoAdi npordaroM ocraHHiX 30 pokiB, malizke 3aBXIM BiOHOCSTHCH 0
P-tuny. Mo3KAWMBO, OCKIABKU TiOpUAHUP AUCTEeHe3 3ariodirae cxpelyBaH-
HAM MyX pPi3HUX THIIB, BiH € OOHUM i3 M€XaHi3MiB BUIOYTBOPEHHS —
cripude izoaganii pisHUX nonyaqairiii. Caizm 3ayBaskKuTH, II0 OIIMCAaHA CUCTE-
Ma € He €IUHOI0 CHCTEMOIO JUCTeHe3y, dKa peaaidyeTbcs y Apo30dia.
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[Topsm i3 aKTUBHICTIO MOOIABHUX €AEMEHTIB, caMa HasgBHICTH IX y Te-
HOMi — HagBHICTBh 0araThoxX KOMii roMoAoriyHux aiagHok [JHK — 3ymoBaroe
XPOMOCOMHI IepebyLoBU 3a MeXaHi3MOM T'OMOAOTIYHOI peKoMOiHaIlil (ZuB.
po3mia 1). PekoMmbiHalliss MizK MOOIABHHUMU €A€MEHTaMHU, SKi 3HaXOOATHCH
B Pi3HHUX AOKyCax ABOX I'OMOAOTIYHHUX XPOMOCOM, € ONHI€I0 3 INPUYUH HeE-
PIBHOTO KPOCHUHTOBEPY, II0 PO3TAIAABCS B PO3MiAl 3, — PELUIIPOKHOI Je-
Aellii Ta aymnaikallii XpOMOCOMHHUX OIASHOK (OUB. pHC. 3.12).

I l
=) Eﬁ
! =

l

@ - -—Ex=—

———

Puc. 6.6. BHyTpIIIIHEOXPOMOCOMHUM KPOCHHTOBED
Mi’X TOMOAOTIYHHUMHU MOGIABHUMH €A€MEHTaMU, OPIEHTOBAHUMH B OAUH OiK
(AiBopyY, meAellisa MIASHKH) i B pi3Hi 60KHU (IpaBoOpyY, iIHBEPCid MiASHKH)

[TomiGHMM YHMHOM TOMOAOTIYHA peKoMOiHAallisd MozKe BimOyBaTUCda MixK
MOOIABHUMHU €AEMEHTAaMH, II0 MICTATBCS B OMHIM Xpomocomi. JKINo aBa
€A€MEHTH MaloTh OJHAKOBY OPi€HTAIlil0 CBOIX IIOCAITOBHOCTENH, KPOCHHTO-
BEp MiK HUMHU 3YMOBAIOE OEAEIII0 XPOMOCOMHOI MIASHKH — i3 XpOMOCOMH
BUOaAseThbCs UPKyAsapHUil eaemenT [IHK (puc. 6.6, aiBopyd). Skimo opie-
HTAallid €AeMEHTIB € pi3HOIo, BiAOyBaeTbCs iHBepPCid MIATSHKH XPOMOCOMHU
(puc. 6.6, paBopyy). YK i mpu mepemiiieHHi MOOIABHUX €A€MEHTIB, pe-
3yABTATOM TaKHUX IIepel0yZoB MOKe OyTH BTpaTa PEryASTOPHHUX MiATHOK,
"migCTaHOBKA" PETYASITOPHUX EAEMEHTIB IIOCAIIOBHOCTI IIif iHIII T'€HH,
3MiHa HAIIPSIMKY TPaHCKPUIIILil TOMIO.

EBostrorrivina sMiHa reHOMiB

[TopiBHIHHS BiOMHX T€HOMHUX IIOCAIJOBHOCTEH TBapUH HPUBOIUTH
3araAaoM OO BUCHOBKY, III0 KAIOUOBY POAb B €BOAIOLi Bifirpae He IIosiBa
HOBUX KOIYIOYHX ITOCAITOBHOCTEH, a HOBI KOMOiHAIlii cTapux i mogBa HOBUX
PETYAITOPHUX HiAdHOK. [Ipm nmpoMy y (popMyBaHHI HOBHX PETyAATOPHHX
IIOCAITOBHOCTEN 3HAYHY POAB BilirparoTh MOOIABHI €A€MEHTH.
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BwMmicT MOGIABHHX eA€eMEHTIB y reHOMaxX TBapuH Bapiroe Bix 10 mo 50 %
(mammpuraaz, Kypka — 9,4, cobaka — 35,5, muma — 40,9, aroguHa — 45,5,
orrocyM — 52,2 %).

FeHoMU ccaBIIiB Ay:Ke€ He3HAUYHUM YUHOM BiApi3HAIOTHCS OAUH Bil on-
Horo. CKaxiMo, OAd AIOAWHU Ta MUII criocTepiraerbcsa 0an3pko 80 % 3a-
TaAbHOI TOMOAOTII, IIPU IIBOMY CTYIiHB I'OMOAOTII MiXK €K30HaMU € 3HAYHO
BHUIIOI0. HaBiTh Pi3HHUIA B MOCAIMOBHOCTAX OIAKOBUX I'€HIB MiXK AIOJUHOIO
Ta cym4yacTuMm ornocyMoM (Monodelphis domestica) ny>ke He3HadHa — IIe-
peBazkHa OIABIIICTH T'€HIiB OLHOTO BHAY Ma€ aHAAOTIB y iHIoro. ['oaoBHA
Pi3HHUIII MiX AIOIMHOIO Ta OIIOCYMOM HIONO 0iAKOBHUX I'e€HIiB — AyIAiKallid
YacTKHU 3 HHUX, ¥ pe3yabTaTi 15-20 % reHiB IIpHCyTHiI B reHOMAax ABOX BH-
OiB y pi3Hi# KiapKocti. [Ipu nipoMy pi3Hi KoIril IeBHOTO I'eHa OLHOTO BHUIY
PO3PIi3HAIOTHECS MiK COOO0I0 3a KiABKICTIO HYKA€OTUIHUX 3aMiH OiAblile, HizXK
TOMOAOTIYHI I'eHU OIlocyMa Ta AIOAUHMU, dKi IPHUCYTHI B TeHOMaxX OLHOKpa-
THO. lle BKa3ye Ha MOXKAUBICTh BUHHKHEHHSI HOBHUX T'€HIiB IIIASXOM YIIAi-
Kallii: HoBa KoIIis reHa abo HaOyBae HOBOi PyHKIIi (4actiire gk Bapiarrii
crapoi), abo crae 3aiiBo0. Y meplIoMy BHNAAKY I'eH IIOYHHAE 3MiHIOBa-
TUCH HiZ i€l BigOOPY, Y APYroMy — IIBHAKO AETPanye, HAKOIIHYIYE HEHT-
pasbHi MyTallil Ta CTa€e IICEBAOI€HOM.

Ane 3arasom 3a 180 MAH POKiB B €K30HaX CyMYacCTHX i ITAalleHTapHUX
BUHUKAO Oy3K€ MaAo Bapiaiiti. HaneBHO, eBoAOIlid BUIIUX €yKapioTiB ro-
AOBHUM YHWHOM BiZ0yBa€ThCHd 3a PaxXyHOK 3MiH Yy PETYASTOPHUX HiATHKAX
FeHOMY, a TaKOXK peKoMOiHallili eK30HiB i mepeMillleHHHd T'€HiB y aKTHB-
Hi / HEaKTUBHI 30HH XPOMOCOM YHACAIIOK XPOMOCOMHHUX abepallii (ouB.
HMIKYe 00roBOpeHHS epeKTY ITOAOKEHHS I'eHa).

OpmwmH i3 migxoAiB A0 igeHTH(IKALl PETYAITOPHUX €AEMEHTIB — BHUIB-
A€HHS MIASIXOM MOPIBHAABHOTO aHAAI3y TOMOAOTIYHUX [IAS Pi3HUX I'€HOMIB,
KOHCEpPBAaTUBHUX MIASHOK cepel HEKOAYIOYMX IocaimoBHocteit — CNE
(conserved non-coding elements). Takuii mopiBHIABHUN aHaAi3 omocyma,
KYpPKU Ta IAalleHTapHUX 003BoAWB BHABUTH CNE Tppox THUIIIB: CcHiABHI
[ASI TITaxiB i CCaBIIiB; CITIABHI OASI BCiX IMAAQIlEHTAPHUX, aA€ TaKOXK YaCTKO-
BO IIPUCYTHi y ITaxiB i ormocyMa; yHiKaAbHI A9 HAAlleHTApPHHX. 3arasb-
HUM po3Mip Apyroi rpynu B T'€HOMIi AIOOAWUHU — 74 MAH IIap OCHOB (OKpeMi
€AEMEHTH MaloTh PO3Mip Bif AECATKIB [0 COTEHb mnap), 3 aKux 20 % € yHi-
KaABHUMU JA4 ITAAIIEHTApPHUX (cepen KOAYYHX MIATHOK YacTKa TaKHUX YHi-
KaABHHUX IIOCAIIOBHOCTEH cTaHOBUTH 1 %). OT¥Ke, OCHOBHA 4YacTHHa €BO-
AIOLIIMHUX 3MiH MAQIIEHTApPHUX IIOB'S3aHAa 3 II0SBOI0 HOBUX PETryAITOPHHUX
niasgHoK. Cepen IIUX MIASHOK BUSBHUAUCH, 30KpeMa, €HXaHCEepPU Ta IeHU
Mmikpo-PHK. Beauky kiapkicts CNE 3HalieHO B OTOYE€HHI KAIOYOBUX PETry-
AITOPHUX TI€HIB, gKi BHU3HAYAIOTh LIAIXH IHAWBIAYAaABPHOI'O PO3BUTKY
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1 gudepeHmialii KAITUH, — IPHU TOMYy, LIO caMi IIi T€eHU BiAPi3HAIOTHCH
HiABUILEHUM KOHcepBaTu3MOM. OTXKe, OCHOBHI BiZMiHHOCTI B O6ym0oBi maa-
LIEHTapHUX 3YMOBAEHiI [MOJaBaHHSM HOBHUX PEryAdTOPHHUX EAEMEHTIB 10
TEHIB, 1110 PETYAIOIOTh OHTOT€HES.

Hatiitikagire, 1110 cepen yHiKaabHUX Oad naarieHTapHux CNE npuHatimui
16 % € miadHKaMHu, SKi IIOXOASTh Bill MOOIABHHX €AEMEHTIB yCiX JOTHPBHOX
rpyn. BBaskaerbcd, 10 119 OIIHKA € 3aHIZKEHOIO: 3HAYHA KiABKICTbH KOAHIII-
HiX MOOIABHHUX €A€MEeHTIiB IIPOCTO 3HAYHO 3MiHHUAACH 32 ITOCAIIOBHICTIO ITiCAS
TOTO, SIK I1i €AEMEHTH CTaAl HEPYXOMUMMU Y HaOyAH PEryAdTOPHUX (PYyHKITIH.

BucHOBOK IIpo BHHHUKHEHHSI €BOAIOILIMHUX 3MiH IITA9GXOM KOPEKIIil pe-
TYASTOPHUX CHCTEM IIiATBEPAXKYETHCA HEIIONAaBHIM aHaAi30M IeHOMY ak-
TuHii Nematostella (HAUTTPUMITUBHIIIUY BUA cepel CIPaBKHIX 0araToKAi-
THHHHUX — Eumetazoa). 'erom mictuth 450 MAH I1ap ocHOB, 18 TuC. reHiB
(mpubOAM3HO CTIABKHM 2K, CKiABKHM B AIOIMHH), YacTKa MOOIABHUX €AeMEHTIB
CTaHOBUTD 25 %. OcTaHHIN CIIABHHHE IPEeNoK aKTUHIil, XpeOeTHUX i KoMax
KUB npubAu3HO 700 MAH pokiB Tomy. [lopiBHSAABHHUIT aHaAi3 BKasye, III0
CcaBlli ycmagkyBaAu 0AM3BKO 2 /3 CBOIX T'eHiB BiJ IILOTO IpeaKa, aKTHHI —
Maifzke CTIABKH 3K, Komaxu — 50 %. 3arasoM reHoM AIOAHUHH OIiABIIIE CXO-
KUH (i 32 HAOOPOM TeHiB, i 3a MOPAAKOM PO3TAIIYBAHHA IX Ha XPOMOCO-
Max) Ha I'eHOM aKTHHIi, Hi3K Ha TeHOM J1p030diAH.

Bauspko 80 % reHiB 11pOro CHiAbHOTO IIpeaka Eumetazoa matoTh aHasoru
11o3a MexKaMHM TBapHHHOIO I1apCTBa — Cepel OAHOKAITHMHHUX. Cepen peruTH
20 % reHiB mpuOAM3HO YBEPTH MICTATH OAOKM (EK30HM abo I'pPyIIH €K30HiB),
10 3yCTPiYaroThCHd B OMHOKAITUHHUX, aAe B iHIINX KoMOiHatiax. OTKe, OauH
i3 OCHOBHUX IIIASIXiB BUHUKHEHHS HOBHUX I'€HIB — IIe ITepeKOMOiHyBaHHS iCHY-
IOYHX €K30HIB Y HOBOMY IOPSAAKY. 3BUYAMHO, i HOBI TeHN 0araTOKAITHHHHUX
BIAIIOBIAAIOTE 32 HOBI (DYHKIIII: PETYASIIII0O OHTOT€HEe3y, MisKKAITHHHI B3a€MO-
Oii, mepegady MisKKAITHHHUX CUTHAAIB, PETYASIII0 KAITUHHOTO ITHKAY TOLIO.

TakuMm 4MHOM, y2Ke IEpIi NpeACTaBHUKU TBapUH MaAW OPaKTHUIHO
NoBHUU Halip reHiB, SKUH [03BOAUB IIAIXOM IXHBOI HepekKoMbiHallii Ta
TOHKOI ITiATOHKU PErYASTOPHUX CHCTEM CTBOPHUTHU BCE PO3MAITTS CKAAQ-
HUX 0araTOKAITHHHUX OpPTaHi3MiB.

3anporpamMoBaHi reHOMHI epeOyI0Bu:
V(D)J-pexombiHariisa iMmyHOI100y/1iHOBMX IreHiB

l'eHoMHI 1epebyZOBH He 3aBXKAW € CIIOHTAHHUMH. JIK 3rayBasoCh y
po3miai 5, iCHYIOTH 3amporpaMoBaHi HepeOyI0BH IeHETHYHOTO MaTepiaay.
BaxkAMBUM IIPUKAQZIOM TAKHX 3aIlIPOrpaMOBaHUX (ase 6araTo B 4OMYy Xao-
TUYHUX) 3MiH y [I€BHill 30Hi TeHOMY € N03piBaHHS I'eHiB iMyHOTAOOYAIHIB.
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OcHOBOIO IMyHHOI BIATIOBiZIi OpraHi3aMy Ha IIOIBY UyzKOPiMHOI MOAEKYAU
YH YACTHHKH — QHTHIEHY — € CHHTEe3 IMyHOTAOOYAIHY IIEBHOTO THILY, SIKHH
Ma€ [0 IFOTO aHTUIeHY BHCOKY CHEeIH(iyHy criopigHeHicTh. KiABKiCTb THITIB
iMyHOTrAOOyAiHIB, TaK caMo SIK i aHTHUIeHIB, IPaKTUYHO HeobMexkeHa. 3po3y-
MiAO, IO 3aKOAyBaTU TaKe PO3MAITTS ¥ BUTASI/II OKPEMUX iMyHOTAOOYAIHOBUX
TEHIB TAKOXX HEMOXKAUBO. EBOAIOIIIHUM pillIeHHAM IIi€l TIpOoOAEMH CTaB OCO-
OAMBHIT peKOMOIHAIIMHUY ITPOIIeC JO3PiBaHHS iIMyHOTAOOYAIHOBHX I'€HiB.

Moaekyaa iMyHOTAOOYAIHY CKAQOAETHCHA 3 ABOX BAKKHX i ABOX AETKHX
HOAIMENITUAHNX AQHIIOTIB (puc. 6.7). KoxkeH i3 AaHIIOTIB Ma€e KOHCTAHTHY
C-kiHIIEBY (CITIABHY [AS BCiX iMYHOT'AOOYAiHIB) i BapiabeabHy N-KiHIIEBY
yacTHHU. BapiabeAbHI YaCTHHU KOXKHOI ITapHd BasKKOTO ¥ AETKOI'0 AAHIIIO-
riB (POpPMYIOTH IBa aHTUTEH3B'A3yBaAbHI CAlTH HA IOBEPXHI MOAEKYAU.

AHTHIEH-

BapiaGeaAbHi 3B A13yBaABHHH
cauT

/arxnii
AaHIIOT

Baxxkuu
AAHIIOT

KoHncTaHTHIi
YaCTHHH

PHuc. 6.7. Cxema Oy1oBH iMyHOTAODYAIHY

Hespiai iMyHOTAOOYAIHOBI T€HH MAalOTh BHTASAL KAACTEPIB OKPEMHX
€AeMEHTIB HYKAEOTHUIHOI ITOCAIJOBHOCTI — OAOKIB, 3 SKUX IIIASIXOM PEKOM-
6inamii B iMyHOKOMIIETEHTHIH KAITHHI OyAyeThcsd aKTUBHHUH iMyHOTAOOY-
AlHOBUH reH. Kaactep Baxkkoro aasipora wmictuts ~100 V-cermeHTIiB
(Bim variable), 110 TaHAEMHO TTOBTOPIOIOTHCH (IIOCAIIOBHOCTI BCiX CErMEHTIB
PO3pPi3HAIOTECS MiX cob010), ~30 D-cermeHTiB (Big diversity), 6 J-cermeH-
TiB (Bix joining) i C-miagHKYy, SKa KOAy€ KOHCTAHTHY YaCTUHY AaHIIOTa
(puc. 6.8). AHaaoriyHO IOOYZOBaHUM KAAcTep AETKOIO AaHIIora, SKUH
MICTUTB TiABKHU ABa THUIIH BapiabeabHUX cerMeHTiB (~100 V- i 4 J-cermeHTH).
AKTHUBHHUH TeH 30UpaeThCs i3 CErMEeHTIB TPhOX (a00 ABOX) THUIIIB, 9K i3 Ky-
OukKiB, magxoM Tak 3BaHoi V(D)J-pekoMbinaliii: oquH BunagkoBuii D-cer-
MEHT 3'€QHyEThCH 3 BUMNAAKOBUM J-CETMEHTOM (HiASTHKA MiXX HUMHU BUPi-
3a€ThCsl), 10 HUX IIPUENHYETHCS OAUH i3 V-cerMeHTIB (puc. 6.4). AHaaorid-
HO, IASl AETKOT'O AaHITiora 00'€IHYIOThCH OAWH V- 3 OAHUM i3 J-CerMeHTiB.
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[Tepen KOXHHUM V-CETMEHTOM 3HaXOAUTHCS IIPOMOTOpP, y cIedcepi mepesn
C-miAIHKOIO — €HXaHCep. IxXHe 36AMKEHHS MicAd peKoMOiHAIlii akTHBye
TPaHCKPUIIILilo, 3akiBi creficepu Ta iHTPOHU KOHCTAHTHOI YacTUHU BUIA-
aqgrotbed 3 MPHK 1magxom criaalicuHry.

~100 ~30 6
'd N N\ 'd N\
[V, oo Vy puo{ V, D = D, fr oDy (3, o n [T o # o] ] C ]
| A A
PexomOinanist

f

npomMoTop eHXaHcep

Puc. 6.8. BynoBa KaacTepa Ir'eHiB BaKKOI'O AQHIIOra iMyHOTAOOYAIHY
Ta cxeMma 36upaHHa akTuBHOro reHa. KoHcranTta yactuna (C)
MICTUTB IHTPOHH, 9Ki He ITOKa3aHo

OTKe, IAs BaKKOTO AQHIIOTA MOXKE peaaidyBaTucs ~18 Tuc. KoMOiHaIlii
MiK CEerMEHTaMH TPhOX THUIIB, AAsd AerKoro — ~400 koMbOiHallili, 3araroM
3a paxyHOK peKoMOiHaIii 1ag 000X AQHINIOTIB YTBOPIOETHCH ~7 MAH BapiaH-
TiB mocaimoBHOCTi. [JomaTkoBa BapiabeAbHICTH 3a0€3IeYyeThCs 3a paxy-
HOK iHAyKIii MyTaliii y Mexkax V-CerMeHTIiB, a TaKO¥K 3aBIAIKH 3aCTOCy-
BaHHS 0COOAMBHUX MEXaHi3MiB IpHU 3'€THAHHI CETMEHTIB.

PekomOiHallig 3aA€KUTH Bil CUTHAABHUX IIOCAIIOBHOCTEH, 110 (PAaH-
KYIOTb 3 ABOX OOKiB KOKEH i3 CEerMEHTIB i € BAaCHe caiiTaMH peKoMOiHa-
1ii. CurHaAbHI IIOCAIJOBHOCTI PO3IIi3HAIOTHCHA IIEBHUMHU OiAKaMH (TOMOAO-
raMu TPaHCIIO3a3H), SIKi BHPi3aloTh OIASHKY MiXK nBoMa cermeHTaMmu. Ilic-
A IIBOTO 3'-KiHIII 000X CETMEHTIB MO0YMOBYIOTBCS IIASXOM BHIIAIKOBOTO
OpUEIHAHHSA HYKACOTHIIB — 3P03yMiAO, IIO II€H ITpoIleC Ie 3HAYHO IIif-
BHUIIyE€ PO3MaiTTa IMocAimoBHOCTEH 3piauX reHiB iMyHOraobyaiHiB. YacTuHa
IIUX TeHiB Oyae HEeaKTHBHOIO 3aBIAAKH CTOII-KOJOHAM, SKi 3 IIE€BHOIO iMO-
BipHICTIO 3'dBASIOTHCH IIPU TAaKOMY BHIIaJKOBOMY CHHTE3i, ase L€ € IIpH-
HHSATHOIO TIAATOIO 3a 3arasbHe 30iABIIICHHS BapiaHTIB.

Hapemrti KiHIi cerMeHTIB 3'€IHYIOTBCS 3a AOIIOMOTOIO CHCTEMH pelia-
pauii aBosaHmoropux po3pusiB NHEJ (nuB. puc. 1.25): Ha ocTaHHIX cTa-
[issx pekoMOiHawii rmporec 3'€qHAHHSA CETMEHTIB iMyHOTAOOYAIHOBUX IeHiB
HaBMHCHO '3arpy0AI0€ThCI" 3 METOIO MiIBUIIEHHS BapiabeAbHOCTI.
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EIIITEHETMYHE CITAJIKYBAHHJI

Beankuil po3Mip eyKapioTUYHOI'O I'€HOMY (4O IOAOBHHH SKOTO ITpHUIIa-
[Ja€e Ha IIOCAIIOBHOCTI, II0 IIOBTOPIOIOTHCS) BUMAara€ iCHyBaHHSI CHUCTEM,
daKi 6 BU3HaYaAW rapaHTOBaHy iHAKTHBAIlil0O 3HAYHOI YaCTHHU T'€HETHYHO-
ro martepiaay. [Ipu 11boMy iHaKTUBOBaHUM cTaH gdK Hekoayiodoi AHK, Tak
1 3HAaYHOI YaCTUHU I'eHiB Yy KAITHHAaX IIEBHOT'O TUILy Ma€ BiATBOPIOBATUCH ¥
JOOYipHIX KAITHHAX MiCAS MIiTO3Y.

YcnanKyBaHHSA TakKoi TKaHHHOCIIEIM(igyHOI cucTeMu pernpecii (mpu 30e-
PEKEeHHi [TOBHOI M'eHEeTHYHOI IIporpaMu AaHOI'0 OpraHidMy) Ha3uBalOTh enize-
HemuuHoto cnadkogicmio. B 1 OCHOBI AexKHUTH Iepenada KAITHHaAM-HaIaaKaM
He Ipocto OaTekiBchkoi [IHK, a xpoMaTHHY pa3oM i3 IMeBHHUMH XiMiYHUMU
MapKepaMHu (OuB. po3mia 1) — MaroThCSI HA yBa3i MATEPHU MOCTTPAHCASITIH-
HuxX Mozxmdikali#i ricroHiB i metuaroBagHd [IHK. Taki Mapkepu BIII3HAIOTH
BinoBiaHi 0iAKM, 9Ki BCTYNAIOTh V Pi3HOMAaHITHI B3a€MOZIii 3 perpecopamu
¥ KoperpecopamMu TPaHCKPHIILii, (pepMeHTaMH, sKi 3/1iHCHIOIOTH IIOCTTPAaHC-
AdifHI Moaudikarii, i 6iAkaMK, KOTPi 0IaTKOBO KOMITAKTHU3YIOTh XpoMa-
TUHOBY (piOpuay. Y meplry 4depry, IOAi0HI CUCTEMH MHpPAIlOIOTh V MiASHKAaX
reTepOXpPOMATHHY — YAaCTHHH XPOMATHUHY, IO 30epira€ BHCOKHU CTYIIiHBb
KOMIIAKTHOCTI IIPOTAroM iHTepdasu. [IpukaagaMyu KOHCTHUTYTHBHOTO IeTe-
POXpoMaTUHY (TaKOro, III0 yTBOPIOETHCSI B YCiX KAITHMHAX) € TEAOMEPHI Ta
LIEHTPOMEPHi 30HH XPOMOCOM, OfHa 3 X-XPOMOCOM CaMOK CCaBLiB. IHIIi re-
TEPOXPOMATUHOBI 30HHU € CIIeIN(IYHUMHU A KAITHH II€BHOTO THUILY.

HP1-3ane>xHa cucTema penpecii

[MTpukaagom 3asyuyeHHs Oiaka HP1 (Heterochromatin Protein 1) mo
YTBOPEHHSI T'eTE€pPOXPOMATUHY € LeHTpOMepH XxpomocoMm (puc. 6.9). HP1
MICTHUTB ABa CTPYKTYPHI JOMEHH, OAWH 3 SIKUX yIIi3HA€ METHABOBAHI Ai3H-
HOBIi 3aAHWIIKHU TiCTOHIB, a iHIIIMH Ma€ CIOPIAHEHICTh A0 NEeBHUX CHEIM(id-
Hux ricroH-geanetrrsasu (HD) i ricroH-meruatrpancgepasu (HMT), a Ta-
KOXK 3[IaT€H B3aEMOMIISTH 3 iHIIOI MoAaeKyAaoro HP1.

[ealleTUAIOBaHHS HEBIIOPSAKOBAHOTO XBocTa TicTroHa H3 crpuse 3B's-
gyBaHHIO crierngivaoi HMT, gaka 3aiticHioe meTuaroBaHHs Lys9 ricrona H3.
et meTuavoBaHu#t Lys (Me-Lys9) ynisuaereca HP1, akuii, y cBoio depry,
perpyrye HD i HMT, KoTpi maTpuMyIOTh AealleTHALOBAHUH CTATyC i 3Miiic-
HIOIOTb METHAYBaHHS CYMIXKHHX HYKA€OCOM: BHHHKA€E AABHHOIIOAIOHUM
IIPOLIEC, 110 CaMOIATPUMYETECS M IIOMIUPIOETHCS Ha CYCioHI miagHku. Bi3a-
emozia Mixk 6iakamu HP1 3abe3rnedye noaTKOBY KOMITAKTH3AlIli0 Pibpuan.
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[Mpupony MexXi, dKa Bimiasge reTepoxpoMaTHH y HNEHTPOMEPHIN 30HI, He
3'9COBaHO, ase TpaHUYHA MIATHKAa MICTUTH CBifl crienu(igdHUE Mapkep —
MeTuAaboBaHUM Lys4 ricrona H3 (i nemernavoBaHuii Lys9).

AneruaroBani J[lealmeTHABOBaHIi

XBOCTH XBOCTH Hyraeocomu
TicToH-
ealeTHAA3a
O— HP1 sreatt Mesxa
CicToH-
MeTHATpaHCchepasa

Puc. 6.9. Po3n0oBCIOI:KEHHS Ta CaMOIIiATPUMaHHI
reTepOXpPOMAaTHHOBOTO CTaHy B LIEHTPOMepax

Y mpoiieci pemnaikariii, 1o 34iHCHIOETHCS HEPIBHOMIPHO B Pi3HUX HiAs-
HKaX (FeTepOXPOMATHH PENAIKyETBCH B OCTAHHIO Yepry), 6iAKH THMYacoBO
sHimarTbesa 3 [JAHK y penaikaTuBHiM Buali (po3zia 1). 3a TodKoio pemai-
Kallii ricroHu 6aThKiBCBKOT'O XpPOMAaTHHY (KOTpi HeCcyTh Ha co0i reTepo-
XPOMaTHHOBI MapKepH) IIoBepTaloThcsd Ha no4dipHi moaekyau IHK pasom
i3 ricroHamMu, cuHTe30BaHUMH de novo. HP1 Takox noBepTaeThbcs Ha TOU
caMHu#l AOKYyC, Oe BiH OyB IIpUCYTHIiH, i BiIHOBAIOE ITaTepHH MoaUdiKaIlii
HOBUX TiCTOHIB Ta KOMIIaKTHHH (perpecoBaHUl) CTaH IeTepoXpOMaTHHO-
Boi miagHKH. ToO6TO reTepoXpoOMaTHHOBHI CTAH JAHOTO AOKYCY BiATBOpPIO-
€ThbCd B no4ipHiX KaiTuHax. [Ipu npomy HP1 mae cnopinHeHicTb no 6iAKiB
AaMiHU (po3zia 1), IO 3yMOBAIOE PO3TAllyBaHHS IeT€POXPOMATHUHY B IIe-
pudepHUIHNX 30HaX KAITUHHOTO Sapa.

[Tonibua cucrema penpecii 3a ygacTio HP1 mmpoko BUKOPUCTOBYETHCS
B IHIIUX OiATHKaX TeTEePOXPOMATHHY, a TaKOXK [IAS TapaHTOBAHOI'O OAOKY-
BaHHS T'€HIB B €yXpOMaTHHOBHUX 30Hax. MermaroBanHd Lys9 ricroma H3
1 mearieTHABOBaHUi cTaH Ai3uHIB ricTroHiB H3/H4 € naiixapakTepHilloo
03HAaKOI0 TAaKUX AiAgdHOK. Obuaei Mmomudikallii, 9Kk omucaHo BHUIIE, CAMO-
OiAPUMYIOTECSH Ta HIATPHUMYIOTE OLHA ONHY Yepe3 OII0OCEPEAKOBAaHY Mif0
HP1. IIpu 1150My Ba>kKAUBY POABb y 3a0e3le4eHHi PelIpecoBaHOIo0 CTaHy Bi-
Oirpae MeTuAroBaHHA 1UTo3uHIB [IHK — iHIlla KoBaseHTHaA Moaudikarlid,
dKa TaKOXK BiTHOBAIOETBECS MPU KAITHHHOMY IIOiAl I 3aMHKae CBOEpPiIHE
"Koao penpecii' (puc. 6.10).
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l H3 Me-Lys9 I

Puc. 6.10. B3aeMHMi BIIAUB JealleTUAIOBAHHS TiCTOHIB,
MeTHAoBaHHS Lys9 ricrona H3 i metmaroBanua JTHK
y reTrepoxpoMaTuHi. Lys+ — meareTHAboBaHi Ai3MHU

MetunroBanusa [JTHK

[Tarepn TKaHuHOcnenudgiyHoro MetuaroBaHHa J[HK (yTBopeHHS
SmC y ckaani puHykaeoTuniB CpG, puc. 6.11) € pe3yabTaToM IBOX
IpPOIECIB: HiATPUMAHHS METHABOBAHOTO CTAaTyCy IIiCAS peTlAikallii ta
MEeTHAIOBaHH4A de nouvo.

5! 3!
PCPG ey
3’_ GpCp 5

Puc. 6.11. [unyraeotun CpG y AHK — cyGcTpaT METHAIOBAHHS

[MinTpumyroua [JHK-meruarpaHcdepasa cCHpaiboBye IIpoTaroM 1-2 XB
micag peraigartii: aBi modipHi Moaekyau [IHK micTaTh OaThKiBCKUiT AaH-
mror [IHK (i3 SmC y ckaani CpG) i cuHTE30BaHUN AQHIIOT, A€ IIUTO3UH He
€ MeTuAbOBaHUM. MetHaTpaHcdepa3a BIIi3HAE TakKi HalliBMETHAbLOBaHi
OUHYKACOTHUIHI KOHTAKTH Y BiHOBAIOE CHUMETPil0 III0A0 MeTHAI0oBaHHs C.
3a paxyHOK IIHOTO ITPOLECY HaTePH METHAIOBAHHS BiATBOPIOETBECSI B OOYip-
HiX KAITHHAX, 10 €, HOPLAL i3 BiITHOBA€HHSIM MOAU(iKalliii riCTOHIB, OXHUM
13 BasKAMBUX MEXaHiI3MiB €IIireHEeTUYHOTO CIIaAKyBaHHS.

[t JJHK-meTnaTpascdepasu 3aiticHioroTs MetruatoBadnHdg JIHK de novo.
OcobOAMBO BasKAMBHM IIEH IMPOIIEC € HA PaHHIX CTamigx eMOpiOHAABHOTO PO3-
BUTKY, Koau [JHK ToTaabHO AeMeTHABOBaHa. Y IIPOIECI PO3BUTKY 3MOiHcC-
HIOETBCH METHUAIOBAHHS, K€ BHU3HA4YaE ClieudiyHe BUMHKAHHS IIEBHHUX
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TPYII TeHIiB Ipu AUQEpPEeHIIIOBAaHHI KAITHH. KpiM TOTO, MeMEeTHAIOBAaHHSA €
MOXKAUBHUM 1 B Au(epeHIliioBaHNX KAITHUHAX, e METUATPaHcdepasu BU-
KOPHUCTOBYIOTBECH AL BiTHOBAEHHSI METHABOBAHOTO CTATyCY.

Baayuenna SmC go penpecii HoB's3aHe 3 HA9BHICTIO Y CKAAl II€BHUX
0iAKiB 0cOOAUBHUX CTPYKTYPHUX MoayaiB — MBD (Methyl Binding Domain),
dKi MaroTh CIIenu(IYHy CIIOPiAHEHICTh A0 METHABOBAHHUX AUHYKACOTH/IIB
CpG. Biakm, mo mictars MBD, € koMIIoHeHTaMH Pi3HOMAaHITHUX perpe-
CYIOUMX KOMIIAEKCIiB. 30KpeMa, Taki OIAKM PeKpyTYIOTb 00 METHABOBAHUX
MIATHOK XPOMAaTHHY TiCTOH-ZlealleTHAA3U Ta TiCTOH-MeTHATpaHchepasH.
[ maBmaku: Me-Lys9 poanizHaeTbcsa 6iAKOM, KOTPUNU MiCTHUTHb XPOMOZIOMEH
i perpyrye JHK-meTuaTpancdepasy (puc. 6.10).

Xoua Me-Lys9 i 5SmC e 3araapHUMH MapKepaMu KOHCTUTYTUBHO PeTl-
PECOBaHUX MiATHOK XPOMAaTHHY, HEe 3aBXKIU PEIIpecis Ta AomaTKoBa KOM-
nmakTHu3allig 3asexkuThb Bim HP1. [IpukaagoMm iHIIOI ccTeMU € iHaKTUBAllid
ofHiel 3 X-XpoMOCOM y KAITMHAaX CaMOK CCaBIIiB (OUB. MiAPO3MIiA, IIPUCBLI-
YeHUH TeHeTHlli cTaTi). Y ckaami X-XpoMOCOMH, sika Oylie iHaKTHBOBAHOIO
(obmpaeThCcs BUITQAKOBO Ha PaHHIX CTAisIX PO3BUTKY), CIIPAllbOBYE T'eH
Xist, 10 npoayKye BeauKy Hekoayrooudy moaekyay PHK. LIi PHK ykpuBaioTb
Cco00OI0 XpOMOCOMY i B3a€EMOJIIOTh 3 HHU3KOIO 0iAKiB, cepen IKUX — TiCTOH-
MeTHATpaHcepasa (3maiticHioe MeTuAroBaHHdA Lys9 ricrona H3). Metua-
1oBaHHS Lys9 3ymoBaloe MeTuaroBaHHs [(HK, 1110 mpuBOOAUTE [0 eIlireHe-
TUYHOIO CIlaAKyBaHHA. KpiM Toro, 1o X-XpoMOCOMH PEKPYTYIOTHCS CTPY-
KTYPHI KOMIaKTH3yI04i Oiaku (ase He HP1).

I'erepoxpomatmH i PHK-iHTepdepenIrisa

FeTepoxpoMaTHUH yTBOPIOETHECS B IEPIIy Uepry Ha IIOCAILOBHOCTSX
AHK, 1110 moBTOprooThcd. [IpriuomMy Mae 3Ha4YeHHSI HE IIOCAIIOBHICTE SIK
Taka, a caMeé HasBHICTb IIOBTOPIB: IITy4YHE BBEIEHHS IIOBTOPIB [0 re-
HOMHOi [MJiASHKH BHKAHUKA€E YTBOPEHHA Te€TEPOXPOMATHHOBOI 30HH.
Y cbopmyBaHHI ¥ miATpUMaHHI IeT€pPOXPOMATHHOBOIO CTaHYy IIOBTOPIB
(mpuHaliMHi B LIeHTpOMeEpax) BasKAUBY poAb Bifirpae npoiiec PHK-iaTep-
depeHnnii (AuB. pos3mia 2).

[Tpu mopyllleHHI KOMIIAKTH3allii Ha [EHTPOMEPHHX ITOBTOPaxX MOXKeE Bif-
OyBaTHCH CIIOHTAaHHA TPAHCKPHIILIA B Pi3HUX HapAMKax. OCKIABKH MaTpH-
1110 € IIOBTOPH, iCHy€ BUCOKA HMOBIPHICTH CHHTE3y KOMIIAEMEHTAPHUX MO-
aekya PHK: yrBoputbca asoaanitoroBa PHK, gka 3amyCTUTh IIpolieC iHTEpP-
depeniiii — Hykaeaza Dicer pospizae nBoasaniroroBy PHK nHa dparmenTu
(MoxxyTB OyTH maai amriaicdpikoBani PHK-3aaexxHOI0 PHK-TI0AIMEpa3oro), gki
3aay4aroTbes no Komraekcy RISC. VY ckaani kommaekcy PHK B3aemomiroTs
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i3 TpaHCKpHUNTaMH, i BioOyBaeTbca Aerpazallis ocTaHHiX. Kpim merpanartii,
irTepdepeHilia mae iHIMYN HacAinok: RISC, gakuii onmMHSIETECS B 30HI ITIOBTO-
piB, PEeKpyTy€e OO0 XPOMATHHY TiCTOH-MeTHATpaHc(hepasy, sKa 3AiHCHIOE
MeTHAOBaHHA Lys9 ricrona H3. 3a Bxke Bimomoro cxemoro (puc. 6.9, 6.10)
BinOyBaeThcs 3B'a3yBaHHda HP1 i KoMnmakTH3allig rerepoxXpoMaTiHy.

FerepoxpoMaTHH (POPMYETBECS TAKOXK y 30HAX CKYITYEHHS MOOIABHHUX
€AeMEeHTiB. AKTHBHICTb MOOIABHHUX €A€MEHTIB MOXKe KOHTPOAIOBATHUCS OpP-
raHi3MOM — BIAIIOBiAHY CHCTEMY IIPUTHIiYeHHHd TPaAHCKPHUIILI MOOIABHMX
€AEMEHTIB, KOTpi BUKopucToByIOTh PHK K mpomixkHy craniro, 3HaiaeHo
gK y aposodiam, Tak i B mumieit. CrucremMa BMHUKAEThCS IIPU CcIlepMaTore-
He3i Ta cKaamaeTbcs 3 OiAKIB poamHH Piwi #i KOpPOTKHX PeryAdTOPHUX
PHK, kommaemeHTapHux miagakam MPHK, sska cuHTe3yeTbCs HAa MOOIABHUX
eaemenTax. i PHK i 6iaku Piwi 06'eqHytoTbcss B Komnaekc. PHK crpsmo-
Bye ne#t komrnaekc Ha MPHK mo0iabHOrO eaeMeHTa, 6iAKM KOMIIAEKCY 3MiHi-
cHIOIOTH Aerpasnaitito MPHK, 1o # 3amobirae nepeMillieHHIO — 3araaoM Ta-
Ka cucreMa € aHaasorigHor mponecy PHK-inrepdepennii. Kpim Toro, Bixg
OPUCYTHOCTI 3ragaHux peryadaropHux PHK 3aaekuThb TakKoK iHTEHCUBHE
MeTuaroBaHHa [IHK MOOIABHHX €A€MEHTIB, IK€ 3YMOBAIOE KOHCTHUTYTHUBHY
pernpecito iXHBOI TPaHCKPHUIILLi.

EdekT mono>xeHHs reHa

OnucaHu# NOCUTH OJaBHO €(PeKT 3aAeKHOCTI IIPOosBY I'eHa Bif Horo mo-
AOZKEHHS Y XpOMOCOMi Mae Oe3rocepenHe BiHOIIEHHS A0 €IireHEeTHYIHOTO
CIIaJKyBaHHA reTePOXPOMaTHUHOBOIO CTAHY.

OnuH i3 IPUKAAAIB ePeKTy MOAOXKEHHSI AEMOHCTPYE pHUC. 6.12: mTydHO
iHOQYKOBaHA y CTaTeBUX KAITHHAX APo30dian XpoMOCOMHa IepelymaoBa 3 iH-
BEPCi€I0 MIATHKY, gKa Ha OJHOMY KiHIII MICTUTBh I'eH W' (U€pBOHI 0Yi AUKOTO
THUILy), & Ha iHIIIOMYy — YaCTHHY IIEePHIIEHTPOMEPHOI IreTepoOXpOMaTHHOBOL 30-
HH 3 MEZKEIO0, 1110 HE I03BOASIE T€TEPOXPOMATHHY PO3INOBCIOKyBaTHCA. [licag
Takol iHBepcil Ha paHHIX CTamisIX eMOPiOHAABHOTO PO3BHTKY IeTepoxpoMa-
THUH (SIKHH Tellep He Ma€e MeKi) iHoAi IIOITUPIOETHCS Ha T'eH W', 1110 OIIMHUBCS
nopszn. Lle npyBoaAUTE [0 BUMKHEHHS I'eHa, 1 TaKUH 3aA€KHUU Bifl CTPYKTY-
PH TeTepoXpOMaTHHY PEINPECOBaHUM CTaH CIaAKyeThCS IIPH MiTo3i. Y pe-
3yABTaTi yTBOPIOIOTHCS TPYITH KAITHH 6iA0T0 KOABOPY — MO3aidHe OKO.

SIKIII0O BHACAIOK XPOMOCOMHHX IIepebyoB, HEPIiBHOTO KPOCHHIOBEPY
abo0 aKTHUBHOCTI MOOIABHHX €AEMEHTIB IIOPsi/ i3 reTepOXpPOMAaTHHOBOIO 30-
HOIO OIIMHSETHCH I'pylla I'eHiB, TO YacToTa (IMOBipHICTH) iIXHHOIO BUMKHEH-
HS 3aA€XKHUTD BiJl IOPSAKY PO3TalllyBaHHS — I'eH, 110 3HAXOAUTHCS OAMIKYe
[0 TeTePOXPOMATHHOBOI HIATHKY, BUMHKAETBCS YacCTile.
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Mexa
)
‘* <
IlepuueHTPOMEPHHH
reTepoxXpoMaTHH

—

Juxuit THI

IuBepcia AiAaHKH

Mo3aiuHne
OKO

Puc. 6.12. IIpukaan epeKTy OAOKEHHS I'eHa —
YTBOPEHHS MO03aiyHOro oKa Apo30disru

OUTOINIASMATUYHA CITAOKOBICTb:
I'EHETVKA MITOXOHIPIN I XJIOPOIIVIACTIB

[TepeBaxkHa OiABIIICTH €YKAPIOTUYHUX I€HIB MICTUTBCH B KAITHHHOMY
anpi. Kpim aapa, cBifi BaacHUH TeHeTHYHUN MaTepiaa MarloThb IIUTOIIAA3-
MaTHU4HiI OpTaHEAU eyKapiOTUYHOI KAITHMHH: MITOXOHAPil Ta XAOPOIIAACTH.
FeHoMHu X opraHeA MicTtdThb reHu 6iAkiB i PHK, HeoOximHi mag iXHBOTO
¢dyHKIliOHYyBaHHA. 3a CBOEI0 OpraHi3alli€lo 'eHOMU OpraHeA 3HAYHO Bigpis-
HSIIOTBCS BiJ g0€pPHOI0 M€HOMYy H HaraayrooTb M€HOMH IIpokKapioTiB. Moae-
KyAsIpHa MallluHepis, gka 3abe3ledye eKCIIpecilo reHeTH4Hoi iHdopmartii
B OpraHeAax, TaKOX IoAiOHa a0 npokapioTudHoi. Li hakTH A9ramM B OCHO-
By eHOocumbiomuuHoi meopii TIOXOAKEHHS MITOXOHAPIN i maacTum, Biaro-
BiJHO [0 SIKOI OpraHeAN BUHHKAHW B PE3yAbTATI HE3aA€KHUX €HIOCHMOio-
TUYHUX TIOAiH: BIABHO iCHyIOUi a-IIpoTobakTepii Ta mianobakrepii 6yau 3a-
XOIIA€HI IIPOTOEYKapPiOTHUYHOIO KAITHHOIO-Xa3diHOM 1 €BOAIOIIIOHYBaAHU
y crienudigHi opraHeAM (MITOXOHApPIi Ta XAOPOIIAACTH BIiAIOBIAHO), SKi
BiamoBimaroTh 3a guxaHH4a Ta (porocuHTe3. [1ig 9ac KOEBOAIOIlI KAITHUHHU-
xa3diHa ¥ eHAOoCHMOIOHTAa YacTHHa MITOXOHAPIaABHHUX i XAOPOMIAACTHHX
reHiB (IHKOAW MOCHUTH 3HA4YHaA YacTHHA) Oyaa IepeHeceHa B SIePHUH re-
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HOM. TakKuM YMHOM, HASBHICTb BAACHOTO IN€eHETHYHOTO arapary 3abesre-
qye MITOXOHOPISIM 1 XAopomaacTaM CBOEPIAHY aBTOHOMHICTE BiJ SIA€PHOTO
FeHOMY, aA€ BEAWKa KiAbKICTh KOMIIOHEHTIB, MOTPIOHUX [AS BHKOHAHHS
ixHix PYHKIIH, KOAYETHCS SA€PHUM T€HOMOM.

I'eHOMM MiTOXOHpIN

Mitoxonapii, SKi HPHUCYTHI IPaKTHUYHO B yCiX €yKapioTiB 3a AEIKUMU
BUHATKAMH, BiirpamoTh HEHTPAAbHY PoAb V cuHTe31 ATP i meakux iHmImx
BasKAUBHX (piziosoriyHmx mnporecax. KiabKicTh MITOXOHApPIH Ha OLHY KAi-
THHY MOX€ BapiloBaTH BiJ MOEKIABKOX WITYK (HAOPHKA3[Z, y CIEPMIdx)
[0 OEeKIABKOX THCHa4Y (y remnarorurax). KoxkHa MITOXOHApia MOXKE HECTH
nekiapka kormitt JHK (mTHK), gki B KoMmaekci 3 0iAKaMu yTBOPIOIOTH
CTPYKTYPY, HOAIOHY MO HYKA€OiAiB IIpoKapioTiB.

FeHeTHYHMM KOM, 10 BUKOPHCTOBYETHCS BAACHOIO CUCTEMOIO TPaHC-
ASITI MITOXOHAPIH, XapaKTepU3yeThbCs AeIKUMU BiIXUA€HHSIMU Bif YHiBep-
caabHOI TabAMII BiAIIOBIIHOCTI KOMOHIB aMiHOKHcAOTaM (auB. puc. 2.1).
3okpeMa, yHiBepcaabHUi cTon-KomA0H UGA B MITOXOHIIAX OIABIIIOCTI BU-
OiB Koaye TpumnrodaH, y MITOXOHAIIX ApiKMKIB KomoH CUG Bimmorimae
TPEOHIHYy 3aMiCTh A€UIIUHY, y MiToXOoHApisax ccaBoiB AUA BiamoBigae me-
TiOHIHY 3aMiCTbh 130A€HIIMHY TOIIIO.

[TomyAagpHOIO € AyMKa, IO OIABIIICTH €YKapioTiB MaloTh KiABIIEBY
MmoaekyAy MTIHK. HYacTo Tak BOHO i €, IPOTE€ OCTAHHIM YacOM HaKOIIH-
YUAUCH JAaHI PO Te, II0 Y BEAUKOI KiAbKOCTi eykapioriB MTJHK € AiHiii-
HOIO (MaAspiHHUHE maa3Momiii, rigpa, AesdKi rpubu Ta OOJHOKAITHHHI BOOO-
pocti). IHomi, Hanmpukaan y ApizKAXKiB, aiHiiHa Moaekyaa MTIHK saBasie
co6010 Tak 3BaHUH KOHKATOMEDP — CKAQIAETHCS 3 BEAMKHX OJHAKOBUX
OIASHOK IIOCAIOBHOCTI, III0 TaHAEMHO IOBTOpIoioThbcd. AiHiiHI MTIHK
XapaKTePHU3YIOThCS HASIBHICTIO CIIeIU(IYHUX KiHIOEBUX CTPYKTYP: KOBa-
A€HTHO 3aMKHEHI Ha KIiHIIX KOMIIAEMEHTApPHI AaQHIIOTH, HPUEOHAHI [0
KiHI[IB MOAEKyAH crenudidHi TepMiHaabHi 0iAKM abo TeaomeporomibHi
KiHIIeBi IIOBTOPU Pi3HOMAHITHOI JOBXKUHHU.

3azBuuall MITOXOHpPiaAbHI T'€HOMH (MITOXOHAPIOMM) IIPEe/CTaBAEHI
OMHi€I0 "XpoOMOCOMOIO', OmHAK € BHHATKH. Tak, MiToxoHapii rpubda
Spizellomyces punctatus MicTaTb TpHU pi3HiI KiapneBi Moaekyam J[IHK.
Y mastnpocrimoro Amoebidium parasiticum MITOXOHOPIOM CKAaOa€eThCs
3 IEeKiABKOX COTEHb AIHIMHUX MOAEKYA, SIKi pi3HATBCI 3a po3MipaMu H Iio-
CAifoBHIicTIO. MiTOXOHApPiaABHHUM I'€HOM POCAMH, K IIPAaBUAO, CKAAIAETHCI
3 IEKIABKOX MOAEKYA Pi3dHOro po3mipy. OgHa 3 HUX, 'OCHOBHa XpomocoMma',
MICTHTB OiABIIly YaCTHHY T€HIiB, a KiAbIleBi (POPMH MEHIIIOTO PO3Mipy, dKi
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nepebyBaioTh B AHHaAMIiUHill piBHOBa3i 9K MixK C0000, TaK i 3 OCHOBHOIO
XPOMOCOMOIO, YTBOPIOIOTHCSH BHACAIZIOK BHYTPIIITHBO- Ta MisKMOAEKYASTPHOL
pekoMOiHaIlil 3aBAIKH HasSBHOCTI TOMOAOTIYHUX MiAGHOK (puc. 6.13). Ile-
pebdymoBH reHOMIB MITOXOHAPIH y pe3yAbTaTi peKoMOiHaIliHHUX MOAiH, Be-
OyTH 10 OEAELid, aAymAikalliii, iHBepciii abo iHcepIlifi TeBHUX HYKACOTHU]I-
HUX TOCAIIOBHOCTEH abo IiAux reHiB. Taki 3MiHH MOXKYTh BUKAUKATH HeE
TIABKH YIIIKOJKE€HHSI HAadBHUX I'€HIB, ase ¥ MOSBY HOBUX IIPAIIOIOYHX Te-
HiB. BBaxkaioTp, 110 119 3MiHa CTPYKTYPH MiTOXOHOPiaABHOTO T'€HOMY KOH-
TPOAIOETHCS AAPOM i € OHUM i3 MeXaHi3MiB peryasii edoeKTUBHOCTI eKC-
npecii MiTOXOHApPiaABHUX I'€HIB.

= N
V4 o
%C%

Puc. 6.13. CxeMma yTBOPEHHS KiABIIEBUX MOAEKYA Pi3HOTO pO3Mipy
B MITOXOH/PIiIX pOoCAMH. PeKoMGiHAallisa BigOyBaeThCS 10 TOMOAOTIYHUX MIATHKAX,
3a6apBACHUX OTHAKOBHUM KOABOPOM

MiToxoHapiaabHi TeHOMH 3HA4YHO BapilolOTH 3a po3MipaMu: Bif
6 THC. Iap OCHOB y naasMoziiB mo 2 maH 400 THC. IIap OCHOB y ciTdac-
Toi nuHi. ¥ TBapuH MT/IHK Mae B 0CHOBHOMY HEBEAUKI PO3MipHU — y Ce-
penaboMy 13-19 THc. nap ocHOB. BigHOCHO BeAMKi MiTOXOHApPioMH (Bif
20 go 42 Tuc. nap OCHOB) 3HaHIEHI B MOAIOCKIB, HEMATOL i AE€AKHUX KO-
Max. MiToxoHApioMH BUIIHUX POCAMHM MaloTh BeAUKi po3mipu (Bim 180
oo 2 maH 500 THC. Iap OCHOB), MiCTATh 3HAYHY KiABKICTBH IIOCAiZOBHOC-
TeH, 1110 TOBTOPIOIOTHCH, i BIAKPUTUX paMOK 3YUTYBaHHS 3 HEBIIOMHUMU
dyHKIiIgMHE. XapaKTepHUM [AS MITOXOHAPIOMIB POCAMH € HAagBHICTBH
BOymoBaHHUX OiATHOK XaopomnaactHoi /IHK.

187



Tenernka

Habip reHiB y MiTOXOHApiaAbHHX I'eHOMax Bapilo€ Bin S5 y maasmopiiB
no 100 y mxryTukoBoro Reclinomonas americana. [Jas 6iabIIocTi eykapio-
TiB cepelHd KiABKIiCTb I'€HiB, 9Ki KoAye MiTOXOHApioM, cTaHOBUTH 40-350,
3 gakux 12-20 e 6iakoBuMHU. ['eHOMU MIiTOXOHIPIH yCiX eyKapioTiB KOAYIOTh
pPHK Beaukoi Ta mMaaoi cyOOmOUMHHIIL MiTOXOHApiaabHOI pubocoMu, a Ta-
KOXK 4acTKOBUH (iHKoAHW moBHUui) Habip BaacHux TPHK. Biakwu, 1mo xomay-
IOTbCS MITOXOHZpioMaMH, B OCHOBHOMY 3aAy4€Hi [0 IIPOIIECiB IIepeHeCeH-
He eaekTpoHa Ta cuHTe3dy ATP: cybomunuiia ATP-cuHTa3u (reH atp), Kom-
IIOHEHTH KOMIIAEKCIB AMXaAbHOTO AaHIora (reHu nad, sdh, cob, cox).
Y MT/IHK pocAMH i AeIKHUX OMHOKAITHHHUX MICTATHCS T'€HH PHUOOCOMHHX
0inkiB. [len1o aTUITIOBUM 3a CKAQOM T'eHIiB € MITOXOH/IPiOM APIiK/IXKIB — BiH
MiCTUTB, 30KpeMa, T'€HH €HAO0HYKA€a3 i 3BOPOTHOI TPaHCKPHUIITA3H.

PisHuiig B po3mipax MiTOXOHAPIOMiB BHKAWKAaHA HEKOAYIOUHMM IIOCAi-
JOBHOCTSIMH — KOPeAdIlia MK po3MipoM MT/IHK i KiABKICTIO I'€HiB IpakTH4-
HO BincyTHsa. OCOOAMBO BEAMKA KIABKICTH HEKOAYIOYHX IIOCAIZOBHOCTEM
MTIHK (50-70 %) € XapaKTepHOIO OAd BHINMX POCAHMH. JacTHHA TaKHX IIO-
CAIIOBHOCTEN BXOAUTH OO0 CKAAy iHTPOHIB (B OCHOBHOMY 3yCTPidalOThCHd B
MITOXOHAPiaABHHX T'e€HaX TPHOIB i BUIIIMX POCAWH, YV T€HAX CCaBIIiB iHTPOHU
BiACyTHI), Ki BUOAAGIOTHCI 3 TPAHCKPHUIITIB IIif 4Yac crnaaticury. Biabina
JacTUHA HEKOAYIOUYUX MIATHOK IIPEACTaBA€HA MiKTeHHUMHU perioHaMu.

¥Yci KOMIIOHEHTH PENAIKATHBHOIO, TPAHCKPHUIILIIHHOTO Ta YacTUHA TPaHC-
ASIITIMHOTO amnapatiB MITOXOHAPiIH KOAYIOThCS SAepHUM reHoMmoM. OTke,
€KCIIpecia MiTOXOHIpiaAbHUX IMeHiB epebyBae€ ITi/] IIOBHUM KOHTPOAEM dapa.

I'eHOM XJIOpOIITIACTiB

XAOPOIIAACTH BUIIUX POCAMH MICTSITh 0arato iIeHTHUYHHX KiIABIIEBUX
[OBOAaHIIOTOBUX MoaeKyA [JHK, po3mipu gKUX KoAWBaroThcd Big 120 o
220 Tuc. map OCHOB. XapaKTepHOI0 ocobauBicTIO xaoporiaactHoi IHK
(xaAHK) BHUIMX pocAWH € HagBHICTH iHBepToBaHOro 1oBTOpPy (II1), moB-
KHHa $SKOT0 B cepegHboMy cTaHOBHUTE 20-30 THC. IIap OCHOB (Bapiioe
B pi3HHUX BUIIB Big S5 A0 76 THC. IIap OCHOB). Y pe3yAbTaTi I'eHH, AOKaAi30-
BaHi B III, € gynaikoBaHUMH B I'€HOMi XAOpoIIAacTiB. BigMiHHOCTI 3a po3-
mipamu XA/IHK pizHUX BHOIB B OCHOBHOMY BH3HA4alThCcs HoBxkuHOMO II1.
Bunugarkom € xa/IHK nearux 6060BUX i XBOMHUX, 9Ki He Mmictarh II1. BBa-
JKarTh, 1o II1 6yB y 3araabHOTO IIpeKa BHUIIHUX POCAHH.

9k nmpaBuao, II1 npencraBaenuit nBoma cermentamu (II1-1 ra II1-2), mo
pos3miagroTe XxA/IlHK Ha BeauKy ¥ Maay yHiKaAbHI OiagHKH (puc. 6.14). Be-
AVKa yHiKaabHa OiASHKa € HaMbiapll BapiabeAbHOIO (Ias pi3HUX BUIB)
YaCTHUHOIO MOAEKYAU. Y NEedKHX BH/IB y IIPOLECI €BOAIOIii OMH CETrMEHT
ITT 6yB noBHIicTIO 260 YaCTKOBO BTPadeHUH.
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Beauka yHiKaABHaA
IMOCAIZOBHICTE

Maaa yHikaAbHaA

. IIOCAIZOBHICTE I

Puc. 6.14. Cxema oprasizallii XAOpoIIAacTHOTO I'eHOMY TIOTIOHY,
IIT — inBepTOBaHHUI1 IOBTOD.

Bpaskae momibHiCTh opraHizallii XAOpoIAaCcTHOrO ¥ GakTepiaabHOrO Te-
HOMiB. OCHOBHIi PETrYASITOPHI IIOCAIZOBHOCTI, TaKi K IIPOMOTOPHU i TepMiHa-
TOpPH, B 000X TeHOMax (PaKTHYHO iAeHTHYHIi. BiAKH, 1110 KOAYIOTECS XAOPO-
IIAACTHUMM I'eHaMH, OysKe CXOXKi Ha OakTepiasbHi, a [esdKi IpPynu TeHiB i3
OAM3BKUMM (PYHKIIIMU (CKasKiMO, "eHH PHOOCOMHHUX 0iAKiB) opraHizoBaHi
OHAKOBO B TeHOMaxX XAoporaacTiB, E. coli Ta mianobakTepiii. Pazom i3 Tum,
Ha BiAMiHy Bif ITpoKapioTiB, y reHax XA/lHK mpucyTHi iHTpoHU.

Beanka KiABKIiCTBH IT'€HIiB AOKaAi30BaHa B KAacTepax, 110 €KCIIPECYIOThCS
Y BUTASI BEAHKHX IIOAIMUCTPOHHUX IIEPBUHHHUX TPaHCKpUNTiB. OcraHHi
TIIPOLIECYIOTHCH [I0 OAiro- i MoHormctTpoHHux MPHK, 1110 mizgatoThes criaaii-
CHUHTY Ta pefaryBaHHIo. PegaryBaHHS TPaAHCKPUIITIB XAOPOIIAACTHUX T'€HiB
BHUSBAEHO TIiABKM Yy BUIIMX POCAWH; Hal4dacCTillle CIIOCTEPIiraroThbCs 3aMiHU
C — U magaxoMm nezaMiHyBaHHS. AHAAOTIYHUU IIPOIIEC, 1110 BUKAUKAE 3aMi-
HU aMiHOKHCAOTHHX 3aAUIIKIB yV BiANOBIAHUX OiAKax, BiAOyBaeThCs i B Mi-
TOXOHIPIIX AEIKUX €yKapioTiB (HAWIIPOCTIIINX, TPUOIB i pOCAHH).

3a ckaaoM i TIOPSAKOM PO3MIIIIEHHS T'€HIB XAOPOIIAACTHI T€HOMU
BHUIIIUX POCAUH € BHUCOKO KOHCEPBATUBHHMM. Y BHBYEHHX I€HOMAax XAO-
poIAacTiB BUIIMX POCAUH BUdBAeHO Bim 108 mo 122 reniB, 95 3 gkux
€ OMHAKOBUMH I 3yCTpidaroThCd B yCiX BHAIB. 3a (PyHKIIIOHAABHICTIO T'€HHU
XAOPOIIAACTIB MOXKHa PO3MIAUTH Ha TPU TPyHH: I'€eHU amapaTiB TpaHC-
KPHUILIi Ta TPaHCASIlil; TeHH, 1110 ITO0B'd3aHi 3 POTOCHHTE30M; I'eHU (POoTOo-
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CHHTETHYHOTO MeTabo0ai3My (6ioCHHTE3y aMiHOKHCAOT, XKHUPHUX KHCAOT,
oirMeHTiB Toimo). [lo reHiB mepuioi rpynu BinHocaTh reHu pPHK, TPHK
(6am3pko 30), mearux cybomuHUIL xaopomnaacTHoi PHK-moaimepasw,
npuban3Ho 20 reHiB pubocoMHUX 6iAKiB i KiAbBKOX (PaKTOPIB TPaHCALAILII.
[o npyroi rpynu — reHy, 10 KOAYIOTH AesdKi 0iAKH, 9Ki € KOMIIOHEHTaMHU
¢dorocucrem I i II, kommaekcy muroxpomiB b/f, ATP-cuaHTazu, cybomu-
Hunbs NADH-gerinporeHa3HOro KOMIIAEKCY AHUXaABHOT'O AAHIora Ta Be-
AUKY CyOOIWHUITI0O KAIOYOBOTO (pepMeHTY (POTOCHUHTEe3y pudyao300icco-
charkapborcraaszu. ['eHu TpeThbol rpynu HaiiMeHIl BuBYeHi. [Jo Hel
BimHOCaTh TeH accD, 1mo koxye (B-cybomuHuiro ametTus-CoA-kapOoKcH-
Aa3U MPOKAPIOTHUYHOTO THUIYy, SKa Oepe ydacThb y OioCHHTE3i KUPHUX
KHUCAOT. ['eHOMH XAOpOIIAACTiB 3AaKiB He MaroTh reHa accD. Y moxomo-
MiOHMX 1 TOAOHACIHHMX BUABAEHO I€HH, IIOB'd3aHi 3 0IOCHHTE30M XAO-
podiay. Ix 6yso imeHTH(DIKOBAHO 3a CXOXKICTIO 3 BiAIIOBIAHUMM reHaMH
doToCUHTE3YIOYUX DaKTePiii.

Yci Bimowmi 0iAKH, SKi KOAYIOTBCSA B XAOPOIAACTaX, BXOASTH M0 CKAQLY
BEAUKHUX (PepMEHTATUBHUX KOMIIAEKCIB. Lli KOMIIAEKCH TaKOK MICTSTH OIHY
abo mekiabka cyOOmMHHIb, IO KOAYIOTBCS SAEPHUM reHoMoM. llikaBo, 110
CyOOOUHUIL, KOTPi KOAYIOTHCH SIAEPHUM T'€HOMOM, € PETyASTOPHUMH, a Ti,
1o Koayrothed XAIHK, — kaTasiTnayHUME. YCi HaWBasKAUBIII 0iAKY, 9Ki Oe-
PYTh y4acTb y peHaikallii, TPaHCKPHIIILi Ta TPaHCASIIil TaKOXK KOMLyIOThCS
anepHuM reHoMoM. TobTo, K 1 Aas MITOXOHAPIH, yci mporiecH, 110 BigOyBa-
IOTBCSI Y XAOPOIIAACTAaX, IepebyBarOTh i/ 3JKOPCTKUM KOHTPOAEM dpa.

OcHoBHI XapaKTepUCTNKU CIIaJIKyBaHHA TeHiB opraHeJ1

Y munaoimHUX BUAIB €yKapioTiB SAepHI N'€HH 3yMOBAIOIOTH YCHAOKY-
BaHH{ O3HaK 3a 3aKOHaMUu MeHzeAd B pe3yAbTaTi TOTO, IO, 32 BUHATKOM
34EelAeHUX 31 CTATTIO 03HAK, HAIAQAKH OTPUMYIOTH I10 OAHIN KOIIii KOXKHO-
ro reHa Big 060X 6aThKiB. MiTOXOHOPIl Ta MAACTUAN HE PO3IIOMIASIIOTHLCS 10
raMeTrax i JOYipHIX KAITMHaAX aHAAOTIYHO XpoMocoMaM fiapa, TOMY 3aKo-
HOMIpHOCTi cliafKyBaHHS T'€HIB OpraHeA i 03HaK, sIKi BOHU 3yMOBAIOIOTE,
3HAYHO BiAXUASIOTBCH Bill MeHAeAIBChKUX. OCKIABKH MiTOXOHAPIi Ta 1aac-
TUAN 3HAXOOSATHCS B IIUTOIIAA3MIi KAITHH, TaKUP THUII CHaAKyBaHHS Ha3U-
Ba€ETHCH NO3asl0epHUM (NO3AXPOMOCOMHUM), D0 YUMONNASMAMUUHUM.

Oco6AMBOCTI 1T03agEPHOTO CIIaAKyBaHHS 3yMOBAEHI B IIEPIIY YEpPry THUM,
1110 TaMETH Pi3HUX cTaTel MaloTh HEIIOPIBHAHHI KiABKOCTi MITOXOHPIH 1 I1aa-
crun. Hattgacrimie KiHOYi raMeTH MICTATh TUCAYI MITOXOHApPIH (i maacTung
Y POCAHH), a YOAOBIYi — OAWHHULI. Y PE3yAbTaTi B 3UTOTI IIEPEBAaKAIOTh MITO-
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XOHZIPil Ta XAOpoIlAaCTH MaTepi. Y AedKHX BH/IB, 30KpeMa B AIOJHUHU, YOAO-
Bidi MiTOXOHpii B3araai He MOTPATIASIOTHL A0 3UTOoTH. OTXKe, CIIaaKyBaHHS
TEHIB OpraHeA BiOyBa€eThCs B OCHOBHOMY II0 MaTE€PHHCHKIH AiHii (0coOAMBOC-
Ti mo3agaepHOi ClIagKOBOCTI B AIOAUHU UB. Y po3miai 7). [Ipore 11e 3arasbHe
IIPABHAO HE HOCHTH a0COAIOTHOTO XapaKTepy — HAS OESIKHX BHUAIB I'PHU3YHIB
CIIoCTepiraeTbCd Iepeaada MiTOXOHAPIH y 3UroTy Bix 060X 6aTHKIB.

OcobAuBOCTI CIafIKyBaHHSA XAOPOIIAACTHHX Te€HIiB OyAH BIIepIlle BHUBYEHi
IIPU JOCAIMXKEHHI clIaiKyBaHHS CTPOKATOCTi AUCTKIB HIiYHOi KpacyHi. K110
B POAi MATEPUHCHKOI (popMu Gpasu KBiTH 6e3XA0p0odiAbHOI POCAWHU i 3a-
ITHAIOBAAH iX IIHAKOM 3eAeHOI pocanHH, To Vv F1 crocrepiraau TiabKHu 6e3-
xa0podiabHI hopMu (HezabapoM THUHYTH). [IpH PEeHUIPOKHOMY CXPEIy-
BaHHi ¥ F1 yci pocAuHU HOpMaAbHi. SIKINO 3allMAIOBAAM KBITH CTPOKaTUX
POCAMH IIHAKOM 3eaeHoi popmHu, v F1 BuaBagau 6e3xa0podiabHiI, CTPOKaATi
1 3eaeHi pocamHHU. llpy peUNIPOKHOMY CXpPELIyBaHHI — TIiABKH 3€AEHI.
TakuM YUHOM, POS3TAGHYTUM IIpHUKAAZ AEMOHCTPYE MAaTEPHUHCBKUN THII
CIIaJKyBaHHS XAOPOIIAQCTHOT'O I'€HOMY B POCAHH, OAG GKOTO € XapakTep-
HOIO KOHTPACTHA Pi3HULISI MiK pe3yAbTaTaMU PEIUIPOKHUX CXpeIlyBaHb.
JocuTh cxXoXi BiAMIHHOCTI B TAKHUX CXPENIyBaHHIX CIIOCTEPIraroThCd IIpU
CXpelllyBaHHI 3€A€HHUX i cTpoKaTHxX popM y iHIINX pocauH. [Ipore Bce 3a-
A€XUTH Bifl KIABKOCTEH ITUTOIIAA3MH, III0 IIPUBHOCSATLCS B 3UTOTY SHITEKAi-
THHOIO Ta crepmaro3oizoM. Tak, SKII0 KBiTH CTPOKATHUX POCAMH TepaHi
3aIlHAIOIOTH ITHAKOM 3eaeHoi, To 1o 30 % HamankiB OyayTh CTPOKATHMH,
a 70 % — zeaenuMu. [Ipu penunpoxHomy cxpeniyBaHHI 70 % HaIaakiB
€ crpokatuMu, a 30 % — 3eaeHuUMHU. TOOTO B POCAMH CIIOCTEpPIraeThbcs Ta-
KOXK i ABOOATBHKiIBCHKE CIIAKyBaHHS I'€HiB XAOPOIIAACTIB.

I'EHETVKA CTATI

CrareBuil IAGX PO3MHOXKEHHS, MPUTAMAHHHI BHIUM eyKapioTaw,
nepenbadae HAABHICTH [ABOX CTaTeH, MPEACTABHUKU SKUX IIepenaroTh
HaIIaAKy I10 OMHOMY TamnAoigHoMy Habopy CBOIX reHiB. CTaTh MOXKHA BH-
3HAYUTHU SK CYKYIHICTH MOP(OAOTIYHUX, (Pi3iOAOTIYHUX i TOBEAIHKOBHUX
O3HaK, [OB'SI3aHUX i3 PO3MHOXKEHHSIM OPTaHi3MiB, i 3a SKUMH PO3Pi3HI-
IOTBCH KiHOYi Ta 4OAOBIidi 0COOMHHU. PO3BUTOK IIMX O3HAK B OHTOTEHE3] —
JeTepMiHaIlid CcTaTi — € CKAAQIHUM ITPOIIECOM, M0 SIKOTO 3aAydeHa BeAUKa
KIABKICTB Pi3HUX I'€HIB i JOAATKOBI MOAYAIOIOYH YWMHHUKM, 30aTHI BIIAUBA-
THU Ha HAIIPSIMOK PO3BUTKY YOAOBiUOi ab0 XKiHOYOI cTaTi.
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3arasbHy cxXeMy BU3HA4EHHs cTaTi HaBeaeHO Ha puc. 6.15. [NouyarTko-
BUM €TallOM € BIAWB Ha HHIEKAITHHY, 3WIOTy YH OCOOHHYy cmambo-
demepmiHyrouux c¢paxmopig. lle MoxKyTh OyTH 9K (PaAKTOPH CepemIoBHIIA
(remriepaTypa, KIABKICTH IIOKMBHUX PEUYOBUH Y SIHIEKAITHHI TOIIO), TaK
i reHeTH4Hi (PaKTOPHU (HASBHICTH y 3UTOTi I'€HiB, KOTPi BU3HAYAIOTh CTATh).
i craTe-meTepMiHyodoro (arTopa 3yMOBAIOE €KCIPECI0 BiAITIOBIIHOTO
KJ1I0408020 2eHa, IKWUH BIIAMBa€ Ha aKTHBHICTBH iHIIMX I'eHIB, 110 BU3HA4a-
IOTH PO3BUTOK JKIiHOYHMX UM YOAOBIYHMX IOHAJ (cTaTeBHX 3aa03). KaiTwHH ro-
HaJ MOYMHAIOTH NPOAYKYBATH cHeluidHi JAd OaHOI cTaTi TOPMOHH, HKi,
Yy CBOIO Yepry, PEryAlIOTh €KCIIPECiI0 TeHiB, IO BiAMOBimaroTh 3a opMy-
BaHHA NEepeuHHUX cmamesux O3HAK — BHYTPIIIHIX 1 30BHIIIHIX CTaTEBUX
OpraiB. Y IIOJAABIIOMY 3'IBASIIOTBCSI 8MOPUHHI cmamesi 03HAKU (I0AaTKO-
Bl 03HaKH, 3a SKUMH BiIPi3HAIOTHCH CTATi ITiCAd CTATE€BOTO [03PiBaHHH).

CrarTs-
AeTepMiHyIOYHH )
curHaa (dpaxTop)

Karo4yoBHH Cenn I'enn mepBHHHHX
reH —» roHazoreHesy [—¥»| CTaTE€BHX O3HaK

Puc. 6.15. 3araspHa cxema merepMiHamii crati

MexaHi3MM BM3HAYEeHHS CTaTi

3a mpUpOLOI0 CTATh-AETEPMiHYIOUOTO CHUTHAAY PO3PIi3HAIOTH cepedo-
BUWHUTL | 2eHEMUUHUU MEeXAaHI3ZMU 8U3HAUEHHST cmami. JKINo cTaThb 3y-
MOBAIOETBHCSI CEPEIOBUIIIEM, TO PO3PI3HIIOTH NPO- Ta €Nni2aMHU THIIU BU-
3Ha4YeHHd cTaTi. Y IepluIioMy BUIMIAAKY BOHA YCTAHOBAIOETHCS [0 3aIAig-
HEeHHd gGHUIIEKAITHHH, a B ApyromMmy — micad. Haliyacrimne craTe BU3Ha4da-
€ThCH TE€HOTUIIOM 3UTOTH (F€HETUYHUU MeXaHi3M), TOOTO 3aAeKUTDH Bif
TOTO, fdKi CTaThb-AETEPMIiHYIOUi I'€HH MaAHW CIEPMaTOo30in i aiIeKaiTHHA.
Y TakoMy pasi KaxyTb IIPO CUH2AMHUL Mun 6U3HAUEeHHs cmami — y MO-
MEHT 3allAilHEeHHS SUIIEeKAITHHH.

IIpozamnuuii i enizamHuili munu eusHaueHHst cmami. [IporaMHUH THUIT
IpUTaMaHHUN, HaAIIpUKAA, KOAOBEpTKaMm i mnomeaungaM. [Ipu crareBoMy
PO3MHOXKEHHI IIMX BH/AIB CcTaTh HalllalKa BH3HAYAETLCS PO3MipoMm diille-
KAITHHH (KIABKICTIO ITOKMBHHUX PEYOBUH Yy Hil). He3arexkHo Big TOTrO, 9Ki
TeHOTHUII MAalOTh SHIIEKAITHHA Ta CIIepMAaTo30if, IO YTBOPIOIOTH 3UTOTY,
i3 3aIAifHEeHUX SHIIEKAITHH BEANKOTO PO3Mipy PO3BUBAIOTHCS CaAMKH, a 3
ApibHMX — camii. Y maHoMy pasi AeTepMiHyIOYUM CHUTHAAOM PO3BUTKY
CTaTi € BHYTPIIITHE CePEeAOBUIIE IHIIEKAITHHH.
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KaacuyHUM IPHUKAQIOM €MiraMHOIO THILy BU3HA4YEHHd CTaTi € AeTep-
MiHallisg cTaTi y MOpceKoro depB'aska Bonellia viridis. CaMKH MOXKYTE 0-
cAaraTH po3Mipy OO0 OZHOTO MeTpa, TOAl K CaMIli MalOTh JOBXKHUHY He OiAbIire
3 MM i mapasuTyoTh y CTATE€BUX LIAdXaxX CaMKH. Bu3HadyeHHsa cTaTi Bifd-
OyBaeThCH IiZ1 Yac pO3BUTKY AMYMHKH: AUYHMHKA, 110 BIABHO ITAaBa€, MOXKe
BUINAIKOBO NPUKPImUTHCA abo A0 caMKH, abo mo0 Oyab-siKoro cyocTparty.
Y nepuaroMy BUIIaAKy i Oi€l0 TOPMOHIB, 9Ki BHUIiASE caMKa, i3 AHYMHKU
PO3BUBAETHLCS cCaMellb-IIapa3uT, y APyroMy — caMKa.

EnmiraMHUM THUIIOM BHU3HAQYEHHS CTATi TAKOXK XapaKTepU3YIOThbCS HEsIKi
BUOU depellax, KPOKOAMAIB i dIlipok. CraTbh-AeTEePMiHyIOUHMM CHUTHAAOM
AT X BUIOIB € TeMIlepaTypa IHKyDamii 3amaifHeHOro g, OCKIABKH
BOHA BIIAMBAa€ Ha €KCIpecifo KarodoBoro reHa 7Tdf (testis determining
factor), skuii BU3HAUYa€e PO3BUTOK YOAOBIYMX TOHAM — IIPHU ITiABUIIEHHI Te-
MIIEpaTypH OTOUYYIOUOTO CEPEeNOBHINA ¥ KPOKOAUAIB i SUIIPOK 3 SI€Ib BUAY-
TIAIOETECA OiABIIIE CAMITIB, Y Yepernax — CaMoK.

CuHzamMHuili mun eusHaueHHst cmami. Y TBAaPUHHOMY Ta POCAMHHOMY
CBiTi HAUMIOIMWPEHIITUM € 3aA€KHE Bifl TeHETHYHUX (PAKTOPIiB BU3HAYEHHS
craTi B MOMEHT yTBOPEHHSI 3UroTH. [IpoTe caig 3a3HAYWTH, IO iHOAI CIIO-
CTepiraroThbCs MepexXimHi BapiaHTH, dKi IO€OHYIOTH I'€eHETHUYHUY i cepemno-
BUIITHUY MexaHi3Mu. Tak, y pub craTb BU3HAYAETHCS 38 CHHTAMHHUM THIIOM
(3aA€KUTH BiZl IPUCYTHOCTI CTATEBHUX XPOMOCOM, OUB. HUXKYE), IIPOTE, Y [e-
AIKUX BHUIIB IIiJ 4ac iHAWBIAyaALHOTO PO3BHUTKY MOIKE CIIOCTEPIraTHCd 3Mi-
Ha cTaTi B JOPOCAMX OCOOMH IIi/l BIIAWNBOM HAaBKOAMIIIHEOTO CEPEIOBHIIA,
TOOTO CHHTaMHUU THUII BU3HAYEHHS CTaTi 3MIHIOETBCS Ha emiraMHUE. Ha-
IIPUKAQL, B akBapiyMHuX pubok Oryzias latipes, cTaThb SKUX NeTEPMiHYETH-
cd cTaTeBHMM XPOMOCOMaMH, BiIOyBaeThCs 3MiHa CTaTi 3 YOAOBIUOi Ha XKi-
HOYYy IIpHU iHKyOaIllii 3amnaimHeHol SHIEKAITHHH B CEPENOBHIL, 30aradeHoMy
KIHOYUMU CTaTeBUMHU ropMoHaMmu. HalIikaBimmuM € nmpukaaz 3MiHU CTaTi
B pub y 3B'aA3KY i3 "couiaabHUMH yMoBaMHu'. Tak, y nomyasitii pubu-kKaoyHa
Botia macracanthus Ha#biabIlla puba B TPYII CTae CaMKOIO, Apyra 3a po3-
MipoM — caMIleM. YCi iHIIII OCOOMHH 3aAHUINAIOTECS CTATEBO HE3PIAUMHU. SAKIIO
caMKa THHe, caMellb IIEPETBOPIOETHCA Ha CaMKy, a HacTyIIHa 3a po3MipoM
puba y rpymi crae camiieM. MexaHi3Mm Takoi "coliaabHoi" 3MiHU cTaTi, IKUH
3yCTpidaeThCs B 0araThoX iHIIIMX BHUAIB pUO, 3aAHIIAETHCH HE3'SCOBaHUM.

KoukpeTHi MexaHi3MM, sKi 3yMOBAIOIOTH AETE€pMiHAIlil0o cTaTi 3a CyTO
CHHTaMHUM THIIOM, JOCUTH Pi3HOMAaHITHI. ICHyIOTh ABa OCHOBHIi KAacH Ta-
KUX M€XaHi3MiB: aA€ABHUH 1 XpOMOCOMHUH.

3a anenvHum mexaHnizmom CTATh BU3HAYAETHCA OAHHUM I'€HOM, IIpen-
CTaBAE€HHUM [eKiabKoMa aseaaMu. CKazKiMmo, y mraseHoro oripka Ecballium
elaterium craTh BU3HAYaA€TbCS I'€HOM, SKHUH Mae TPH aseai: aP 3yMOBAIOE
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PO3BUTOK 4Y0AOBIUOi crati, ad¢ — XKiHO4Y0i, a* BU3HAYae repMadpoauTU3M
(PO3BUTOK YOAOBIUHMX i KIHOYHX O3HAK B OOHOI 0COOMHU). AAeAb aP moMi-
HaHTHHUH OI0/I0 ABOX IHIIIMX aA€AiB, aseAb a — 100 perecuBHoOro ad. Ta-
KUM 4YWHOM, POCAWHHU 3 eHoTHIaMHu aPa* Ta aPad € 4oAOBiUMMMU, i3 T'eHO-
TUIIOM adad — KIHOYUMH, i3 PeHOTUIIaMU a‘*a*, atad — repMadpoagUTaMHU.

LikaBu#l MexaHi3M BH3HA4YEHHSI CTaTi peaaidyeThbCcd B HNEepPETHUHYACTOK-
puaux (oc, Mypax, 0Kia). CaMKH pO3BUBAIOTHCS i3 3aIIAITHEHUX (IHUIIAOII-
HUX) d€npb, a caMUi (TpyTHI) — i3 HesamaigHeHux (ramaoigaux). Ilig gac mo-
JAABIIIOTO PO3BUTKY CAMIIB BiZlOyBa€ThCS IIOABOEHHS XPOMOCOM B COMaTH-
YHHUX TKaHHUHax (aBTroaumnaoinmusais). [JoBruil dac BBaXKaaocd, IO caMe
drarT AUTIAOITHOCTI abo rarmaoimHOCTI 3UTOTH € BUPIIIAABHUM Y BH3HAYEHHI
cTaTti, TOMy Takui# MexaHi3M OTpHUMaB Ha3BY 2anioounsioioHozo. BusasBuao-
cd, OJHAK, III0 BU3HAYEHHS CTaTi B IEPETUHYACTOKPHANX 3aA€KUTH BiJ Of-
HOTO I'eHa, 9KUH Mae BeAuKy (moHan 20) KiabKIiCTb aseaiB. OTKe, rallAOqUII-
AOIIHUM THUIT BU3HAYEHHH CTaTi MOXKHa BBaKaTH Pi3HOBUIOM aAE€ABHOTO.
FeTepo3uroTHi 3a MM TI'€HOM OCOOMHH € caMKaMu. 3pO3yMiAo, HI0 TPYTHI
HE MOXKYTb OyTH IeTepO3HUrOTaMH: BOHH PO3BHBAIOTHCH 3 SIEIlh, SIKi HECYTh
TIABKUY 10 OAHIiH Kormii BCiX T'eHiB, a IIPU BiMHOBAEHHI AUMAOIAHOI KiABKOCT1
XPOMOCOM COMATHYHI KAITHUHH OyayTh TOMO3HUTUTOTHHMHU 3a BCiMa NeHaMH.
Y BHUIIaZIKy TPHUBaAUX CIOPIMHEHUX CXpeNlyBaHb (iHOpuouHzy) BinOyBaeTbCI
3MEHIIIEHHS 2emepo3u2omHocmi nonyasyii (IuB. po3mia 8), i y ByAUKax Mo-
KYThb 3'ABAATHUCH CaMli, 1110 PO3BHUHYAHCEH i3 3aIlAiJHEHUX S€Ib.

Y GaraTbox BHIB TI'€HH NEPBHHHOIO BH3HAYEHHS CTaTi MIiCTITBhCH
y crienuigHIX cmamesux XpoMoCcoMax, IKi I 3yMOBAIOIOTE [JeTepPMiHaIliio
crati. Takuéi MexaHi3M Ha3UBAETHCSI XPOMOCOMHUM BUSHAUEHHAM cmami.

IcHye mekianbKa pi3HOBHIB BU3HAUYEHHS CTATi XpOMOCOMHOT'O THUILY:

o Tumn XX/X0 (xapakTepHUH OAd AEIKUX KOMax, HAIPUKAAL, KO-
HUKIB 1 KaoIiB poxy Protentor) — caMKu MaroTh ABi cTaTeBi Xpo-
MOCOMHM OJHOTO THILY, SIKi I03HAYAIOThECA SIK X-Xpomocomu (XX),
a caMmui aunie onHy (XO0).

e Tun XX/XY (ccaBui, pubu, neski komaxu, AesdKi pOCAMHH) — XKi-
HodYa CTaThb Ma€ ABi OAHAKOBI cTaTeBi XxpoMocoMu (XX), a 40A0-
Biua — aBi pizHi (XY).

e Tun ZZ/ZW (nrtaxu, naasyHu, MeTeankdy). Ha BinMmiHy Bin more-
PEeOHBOTO THUITY, OCOOMHHU, 9Ki MAaloTh ABiI OMHAKOBI cTaTeBi Xpo-
MocoMHU (ZZ), € caMIIIMH, a OCOOMHHU 3 ABOMa Pi3HHUMU XPOMOCO-
Mamu (ZW) — caMKaMHU.

o Tun ZZ/Z0 (xapakKTepHHH [OAd OAEIKUX METEAUKiB) — caMIli
€ HOCisIMHU ABOX OOHAKOBHUX CTaTe€BUX XpPOMOCOM (ZZ), a caMKU —
aunie ogHiei (Z0).
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Cratp, IIpeACTaBHUKHU SIKOi MaloTh ABI iA€HTUYHI CTAaTEBi XpPOMOCOMHU
Ta, BIANIOBIAHO, NPOAYKYIOTH iEHTHYHI 3a UMM XPOMOCOMaMHU TaMETH,
Ha3UBAa€ETBCA 20M02aMEeMHO0 (TOMOTaMETHOIO CTATTIO y CCaBIIiB € CaMKH,
a y nraxiB — cami). CtaTh, IpeACTaBHUKY SIKOI IPOAYKYIOTH Pi3Hi 3a cTa-
TEBUMU XPOMOCOMaMH I'aMeTH, € 2emepozamermnHoro.

MoaekyasapHi MexaHi3MU BU3HA4YEHHd CTaTi, HaBiTh Y MeXaxX OJHOI'0 XPo-
MOCOMHOTO THILy, MOXKYTb KapAUHAABHO BiApi3HATHCS. Po3rasHeMo aBa pi3Hi
MeXaHi3MHU BH3Ha4YeHHd cTaTi 3a TUIIoM XX /XY — y apo3odiau Ta ccaBLiB.

Y npos3odiam HagBHI ABa TUIIH cTaTeBUX XpomocoMm — X i Y. Ocobunu
XX po3BUBaIOTBCS SIK CaMKH, a ocobuHu XY — gk camili. [Ipu npomy i3 3u-
TOTH, L0 Ma€ TIABKU oHYy X-xpomocomy (XO0) TakoK PO3BHUBAIOTHCS CaMIL,
a Habip crareBux XpoMocoM XXY HPHUBOAUTEH OO0 PO3BHUTKY caMKHu. OTXe,
FeHeTHUYHO iHepTHa Y-XpomMocoma y Apo30o(iam B3araai He Bimirpae poai
y BU3HAQYEHHi CTaTi: KAIOYOBHM MOMEHTOM € CIIiBBiJHOIIIEHHH (OasaHCc)
MiXK KiABKICTIO X-XPOMOCOM i KiABKiCTIO HabopiB ayTocom (Taba. 6.1) — 11e
IIOAOXKEHHS OyAo cBoro 4dacy copmyabBaHe Bpimxkecom (Calvin Bridges)
aK banaHcosa meopisi BU3HAUYEHHS CTaTi.

Tabruys 6.1. CiiBBiAHOMIEHHA MiX YHcAOM X-XpoMOCOM
i xiapkicTIO HaGOpiB ayTOCOM IIpH BH3HAYEHHi cTaTi y Aposodiau

CTaTI::f::xpo- HaGip Binnomenus CraTeBHi
ayTocom (A) X:A denoTun
MoCOoM
XX AA 1,0 caMKa
XY AA 0,5 camenb
X0 AA 0,5 camenb
XXY AA 1,0 caMKa
XXX AA 1,5 HajicaMKa
XXXY AA 1,5 HazcaMKa
XX AAA 0,67 iHTepceKc
X0 AAA 0,33 HazcaMmelrb
XXXX AAA 1,3 HajacaMKa

3a HagBHOCTI B AUMAOIAHIHA 3UTOTi ABOX X-XPOMOCOM, CIIiBBiTHOIIIEHHS
MiXK HUMH Ta KiABKICTIO HabopiB ayTocoM mopiBHIOE 1 — came 3a Takoi
YMOBH i3 3UTOTH Oy/ie po3BUBaTHCH caMKa. Habip crareBux xpomocom XY
OPUBOAUTEL A0 BimHomieHHs X : A (muB. Taba. 1), mo mopiHIOE 0,5, i 3 3U-
TOTH PO3BHBaEThCca caMmenb. Habip X0 3yMOBUTH Take caMe CIIiBBiIHO-
IIeHHd MiXK X-XpoMocoMaMmu # ayrocoMaMu, ToMy ocoonHu X0 € caMIIsaMH.
Habip crareBux xpoMmocom XXY BU3HAYHUTH CIIiBBiIHOIIIEHHS, SIKE OOPiB-
HIO€ 1, 110 3a0€3IeYuTh PO3BUTOK CaMKH. 3a yMoBH, 110 X : A OiabIlle 3a
OOWHUIIIO, i3 3UTOTH PO3BUBAETHCS HA/CAMKAa, KA XapaKTepPHU3yEThbCH
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rineptTpooBaHUMU 30BHINIHIMU CTATEBHMH O3HAKAMU CAMKH; HACAIIKOM
BimHOmIeHHs, gKe MeHIe 0,5, € Po3BUTOK HaacaMId. JIKII0 BiAHOIIEHHS
X-XpoMOCOM [0 KiABKOCTiI HabOpiB ayTocoMm € mmpoMikHHUM Mix 1 1 0,5, i3
3UTOTH PO3BUBAETHCHA TaK 3BaHUP (HmMepcekc, SKUU XapaKTepPHU3YEThCH
IIPOMIXKHHUM MiX caMIIIMU Ta caMKaMH (DEHOTHUIIOM.

BaaaHCOBOIO Teopi€lo MOSICHIOETHCH IOsIBa cepen Apo3odia 2iHaHOpo-
Mophie — OCOOUH, SIKi MalOTh YaCTUHY KAITHH, TKAHWH YU OPraHiB 3 O3Ha-
KaMH, XapaKTepHUMH JAs pidHUX craTeit. Ilix yac eMOpioHAABHOTO PO3BHU-
TKY IIPU IIEPIINX II0JiAaX 3UTOTH 3 HAOOPOM cTaTeBHUX XpoMocoM XX, omHa
3 X-XpOMOCOM MoOzKe OyTH BTpPadeHOIO (3a MeXaHi3MOM BUHUKHEHHS aHEYII-
AOImiB, OUB. po3mia 4), i BiANOBImHI KAITHHU OyOyTh pPOAOHAYAABHHUKAMH
TKaHUH i OpraHiB, 10 PO3BUBAIOTHCS IIAIXOM, XapaKTEPHUM AT CaMIId.

MoaekyAsspHUIT MexXaHi3M 0aaaHCOBOTO BH3HAYEHHS CTaTi y Apo3odisn
OB'S3aHUH i3 HAsBHICTIO B X-XpOMOCOMIi ABOX T'€HIB — Sis-a Ta Sis-b, 110
BHUKOHYIOTb POABb T'OAOBHOTO CTaTb-AETEPMIHYIOYOI'O CHUTHaAy. BiaKoBi
IPOAYKTHU IUX T'€HIB YTBOPIOIOTH KOMIIAEKC i3 IIPOAYKTOM ayTOCOMHOI'O
reHa da. KiapkicTs mpoaykTiB reHa da BiAIoBiiae KIiABKOCTI ayTocoM
(y mumaoigHOTO OpraHiaMy — ABI I03H), a KiABKICTb IIPOAYKTIB T'€HIB SisS-a
Ta Sis-b Bapiloe 3aAeKHO BiJ KiABKOCTI X-xpomMocoM y 3uroti (ogHa abo aBi
no3u). TakuM 4MHOM, V CaMOK yTBOPIOETHCH BABidi OiAbllle ITMX 0iAKOBHX
KOMIIAEKCIB, HiXK y caMIliB. BiAKOBi KOMIAEKCH Sis-da BHKOHYIOTH POAb
dakTOpiB TPaAHCKPHIILLI, IIiil KOHTPOAEM SKUX 3HAXOAUTBHCH KAIOYOBUH
reH po3BUTKY cTaTi — Sxl (Sex-lethal), 110 MiCTUTBCS B OOHIH i3 ayTOoCOM.
[NTogpitiHa KOHIEHTpAllisd (pakTopa TPAHCKPHUIILIi € AOCTaTHBOIO AT aK-
TuBalii reHa Sxl y caMKH; y caMlisg (ogHa X-XpoMocoMa) I'eH He TpaHC-
KpuOyeTbCs Ha HaMOIABIII pPaHHIX CTamidX eMOpPiOHAABHOTO PO3BHUTKY,
OCKIiABKH KOHIIEHTpAllis aKTUBaTOpa TPAHCKPHIIILl € HeJOCTATHBLOIO.

Fen SxI micTuThk BiciM eK30HIB (uB. puc. 6.16) i Mae ABa MPOMOTOPHU —
paHHiY 1 misHi#. PakTOp TpaHCKPUIIIi sis-da akTUBye paHHIH IIPOMOTOP,
IIPH TPAHCKPHIIL] 3 gKOro (110 BiaOyBaeTbCcd TIABKHM B CAMKH) CHAQHCHHT
MPHK cnpgmoBaHUE TaKUM YHHOM, IO €K30HU 2 i 3 BUPI3alOThbCd 3 IIpe-
MPHK (He nmokaszano Ha puc. 6.16). [IpoagykrTom reHa € 6iaok Sxl, BiH BHKO-
HY€ POABb PETryASITOpa CIAAHMCHHTY BAAQCHOIO I'eHa IIPU HOro TPaHCKPHIIILii
3 IHIIIOTO — ITI3HBOT'O — IIPOMOTOPA, 110 aKTUBYETHCH SK Yy caMlis, Tak i B ca-
MKH Ha TPOXH Mi3HIIINX CTamigX PO3BUTKY eMOpioHa. TpaHCKpHUIILd 3 ITi3-
HBOTO IIPOMOTOPA 3YMOBAIOE TPOXHU IHININH MIAGX cIIAa¥icuHTY, Koan B MPHK
3aAUIIaEThCS CKOPOYEHMUM €K30H 1 pa3oM 3 ek30HoM 2. Peryastop criaaii-
cunry Sxl 3abesnedye BUpizaHHI €K30Ha 3 y caMKH, y caMlid (3a BiZICyTHO-
cti Sxl) me#i ek30H 3aaurnaeTbcs (puc. 6.16). OCKIABKH €K30H 3 MiCTUTB
cron-KonoH, TpaHcadllia MPHK y camiig npuBoauThk 40 CHHTE3Y He(PYHKILI-
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OHAABHOTO TOAIIETITHAY. ¥ CAMKH CHHTE3YEThCS TPOXU 3MiHeHa dopMma Oia-
Ka Sxl, gka migrTpumye criaavicuear BaacHoi MPHK magxoMm, xapakTepHHM
JAd CaMKH, a TaKOXK BHKOHYE POAb peryadaropa craaaricuHry MPHK rena tra
(transformer): y camKku yTBOproeThbcsa pyHKIioHaabHa MPHK, y camiia — He-
dyHKIIOHaAbHA, K& MICTHUTB CTOII-KO/IOH Yy €K30Hi 2 (puc. 6.16).

Camku ? IIpo-MmPHK Camui

—>

*
Y o
Y »
" .
" .
.
(X

s o

O .

D 0

s, o s Y
X " 0

Puc. 6.16. AAPTEepHATUBHUH CIIAAMCHHT y IPOIeci AeTepMiHarliii crati
y apo3ocpiau. [ag reHa Sxl moKa3aHO CIIAAMCHHT y CAMKU ¥ caMIlg
IIpU TPAHCKPHUIILLil reHa 3 [Ii3HBOI0 IIPOMOTOPA

OyHKIIIOHAABHUH OIAKOBHM IPOAYKT TeHa tra, y CBOIO UEPTY, CIIPSIMO-
Bye crnaadicuar MPHK rena dsx (double-sex) 3a Tunnom camiku: y MPHK Ha-
dBHI MEepIIi YOTHUPHU 3 ILIECTH €K30HIB — 3a €K30HOM 4 po3TallloBaHUM
polyA-curnaa (ouB. po3mia 2), akuil y npucyTHocTi 6iaka Tra BHisHaeThcd
CHCTEMOIO IIPOILIECHHTY. Y pe3yAbTaTi yTBOploeThcda 6inoK dsxF, akuil 3y-
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MOBAIOE PO3BHUTOK CaMKH, 3allyCKalO4M aKTHBAIlil0 BiAIIOBIAHOTO KacKamy
reHiB. 3a BizcyTHOCTI 6iaka Tra B camiig BKazaHuil polyA-curHaa He pos-
misHaeTbcd, 1 cuHTe3syerbca MPHK, mio wmicTUTh yci HIICTE €K30HIB
(puc. 6.16), — BignoBimHUE 0in0K dsSxM 3yMOBAIOE aKTHBAllil0 T'€HIiB, AKi
BiATIOBiZIaIOTH 3a PO3BUTOK O3HAK CaMIIS.

Y ccaBliB, gK i B Apo30dian, 0coOMHU 3 HAO0POM CTATEBUX XPOMOCOM XX
MaOTh KiHOYYy cTaTbhb, a 3 Habopom XY — 4oaoBiuy. Aae, Ha BiAMIiHY Bix
apo3ocgiau, ocobuuu X0 (mpu BTpaTi Y-XpOMOCOMH) MAIOTh KiHOYY CTaTh
(3 meBHHMHU BagaMu, AUB. Po3diA 7), a OCOOMHU 3 HOAATKOBUMH X-XpPOMO-
comamu (XXY, XXXY, XXXY) — goaoBiday. OTzKe, y BU3HAUEHHI CTaTi y ccaB-
IIiB KAIOYOBY POAB Bifirpae Y-xpoMocoMma: 3a ii HassBHOCTI PO3BUBAa€ETHCH
ocoOmHa YoAOBiIdYOi cTaTi, 3a BiCyTHOCTI — XKiHo4oil. BusnagaarHa pyHK-
mig Y-XpoMOCOMH 3yMOBA€Ha HasgBHICTI0O B ii ckaaZi KAIOYOBOI'O TIeHa
TDF/SRY (Testis Determining Factor/ Sex determining Region Y), mpo-
OYKT SIKOTO € TPaHCKPUIIIHHUM (PaKTOPOM IAS I'eHiB, KOTPi BU3HAYAIOTh
PO3BHUTOK TECTHUKYA (HOAOBIYMX FOHAM) y 3apPOAKY.

CnagkyBaHHA O3HaK i cTaTh

CriagKyBaHHY O3HAaK, Ha sKi BIIAUBA€ CTaTh, Ma€ II€EBHI OCOOAWBOCTI
(IMB. TAaKOXK OCHOBHI IPHUHIIUIIH CIIaJKyBaHHS O3HAK, PO3TASHYTI B PO3/i-
Al 3). 3a3zBUYail BHUOIAGIOTH TPH TPYNH TAaKHUX O3HAK: O3HAKH, 3YEHACHI
3i cTaTTIO; 03HAKU, OOMEIKEHI CTATTIO; O3HAKH, 3aA€KHI Bif crarTi.

O3naku, 3uensieni 3i cmammio, — IIe O3HAKM, T'€HU AKHX PO3TalllOBaHi
B cTaTeBUX xpoMocoMax X (Z) abo Y (W) (imeTbca IIpo I'eHH, dKi 30BCIM He
000B'A3KOBO MAalOTh BiTHOIIEHHS MO CTATE€BUX O3HaK). CTaTeBi XpOMOCOMHU
X (Z)iY (W) cyTTeBO Bipi3HAIOTHCA OHA Bif oHOI Habopom reHiB. OcobuHa
rOMOTaMeTHOI cTaTi MoxKe OyTH gK I'OMO-, TaK i TeTE€pPO3HUTOTOI0 3a IIEBHUM
reHoM. ['eTeporaMeTHa CTaThb € 2eMi3u20moro 3a OIABIIICTIO MeHiB: y T€HOTHITL
icHye amine omHa Kol reHa — abo B xpomocomi X (Z), abo Y (W). Otxke,
y roMoraMeTHOi cTaTi pelleCHBHA O3HAKa BUSBASETHCH AUIIE TOMi, KOAU I'eH
nepebyBae B TOMO3UTIOTHOMY CTaHi, a B FfeTeporaMeTHOI cTaTi — 3aBXKIH.

[MIpuraagoMm X-34eNA€HUX 03HAK YV AIOAHHH € TeMoiaid Ta JaAbTOHI3M,
a Y-34emnAeHUX — TnepTpuxo3 (OBOAOCIHHS BYIITHOI PAKOBUHU) i IIepeTHHKA
MDK maabigmMu. O3HaKM, 349elAeHi 3 X-XpOMOCOMIO, CIIaKYIOThECS 3a IIPHUH-
IUIIOM KpHC-Kpoc (ouB. po3aia 3). O3HaKH, 34ellAeHi 3 Y-XpPOMOCOMOIO, —
AUIIIE TI0 YOAOBIYiH AiHIl I HA3UBAKOTHCH 20/IAHOPUUHUMU.

HesBazkaroum Ha Te, m10 X- Ta Y-XPOMOCOMH CCAaBIIiB CYTTEBO BiApi3-
HSIOTBCS 3a HAOOPOM I'eHiB, Y AUCTAABHUX palioHaX KOPOTKOTO Ta JOBIOTO
aederl BOHM MalOTh T'OMOAOTIYHI MIASTHKU — ncego0oaymOCOMHI pe2ioHU.
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FeHu, IKi 3HAXOASITHCS B IIUX OiAdHKaX (mpubauszHo 10), popMasbHO 34Yemn-
A€Hi 3i cTaTTo (MICTATBCH B CTATEBHX XPOMOCOMAX), ase XapakTep CIIai-
KyBaHH4 MalOThb TAaKUHU caMHUH, gK i ayTOCOMHI.

O3naxu, obmexeHi cmammro, — 1Ie O3HAKM, IMeHHU SKHUX 3HaAXOAATBHCH
B ayToCcoMaX, aA€ BUSIBASIIOTHCS AMIIIe B OfHilM 3i crareit. [Ipukaamamu Ta-
KHX O3HAK € gHIIEHOCHICTD IITaXiB 1 MOAOYHICTL ccaBLiB. OCOOMHU YOAOBI-
40i Ta XKIiHOY0I cTaTed MaroTh M'eHH IIUX 03HAK, aAe IX IPOSB € MOKAHBUM
AUIIIE B CAMOK, OCKIABKH CaMITi 1T1030aBA€HI HEOOXIMHUX AL ITHOTO OPraHiB.

O3Harxu, 3anexcHi 6i0 cmami. 'eHU 1IUX 03HAK MICTATHCA B ayTOCOMAax
i MOXYTb BUSBASTHCS y IIPEACTABHUKIB 000X cTaTed, ase THII CIIaIKy-
BaHHs (pelleCUBHHI ab0 MOMIHAHTHUI) 3aAeXKUTh Big crati. Hanpukaam,
03HAKOIO, IKa 3aA€KUTH BiJl CTATi B AIOUHU, € OOAHCIHHA. AA€Ab, KOTPUH
BiAIIOBigae 3a 4acTKOBE OOAMCIHHSI Y YOAOBIKiB, € JOMiHAHTHHUM i, BiaIio-
BiZIHO, 03HaKa BUABAIETHCH 34 HAABHOCTI omHiel #ioro Komii. ¥ xKiHOK dhe-
HOTHUIIOBUM IpogB Ii€i 03HaKU IOTpedye MPHUCYTHOCTI B T'€HOTHUII IBOX
KOIIifi aaeast, TOOTO Toif caMuili aseAab IIOBOOUTL cebe SK PEIEeCHBHHH.
Excrpecis reHiB 3aAe€KHUX Bifl cTaTi 03HAK BH3HAYAETHCSI TOPMOHAABHUM
CTaTycoM, i B pe3yAbTaTi TeTEPO3UTOTH PiZHUX CTaTed MaloTh Pi3Hi peHo-
TUIH. AHAAOTIYHO CHAaAKYIOThCH O3HAKH POTraTOCTi Ta KOMOAOCTi B OBEIlb.

Caif 3ayBazkKUTH, IO OGiABHUIICTH I'€HiB, 9Ki BU3HAYAIOTh XapaKTepHUN
oA maHoi crati (PeHOTHI, 3HAXOOATHBCH HE B CTATE€BUX XPOMOCOMAX,
a B ayrocomax. O3HaKH, SIKi BOHU 3yMOBAIOIOTH (I€PBHHHI Ta BTOPWHHI
cTaTeBi O3HAKM), i € 0O3HAKaMU, OOMEXKEHUMHU CTaTTIO ab0 3aAeKHUMU
Big Hei. Ixmiif IPOSB KOHTPOAIOETHCH BIAIIOBIAHUM 0araHCOM YOAOBIYHX
1 KiHOYHX cTaTeBUX F'OPMOHIB.

KoMmmeHcariisa mo3v reqis
1 IIOXO)KeHHs CTaTeBMX XPOMOCOM

OcCKiABKH B TOMOTaMETHOI cTaTi HasgBHIi [IBi OTHAKOBi cTaTeBi XPOMO-
COMH, KiABKICTb T'€HIiB, 9Ki MICTITBCS B IIUX XPOMOCOMax, a OTXKe, i IXHixX
0iAKOBHX IIPOAYKTIB (H03a TeHiB), € BABiYi OiABIIIOIO, HiXK Yy TeTeporaMeTHOL
crati. 30iABIIIEHHd YW HecTada IeBHUX 0iAKiB MOK€ HETaTHBHO BIIAUBATHU
Ha PO3BUTOK OPraHi3My, TOMY B IIPOIIECi €BOAIOLi BUHHUKAW MEXaHi3MH,
dKi Ha BIAIIOBiIHUX CTaAisIX PO3BUTKY "BHPIBHIOIOTH" KiABKICTb IIPOAYKTIB
TeHIiB CTaTeBHUX XPOMOCOM Yy 0OCi6 3KiHOYOi Ta YOAOBiYOi cTaTeid — MexaHi3-
MU KOMIIeHcalli J03U reHisB.

IcHye mBa magxu Takoi KoMIleHcallii. ¥ caMmIiliB apo3odian criocrepira-
€TBCH TillepakTuBallisa eANHOI X-XpOMOCOMHU 3a paxXyHOK IIiATpUMaHHS [e-
KOMITaKTH30BaHOTO CTaHy XpoMaTHHOBOI (iOpuau. Y 1pomy mpoiieci Ge-
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PYTh y4acTh MPOAYKTH IT'ATH TI'eHiB (0iankm MSL), gKi yTBOPIOIOTH MYABTH-
0IAKOBHH KOMIIAEKC, III0 3B'A3yE€ThCH 3 X-XpOMOCOMOKO: MSL-koMmaekcu
OiaTpUMyIOTh AU(QY3HICTE PiOpHAK # PEKPYTYIOTH 40 XPOMATHHY KOMIIAEKCH
PEMOIEAIOBAHHS Ta TiCTOH-alleTHATPaHC(epasu (IuB. po3mia 2), m1o 3abearre-
4ye 3Ha4YHe 3POCTaHHHA e(peKTHBHOCTI iHimiarii Tpanckpumniiii. KomneHcartisa
IO3U T'€HIiB KOHTPOAIOETHCH KAIOUYOBUM I'€HOM Sxl, Ipo SKHM yxKe HIAoc4:
y caMOK (pyHKIliOHaABHHUH 0in0K Sx1 He mo3Boasge MSL-6iakaM po3TaiioBy-
BaTHCa Ha X-XpoOMOCOMax i THM CaMUM 3ariodirae rirepakTuBallii.

Y ccaBIliB CHIOCTEPIraeThbCcs MPOTUAEKHUH MeXaHi3M KOMIIeHcallii 1031
IeHiB 3a paxyHOK iHakTHBallii ofHiel 3 X-xpomMocoM y caMoOK. [HakTuBaliis
BiiOyBaeThCs Ha pPaHHIX erarax ApobaeHHs 3urotu (16-32 Gaactomepw),
a BUOip XpoMocoMH, IKa Oyze iHaKTHBOBaHA, € BUIIAAKOBUM. TaKHUM YHMHOM,
1 B caMOK, i B caMIliB y COMaTHYHUX KAITHHAX ITPAIIO€ TiIABKH OfHA X-XPOMO-
coma. CaMKH, IreTepo3nUroTHi 3a X-34elAeHUMU I'eHaMM, € Mo3aikamu (y Oe-
AKUX KAITHHAX €KCIIPECYETbCI JOMIHAHTHUH aseAb, B IHIITNX — PELIECHBHUMN).

LeTarpHUN MexaHi3M iHakKTUBAallil oHiel 3 X-XpOMOCOM CaMOK CCAaBIIiB
OO KiHIIg He 3'dCOoBaHHM. Bigomo, II0 PO3MOYHHAETBCS IHAKTHUBALlS 3i
criequivyHOI AiAFHKH X-XPOMOCOMH, fKa ITo3HadaeThbca gK Xic (X inacti-
vation center). Xic MicTHUTB eKiAbKa IeHiB, OAUH i3 SKUX — I'eH Xist — eKc-
IIpecyeThbcda Aunie B X-XpoMocoMi, 1o Oyne iHakTuBoBaHa. [IpoaykToM
IILOTO T€HAa € NOCUTH noBra MmoAekyaa PHK, ska He migmaeTbca TpaHCASIL.
Moanekyan Xist-PHK 3B'sa3yroThcs 3 X-XpOMOCOMOIO MaifzKe 10 BCiH JOBXKWHI
U peKpyTYIOTh IEeBHi 0iAKH, sKi 3a0e3medyyloTh IeTepoXpOMaTHHI3allifo.
[HakTHBOBaHa X-XpoOMOCOMa BUABASIETHCA B iHTep(a3HUX dapax y BHUTASIL
reTepoOXpPOMAaTHUHOBOI'O KOMIIAKTHOTO YTBOPEHHS IM00AM3y MeMOpaHU -—
Tiablg Bappa (Murray Barr). ¥ pasi HagBHOCTI KiAbKOX X-xpoMocoM (XXY,
XXXY iT. A.) aKTUBHOIO 3aAUIIAETHCS AWIIIE OHA 3 HUX — KIABKICTB TiAellb
Bappa gopiBHIOE KiABKOCTI X-XpPOMOCOM MiHYC OIMHUIIA.

OCKiABKH OpraHi3MH, SKi MaloTh reTepoOMOPdHi CTaTeBi XpOMOCOMH, Ha-
A€XKaTh [0 Pi3HUX LIapCTB, CTATEBI XpOMOCOMHU, HAlleBHO, BUHUKAAU B IIPO-
IIeCi eBOAIOIIT HeomHOPa30B0. Ha KOpUCTH TAKOro BUCHOBKY CBiIYUTH i TOM
daxkT, 1110 HaBiTh ¥ Me¥Kax OAHI€l CHCTEMATHYHOI I'PyIIH, HAIIPHUKAAL PEITH-
All, € BUAHY 1 3 XpPOMOCOMHUM THIIOM BH3HA4YEHHS CTaTi, 1 Taki, 110 He MaloTh
CTaTeBUX XPOMOCOM (CTaTh BU3HAYAETHCS TEMIIEPATYPHUM PEKUMOM).

3po3yMmiao, 110 cTaTeBi XPOMOCOMHU BiTOKPEMHAUCH SIK OJHA 3 ayTOCOM-
HUX I1ap, IIPO II0 CBiAYUTH HAIBHICTh ¥ HHUX IICEBI0AYTOCOMHHUX PETiOHIB.
HatiimoBipHile, cmoyaTKy BUHUKAU TOMOMOP(HI (0MHAKOBI 3a MOPOAOTi-
€I0) cTaTeBi XpOMOCOMH, a Mi3Hile — rerepoMopdHi. Tak, y 3miit 6iabmr ap-
xXaiyHi BUAW MaloTh OMOMOP(QHI CTaTeBi XpPOMOCOMH, €IWHOIO0 Pi3HUIIEIO
MiXK SKHMMH € 4Hac peIlAikallii: Z-xpoMocoMa pelAiKyeTbCcs Ha II0YaTKy,
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a W-xpoMocomMa — HaOpPHUKIHII S-pa3u KAITUHHOTO IIMKAY. Moaoamri BUOH
3Mili MalTh yKe reTepoMopdHi crareBi xpomocoMu. O4eBUIAHO, ooHA
3i CTaT€BUX XPOMOCOM 3MIHIOETBCH IIIASXOM XPOMOCOMHUX IIepeOyaoB,
OpUHAWMHI JAS CCaBIIB BBaXKaeThCH, II0 Y-XPOMOCOMA 3a MOXOMKEHHSIM
€ X-XpoMOCOMOI0, sIKa ITiaasacs YUCACHHUM JIEACIIisaM.

I'EHETUKA IHOVBIAYAJIbHOI'O PO3BUTKY

Po3BHUTOK Oyab-9KOro OaraTOKAITHHHOTO OpPraHi3My pO3IIOYHMHAETHCS
3 YTBOPEHHS 3u20mu — KAITHUHH, sIKa BHHUKAE B IIPOIIECI 3ANUTTH CTATEBUX
KAITUH (GULIEKAITHHU Ta criepMaros3oiga). Ilicad 3amnaifHeHHS Sapo criepMa-
To30ima (npoHyKeyc) OIMUHAETHCSI B ITUTONIAA3MI AHIIEKAITUHH, 3ANBA€THCS
3 ii gapoM, BiATBOPIOIOYH TaKHUM YHHOM XapaKTepHUU Oad JAaHOIO BULY
OUTIAOIAHUE Habip XpoMocoM. Y OIiABIIIOCTI opraHi3MiB ompa3sy ITiCAs 3arlAi-
OHEHHS 3UroTa PO3MOYMHAE CEPil0 MITOTHYHUX IIOMIAIB (Tak 3BaHe Opob-
JIeHHSL 3Uu20omu), Y Pe3yAbTaTi yTBOPIOETHCS BEAMKA KiABKICTH APIOHMX KAi-
TUH — 671acmomepig. PO3BHBaIOYHCh, KOXKEH i3 IuX 6aacTomepiB (abo ixHA
rpymna) yTBopro€e (PYyHKIIIOHAABHO CIIEIliaAi30BaHi KAITHHH 3 IPUTAMaHHOIO
auttre iM Mopdpoaoriero Ta diziororiyHUMHE ocobauBocTaMU. OTIKe, 3arAig-
HeHa SHIEKAITHHA 3MaTHa JAaTH I0YaTOK Pi3HUM THITaM KAITHH, TOOTO 3a-
0e3nmedynuTH PO3BUTOK BiZl OAHIEl KAITMHH N0 6araTOKAITMHHOTO OpraHizmy.
IIs BAACTUBICTH 3WTOTH Ha3UBa€TbCd momunomeHmuicmio. BoHa mpura-
MaHHAa TaKOXK i 6aacToMepam, SKi YTBOPHUAUCH B IIEPIINX YOTHPBHOX II0iraxX
3uroTH. [Ipy HOmAABIIINX MOAIAAX TOTUIIOTEHTHICTHL KAITHH 3MEHIIYETHCH,
KOXKHa 3 HUX "o0upae" CBOIO IIporpamMy PO3BHUTKY — CTAE 0emepMiHO8AHO0.
Y Takill KAiTHHI BifOyBaloTbCd CTiMKHM BHYTPIIIHI 3MiHH (9K y CTPYKTYpi
anpa, Tak i B CTPYKTYpPi LIUTOIIAa3MH), IO PoOAATH ii camy Ta ii Hamankis
BiAMIHHUMU BiJ iHIIIUX KAITUH eMOpioHa ¥ BU3HAYAIOTH MOMAABIIIUI IIIASIX
criertiaaizamii. Caizg 3a3HaYUTH, IO 11l 3MiHM HE BHKAMKAIOTH CYTTEBOI MOpP-
¢oAOTIYHOI PI3HUII Mi3K KAITHHAMHU Pi3HUX TUIIB. [leTepMiHOBaHa KAITUHA,
IIPOZIOBXKYIOUHM CBifl PO3BHTOK, HaOyBa€ BHAMMUX MOP(OAOTIYHUX BiaMiH
i BAQCTHBHUX AUIIIE JAaHOMY THUILy KAITUH (PyHKILH. Taka ocTaTo4yHO crellia-
Ai30BaHa KAITHHA HA3UBAETHCS OUpepEeHUIlio8AHO0.

HerepMminaiiia Ta gudepeHIialisa KAITHH I0B'SI3aHi 3 IIOCTYIIOBOIO 3Mi-
HOIO aKTHUBHOCTI I'€HIB y IIPOLECi PO3BUTKY OpraHidMy: II€BHi I'pyIy I'eHiB
IIOYMHAIOTh aKTHBHO EKCIIPECyBaTHUCd B OOHUX KAITHMHAX i IIepeXondaThb
y perpecoBaHu# cTaH y iHmuX. Taka audepeHIlifiHa KapTHHa eKCIpecii
reHiB BUHHKAa€E BXK€ Ha paHHIX eTarnax pPo3BHUTKY 3UTOTH M BUKAMKaHa He-
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OHOPIAHICTIO IIUTOIIAA3MHU AUNEKAITUHU. [lin HEOHOPIAHICTIO ITUTOIIAAS-
MH SHOEKAITHHU PO3yMIiIOTh HEPIBHOMIPHUU PO3IOMIA ¥ MeKaX KAITHHU
yumonaazmamuuHux oemepmiHarnm — neBHUX Moaekya MPHK Ta ixHix 0ia-
KoBUX NpoaykKTiB. Ockiabku 1i MPHK i 6iAKH CHHTE3yIOTbCH ¥ HAKOIIHU4Y-
IOThCH B GUIIEKAITHUHI IIle B IIPOIIECi OOreHe3y, TO IM'eHM IUX IHUTOoIIAa3Ma-
TUYHUX OETEPMIHAHT HA3UBaAIOTh 2eHAMU 3 MAMEPUHCLKUM eqeKmom.
TakuMm yuHOM, sapa OAacToMepiB, SKi yTBOPIOIOTHLCH B Pe3yAbTaTi ApPo6-
A€HHS 3UTOTH, OITMHSIOTECS B Pi3HOMY IUTOIIAA3MATUYHOMY OTOYEHHI, IKe
3yMOBAIOE BHUOIPKOBY TPAHCKPHUIIILIO reHiB. LluTomaasmaTuyHi aeTepmi-
HaHTH, CTBOPIOIOYM TI'PAi€HT KOHIEHTpAIliM y3/I0BXK pPi3HUX oceH giilie-
KAITHHY, BU3HAQYAIOTh II€PEeIHbO-3aIHIO Ta JOPCOBEHTPAABHY OCi 3apOAKY.
Y xomai mpobaeHHS 3UTrOTH OAACTOMEPH, SIKi 3HAXOAUTHMYTHCH Y BiAMOBiI-
HHUX YaCTHHaxX 3apoJKy, 3yMOBAATH PO3BUTOK IPHUTAMaHHHUX OAd AAHOL
YaCTHHH OPraHi3My OpraHiB i TKaHHH.

FeHHI IIPOAYKTH, SIKi CHHTE3YIOTBCS B OKPEMHUX rpyrnax bGaacToMmepis,
CHPUYUHSIOTH IIle 3HAYHII BiAMIHHOCTI B IIUTOIIAA3MaTHYHOMY OTOYEHHI
A7ep KAITHH, III0 Y CBOIO Yepry IIPHUBOAUTE [0 aKTHUBAIll iHIMUX crerudid-
Hux reHiB. Takuil Kacka[ akTHBAalii 49U iHaAKTUBAIlil I'eHIB HiICUAIOETHCS
3a paxyHOK B3a€eMOil MixXK CyCiZHIMUM KAITHHaMH, SIKi depe3 IIUToIIAa3Ma-
THUYHI MICTKM 4YH NIAMHHI KOHTAKTH 3AaTHiI B3a€MHO BIIAMBATH Ha IIoga-
ABIITYy qudpepeHIliallito oJHa OIHOI.

3arasbHi IPUHIUIIN T€eHETUYHOI AeTepMiHallil pO3BUTKY IOAIOHI B pi3-
HUX opraHiazMmiB. HalipeTrasbHillle BUBYeHO AU(EPEHIIHHY eKCIIpPecito re-
HIiB y XO&i PO3BHUTKY IIpPEeACTaBHHKIB poxay Drosophila Ta HemaTomgu
Caenorhabditis elegans. Huxk4ye po3rAsSHYTO I'€HETHYHI acIleKTH eMOpio-
reHe3y caMe IIUX OpraHi3MiB.

I'eHeTMYHMII KOHTPOJIB pO3BUTKY Drosophila

[asa komax pony Drosophila xapakTepHUN KUTTEBUH IIUKA i3 TTOBHUM
IIepPEeTBOPEHHSIM: YTBOPEHHS OOPOCAOI OCOOMHU (imaeo) i3 3ariAigfHEeHOTro
AU 30IACHIOETHCS Yepe3 MPOXOMIKEeHHSI MEKIABKOX AMYMHKOBUX CTaii,
dKi po3iAeHi mepiogaMU AMHBKU. YIPOAOBXK CTail d9UIld Ta TPHOX AWYHU-
HKOBHUX CTaili BH3HAYAIOTHCA OCi MaWOyTHBOTO 3apOAKYy, 3aKAaIAIOTHCS
1 pO3BUBAIOTHCS OCHOBHiI CEIMEHTH TPHhOX YACTHHH Tiaa iMaro — roAOBH,
rpyne# i gyepeBusd. TakuM 4yuHOM, eMOpioHaapHUIE po3BUTOK Drosophila
MOXKHA yYMOBHO TMOIAUTH Ha TpPU eTanu: 1 — BU3HAYEHHS II€PEIHBO-
3aIHBOI Ta JOPCOBEHTPAABHOI OCel 3apoaKy, 2 — AeTepMiHallisd KiABKOCTi
cerMeHTIiB Tiaa Ta ixHBOI opieHTaNii (moagpHOCTI) i 3 — criermdikaliss cer-
MEHTIB, TOOTO HaOyTTd HHUMH IHAWBIAyaABHUX XapaKTEPUCTUK, IIPHUTA-
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MaHHHX AHIIE JAHOMY CErMEHTy. YCi eTamu pO3BUTKY IepeOyBaroTh i
JKOPCTKHUM KOHTPOAEM II€BHOTI'0 HAOOPYy IeHiB.

Ocob6auBicTIO Po3BUTKY Drosophila € yTBOpeHHS Ha MEPHINX eTarax
OPOOAEHHS 3UTOTH CUHYUMIIO: TIPH IIOCAIMOBHUX MITOTHUYHHUX TIOMdiAaX
PO3AiA€HHSI [IUTOIIAA3MU IIPOXOAUTH HE IIOBHICTIO ¥ HOBOYTBOpPEHi sapa
MaloTh CIIABHY IIUTOIIAAa3My. lle crpusie BiABHOMY pPyXy LHTONIAA3MaTH4-
HHUX [EeTEPMiHAHT i € BaXXAUBUM y BHU3Ha4YE€HHI ocel 3apoxnky. [lizmimie
BimOyBaeTbca Mirpania saep mo mnepudepii, moOymoBYIOTHCH KAITHHHI
MeMOpaHU Ta CTBOPIOETHCH IIap MPUOAMU3HO i3 6 THC. KAITHH Ha 30BHINI-
Hill IToBepxHi eMOpioHa.

Bu3snaueHHs1 ocell 3apodKy KOHTPOAIETHCS HADOPOM T'eHIB, dKi AicTaru
Ha3By eeHu nossipHocmi sitiysi. [lpoayktu mux rexiB (MPHK i BigmoBimHi 6ia-
KU), CTBOPIOIOTH I'PaMi€eHTH KOHIIEHTpPAIlill Bifl OgHOr0 IIoAloca SUIS A0
igmmoro, 3abe3meYyyroYr TaKUM YHWHOM CIPSIMOBaHY AdeTepMiHAIlilo oceit
3apoAKy — JOPCOBEHTPAABHOI Ta IepenHbo-3aaHbOI. HepiBHOMIpHUNE po3-
IOIA ITUX MUTOMNAA3MATUYHUX AETEePMiHAHT (IX iIlle HAa3UBaIOTh MOpghoze-
HAMU) MOTPUMYETBCS 3a JOIIOMOTOI0 Pi3HUX MexaHi3MmiB. [lo-tiepie, mes-
Hi Moaekyan PHK maroTh curHaam AoKaaizamii — eAeMeHTH IIOCAIJOBHOCTI
HYKA€OTH/IB, $IKi, YTBOPIOIOYM II€BHY IIPOCTOPOBY CTPYKTYPY, 3YMOBAIO-
I0TBH cripsgMoBaHui TpaHcriopT PHK y HeobxigHe Miclie uToraa3Mu giie-
KAITUHU Ta yTpuMaHHS TaM. [lo-apyre, akTuBHICTE TpaHcadallii Takux PHK
€ Pi3HOI0 B PiZHUX YaCTHHaX SUIEKAITUHHU, 110 TAKOXK CIPUYUHIOE Bif-
MIHHOCTI B KOHIIEHTpaLiax MopgoreHiB. YK yKe BigMidaaocsi, HAsIBHICTb
OUTOMNAA3MATUYHUX AETEePMiHAHT Ta PO3IOMIA IX y SHIll 3aAeKUTH AHIIIE
Bil aKTUBHOCTI TreHiB ginerkaiTMHU. OTXKe, NEepPIIUM eTall PO3BUTKY
Drosophila 3aAe3KUTDb AUIIIE Bil MATEPUHCHKUX I'€HiB.

Cepen reHiB, gKi KOHTPOAIOIOTH JOPCOBEHTPAABHY IOAGPHICTH SHIA,
HaBaxkAuBIiIUM € dorsal. BiaAkoBUil TPOAYKT IILOTO T€HA € TPaHCKPHUII-
iAHUM (PaKTOPOM, L0 PETYAIOE aKTHUBHICTH AEKIABKOX IHIIIMX TeHiB. Pi3-
HUIII B sAepHUX KOHIleHTpaliax 6iaka Dorsal i3 MakcumMyMoM y BeHTpa-
ABHIY 4YacTHHI g#iIg i MiHIMyMOM y OOpPCaAbHIiM (LUTOIIAa3MaTH4YHAa KOH-
LEHTpAllid IPHU IbOMY 3MIHIOETHCH B ITPOTHAEKHOMY HAIIPSIMKY) IIPUBO-
OUTH A0 crienudigHOl aKTHUBAIll T'eHiB, IKi 3yMOBAATH PO3BUTOK BiAIIOBiI-
HHUX JIOPCAAbHHUX i BEHTPAABHUX CTPYKTYP.

Cepen reHiB, sIKi KOHTPOAIOIOTH IIE€PEAHBO-33JHIO IOASIPHICTD SIMIS BU-
MIASIIOTH IBa HaWTroAoBHIIMX — bicoid i nanos. MPHK bicoid cuHTe3yeTbCca
i 9ac A03piBaHHA SUIEKAITUHU Ta ITICAS 3aIlAiHEHHS TPaHCIOPTYETHCA
[0 TiepeaHboi yacTuHH 3urotu. Tpancnopt MPHK bicoid y 3aganomy Ha-
OpPsMKY 3a0e3redyyeThbcd HagBHICTIO B ii 3'-HeTpaHCABOBaHIN MIATHII CIie-
1TUQITHOTO AOKAAIZAIIHOTO eAeMeHTa IIOCAIJOBHOCTI, ITI0 PO3Ii3HAETHCS
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b6iakoBuMH pakTopamu. Exkcrpecis MPHK bicoid y nepenHiii yacTUHi 3arai-
JQHEHOTO SIHIS CTBOPIOE T'PalieHT KOHIeHTpawii 0iaka Bicoid, aka 3meHmy-
€TBHCS B IIepeHbO-3aIHEOMY HaIlpsaMKy. Biaok Bicoid, sik i Dorsal, € Tpanc-
KPUIILLIAHUM (PaKTOpOM 1 3abe3rnedye eKCIIPecito I'eHiB, HEeOOXimHUX AT
PO3BUTKY TIOAOBHOTO Ta rpyznHoro BiamiaiB. MPHK nanos, anasoriuHo mo
MPHK bicoid, cunTe3yeThCcd I 4ac Ao3piBaHHSA SHIEKAITHHH. Y IIPOLIeci
PO3BHUTKY 3UI'OTH CTBOPIOETHCS TpPadi€eHT KOHIleHTpalii 6iaka Nanos
(PHK-3B'a3yBaabHU 0iAOK), IIPOTHAEKHUI [0 Takoro Oiaka Bicoid: 3 mak-
CHMYMOM Yy 3a[HiH{ 4aCTHUHIi 3apoAKy Ta MiHIMyMOM y nepenHii (puc. 6.17).

Aoxkaaizanis 6ianka Bicoid slapa cuHmETIO
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ITepeaHbO-3aZHA Bich

Puc. 6.17. Aokaaizariia 6iakiB Bicoid i Nanos
Ta OCHOBHI oci 3aponky Drosophila

3a ydJacTio TaKO3K iHIINX TeHiB ABa OIIHCAaHiI FPaJi€HTH MalOTh BU3HA-
YaABHHUM BIIAUB Ha JIETEPMiHAIIO YTBOPEHHSI OCHOBHHUX CTPYKTYP Y€PEeBLId.

demepminayin kinokocmi ceemenmie mina ma ixHvoi nonsprocmi. Ilic-
ASI BUBHAYEHHSI OCHOBHHUX OCEH 3apOaKy, aKTUBYIOTLCH 2eHU Ce2MeHMAauli.
Ixaa akTuBHiCTB CIIOCTEPITAETLCS TTiCAS 3allAifHEHHS AHIIEKAITUHU, TOMY
BOHH HE € I'eHaMH 3 MaTepUHCBKHUM edeKToM. Bimomo 6am3pko 30 reHis
cerMeHTAalii, 9Ki CTAHOBASTE TPU T'PYIIH:

e gap-eeHu BU3HAYAIOTh YTBOPEHHS BEAWKHUX €MOpPIOHAABHUX CTPYK-
Typ, 9Ki MaixKe 30iraloTbCsg 3 TphOMa HYaCTHHAMHU Tira TOPOCAUX
ocobmH. MyTallii ITMX reHiB MOXKYTb IIPUBECTU [0 IIOBHOI BiICYTHOCTI
BCiX TPYAHUX CETMEHTIB, JEKIABKOX YepeBHUX TOMIO (puc. 6.18, a).

e pair-rule-eeHu HeTepMiHYIOTE YTBOPEHHS CTPYKTYP, 3 AKX PO3BUBa-
IOTBCSI OKPEMi CErMEHTH Tira. MyTaHTH 3a IIMMU I'eHaMH MOXKYTb OyTH
mo36aBaeHi abo BCiX TapHUX, a00 HEMAPHUX CETMEHTIB (puc. 6.18, 6).
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e segment-polarity-zeHu BIiAIIOBIIAIOTH 3a OpPraHizallil0 Ta B3aEMHY
Opi€HTALlil0 IIEBHUX CTPYKTYP Yy Me¥Kax OLHOTO CerMeHTy. MyTaHTu
3a IIUMH T€HaMH MOXKYTb OyTH IT030aBA€HI MOEAKNX CETrMEHTHHX
CTPYKTYp abo A3epKaAbHO AyOAIOBATH OOHAKOBI CTPYKTYPHU B Me-
JKax IIeBHOTO cerMeHTa (puc. 6.18, B).

roaosa

l‘ll_
I3[y1y2[uysfys

S
e

Puc. 6.18. [Ipukaaau MyTaliil gap-rexis (a, myrauia Kriippel —
eAiMiHAIS TPYAHUX i IEPIINX II'STH Y€ePEBHUX CETMEHTIB),
pair-rule-reHiB (6, MyTalis even-skipped — eAiMiHallisI HETTAPHUX TPYIHIX
i mapHUX YepeBHUX CETMEHTIB) i segment-polarity-reHiB (8, MyTariig gooseberry —
[3epKaAbHEe BiATBOPEHHS IEPEIHIX YaCTHH CErMEHTIB y IXHiM 3aaHil YacTHHi)
y apo3odiau. I' — rpynni, Y — yepeBHi cermMeHTH.

roaoBa
roaosa

ﬁ

Excopecito gap-reHIiB KOHTPOAIOIOTH 6iaAKM Bicoid i Nanos. HatiBazkau-
BimuM gap-reHoM € hunchback, HeoOXimHUH [OAs meTepMiHallil pPO3BUTKY
TOAOBHOIO Ta I'PyAHOI0 Bifiay. AKTHBallid HOro TpaHCKPHIILii rtepebyBae
mig KoHTpoaeM 0Oinka Bicoid, a GAoKyBaHHSA TpaHCASMIl — Hi KOHTPOAEM
6inka Nanos. lle o3Hauae, 1110 B Micii aokaaizailii Bicoid yTBopioroThCcs
CTPYKTYPH, XapaKTePHi AT TOAOBHOTO Ta I'PYAHOTO BimmiaiB, a B Micrii
Aokaaizarii Nanos ixHe yTBopeHHsT OAOKYETHCS — PO3BHUBAETLCS UEPEBHUMI
Binmia. Y cBoO depry, gap-r€HU € peryAsTopaMHd aKTHBHOCTI pair-rule-
IeHiB, SKi KOHTPOAIOIOTH Po0OTy segment-polarity-reniB. Takum 4YmHOM,
Yy X0l PO3BUTKY APO30(PiAH CIIOCTEPIraeThCs UiTKa iepapxidHa peryAsdIlid
aKTHUBHOCTI I'eHiB, Ha KOXXHOMYy HIabAi 9K0i BH3HA4alOTHbCS BCE MEHIII 3a
PO3MipoM eaeMeHTH Tiaa mopocaoi ocodbuHu (puc. 6.19).
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I'enn moasipHOCTi
aHus

1
BH3HAYEHHSI OCHOBHHX ocei 3apoaxy

gap-reHH

BH3HA4Y€HHSI OCHOBHHX YaCTHH 3apoAKy

pair-rule-renn

BH3HAaYEeHHSI OCHOBHHX CETrMEHTIB 3apoaxy

segment-polarity-renn

BH3HAQ4YE€HHSA IlOASIPHOCTi CEerMeHTiB 3apoaxy

TOMEO3HCHi reHH

BH3HA4Y€HHS iHAHBiAyaABHOI IpOrpamMH
PO3BHTKY CETMEHTIB 3apOAKY

|

Puc. 6.19. Kackajg reHHUX B3a€EMO/i¥ y BU3HAYEHH]I ITOASIPHOCTL

Ta crienudiku po3BUTKY cerMeHTiB Drosophila.

Bu3HaueHHs1 iHOU6I0YAIbHUX XapaKmepucmux OKpemux ceameHmie.
ITicag Toro 9K TeHHM cerMeHTAallil BU3HAYUAHU KiABKICTH CET'MEHTIB Ta IXHIO
HOASPHICTH, aKTUBYIOTBCSI I'€HH, III0 AeTEePMIiHYyIOTh iHAWBIAyaAbHI Xapak-
TEPUCTHUKU ¥ IIOAABIII MIASIXU PO3BUTKY KOKHOI'O CETMEHTAa — 20ME03UCHI
2eHu (puc. 6.19). KouTpoab ekcipecii ToMe03UCHUX T'eHiB 3ilCHIOETHCS
OinkaMu reHiB cerMmeHTallii. I[IpogykTaMy roMeo3UCHUX T'€HIiB € Pi3HOMAaHIT-
Hi peryagaropHi 0iaku, 3maTHi B3aemomiatu 3 [JHK i peryaroBatu poboty
reHiB, gKi OyayTh BH3HA4YaTH YTBOPEHHS BiAIOBIAHUX MOP(OAOTIYHUX
CTPYKTYP (aHTeH, Hir, ouel, KPHA TOILO) i3 KAITHH KOXKHOT'O OKPEMOTI'O CEr-
MeHTa. MyTanii roMeo3UCHUX T'€HiB BUKAWKAIOTH IIOPYILIEHHS B PO3BUTKY
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OKpEeMUX CETMEHTIB: HAIIPUKAAM, CIIOCTEPiraeTbCd YTBOPEHHS HIT' 3aMiCTb
aHTEeH i3 TOAOBHOI0O cerMeHTa Apo3odian. OTKe, aKTUBHICTE TOMEO3UCHUX
TeHiB, 110 3aA€XKUTH Bil OTOYEHHS KAITHHU ¥ cerMeHTa, B IKOMY BOHAa MicC-
TUTBHCH, BU3HAYAE OCTATOYHY AUepeHITiallio.

Y Drosophila romeo3ucHi (a00 CeAeKTOpPHi) T'eHH yTBOPIOIOTH ABa KAac-
Tepu (Antennapedia-KoMmmaekc i bithorax-komriaekc) y Tpetii xpoMmocomi
B pasom opmyroTe 2omeo3ucHuli womnaekc (HOM-C). Kommaekc
Antennapedia MicTUTH I'9Th T'€HIB, 9Ki BiAIIOBiIarOTh 3a MU(EPEHINiAIliI0
KAITHH TOAOBHOT'O Ta IEePEeaHBOro rpyaHoro cermenta. Kommaekc bithorax
Ma€ TPHU I'eHH, IKi BU3HA4YAIOTh OCTATOYHUI PO3BUTOK 33/HIX I'PYAHUX Ta
4YepeBHUX CeTMEHTIB. KoxKeH i3 ToMe03HUCHUX IeHiB MiCTUTh KOHCEPBATUBHY
nocAimoBHicTB i3 180 map ocHOB (2omeo060KC) — y OIAKOBOMY ITPOAYKTI reHa
romeobokcy BignoBimae [IHK-3B'a3yBaabHHHE mO0MeH (20Me000MeH), II0
CKAIaeThCH i3 60 aMiHOKHMCAOTHHUX 3aAUIIKIB.

Hox-eeHu (Bim homeobox containing genes) 3HalifieHi B yCiX mocCAimKe-
HUX BHUIAX POCAWH i TBapHH, IO CBIAYUTH PO YHIBEPCAABHICTH CHUCTEM
peryaganii audepeHniaiii KAITHH eyKapioTUYHUX OPTraHi3MiB. Y ccaBIliB Ta
iHmMux xpebeTHUX HoOX-reHH TaKOX (POopMyIOTh Kaactep i3 9-11 reHis,
OPOAYKTHU SKUX — TPAHCKPHUIIIiNHI (pakTopU — AeTEPMiHYIOTH PO3BHUTOK
IIeBHUX palioHiB 3apolKy B3A0BXK IIepeaHbO-3aIHBOI OCi.

Po3Burok Caenorhabditis elegans

PosBuTok Hemaromu C. elegans Big 3WUTOTH OO0 OOPOCAOI OCOOMHU
BKAIOYA€ YOTHUPU AWMYWHKOBI cTamil, aKi PO3MIASIOTHCS IIepiofaMHu AUHSIH-
Ha (L1, L2, L3 Ta L4). [Ipordarom KoxKHOi AMYMHKOBOI cTaii (popMyroThCa
OKpeMi CTPYKTYPH ¥ AU(epeHIIOIThCI TKAaHUHU Tira JOPOCAOI OCOOHHHU.
[TicAs OCTaHHBOTO AMHSHHS yTBOPIOETBHCH [OJOpPOCAa OCOOHMHA, sKa Mae
959 comaTHYHHUX KAITHH y repmadpomautHux gopMm abo 1031 y camiis.
Hoasa KoxkHOI oKpeMoi KAiTHHH B xoxi po3BUTKy C. elegans € Bimomoro,
TOOTO KOXKHA KAITHHA Mae€ CBiMl ommcaHuil "pomoBin", SKUM ITOYMHAETHCSI
BiJ mepuioro ApoOA€HHSM 3UTOTH H 3aBEPIIYETHCS YTBOPEHHSIM (PYHKILIO-
HaABHOI AU(epeHITiHOBaHOI KAITHHH.

Y pesyabTaTi HEePIIOro MOAiAy 3UTOTH B MEpenHbO-3aaHINM IMAOIIMHI 3a-
POAKY VTBOPIOIOTECA MBI HEOAHAKOBI 3a po3MipoM KAiTHHH — AB (Beauka,
Hamagku skKoi OyayTk popMyBaTH KAITHHHI AiHII mmepemHbol YacTHHU
3aponka) i P (maaa, ii Hamagku opMyBaTHMYyTh KAITHHHI AiHIT 3aaHBOL
4YacTUHU 3apoaka). Ilpu 1npoMmy aAmilie KaiTuHa P; Mae y cBoi#t muronaasmi
P-zparynu — crienudpiuHi IUTONAA3MATHYHI AeTepMiHaHTH, HeOOXiMHiI nad
YTBOPEHHS IIOIIEPEIHUKIB cTaTeEBUX KAITHUH. [lomaabiinii mogin KaiTuHU P
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y HepeaHbo-3aHIN MAOIIMHI fae aBi KaitnHu EMS (Hamaaky miel KAITHHT —
MS Ta E - OyayTh BH3HaYaTH BEHTpPaAbHY BiCh 3apoaka) i Po. 3a paxyHok
HepiBHOMIpHOI cerperauii P-rpanya y nuronaasmi KaitueHU P, 1i rpaHyan
MIOTPANASIOTh TIABKM [0 KAITHHU P2 (yci KaiTMHH, gKi OyayTh MaTu
P-rpaHyAu micasg HacTymHUX IIOAiAiB, i, BigmoBimHO, OyayTh meTepMiHyBa-
TU PO3BUTOK CTATEBUX KAITHUH, IIO3Ha4daloThcd aireporo P). [Ipu Hactym-
HOMY nomiai 3 Py yrBopsaTeca aBi kaituHU — C i P3, mogia ocTaHHBOI 3yMO-
BUTH IIOIBY IlIe ABOX KAiTHH D i P4 (puc. 6.20).

M'I30Bi KAITHHH

HeHpPOHH

KAITHHH 3aA03
KAITHHH KHUIEYHHKY

L]
[ ]
1 rimomepmic
L1
L]
L1

CTaTeBi KAITHHH
VA 3HroTa

Puc. 6.20. CxeMma yTBOpPEHHS KAITHH-IIOTIEPEeTHUKIB
IIECTH OCHOBHHUX KAITHHHUX AiHiY C. elegans

OT1xe, y HNEPIINX IIOAiAaX 3UT'OTH BH3HAYAIOTHCS NOPCOBEHTpaAbHa Ta
epemIHbo-3aTHA OCi 3apoaKy, a mIictbk KaituH (AB, MS, E, C, D i P4), 1o
YTBOPIOIOTBECH MHPH IILOMY, € IOIIEPEeIHUKAMH MIECTH OCHOBHHUX KAITHHHUX
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AlHIY AMYUHKH HEMAaTOOH, dKi cpOpPMYIOTE OCHOBHI TKAHUHHU Ta OPraHU I0-
pocaoi ocobmaU. CAim Bim3HAYUTH, III0 IEPBUHHA JeTepMiHAalIlis ITOIepPeTHU-
KiB cTaTeBUX KAITUH Bia0yBaeThCHd BXKe B IIEPIIOMY MOMiAl 3UTOTH.

Magxu petepMiHamii Ta gudpepeHialii KAiTHH iHBapiaHTHI B yCiX 0CcO-
OMH maHorOo BUAY. BOHM PEryAOIOTHCH HPOAYKTAMU IIE€BHUX TIeHIB, SKi
YMOBHO MOXKHAa PO3MIAUTH Ha TPU IPYIH, 110 KOHTPOAIOIOTH: a) AETepMi-
Hallilo KAITHH; 0) 4ac meTepMiHallil KAITUH Ta IXHIH MOMiA; B) CEAEKTHUBHY
3arubeAb MEeBHUX KAITHH y XOi POo3BUTKY. KpiM Toro, y audepeniartii
KAaiTHH C. elegans 3Ha4YHY POABb BiirpaloTh MiKKAITHUHHI B3a€MO/II].

HatinerasbHille reHeTHYHUN KOHTPOAb PO3BUTKY C. elegans mocai-
[PKEHO Ha IIpuKAazi popMyBaHHS BYABBU — 3KiHOYOI CTaTE€BOI CHCTEMU
B repmadpoauTiB. ByabBa hopMyeThCH i3 CEMU KAITHH, OfHA 3 IKUX CTa€
AKIPHOIO KAITHHOIO, iHII — KAITHHAMU-TIOIEPEAHUKAMU CTATEBUX IIIAIXIB,
MaTKH ToIllo. Bubip Toro, gka 3 KAITHH CTaHe SKipHOKI, BHU3HAYAETHCH
HIoOHaWMeHIIIe II'aThbMa reHaMu. [Ipu IbOMYy BasKAWBOIO € HE TIABKHM cama
HagBHICTb II'ITH KAIOYOBUX T€HIB, a TAKOX dYac ixHboi ekcmpecii. Tax,
y MyTaHTIB 3a OAHHUM i3 IIUX TI'eHiB — lin-14 — popMyBaHHA BYyABBHU Bin0y-
BaeThCd Ha OHY AWYMHKOBY CTail0 paHille, HiXK y HOPMi, L0 CIIPHUYU-
HIOE aHOMAaABHHUH PO3BHTOK. MyTamii, sKi 3MiHIOIOTE Yac audpepeHIiartii
OKPEMUX KAITUH YU OpraHiB, HA3UBAIOTh 2eMepOXPOHIUHUMU.

[licag po3momdiAy KAITHH Ha MdKipHY Ta KAITHHHU-IIOIIEePEeIHUKH,
OCTaHHi MOYHHAIOTH AEeTepPMiHyBaTHCHd, YTBOPIOIOYU KAITHHH TPHOX TH-
miB — nepBuHHI (1°), BropuHHi (2°) i TpeTuHHi (3°). Lle#t eran nepebyBae
i KOHTpoAeM HIoHaliMeHINle 15 reHiB, a caM HPOIleC AeTepMiHallii Mae
KaCKaaHUH XapakTep: dKipHa KAITHMHA CTHMYAIOE€ PO3BUTOK IE€PBUHHOIL
KAITHHH, 9Ka, Y CBOIO 4epry, — BTOpPHUHHOI i T. A. OcobamnBe 3HA4YEHHS
Ma€e Miclle B3aEMOPO3TAIlyBaHHS KAITHH: HAOPHUKAQL, IIPU 3arubeai
KAITHHU 2°, HalibAamKk4Ya 10 Hei KaiTMHaA 3° cTae BTOPUHHOKIO. Tun pery-
aqanii gerepmiHarliii, Ha SKHUP BIIAUBAIOTH OTOYYIOYUi KAITHHH, Ha3UBa-
€ThCS no3uyitiHum (puc. 6.21). [lizHine nepBUHHI Ta BTOPHUHHI KAITHHU-
IonepeJHUKU OyayTh AU(EepeHIliloBaTUCAd B TKAaHUHU BYABBH, a Tpe-
THHHI — y rinojepMic, IKUH¥ 0TO4Yy€ BYALBY.

Y mponeci po3Butky C. elegans IIAIXOM MOCAIIOBHHX MITOTHUYHHX
nomiaiB yTBoproeTbcad 1090 coMaTHYHUX KAITHH, MOPOCAI OCOOHHU-
repMadpoIUTH TPU IBOMY MarTh 959 raiTuH, ToOTO 131 RAITHHA €Ai-
MiHy€eThCHd IPOTATOM AMYMHKOBHX CTaAili. YHiBepcaabHHUH OAd BCiX €y-
KapioTiB MeXaHi3M KAITHHHOI 3arubeai, mpu SKOMYy BinOyBarOThCH TOYHO
3arrporpaMoBaHi 0OioximMiuHi # MOP(OAOTIYHI 3MiIHM OKPEMHX KAITHUH,
Ha3UBa€ETHCSI ANONMO30M.
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ATIOTITO3 KOHTPOAIOETECHA BEAHMKOIO KiABKICTIO BHYTPIITHBOKAITHHHUX
1 MIDKKAITUHHUX CUTHAaAIB. Bu3Ha49aAbHY POAB ¥ PO3BHUTKY 3arporpaMmoBa-
HOI KAITHHHOI 3arubeai BifirparoTh crieliudidHi IIpoTeasu — kacnasu (pos-
pi3alOTh MOAEKYAM IIOAINIENITHAIB 0iAd 3aAHUIIKIB acriapariHOBOi KHCAOTH).
Y KAITHHI Kacnasu 3HaXoOdaThCAd B HEAKTHUBHIN opMi — npokacnasu — i He
dYHKIIOHYIOTh. AKTHUBAllig OAHi€l 3 IUX IIpoTea3 BUKANKA€E KaCKaaHy aK-
THBALIIO IHIINX, 1110, ¥ CBOIO YEPry, 3yMOBAIOE aKTHBALiI0 HYKAeas, [e-
rpaganiro [IHK i 6iakiB, 9Ki DiATPUMYIOTH KAITHUHHI MeMOpaHU Ta IIUTOC-
KEAET, i, BIATIOBIAHO, 3arTu0eAb KaiTHHU. CUTHAAOM JAS aKTHBAIIl mpoka-
CIia3 y IpoIleci po3BUTKY MOKe OyTH HecTauda IIOXKUBHHUX PEYOBUH, (pak-
TOPiB POCTY, MIXKKAITHHHI CUTHaAW Pi3HOI IPUPOIU TOIIIO.

TN

&
IV
.80

3arubaa xaiTHHA

< Z WS

0. BE®

Puc. 6.21. Ilo3uuifinnii KOHTPOAb PO3BUTKY
KAITHH-TIOepeHUKIB ByAbBHU y C. elegans.
CrpiakaMu BKa3aHi HO3UILHHI CHTHAAN
nmerepMiHalii po3BUTKy. 9K — akipHa kaiTuHaA
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Y C. elegans € Tpu KAIOUOBi I'eHHU, SIKi KOHTPOAIOIOTH CEAEKTHUBHY 3aru-
6eab KAiTHUH: ced 3, ced 4 i ced 9. IlpoaykTu reHiB ced 3 i ced 4 € iHOYKTO-
paMH amoITo3y, MyTallil 3a IIMMU I'eHaMH 3YMOBAIOIOTH IIOBHY BiCyTHICTh
eaiminamii 131 kaitmaH. IIpoaykT reHa ced 9, HaBmaku, € iHribiTopoMm
aronTo3y: iHAKTUBAllid IILOTO I'eHa IIPUBOAUTH OO0 €AiMiHallii KAITUH, gka
B HOopMi He BimOyBaeThcda. Binok Ced-3 € mpokacriazoro, II0 MiCTUTBCH
y KaiTHHI B HeakTuBHi# ¢opmi. Kacnaza Ced-3 akTHUBYETBECHI MPOLYKTOM
reHa Ced-4, KoTpu#l iHAYKy€e caMOpO3pi3aHHs IIPOKaclia3u ¥ IepeTBOpPEH-
H4 ii B akTuBy popMy. Y KAITHHAX, B SKHUX allOITO3 He IOBHHEH BimOyBa-
THcs, 6irnok Ced-4 6aokoBaHuit Oinkom Ced-9. AIONITHYHHE CHUTHAA IIPHU-
BoauTh no aucoltianii Ced-9 Bixg Ced-4 i 3aIycKy KacIlia3HOTO KacKamy.

ceHcop amanTop edexTOp

C. elegans | Ced-9 -—| Ced-4 |=—Jp | CED-3 | =P amonros

ccaBui Bcl-2 —-I Apaf-1 —' Casp-9 —> amomnTo3s

Puc. 6.22. CurHaabHUI IIASIXY PO3BUTKY aIlOIITO3Y
y C. elegans i ccaBuiB

FeHu, gKi KOHTPOAIOIOTH aIlOIITO3, MOCHUTH KOHCEepBaTUBHIi. Y xpebet-
HUX 3HaMnaeHi 6iaku, romoaoriuyHi TakuMm C. elegans. 3okpema, 6irok bcl-2,
gk i #oro romoaor Ced-9, 6AOKye amonTo3 y KaiTHHaxXx ccaBiliB. Ob6uaBa
0iAKH MarOTh TpaHCMEeMOpPaHHHUY JOMEH i PO3MIiIlleHi Ha 30BHIIITHIH TTOBEpPXHi
MITOXOHAPIH, gapa Ta MeMOpaHax €HIOIIAa3MaTHYHOTO PETHUKYAYMY, IIIO
[O3BOASIE IM BHCTYIATH CEHCOPAMU AaIlONTHYHOrO curHaay. Binok Apaf-1
(romoaor Ced-4 y ccaBlliB) akKTUBY€E IIEpPETBOPEHHS IIpoKacrnasu 9 B ak-
TUBHY OPMY i TAaKMM YHMHOM 3allyCKae aKTHBallilHUN KacKaz IIpoTeas.
Biaku Ced-4 ta Apaf-1 € adanmopamu anmonTHYHOIO CHUTHAAY, a biLikamu-
egpexmopamu BUCTYIIAIOTh Pi3HOMAaHITHI Kacria3u (puc. 6.22).
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Konmpoavni sanumannsa i 3a60anna

11.

12.

13.

14.

15.
16.

17.

18.
19.

20.
21.

22.

23.

24.

25.

OnuiIiTh XapakKTepHi 0COOAMBOCTI OyIOBH Ta €BOAIOI €yKapiOTHYHHX
TE€HOMIB.

9K raacu@ikyoTh MOOiABHI eaeMeHTH? 3a gKHMH MexaHizMamu 3aific-
HIOETBCH IXHE mepeMillieHHsI?

Ha3BiTh TreHeTWYHI HaCAiZKW mnepeMileHHsT MOOIABHUX €AEeMEeHTIB
y MexKax TeHOMy?

Onutite nporec V(D)J-pekombinaltii iMyHOTAOOYAIHOBHX TEHIB.

[ITo Take emireHeTHU4YHE CIAAKyBaHHA Ta B YOMY IIOAATAIOTh HOI'O OCHOB-
Hi MeXaHi3MHu?

[ITo Take e(peKT IOAOKEHHS reHa?

Kl pakTH ODiATBEPAKYIOTH €HAOCUMOIOTHYHY TEOPII0 IIOXOMKEHHS Mi-
TOXOHAPIH i mAacTua?

OmnimuTek pi3Hi THIH Oyo0BU MITOXOHAPiaAPHUX T'€HOMIB.

YuMm 3yMOBAEHI 0COOAHMBOCTI T103asII€PHOTO CIIaAKyBaHHS?

. OmimuTh 3araApHy CXeMy BU3HAYEHHS CTaTi. 9IK pO3Pi3HAIOTH MeXaHi3MU

BHU3HAYEHHS CTaTi 3a IIPHUPOIOI0 CTaTh-AETEPMiHyIOYOr0 CHTHAAY ?

9K BU3HAYaAETHCI CTATh 32 IPOTaMHUM THUIIOM? EniraMHUM THUIIOM?
OxapakTepu3yiiTe MeXaHi3MH, gKi 3yMOBAIOIOTh Ae€T€pMiHallifo cTaTi 3a
CHUHTaMHUM THUIIOM? SIKi € pi3HOBHAU BU3HAYEHHS CTaTi 32 XPOMOCOM-
HHUM THUIIOM?

9K HaszWBaEeTHCS CTATh, IIPEACTABHUKU IKOI MalOTh ABI imeHTHYHi cTaTe-
Bi xpomocomu? [IBi pi3Hi?

OmimuTh MeXaHi3M BHU3HAYEHHS CTaTi y Apo3odiru. SKi 0cOGMHH Ha3U-
BaloThCd iHTEepceKcamu? ['iHanapomopdamm?

Sk BinOyBa€eThCsa meTepMiHAallig cTaTi y ccaBIiB?

9k craTh BIIAMBa€ Ha yCHaAKyBaHHS O3HAK? JKi 03HAKM Ha3WUBaIOTh
34YEIIAEHUMH 3i CTaTTIO, OOMEXEHHUMH CTATTIO, 3aA€XKHUMHU BiJ CTaTi?
OmimuTk MeXaHi3MHM KOMIIEHcallii [J03M TeHIB CTaTeBUX XPOMOCOM
y npo3odiau Ta ccaBuiB? o Take Tiabite Bappa?

[ITo Take TOTHUIIOTEHTHICTH?

Y YoMy HOASITa€ POAb IIUTOIIAA3MAaTHYHHX AeTepMiHaAHT Ha paHHIX era-
IaxX Po3BUTKY 3UTOTH?

Sk BU3HAYAIOTHCS OCi eMOpioHa y Apo30diau?

SlKi rpynu reHiB BifirpaloTh OCHOBHY POAB y AeTepMiHaIllil KiABKOCTi cer-
MEHTIB Tiaa npo3odiau Ta IXHBOI ITOASPHOCTI?

[ITo Taxke romMeo3UCHi reHu? 9Ky (QyHKIIiI0O BimirpaioTb HPOAYKTHU T'OMEO-
3UCHUX I'€HIB y iHAUBiyaaAbHOMY PO3BUTKY Apo30diau? CcaBIiB?
OnimIuTh CXeMy YTBOPEHHS KAITHH-IIOIIEPEIHUKIB IIECTH OCHOBHHX KAi-
TUHHUX AiHiN 11pu po3BUTKY C. elegans.

OninruTh reHeTHYHHH KOHTPOAL PO3BUTKY ByAbBH 8 C. elegans. 91Ki my-
Tallii Ha3UBalOTh F'€TEPOXPOHIYHUMHU?

Sk BinOyBa€eThCs 3amrporpaMoBaHa 3aTUOeAb KAITHH?
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PO3MIJ1 7

I'eHeTHKa JIFIOOMHU

leHeTuKa AIOAUHKM BHBYAE OCOOAMBOCTI CIIaAKOBOCTI Ta MiHAMBOCTI
Buny Homo sapiens sapiens. Yci OCHOBHI 3araabHi 3aKOHOMIipPHOCTI CIIai-
KOBOCTi, yCTaHOBAEHI [IASI TBapUH i POCAWH, CIIpaBeJAUBI ¥ A9 AIOJVHU.
OpmHak 3p0O3yMiA0, IO TeHETHKA AIOIUHU TOCiIa€ 0CobOAMBE MiClle cepen
IHIITUX PO3MIiAiB T€eHETUKH OKPEMUX BUMIIB.

BaskAWBICTh TEHETHUKU AIOIUHU 3YMOBAE€HA ¥ THM, II0 BOHA i3 caMoro
IOYaTKy PO3BHBAETHCH HE TIABKH K (PyHOAMEHTaAABHA, are ¥ SIK KAIHI9YHA
aucrunaina. CamMe OCAIMZKEHHS ITaTOAOTIYHHUX BapiaHTIiB 03HAK (TOOTO
CITaJKOBHX XBOPOO) CTaAH OCHOBHOIO 623010 JIAsT BUBUYEHHSI 3aKOHOMIipHOC-
TeW crnagKyBaHHA B AOAuHU. HuHi ommcaHo moHan 4 THUC. Pi3HUX CYTO
CIIAIKOBUX CHHAPOMIB, a TaKOX [OOBEAEHO POAb TE€HETHYHOI eTioAoTii
Y CXUABHOCTi [0 PO3IIOBCIOZKEHHUX XBOPOO (OHKO3aXBOPIOBaHB, CEPIIEBO-
CYAMHHUX, MICUXIYHUX XBOPoO Tomo). 3 iHmroro 60Ky, mOTpedu IeHEeTHKH
AIOIMHU (30KpeMa MEANYHOI) CTUMYAIOIOTh PO3BHUTOK Cy4YacCHUX HaIIPSIMKIiB
3arasbHOI T€HETHKH Ta MOAEKYASPHOi 6ioAoTii.

3aaexHO Bing mpobaeMaTHKH, FeHeTHKAa AIOAUHU Ma€ Pi3Hi HaIpsaMKH,
dKi pO3BUHyAHUCHd B CaMOCTiHiHi raaysi HayKH: IeHEeTHKa HOPMaAbHUX
O3HaK AIOJIUHU, MeIUYHA TE€HETHKAa, (papMaKOoTeHETHKa, T€HETHKA I10Be-
OIHKU Ta iHTEeAeKTY, T€eHOMiKa AIOUHU, MOIYAdIliiHa T'eHeTHKa AIOIUHU
(y ToMy 4dmcai # reHoreorpadis).

MeTonu, 9Ki BUKOPHUCTOBYIOTHCH B T€HETHI AIOAWUHU, IIPUHIIUIIOBO HE
BiIPI3HSIOTHCA Bifl 3araAbHOIPUHHSITHUX [IAS IHIIHUX O0'€KTIB — Iie MOITyAs-
IIHAHO-CTATUCTUYHHNM, TE€HEAAOTIYHHM, OAM3HIOKOBUM, IIUTOIM€HETUYHHIA,
MEeTOOU TEHETHKH COMAaTUYHHX KAITHH, MOAEKYAIPHO-0iOAOTIYHI METOmH.
YHiBEpCaABHICTb T'€eHETHYHHUX 3aKOHIB Ja€ 3MOry HIMPOKO BHKOPUCTOBYBa-
THU B T€HETHIl AIOAUHH MOJEABHI F'€HEeTHYHi O0'€KTH (HAIIpUKAAM, OAL
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HepeBipKH TeHOTOKCUYHUX BAACTUBOCTEH XiMIYHUX PEYOBHH), 3ACTOCOBYIOYH
MeToau MojeAroBaHHsI. OCOGAMBOCTI BUKOPHUCTAHHS MAaHUX METOMUK y Te-
HETUL AIOIMHU BPaxXOBYIOTh CHEIH(IKYy AIOAUHU SIK TEHETUYHOTO 00'€KTa.

JIIOOVIHA SIK TEHETIUHUW OB'€KT

3po3ymiao, 10 cepest YCixX JKUBUX OPTraHi3MiB AIOAWHA — HAMOIABII ITiKa-
BUI AT HAC TMeHETHYHHU 00'€éKT. AAe OTHOYACHO AIOAWHY MOXKHA BBasKaTU
Ha#UripmmM 00'€KTOM €KCIIePHUMEHTAABHOI T€HEeTHKH: IIPU BHUPIIIEHHI JOCAi-
OHUIBPKUX 3aBAAaHb BUHHUKAIOTh CKAQIHi OOCTaBHHHU METOAMYHOIO Ta €THY-
HOTO XapaKTepy, SKi 3yMOBAIOIOTH ITPOOAEMATHYHICTE AIOAWHU 9K 00'€KTa
TeHETUYHUX MOCAIMKEHDb. PO3rassHEMO 11i TPYAHOI Ta IIAIXU IIOI0AQHHS iX.

1. Hemosknueicmo excnepumeHmaibHUX CXpeuwyeans y NITYIHIX YMOBax
€ IL[IAKOM 3pP03yMiAOIO, i B IIEPIIy Yepry — 3 eTUYHUX MipKyBaHb. He MOXKHa,
BHKOPHCTABIIIN 3a3[aA€TiIb PO3POOAEHY CXeMy, BimOupaTH 6aThKIB i3 TTOTpi-
OHMMU T€HOTHIIaMH Ta OAEPKYyBaTH B aHaAi3yBaTH IXHIX HAIIAOKIB: AIOIU
O6epyTh 1IAIOO BiABHO, HE3aA€XKHO Bifl T€eHOTHITy HapTHepa ¥ 6e3 Oyab-akoi
"mocaimHUIBEKOI" MeTu. OOMeskeHHs I1iei cBoOomM (IIAsxXoM 3ab0poHU Heba-
JKaHUX IIAIOOIB YM CIIpUSHHS 0askaHUM) OyAO OCHOBHOIO ie€ro egzeHiku —
KOHIIETILIT ITPO "TIOAITIIIIEHHS ' AFOAUHU 0i0AOTIYHHM IIIASTXOM, B OCHOBI SIKO1 Ae-
JKUTh BU3HAHHS 'TEHETUYHHX OCHOB" (Pi3MYHOI Ta MCHUXIYHOI HEPiBHOIIIHHOC-
Ti pac, KaacoBoi HepiBHOCTi. CripoOH TaKOro "HOAIIIIIEHHS AIOICHKOI ITOpoai”
3MiACHIOBAAUCH ITifl €TLI0I0 TOTAAITAPHUX PEKUMIB XX CTOAITTS.

OTxXKe, IpU T€HETUYHOMY aHaAi3i CTOCOBHO AIOJUHU 3HUKA€E OCHOBA Ti-
OPHUOOAOTIYHOTO METOAY — €KCIIEPHUMEHTAaAbHE CXpeIlyBaHHH. I[CHye neKinb-
Ka MOIKAWBOCTEY [Ad [IOJ0AAHHS IIHOTO "HENOAIKY":

e 3 BeAHKOi KiABKOCTI HIAIOOHHUX ITap I'€HETUK MOXKe BUOpaTH Ti, gKi
HOro IIKaBAATB, i il Yac aHaAi3y POAOBOMIB 3POOHTH BUCHOBKH
CTOCOBHO XapaKTepy CIIaJKyBaHHH O3HaKH.

e JloCAITHUK MOXKe IIpOoaHaAi3yBaTH CHAAKyBaHHd O3HAK y AabopaTop-
HUX CCaBIliB i 3poOUTH MomepeaHi BHCHOBKH IIOI0 MOIXKAHWBOCTI
CIIaIKyBaHH4 IONIOHUX O3HAK y AIOAUHU.

e Meton ribpuamsanii COMaTHYHHUX KAITHH JI03BOASIE B AESIKUX BUIIAI-
Kax 3[iHCHIOBATH M€eHETHYHHN aHaai3 i3 BUKOPUCTAHHSAM KyABTYPH
KAITUH AIOAWHHU. AHAAI3yI04YH TiOpuay, 10 YTBOPHUAUCH B Pe3yAbTATI
3AUTTS KAITHH BiJl ABOX PIi3HUX IHAUBIAYyMiB MOXXHa POOUTH BU-
CHOBKH III0/I0 B3a€EMO/Iii HeaA€AbPHHUX I'eHIB (TeCT Ha KOMIIAEMEHTa-
[iI0 MyTAalli#l) i IPOBOANTH I'eHETUYHE KapTyBaHHSI.
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2. ITisna cmameea 3pinicms ma doeza mpueanicme 2eHepauiii — AL
3MiHH OJTHOT'O ITOKOAIHHS B AIOAMHHU NOTPi6HO 20-30 pOKiB, III0 yTPYAHIOE
aHaai3 cnagkyBaHHsS. ['OAOBHUMH METOAWYHUMHU MiAXOAaMH, SKi H03BO-
ASIIOTH BUPIIIHUTH ITI0 IPOOAEMY, € BUBUYEHHS BEANKHUX IIOIIYASIIH AIOOUHY,
peecTpyBaHHS O3HAK IIPOTATOM 3HAYHOIO 4Yacy (aHaai3 pomoBOMAIB), BUKO-
PUCTaHHSA METO/iB T€eHETUKU COMaTUYHUX KAITHUH CCaBIliB i AIOIWHU.

3. Hesenuka kinvkicme Hawaodkie. [IpoBeIeHHS CTATUCTHYHOTO aHAa-
Ai3y pO3ILIENAEHHSI 03HAK IOTpedye MOCTATHBO BEAMKOI KiABKOCTI HaIam-
KiB Bim omniei mapu 6aTbKiB (OuB. po3mia 3). AIoAHMHA HaAEXKUTH OO0 TaK
3BaHUX "MaAOIIAIMIHUX BUAIB" — 32 OOWH pa3 PiIKO HAPOMKYETHCS OIABII
Hi3K ofHa AUTHHA. TaKUM YHMHOM, IIPOBOAUTH aHAaAi3 PO3IIEIAEHHS O3HAK
Ha IIPUKAAi OfHi€l pOAVHY IPAKTUIHO HEMOXKAUBO.

[ag po3B'a3aHH4 11iei mpobaeMH BeneThCs MOUIyK 0araToqiTHUX POIUH
abo BimbupaeThcd MOTPiOHA KiABKICTH HEBEAUKUX CiMel, e CIIOCTEPIracThCs
O3HaKa, W0 LiKaBUThb AOCAIAHUKA. ICHYIOTH BEAHKi pPOLOBOAH, € IIPOSB
[EsSKHUX O3HaK MOXKHAa IIPOCTEKUTH IIPOTAIOM AEKIABKOX I'eHepalliii: y Be-
AWKOMY POOOBO/I KiABKICTH HAIIAAKIB OyIe JOCTATHBOIO A aHAAi3y.

4. Biocymmnicme uucmux ninili i HEMOXKAUBICTb IXHBOTO OTPUMAHHS
€ iHIII0}0 O0'€KTHMBHOIO IIPHUYMHOIO, KA YTPYAHIOE aHaai3 cHaaKyBaHHS
o3Hak. [Ipu aHaaizi crmagKyBaHHA AOMIHAHTHHUX O3HAK T€HETHK He 3aB-
KW MOXKE TOYHO BH3HAQYUTH I'€eHOTHUII OATBHKIB, a 3MyIIeHUH POOUTH AUIIIE
OiABLI-MEHII iMOBipHI IIPHUITYIIIEHHS.

5. Benukxa kinvikicme xpomocom (2pyn 3uenneHHst). XPOMOCOMHHUN Ha-
Oip AIOAWHU CKAQIAEThCA 3 23 map XpoMOCOM i, BiIOBiAHO, 24 rpym 34er-
AeHHS: 22 ayTocoMHu Ta ABi crareBi XpoMmocoMu X i Y. Beanka KiABKiCTB
XPOMOCOM YTPYAHIOE IXHE TeHETUYHE H ITUTOAOTIYHE KapTyBaHHS, 0COOAU-
BO 3a JOIIOMOTOI0 METOMiB KAACHYHOI I'eHEeTUKH. [lolloMaraioTh po3B'd3aTu
II0 ITPOOAEMY MeTOAU Tidpuau3allii COMaTHYHHX KAITHH AIOJUHH 3 COMa-
THYHUMHU KAITHHAMH IHIIIUX BUIIB CCaBIIB (0COOAMBO T'PH3YHIB) i 3aCTOCY-
BaHHS METO/IB MOAEKYASPHOI IIUTOI€HETHKH, TaKUX dK (PAYOPECIIEHTHA
riopumu3zania in situ (Fluorescence In Situ Hybridization — FISH — Bu3Hna-
YeHHd Ha XPOMOCOMIi MicIig ribpuau3aiiii KoMIAEeMEeHTapPHOTO PAYOpeCIie-
HTHO MideHoro [IHK-3oHna). OgHak, ypaxoByIOYH BEAMKY KiABKICTH I'€HIB
y AroquHU (npubansHo 21 THC.), cAlL BiA3HAYUTH, 110 MUTAHHSI KapTyBaH-
HsI XPOMOCOM AIOAMHM 3aAUINAETBHCS e JOCHUTH OJAA€KHM BiZl CBOI'O BHPi-
III€HHS, HaBiTh Ha TAl IOBHOT'O CEKBEHYBaHHA I'€HOMY AIOANHU.

6. Hemoscnueicmos cmeopeHHst CMAHOAPMHUX YMO068 iICHYBAHHSL JIASI Pi3-
HUX TPYyI iHAUBIAYyMiB 3HA4YHO YTPYAHIOE BUBYEHHS CIaJKyBaHHS Oa-
raTbOX O3HAK AIOAWHH, 0COOAMBO THX, II0 YCIAAKOBYIOTBHCH ITOAIT€HHO.
HaBkoauIltHe cepenoBUIlle Mae BEAMYE3HUH BIIAUB Ha (POPMYyBaHHS HU3KU
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O3HAaK, OflHAK Ilell BIIAUB HE MOXKe 3MiHIOBATHCA 3a OasKaHHSIM TOCAITHM-
Ka (xXapuyyBaHHS, MIKpPOKAIMAaT, HaBYaHHA TOIO). 3HAYHOIO IIPOOAEMOIO
OAs (paxiBLiB IIPU AiarHOCTYBaHHI CIIAIKOBHX XBOPOO € TAKOXK HASIBHICTH
denokorriti. el "HemoAiK" AOAUHU 9K 00'€éKTa TEHETUYHUX [OCAIIKEHb
MOJKHa IIOJOAATH, IMiA0UPAIOYN 3 BEAUKOI Pi3HOMAaHITHOCTI AIOJICBKHX IIO-
IyAdITif TPYIIH, CXO3Ki 34 CIIaAKOBUMH O3HAKaMHU i BIIAUBOM CepenOBHIIA.
Jag BUBYEHHS BiJHOCHOTO BIIAMBY YMOB CEpPEIOBHINA Ta CIIAIKOBOCTI Ha
¢dopMyBaHHA 03HAK BUKOPHUCTOBYIOTH OAM3HIOKOBUIH METOH i MeTond "IpH-
HMaxkiB' (OIUB. HUXKYeE).

o omucaHuX TPYAHOIB, 3 SKUMH CTUKAETHCH T€HETHKA AIOIUHU, CAiJl
JOMATH PsiMl TaK 3BAHUX OP2aHI3AUIIHUX HEeOoJIKI8, 9Ki, Ha KaAb, MAlOTh Mi-
ciie B GaraTbox KpaiHax: HEe3aOBIABHUM CTaH i3 30epeKEeHHAM JOKYMEHTAITl
Ta PEECTPALLEI0 CMEPTHOCTI, JiarHOCTHUKOIO i CTATUCTUKOIO 3aXBOPIOBAHb.

HesBaxkaroum Ha IepepaxoBaHi MPOOAEMH, AIOAWHA AK TeHEeTHUIYHHH
00'€KT Ma€e TaKOXK Psi/ BaXKAHUBHUX IIepeBar: iCHye BEAUKHH MaCHUB JaHHUX
100 HOPMAABHOI Ta IMAaTOAOTIYHOI aHaTomii, gizioaorii Ta GioxiMii AroUHY;
iCHy€ MOXKAMUBICTBH CITIAKYBaHHS 3 O0'€KTOM MOCAIIKEHHS, IO ITOAETIIYE
orpuMaHH4A iHopMmanii Ipo Horo poaudiB i goroMarae QOCAIIKYyBaTHU
O3HaKH, II0OB'd3aHi 3 BiAYyTTAMH, €MOLiSIMH, iHTEAEKTOM; IIPAaKTHUYHO II0-
BHICTIO BCTAHOBAEHO I'€HOM AIOJIUHU.

I'EHOM JITOOAVHW

[MTpoekT posmugpyBanud reHomy awoauHu (Human Genome Project)
OyB omHUM i3 HaaMOITHIIINX HAYKOBHUX HPOEKTiB XX croairTsa. Bin Tpu-
BaB 13 pokiB i 3akiHuuBca y 2003 p. IIpoekT mMaB Ha MeTi HoOyayBaTH
[JOCTATHLO TOYHY I'€HETHYHY KapTy (3 KpokoM 2-5 cM), oTpuMaTH II0CAi-
noBHicTh 3 Mapa nap ocHoB [JHK, imenTndikyBaTH reHHi IOCAILOBHOCTI,
BH3HAYUTH I'€eHOMHi Bapiarllii. ¥ pe3yabTaTi BUKOHAHHS IIPOEKTY II00yIO-
BaHa M'eHeTHYHa KapTa 3 KpokKoM y 1 cM, orpumadi nocainoBHocTi 99,9 %
E€yXPOMAaTHUHOBUX MIASHOK I'eHOMY 3 TO4HicTio 99,99 %, orpumano 15 Tuc.
noBHuX K/IHK (3MicTOBHUX MOCAiIOBHOCTE# GIAKOBHX T€HIiB, OAHUB. PO3miA 9)
Ta imeHTHU(iKOBaHO OAM3BKO 3 MAH HYKACOTHUIIB, III0 BAPilOIOTh ¥ "eHOMAaX
aroguHU (SNP - single nucleotide polymorphism).

TpaaulliiHO T€HOM AIOOWHH IIPEACTABALAIOTH SK CYKYIHICTB ITOCAi-
noBHocte¥ [IHK 22 ayrocoMm i nBox craTeBuUX XpoMocoMm X Ta Y. HeszBaka-
IOYM Ha BEAHKHU pOo3Mip reHoMy (IpHOAM3HO 3,2 MAPA IIap OCHOB), BEPXHSI
OIliHKa KiABKOCTi GIAKOBHX I'€HIiB y I'€HOMi AIOQWHH He MEePeBHIIye 25 THC.
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(imeaTHdikamia Bcix reniB PHK € mocuTh gaseKoro Bif OCTaTOYHOIO 3aBep-
meHHd). OcTaHHI Bepcii KaTaaory 0iAKOBHUX T'€HIiB AIOAWHH BKAIOYAIOTH OAH-
3bK0 21 THC. 6iAKOBUX reHiB i 4 Tuc. reHiB PHK (ocTaHHS OIliHKa € HaneBHO
3aHMIKEHOI0). 3arasbHa OOBXKHWHA KOAYIOUHX MIATHOK T'€HiB HOPIBHIOE IIPU-
6An3HO 34 MAH ITIap OCHOB, TOOTO CTAHOBUTH 1,2 % reHomy. CKAQIHIIITUM €
BU3HA4YEHHS 3B'SI3Ky MiK P€HHHM AOKYCOM, IIPOAYKTOM i (P€HOTHIIOM, SKHM
BiH Moxe 3ymoBAroBaTH. Ha 15 xoBTHa 2008 p. 6a3a mannx OMIM mictraa
TiABKHY 12 THC. 514 reHiB, naa 9Kkux BigoMi PeHOTHIIOBI ITPOSIBH.

lomo miToxoHapiaabHOoi JAHK AronuHM, TeHOM MiTOXOHAPIN IpeacTraB-
AEHUH KinbleBoI0 MoAeKyAoro JJHK posmipom 16 Trc. 569 map ocHOB i mic-
TUTE 37 TEeHiB: TeHU 0iAKIB, gKi 0epyTh y4acTh B OKHUCHOMY (POCHOPHAIO-
BauHi, 2 reuu pPHK i 22 renu TPHK.

Anepna renomua JHK ArogmHH, 9K y iHIINX eyKapioTiB, opraHizoBaHa
y xpoMmocoMHu (nuB. po3aia 1). HopmaabHUME XpoMocoMHUM Halip AIOAWHU
CKAQIa€eThcd i3 46 xpomMocoM: 22 map ayToCOM i ITapHu CTaTe€BUX XPOMOCOM
(XX y xinok Ta XY y 4oaoBiKkiB). PiBHOMipHO modapboBaHi MeradasHi
XPOMOCOMH AIOAHHH 3a PO3MIpOM 1 MOPJIOAOTIEI0 TIOMIASIOTHCA Ha CiM
TPyII (IO3HAYAIOTHCH AATHHCHKUMH AiTepamu Bim A oo G, puc. 7.1).

‘n} .:. J xlg Kﬁ‘{x A )6‘(3

ﬂ'
~ I‘r ~ v f
Y d - , c
' O, REXERERRRGEAY B
\3" rl 6-12 + X
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19-20 21-22 v
A B

Puc. 7.1. PiBHoMipHO ntodpapboBaHi MeTadasHi XpPOMOCOMHU AIOIUHU:
(a) — meTadaszna maacTUHKA; (6) — po3KAaOKA XPOMOCOM IIO rpymnax (A-Gj;
OKpEeMi XpOMOCOMH B MeXKax I'PYII, IK IIPABHAO, HEMOXKAWBO AUCKPUMIHYBaTH
3a Takoro crocoby dapbyBaHHS (3a BUHITKOM XpoMocoM 1, 2, 3, 16 1Y)

217



Tenernka

Iast 6iabIn TouHOl imeHTHdIKAITl XpoMocoM Ta IXHIX CIerTU(ivHuX mIi-
ASTHOK 3aCTOCOBYIOTH CIIEIliaAbHI MeToau AU(pepeHIliHOTO 3abapBACHHS
XPOMOCOM, sIKi 6a3yI0ThCs Ha BHKOPUCTAHHI IIEBHUX OApPBHUKIB i IIPOIle-
Oyp TionepenHboi 00poOKu mpenapartiB (puc. 7.2). HalmommpeHimmum mMe-
TomoM mudepeHilifiHoro modgapOyBaHHa € Meton G-3abapBAeHHS, TKHU
JIO3BOASIE OTPHUMATH XPOMOCOMH, HEPIBHOMipHO rodapboBaHi 110 JOBKUHI.
MaaAlOHOK 4epryBaHHS TE€MHHX i CBITAMX CMYT € YHiKaABHHUM JIAS KOXKHOI
mapu TOMOAOTIYHUX XpomocoM. llikaBo, 1110 TEMHI Ta CBiTAI CMyTH acCoOLli-
HoBaHi 3 miagHkaMu, 30aradenumu Ha AT- i GC-mmapu BigmoBimHO (TOOTO,
BiIIOBiMHO, 3 TEHOMHHMH 30HaMH, 30arayeHUMHU Ha MOOIABHI EAEMEHTH Ta
KOMyIodi IlocaimoBHOCTI). [IpakTHYHO Taky caMy KapTUHY 4YepryBaHHH
cMmyr nae Meton Q-3abapBaeHHSA (0a3yeThbCs Ha BUKOPHCTAHHI (payopeclie-
HTHUX  OapBHHKIB). MaalOHOK cermMeHTIiB 1npu  R-3abapBaenni
€ IIPOTHAEXKHHUM [0 TAKOro, II0 criocTepiraeTbes pu G- i Q-3abapBAeHHIX:
R-mo3uTuBHiI cMmyru BignosimaioTe GC-30aradeHUM [giASHKaAM TeHOMY.
IcHYIOTH TAKOXK MeToau Au(epeHIIHHOro 3abapBAEHHS, III0 NO3BOASIIOTH,
HaIIPUKAA[], BUSIBASATH IIEHTPOMEPH Ta MEPULIEHTPOMEPHHUH reTepoxpoma-
TuH (C-3ab0apBaeHHS) abo daxepreBi opraHizaTopu — Micld AoKaaizartii
KaactepiB reHiB pPHK - ((OP-3abapBaeHHsd), SIKi 3HAXOOASITHCS Y AIOOHUHU
B OiASHKAaX BTOPHUHHOI MEPETSIKKU KOPOTKHUX IIA€Yeld aKpOIEeHTPUYHUX
xXpoMocoM (xpomocomu 13-15, 21 1 22).

a 6 B r I

Puc. 7.2. [TudepeHmiiine 3a6apBAEHHS XPOMOCOM AIOIHHH:
Q-3abapBaeHH4 (a); G-3abapBaeHH4 (6); R-3a6apBaeHHS (8);
C-3abapBaeHHd (2); IOP-3abapBaeHHS (0),
AnepHeBUil opraHizaTop BKa3aHO CTPIAKOIO

PesyabTaTu aHaaidy reHOMY AIOAWHU CBig4aTh IPO HAA3BHUYANMHO BU-
COKy nofibHicTh nocainoBHocTel [JHK y pidHUX iHAUBiAYyMiB: BiAIIOBiTHO
OCTaHHIM OILliHKaM, Oyab-gKi OBi AIOAWHHU € iI€eHTHUYHHMH 32 HYKACOTHUII-
HHUMH I10CAIJOBHOCTSAMH Ha 99,5 %, TOO6TO BCA CYKYITHICTh Pi3HOMaHITHHUX
(PEHOTHUIIIB Y AIOIMHU 3YMOBAIOETBCS Bapianiamu Tiabku 0,5 % reHomy.
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[lTepmumMu, 1ie 3a00Bro 40 IIOSSBH METOLIB cekBeHyBaHH4A [IHK (ycra-
HOBAEHHSI IIOCAIZTOBHOCTI, AUB. po3mia 9), OyAn ommcaHi BapiaHTH reHOMY
AIOIUHU, 9Ki XapaKTePHU3YIOThCA 3MiHOIO KiABKOCTI ¥ CTPYKTYPH XPOMOCOM.
AHeyTiAOImil Ta XPOMOCOMHI ITepeby0BH YacTo acollilioBaHi 3 pi3HUMU 3a-
XBOPIOBAHHAMH, aA€ 2emepomMop@pizm TOMOAOTIYHHX XPOMOCOM (HAsABHICTB
Y HUX CEerMEHTIB, sIKi BiApi3HAIOTHCH 3a pPo3MipoM, MOPEOAOTiEr0 abo 0cob-
AVBOCTSIMH 3a0apBA€HHS) He OOOB'93KOBO IIOB'I3aHHUM 3 IATOAOTIYHHMHU
3MiHaMU (PEHOTHIIY ¥ MOCTATHBO YaCTO 3YCTPIidaeThbCs B AIOJCHKIN IIOILy-
Agii (xpomocomHuil nonimopgpiam). Taki BeAHKi I'eHOMHi 3MiHH, IO TOP-
KawoTbcs nocaimoBHocTedt /IHK poamipoMm mmoHan 3 MAH IIap OCHOB, BU3HAa-
4aloTh SIK MiKPOCKOIIiUHI CTPYKTYPHI BapiaHTH.

Y mporlieci aHaaidy HYKAEOTHIHUX IIOCAITOBHOCTEM AIOAWHU OyAU BU-
SIBAEHI YUCAEHHI "ApiOHOMAacCIITA0HI" BapiaHTH FreHOMHUX ITOCAIIOBHOCTEH,
po3Mip gKuX He mepeBHUIye 1 THC. mmap ocHOB. [Ipubansno 80 % Takux
JHK-BapiaHTiB IIpeACTaBA€HO Y BHUTAS/II ITOOAUMHOKHX HYKAEOTHIHUX 3a-
MiH (SNP). 3a nmpubAM3ZHUMHU OLIIHKAMHU B AIOACBHKIH IIOIYALIlii OmHa HYyK-
A€OTHUHA 3aMiHa 3ycTpidaeThbcsd Ha KoxkHI 300 HyrkaeoTuaHux mnap. Kpim
SNP mo "mpibHOMAacmITaOHUX' BapiaHTIB T€HOMY BiTHOCSTH HEBEAHKIi e-
Aeltii, nymnaikanii Ta igBepcii (guB. puc. 4.1), Bapiawii KiABKOCTI MiKpo- Ta
MiHicaTeaiTHUX moBTOpPiB. SNP i apibHi mepebymoBu crocTepiraroTbCcs Ta-
KO Y MITOXOH/IpPiaAbHOMY T'€HOMI.

B ocranHi Tpu-yoTHPH POKHK OyAM po3pobaeHi HOBi miaxomu epeKTUB-
HOT'O aHaAi3y CTPYKTYPH I€HOMY, 9Ki JO3BOAWAM BUABUTH Bapiallii HyKae-
OTHUIAHUX IIOCAIIOBHOCTEMN, III0 MalOTh IIPOMIXKHY AOBXKUWHY MixK 1 THC. Ta
3 MAH map ocHOB. Taki IN€eHOMHI BapiaHTH OTpUMaAM Ha3By CYOMIKpO-
CKONiUHUX cmpykmypHux eapiarnmig. CyOMIKPOCKOITiYHI CTPYKTYpPHi Bapi-
aHTH B OCHOBHOMY IpencraBaeHi iHBepciamu Ta CNVs (Copy-Number
Variants) — BapianTaMu 3a KIABKICTIO KOIIi €A€MEHTIB IIOCAIIOBHOCTI IIO-
piBHAHO 3 "eTaanoOHHUM reHoMoM". HuHi ommcaHo neKiAbKa COTeHb CyOMiK-
POCKOIIIYHUX CTPYKTYPHHUX BapiaHTIB.

[Mpu mocaizkeHHI IHAMBiAyaAbHUX T€HOMHHX Bapiallii OCHOBHY yBary
npumisgiore SNP Ta iHmmM "gpidHomacnrrabHUM' T€eHOMHUM Bapiallism.
BBaxkaeThbcs, 0 camMe BOHU 3YMOBAIOIOTH PI3HOMAHITHICTH (PEHOTHUIIOBHUX
BapiaHTIiB, a TaKOXK MOXKYyThb OyTH BiAlIOBIHAABHHMH 3a CXHABHICTH OO He-
SKUX XBOpoO 3a mii HeCcTIpuATAUBUX PaKTOpPiB cepemoBuiia. O4YeBHIHO, IO
Oiabmra yactmHa "ApibHOMACIITAOHUX' Bapialliii CriocTepiraeTbCcd B HEKOMY-
IOYUX [JiATHKaxX T€HOMY (JKMX IIPOCTO 3HA4HO Oiabllle), i Taki Bapiarllii He
BIIAMBAIOTh Ha CTPYKTYpPYy OiaKiB. ToMy aHaai3 B OCHOBHOMY 30CE€PEIKYIOTH
Ha €K30HHHUX BapiaHTax, 0COOAMBO Ha HECHMHOHIMIYHHX HYKACOTUIHHUX 3aMi-
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Hax. [IpoTe, HaKONMUYYIOTHCA OaHi IIPO POAb CHHOHIMIUYHUX 3aMiH i 3aMiH y
HEKOIYIOYHX MIATHKAaX Y NeIKNX (PEHOTUIIOBUX IIPOsSBax (OIUB. po3miA 4).

Kpim ycranHoBaeHHA 3B'd3Ky moAiMopdism — deHotHn, "mpibHOMAC-
mrTabHi" Bapiallil reHOMy BHKOPHCTOBYIOTBCS OAS TOTPed MeaudyHOI TreHeTH-
KM (IIpM BUSBAEHI HOCIiB PELIECUBHUX MYTaHTHHUX I'€HiB), IIOIIyAdIIiIHOI T'eHe-
THUKU AIOJIUHU (BU3HAUEHHS CIIOPITHEHOCTI MiXK TIOIIYALIIMU AtofieH) i cymo-
BO-MEIWYHOI €KCIIepPTH3W IIPU BCTAHOBAEHiI ocobucrocti abo OGaThKiBCTBa
(y mbOMy BHIOAAKY IIMPOKO BHKOPUCTOBYIOTH ITOAIMOP(i3M 3a MiHi- Ta MiK-
pocareaiTHUMM AOKycamu). Mimi- Ta MiKpocaTeaiTd € rinnepBapiadbeAbHUMH
TAHIEMHUMU TIOBTOPAMH. [XHS Pi3HOMAHITHICTh HACTIABKH BHCOKA, IO KOXK-
Ha AIOMHA (KpiM MOHO3UTIOTHHX OAM3HIOKIB) Ma€ iHAWBinyasbHUHE Habip Ba-
piaHTiB maHUX TIOCAimOBHOCTelH. 3a MUMU HabOpaMU OHY AIOJUHY MOXKHA
BIIPI3HUTH Bif iHIIIOI TaK CaMO AETKO, dK i 3a BiIOUTKaMU MaABLIiB, TOMY Me-
ToOMKA imeHTHU(iKalli ocobrucToCcTi 3a MiHi- Ta MIKpOCaTEeAITHUMU IIOBTOpPA-
Mu orpuMasa Ha3By JHK-diHrepripuaTHHTY (IUB. po3mia 9).

[HpopMmaliiss Ipo reHoM AIOAUHH, OCOOAMBO ITPO iHAUBIAyaAbHi CTPYK-
TYpPHi BapiaHTH I'€HOMY, PO3ILINpPHAA Hallle YSIBACHHS IIPO 3B'930K I'€HOTHII —
denorun. IIBuakuii po3BHUTOK MeToniB cekBeHyBaHHA [IHK mo3Boasie
TOBOPHUTH IIPO "T€HETUYHY ITacCIOpPTH3allilo" (YCTAHOBAEHHS ITOBHHUX ITOCAI-
JJOBHOCTE€H I'eHOMiB KOKHOI AIOJIMHH) 9K IIPO JOCUTH OAN3BKY IE€PCIIEKTUBY.

BM3HAUEHHSI TUIIIB CIIAIKYBAHHSI
B JTIFOOVIHN. CKJIATTIAHHS POITIOBO/IIB

[Topsin i3 MeTomaMu MOAEKYASIPHOI T€HETHKU, HE BTPATHUAM CBOrO 3Ha-
YeHHd TPAOUIWHI HigXoAW TeHEeTHUYHOT'O aHaAily AIAWHU. [eHeTudHUH
aHaai3 Oyab-9KOi O3HAKU B IIEPIIY Yepry Ma€e MOYHHATHUCS i3 3'9CyBaHHH
IIUTAHHS, YU yCIaAKOBYETHCH O3HAaKa, IO HaC IiKaBUTb. JIKINO O3HAKa
€ CIIaJIKOBOIO, TO APYTHM ITUTAHHAM Oyme Tum ii cnamgkyBaHHs. Maike
VHiBEepCaAbHUM METOZOM, SIKUM T03BOASIE OTPUMAaTH BiAIOBiAi Ha maHi 3a-
IUTAHHS IIPU JOCAIIPKEHHI CIIaaKyBaHHsS O3HAK AIOOUHU, OyB i 3aaunmia-
€TBbCA METOM CKAQJAaHHd Ta aHaaidy ponoBoaiB. IIpu iXHbOMY CKaagaHHI
BEAYThCHI [AeTaAbHi 3aIllliCH IIPO KOXKHOTO i3 YAE€HIB POAWHHU Ta CTYIIiHb
criopimHeHoCTi Mik HUMH. [laai iH(popMalliss Ipo poaAUHY BimoOparkaeThbCs
y rpacdidHOMY BUTASII: 32 HOIIOMOTOIO CIEIliaAbHOI CHMBOAIKH (puc. 7.3)
OyayeThbCsl TeHeaAOTiuHe aepeBo (nediepi).
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BaTekH i AiTH.
PuMceKkHMH nHbpamMH
BKa3aHi reHepairii,
apabCBKHMH — 0COOH B
MeKax OAHiel reHepamii
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Puc. 7.3. YMOBHIi M03HAYKH, 1110 BUKOPHUCTOBYIOTHCH IIPU CKAAZIaHI POLOBO/IB

FeHeasoriyHuii MeTO[ MOXKHA 3aCTOCOBYBaTH, AKIIO € BiJOMOCTI ITPO
OpSIMUX POAUYIB npobamda — AIOOVHU, POMOBIA KO CKAAQIAETBHCS, —
10 MaTEePUHCBKIi#H i 6aTHKIBCHKINM AiHISIX Y HU3ILI ITIOKOAiIHB, Ta € HOCTATHS
KIABKICTb HaIIQZIKIB Y KOKHOMY ITOKOAiIHHI. B iHIIIOMYy BHUIaaky 30UpaioTh
OaHi 1100 MAOCTATHBOI KiABKOCTI Pi3HUX POAUH, [Ie BUSIBASETHCA O3HaKA,
dKa IIKaBUTH JOCAITHUKA. 3a OTPUMAaHUMHU POAOBOJAAMH POOASITE BHCHO-
BOK ITPO MOXKAHBICTH CIIQJIKyBaHHS O3HAKH Ta THII Ii CHAagKyBaHHS (moMmi-
HaHTHa abo pellecHBHA, ayTOCOMHA YU 34YenAeHa 3i crartio Toio). Lleit
dopMarbHUE aHaai3 6a3yeThCd HA €AEMEHTAPHUX MeHETHYHHX 3aKOHOMIp-
HOCTEX CHaJKyBaHHS (IUB. po3aia 3).
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[ast poioBOLy, M€ CIIOCTEPITaEThCI AYMOCOMHO-OOMIHAHMHUL THII CHIa-
KyBaHHS O3HAKU (IPHUKAAL MeHeaAOTiqHOro AepeBa OAUB. Ha puc. 7.4, a), € xa-
PaKTepHOIO HAIBHICTh HOCIIB 03HAKU B KOKHOMY IIOKOAIHHI — "BepTHKaabHe"
caKyBaHH4. JKI0 B 0aTHKIB O3HAKa HE IIPOSBASIETHCS, iIMOBIPHICTh HAPO-
[DKEeHHS AUTHHU 3 TaKOI0 O3HAKOI0 He3HayHa (y IIPOTHAEKHOMY BHUMIAIKY
MOXKHa TOBOPUTHU IIPO BUHUKHEHHS I'€eHEPATHBHOI MyTallii, [uB. po3mia 4).
O3HaKa BUABASIETECS 3 OHAKOBOIO YaCTOTOIO CEPEll YOAOBIKIB i JKiHOK: ITO-
Ka3HUK TOTO, 1110 TeH, SKHUH 3yMOBAIOE 03HAKY, MICTUTHCSI B ayTOCOMI.

3po3yMia0, 110 OCTAHHSA 3aKOHOMIipHICTBH 30epiraeThCd i AA aymocom-
HO-peuecusHoz0 TUILy CIaKyBaHHS (pHUc. 7.4, 0), SKe B iHIIUX BigHOIIIEH-
Hax Oyae "HeraTHBOM' IO POAOBOAY 3 AyTOCOMHO-IOMIHAHTHUM THIIOM.
3okpeMa, y poooBoAi HasgBHI OlHE YU NEKiAbKa IIOKOAIHBb, B KHUX IIPOSB
O3HAKH He CIIOCTEpiraeThbcs. SIKIIO K 03HAKa BUABASIETHCH, TO BOHA 4aCTO
IpenacTaBaeHa B OiABIIIOCTI pimHHX abo ABOOPiAHUX cubcie (OpatiB i cec-
Tep) — "TOpHU30HTaAbHE" CIIaAKyBaHHS. Y BUIIAKY, KOAH Y 3M0POBUX OATH-
KiB (DOMiHaHTHa O03HaKa) HApPOIXKYeThCS XBOopa AUTHHA (pellecHBHA O3HAa-
Ka), 6aThbKH AyzKe J4acTO € POAUIaMHU.

=

"OUO @ OMOO

Puc 7.4. [Ipukaaau poooBOiB 3 ayTOCOMHO-IOMIHAHTHUM (q)
Ta ayTOCOMHO-PELIECUBHHUM (6) THIIAMH CHAaIKyBaHHS
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[MpuKAaOIM OEIKUX MOMIHAHTHUX 1 PEIIECUBHUX O3HAK AIOJUHH HaBe-
IIeEHO B TabA.7.1.

Tabnuys 7.1. eaKi mOMiHaAHTHi Ta pelleCHBHi 03HAKH B AIOAHHH

domiHaHTHI

PenecuBHi

TeMmHe Boaocca

CaiTAe BoAaoCcsa

Kyuepase Boaocca

ITpame Boaoccda

Kapi oui

T'oay6i abo cipi oui

3eAeHi o4i

TCoay6i abo cipi oui

HasaBHicTh emnrikanTyca
(pPyauMeHT TPeThoro Bika)

BigcyrtHicTh emikaHTyca

YpomxxkeHa KaTapakTa

HopmaawsHauii 3ip

Koporko3opicTs

Hopmaavauii 3ip

Anipugia
(BimcyTHICTD paiiay>KHOI 060AOHKH)

HopmaarbHe oko

Kpyrae obamuusa

BunosxkeHe od0AMYYd

BiapHI ByIIIHI MOYKH

[Tpupocai BymIHi MOYKHU

ToBcTi ryou

Touki ryou

3AaTHICTb CKpy4YyBaTU 93UK
TPYOOYKOIO

HespmaTHicTE CKpydyBaTHU I3UK
TPYyOOUKOIO

JloBri Bii

Koportki Bii

MoHroaoimHM#E po3pi3 ouet

€BponeoinHUN po3pi3 oueit

[Mo3uTuBHUN pesyc-akTop

HeraTuBHuit pesyc-dakxrop

AxoHgponaasisa
(HempoTiopIifiHa KapAUKOBICTB)

HopMmaawbuuii 3pict

BpaxinakTuaia (KOPOTKOIIAAICTB)

HopMmaabHi mmaabIii

3aaTHICTb BigdyBaTU CMaK
denirTiokapbaminy (PTK)

HesznmaTHicTb BiguyBaTH CMaK
deniatriokapbaminy (PTK)

HopmaawsHu# cran

AmaBpoTuyHa igioTia
(xBopob6a Tes — Cakca)

HopMmaabHuii cran

Aav6inizM
(BimcyTHiCTE mmirMmeHTAallii)

Hopmaabuuii cran

deHiIAKEeTOHYpPia (HE3OaTHICTh
3acBoIOBaTHU (PeHiraraHiH)

Xopesa 'enTiHrroHa (HeMpoaereHe-
paTUBHE 3aXBOPIOBaHHS)

HopmaabHuil ctan

lnoepxoaicTepuHeMid (IIigBUIIIEHUH
PiBEHb XOAECTEPHHY B KPOBI)

HopmaabHuil cTan

F'raykoma (mporpecyroda atTpodisa
30pOBOT0 HEPBA)

HopmaawsHHi cTan
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He BuKAuKae TPYyOHOIIB aHaAi3 poAOBOIB, SKIIO O3HaAKa 34YEIIA€HA 3i
crarTio (puc 7.5, a-6). [Jesaki 03HaKH, 34EMACHI 31 CTaTTIO B AIOVHU, HaBe-
[EHO B TabA. 7.2 (caim HaramaTH, I1I0 IICEBA0AYTOCOMHI O3HAKHU (IUB. po3mia 6)
YCHaIKOBYIOTECS aHAAOTIYHO THM, N'eHH SKUX 3HAXOASITHCS B ayTOCOMAaX).

Tabruys 7.2. JeaKi o3HaKH, 34YEIIA€Hi 3i CTaTTIO B AIOAHHH

O3Haka THI cmaaKyBaHHS
loepTpuxo3 (BOAOXATICTh) ByX Y-3uenaeHuit
IxTio3 (AyckaTa 1Kipa) Y-3uenaeHuu
[lepeTHHKH MiXK IaABLIIMH Hir Y-3uenaennit

Femodiaig A (BiocyTHiCTE (hakTOpa
sropraHHs Kposi VIII)

JMaabTOHIZM (‘{epBOHa abo 3eaeHa X-3yeriaAeHU peHeCI/IBHI/IfI
KOABOPOBA CAITIOTA)
Mioauctpodia [dromena
(mporpecyroua auctpodisa M'a3iB)
Paxirt, He uyTauBUH 10 BiTaMiny D X-34enAeHuN NOMiHAHTHUMI

X-34eACHUN PEeLleCUBHUMN

X-34eAeHUH pelleCuBHUHN

loodgocdaremisa . . .
. X-34uernineHUH NOMiHAHTHUH

(mopytrenHsa Tpa"ncnopty docdaTtin)

3arasbHa KOABOPOBA cairnlora [TceBOOayTOCOMHUIM

Haiimmpocrimie MoKHa BUABUTH 20/1AHOPUUHI O3HAKHU (349eriaeHi 3 Y-Xpo-
MOCOMOI0): 03HaKa Oyae ITPOSIBASITHUCS BHKAIOYHO Y YOAOBIKIB i IepenaBa-
THCH Big 0atbka no cuHa 3i 100 % imoBipHicTIO (puc. 7.5, a).

[Ipu X-3uenneHomy peuecusHomy THUII yCIaOKyBaHHS (puc. 7.5, 6)
IIPOSIB O3HAKU Oyzie 3ycTpidaTucd MaiiKe BUKAIOYHO yV YOAOBIiKiB, 03HaKa
HiKOAU He Oyze mepemaBaTHCS Big 0aTbkKa OO0 CHMHA, aA€ TiABKU [0 OHyKa
(um IpaBHYKA) Yepe3 OJOHBKY.

X-3uenneruil OOMIHAHMHUIU THUN yCHAAKyBaHHS IIPY aHaAi3i nemirpi
MOXKHa CIAyTaTH 3 ayTOCOMHO-IOMiHAaHTHUM TUIIOM. OCHOBHHUMH Xapak-
TEPUCTUKAaMH, 1110 BKa3yIOTh Ha 34YelAeHHd 3 X-XpPOMOCOMOIO, € pidHa dac-
TOTAa IPOSBY O3HAKU Cepell YOAOBIKIB i KiHOK — cepe[] 3KiHOK BOHAa 3yCTpi-
JaeThCd 4YaCTillle — Ta Te, III0 03HaKy 0aThbKa YCIIaAKOBYIOTH BCi JOHBKU
i HIKOAH — CHHH (pHuC. 7.5, 8).

[edaki o3HaKU MOXKYTb OyTH 3YMOBAE€HI MiTOXOHApPiaAbHHUMH I'€HaMH.
9Kk BimoMoO, OiTAM IIepeqaroThCcsl BUKAIOYHO MITOXOHAPII MaTepi, ¥ pe3yAbTaTi
9Oro MIPU CIIAAKYBaHHI 03HAK CIIOCTEPIraTUMETHCS MAaTEePUHCHKUH e(EeKT:
YOAOBIKM Ta KIiHKM MOXKYTb MaTH BIiATIOBIAHY O3HAaKY, aA€ TiABKHU JKiHKU IIe-
penaoTh ii cBoiM miTaM (pHc. 7.5, 2). Y AIOOWHU SK MITOXOHIpPiaAbHI yCIIaIKo-
BYIOTBCSI, HAIIPUKAA, ONTHYHA aTpodia Aebepa (BTpaTa 30py B LIEHTPAABHIM
YaCTHUHH 30POBOTO IT0ASI) TA OHKOIIUTOMA (MOOPOSKiCHA IMyXAHHA HUPOK).
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ivaces - mj; 5
60 a@m%

(@

DT.
‘oeCROe TR0, LTI
"B 60T . ime mmE SO0

v om0 OO

Puc. 7.5. IIpukaaay ponoBoiB i3 Y-3uenaeHuM (a),
X-349eTIACHUM pelleCUBHUM (6), X-34€TIACHUM JOMIHAHTHHM (8)
i MiTOXOHAPIAABPHUM (2) TUIIAaMU CIIaOKyBaHHSI

FeHearoTiYyHUNE MeTOH MOO3BOASE BU3HAYUTH HE TIABKH PO3TASHYTI
TUINHN CHaAKyBaHHS. AHaAi3 CKAQOHIIINX BHUIIAQAKIB (HaAIIpHUKAAZ, KOAU
03HaKa Ma€ HEIIOBHY IIeHEeTPaHTHICTE abo Pi3Hy €KCIIPEeCHUBHICTh, € 3a-
A€KHOIO Bim cTaTti abo 0OMEKEHOI0 CTATTIO) TAKOXK HE BHKAWKAE ITPUH-
IIUIIOBUX TPYAHOIIIB.

KpiMm Bu3HaueHHS TUIIB CHaAKyBaHHSI, aHaAi3 pPOAOBOAIB 3a [AEKiAb-
KOMa O3HaKaMH BUKOPHCTOBYETBHCS OAT BCTAHOBAEHHS 34YEIIA€HHS T'€HIB
1 pOo3paxyHKy BiACTaHi MixK HUMH. 3a HasIBHOCTi BEAUKOTO POLOBOAY aAro-
PUTM BUIBAEHHH (PaKTy 3UElA€HHSI Ta PO3paxyHKy BiZIcTaHiI MiXK reHaMU
€ MaiixKe IoAIOHUM A0 oIHcaHoro B po3miai 3. [IpoTe BeAuKi pomoBoau Ha
IpaKTHIll 3yCTPidyaloTbCs OOCTATHBLO piakKo. Haifuacrimie maioTh cHpaBy
3 BEAMKOIO KiABKICTIO MaA€HBKUX POMOBOMIB, 9Ki aHAAI3VIOTH 3a JOIIOMO-
r'OI0 CIIEI[iaABHUX KOMII'IOTEPHUX IIPOrpaM.
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KUTbKICHI V1 BATATO®AKTOPHI
O3HAKM JIFOOVMHU

Haiibiabi1 BUBYEHUMU € 3aKOHOMIPHOCTI yCIaAKyBaHHS SIKICHHUX MOHO-
TeHHUX O3HaK. AAe, sIK 3raayBanocs B po3misax 3 i 4, reHU He (PYyHKITIOHYIOTD
B "i30AdIIii" Bif iHIIMX T'eHIB Ta HABKOAMIIHBOTO cepenoBuiia. [IposB Beau-
KOi KiABKOCTi O3HaK AIOIUHHU (IK 1 IHIIIMX OpraHi3MiB) 3yMOBAIOETECSI OHOYA-
cHO OaraTpbMa (QaKTOpaMH: MIi€I0 AEKIABKOX T€HIB Ta BIIAHBOM KOMIIAEKCY
YHMHHMKIB JOBKiAAS (KiABKICHI 200 OaraToakTOpHI 03HAKMH).

HatinpocTtilnuM THUNOM CHaAKyBaHHS KiABKICHHMX O3HAK € II0AIMepis,
KOAH IIPOSIB O3HAKH 3aA€XKHUTH Bifi HAIBHOCTI B I'€HOTHUIII OCOOMHU BifAIIO-
BiTHOI KIABKOCTi MOMIHAHTHUX aA€AiB OTHO3HAYHUX TIe€HIB (IeKiABKOX KO-
il 0gHOTO I'eHa), III0 AiIOTh aAUTHUBHO (po3mia 3). KnacuaHUM ODpPUKAaI0M
yV AIOAWHHU € CHaAKyBaHHS KOABOPY IIKipH, AKUM, 3a HiApaxXyHKaMH, BU-
3Ha4aeThcd II'dTbMa reHaMu. OgHaK A4 IHININX KiABKICHHX O3HaK (3picT,
Maca Tiaa TOIIo) cUTyallid € 3Ha9YHO CKAaAHiIow. ['eHu, 110 BiAIOBiAa0ThH
3a JaHi 0o3HaKM, Xoua ¥ MAiIOTh Ha HepHINH IIOTAIN aAUTHBHO (pPOOAATH
CBill BHECOK y HellepepBHUI PO3IIOLiA BapiaHTIB 03HAKH), ase HE € OHO-
3HAYHHUMH, i MiXK HUMH MOXYTh BiOyBaTHUCs B3a€EMO/IIil pi3HOTO THITY.

BararogakTopHi 03HaKH MOXKYTh BUSBASTHUCH 9K SKiCHi, KOAHM 0ocoba
abo mae o3Haky, abo Hi. Hampukaazn, mesaki ypomzKeHi Baau PO3BUTKY
(aneH1IE(haAisT, CTHMHHOMO3KOBA TPUKa) i GIABIIICTE PO3IIOBCIOMKEHUX 3a-
XBOpPIOBaHb (iH(papKT MioKapaa, acTMa, aTepPoCKAepo3, "crnopaguyHi" OH-
KO3aXBOPIOBAHHA TOIIO) € AKICHUMH O3HaKaMH, aAe 3aKOHOMIpHOCTI ix-
HBOI'0O yCHaAKyBaHHS TaKi caMi, K Yy KiAbKiCHHUX. [IAd ITOSICHEHHS PO3IIO-
[iAy TOAiOHMX O3HAK y IOIYAdIlidX Alofelt Oyaa 3alIpollIOHOBaHa MOEAb
IIOPOTY: O3HAKa IPOSBASETHCH TIABKH Y THX OCOOHH, Y IKHUX KiABKICTB 'Te-
HiB CXHUABHOCTi" MepeBHILyE ITeBHUM "mopir’, To6TO KiABKICHOIO 03HAKOIO
€ CXHUABHICTh O XBOPOOH, a HE CHUMIITOMH 3aXBOPIOBaHHA. Y MeIUYHIiH
IpPaKTULll MOAEAbL IOPOTY 3aCTOCOBYIOTH TAKOXK 1 A9 "KAACHYHUX' KiABKi-
CHHX O3HaK, 00'€qHyIOYM BIAIIOBiAHI BapiaHTH B TakK 3BaHy "HopMy"
¥ "maToaoriro” — 1e, HanpHUKAad, OUCTPodid, HOpMasbHA Bara, KAlHidYHe
OXXUPpiHHYG. BeanunHa "lopory" mas OKpeMUX IHAUBIAYyMiB 3aA€XKHUTH Bif
pPi3HOMAaHITHHUX YHUHHHUKIB — CTaTi 0COOH, CIIOCO0Yy XKHUTTH, (PaKTOpPiB m0-
BKiAASI. YMOBH KHTTH MOXKYTb 3HAYHO 30iABIIIYBATH YU 3MEHIIIYBAaTH KiAb-
KicTb "TeHIiB CXHABHOCTI", HEOOXiHY A ITPOSIBY O3HAKH Ta, BiAIIOBiAHO,
BIIAMBATH Ha PU3UK PO3BUTKY 3aXBOPIOBaHH.
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brv3HIOKOBUII MeTO/, 1 MeTO1, ITPUIMaKiB

3HaYHa 3aA€XKHICTH ITPOABY OaraToaKTOPHUX O3HAK Bifl 30BHIMIHIX
YUHHUKIB yTPyAHIOE IXHIM MeHeTHYHUH aHaai3 i MOIIyK reHiB, IO iX 00y-
MOBAIOIOTE. HaBiTh y Mexkax omHiel pooAMHH IHKOAM BaXKKO 3'CyBaTH, YU
CXOXKICTb 3a MAeIKHMH O3HaKaMH MiXK poaudYaMH MOiATBEPIAXKYE CIIaIKO-
BiCTb 1Ii€i 03HAKH, YU CBIQUYUTH TIABKHU IIPO iAEHTUYHICTH YMOB iCHYBaHHH.
dasa BimokpemaeHHs fAii pakKTOPiB 30BHINIHBOTO CEPENOBHUIIA Bill BIIAUBY
TeHOTHUIIYy Ha IIPOSB O3HAKU B T€HETUIl AIOJUHU BHUKOPUCTOBYIOTH O1U3-
HIOKO8UTL Memo0d 1 memod npulimaxis.

BausHiokoBU#E MeTon 0as3yeTbCcd Ha MOPIBHSHHI 36iry IposBy O3HaK
y OAU3HIOKIB. Y AIOAWHU OAM3HIOKH HAPOKYIOTHCH 3 YaCTOTOI0 IIPUOAM3-
HO 1 gBitina Ha 84 moaoru (TpitiHi — 1 Ha 7 THc.). OgHY TPETWHY 3 HHX
CTaHOBAATHL MOHO3U20MHI abo 00Hosliyesl 6 ausHIOKU. BoHH pO3BUBaIOTHCH
3 OaacToMepiB omHiEl 3amaigHEeHOI AUIEKAITHHU, sIKi PO3MIAMAMCH Ha IIO-
YaTKOBHUX CTaisX APoOAeHHs (HaifdyacTille Ha cTamii ABoX G6AacToMepiB)
i JalOTh IIOYATOK OKpeMUM opraHizmMaMm. OTKe, MOHO3WUTOTHi OAM3HIOKU
MaloTh iAEHTUYHI I'eHOTHIH. A IHU3UTOTHI PO3BUBAIOTECH 3 ABOX AUIIEKAI-
TUH, dgKi 103pianu ¥ OyAM 3amaigHEHi ogHOYaCHO. 3a MeHOTHUIIOM BOHH CXO-
Ki He Oiabllle, Hi3K pigHi OpaTH # cecTpH, 110 HAPOAUAUCH B Pi3HUH Yac.

[Ipu o6cTeskeHHI OMHOCTATEBUX OAM3HIOKOBHUX I1ap Ba’KAUBHUM € TOYHE
BCTAHOBAEHHS THUITY iXHBOI 3urotTHocTi. Moro BusHauawTs a60 3a HOmiOHi-
CTIO IIPOSIBY B ITapd OAM3HIOKIB O3HAK, LI0 IlepebyBaroTh y MiHiMaAbHIiH
3aA€KHOCTI BiJl cepemoBUIMHUX PAKTOPIB (FPyHH KPOBi 3a Pi3HUMHU aHTHU-
reHaMH, KoAip odel, MOXAUBICTh BimgyBaTu cmak PTK To1o), abo BUKO-
pucroBytouu [HK-dinrepnpunTuHr. O3HaKH, IIPOSIB AKHUX 30iraerbcs B
napu OAM3HIOKIB, HA3UBAIOTh KOHKOPOAHMHUMU (AKIIO MIPOSB BiACYTHIN y
OJTHOTO 3 HUX — OUCKOPOAHMHUMU).

BriauB criaikoBOCTI Ha HIPogB O3HAKU PO3PaxoOBYIOTh, ITOPiBHIOIOYU
KOHKOpOaHMHICMb O3HAaK (BiACOTOK map OAM3HIOKIB 3 iIEHTUYHUM IIPO-
ABOM ITIOTPiOHOI 03HAKM) Y MOHO3UTOTHHUX 1 AU3UTOTHHUX OAM3HIOKIB (Tab-
aung 7.3). 3po3yMiao, 1110, OCKIABKM I'€HOTHUIIM B MOHO3UT'OTHUX OAM3HIO-
KiB oqHAKOBi, TO (PEHOTHIIOBI BiAMIiHM MiXX HHUMH OyAyTH 3yMOBA€Hi BH-
KAIOYHO BIIAMBOM CEPEIOBHINA I/l YaC BHYTPIIIHbOYTPOOHOIO PO3BUTKY
Ta nicasg HapomkeHHd. 1o cTrocyeThbesa 30iry B IPodBi 03HAK, TO BiH MOXKe
OSICHIOBATHCS 9K iIEHTUYHICTIO '€HOTHUIIIB, TaK i IMOAIOHICTIO YMOB IIPO-
KUBaHH4. Y IIbOMY acCII€KTi I[iKaBUMH € BUIIAAKH, KOAU IIapy MOHO3UIOT-
HUX OAM3HIOKIB pO3Ay4YaAu B OUTHUHCTBI ¥ TPUBAAHM yac BOHHU BUXOBYBa-
AUCH 1 pocau B pi3HUX yMoBaxX. KOHKOpPAZAHTHICTh y TAKUX [Iap IMOSICHIO-
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€TbCS BH3HAYaABHUM BIIAMBOM T'€HOTHILy Ha ITPOSB IIEBHUX O3HAK. AHaAi3
nap AOWU3UTOTHUX OAW3HIOKIB [ae€ iH(opMallilo Ipo BHOAUB iI€HTUYHUX
YMOB CepeloBHIIA (Y TOMY YHCAI ¥ IIPOTATOM BHYTPIIIHBOYTPOOHOTO PO3-
BHUTKY) HA PO3BUTOK O3HAK Y OCi0 3 pi3HMMU reHOTHIIAMH.

Tabruys 7.3. KOHKOPAAHTHICTE AEeIKHX O3HAK AIOAHHH
B MOHO3HroTHHX (MB) i Au3uroTHux (IB) 6AH3HIOKIB

KoHKOpAaHTHICTE, %

O3Haka MB P B

I'pyna kpos.i (ABO) 100 46
Koaip oueit 99 28
Koaip Boaoccs 89 22
PosymoBa BifcTaaicTh 97 37

[TinBunieHa Bara Tiaa y Bini 18-20 pokiB 51,8 20,2

[TigBunieHa Bara Tiaa y Biwi micag 45 poKiB 53 27,4
Emisernicia 72 15
TybepKyab03 56 22
"Sagya ryba" 42 S
Kip 98 94
Tu3odpenia 46 14
MaHiakaAbHO-AEIPECUBHUN IICHX03 60 14

YuceAbHO BKAQ[ T'€HOTHUITY B PO3BUTOK Ti€l UM iHIIOI 03HAKH BHpaXKa-
€ThCH K KoedilieHT CcIaaroBocTi H, akuil y gaHOMy BUNAAKy MOIKHA
po3paxyBaTu 3a (POPMYAOIO

H = KM _KD
100-K,’

ne Ky — KOHKOpAATHICTBH (y BiflCOTKax) MOHO3UTOTHUX, Kp — MU3UTOTHUX
OAM3HIOKIB. dkmio H= 1, To 03HaKa MOBHICTIO BH3HAYAETLCS TI'€HOTHIIOM,
npu H= 0 - dpakTopamu cepenoBuina. Hanpukaazn, koedillieHT ciaikoBocC-
Ti ZIAST KOABOPY Boaoccsl mopiBHIoe 0,86, IO rOBOPUTH IIPO IIepeBaKHUM
BHECOK I'€HEeTHYHUX (PaKTOPiB y popMyBaHHS 03HAKHU, aA€ iCHYE TAKOXK He-
3Ha4YHW# BrAauB cepenoBuina (0,14). [Iag HaAARIIKOBOI Bark Tiaa Koediie-
HTHU criafakoBocTi nopiBHIOIOTE 0,4 (masg Biky 18-20 pokiB) i 0,35 (mag aro-
neti mmicas 45 poKiB), 10 BKA3ye HA 3HAYHIITUN BIIAUB CEPELOBUIIHNX (haK-
TOPiB, aae CIIaAKOBUY KOMIIOHEHT TaKOXK Bi/lirpa€e CyTTEBY POAb.

[HITIM TiAXOMOM [0 OIIIHKM POAi T€HOTHUILYy ¥ CepelloBUINA B PO3BUTKY
OaraToaKTOPHUX O3HAK € aHaAi3 (peHOTUIIOBUX IIPOLABIB y HiTeH, dKi Oy-
AUl IPUUHSTI B POOAUHY — Memoo npuiimakie. [IppiiMaku Ta IIpHHOMHI po-
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OUYi MaloTh abCOAIOTHO HECXOXKi I'€eHOTHUITH, aAe MOoAi0HI YMOBHY iCHyYBaHHS.
Haituacrime meron mpuiiMakiB BUKOPHUCTOBYETHCH B KOMIIAEKCI 3 OAH3-
HIOKOBHUM, III0 JA€ MOXKAUBICTH OTPHUMATHU OiABIII O0'€KTHUBHI pe3yAbTATHU
LIO0 T€HETUYHOTO BIIAMBY Ha PO3BUTOK KiABKICHHX O3HaK.

CITAIKOBI XBOPObBbU

JlocAaiizKeHHsS THIIIB CIIaAKyBaHHSA O3HAaK i IIOLIYK IeHiB, 9Ki 3yMOB-
AIOIOTH 9Y¥ MOAMQIKYIOTE IXHIH HNPOSB, MAalOTh BEAUKE IIPAKTUYHE 3HAYEH-
Hd, KOAU HOETbCA IIPO IIATOAOTIUHI MPOSIBM O3HAK. Xoda MaTOAOTIdUHi
O3HaKM € KpalHIMHU BapiaHTaMU IIPOsIBY HOpMaAbHUX O3HAaK, iCHye OKpe-
MHUH pO3MIiA T€EHETHKM AIOIUHH, IKUU 30CepelKye yBary Ha POAi CIIagKoO-
BOCTi Y PO3BHUTKY CcaMe IaTOAOTIYHUX CTaHiB abo XBOpoO — meduuHa 2eHe-
muxa. 3aA€KHO BiJl BHECKY CIIAKOBHUX 1 CEPENOBUIIMHUX (PAKTOPIB Yy PO3-
BHUTOK MATOAOTIYHHUX CTAHIB i mepebir 3aXBoprOBaHb, yCi XBOPOOH MOXKHA
YMOBHO IOMIAUTH Ha TPH TPYIH: CIIAAKOBiI (HE3HAYHHII BHECOK CEpeao-
BHIIIA B PO3BUTOK ITATOAOTI{), XBOPOOH 3i CIIAAKOBOIO CXUABHICTIO (PO3BH-
TOK IIaTOAOTII 3yMOBAIOETHCS B3a€EMOJIE€I0 M'€HOTUILy ¥ cepelnoBHINA) i He-
CIIaZIKOBi 3aXBOPIOBAHHS (IIATOAOTIi, BUKAMKAHI 30BHIIITHIMH (paKTOpaMH).

MenuyHa reHeTHKAa CIIpIMOBaHa Ha AiaTHOCTYBaHHS, AIKyBaHHS, ITPO-
THO3YBaHHS Ta INIPO(iAaKTUKY CIIaAKOBHUX 3aXBOPIOBAaHb, y TOMY YHCAL
XBOPOO i3 CIIAIKOBOIO CXUABHICTIO, M0 SKHUX BiMHOCSTH OIABIIICTH 3aXBO-
pPIOBaHb AIOAWHU. Y MPOSBI ITATOAOTII BasKAHUBY POABb Bifirpae KoMOiHAIlid
CIIAJIKOBUX 1 CEpemOBUIIHUX (PAKTOPIB, TOOTO XBOpoOH € GaraTodakTop-
HUMH O3HakaMHu. EdekTuBHA (y IEPCIEKTHUBI) JiarHOCTUKA CXUABHOCTI 10
TaKHUX XBOpPOO i OLliHKaA iHAUBIAyaAbHUX PU3UKIB TiCHO IIOB'd3aHa 3 PO3BU-
TKOM METOIB CEKBEHYBAaHH{ IHANBIAyaAbBHUX '€HOMIB.

CyTo cnhadkoeumu 3axeoproéaHHsiMu HA3UBAIOTHCSI XBOPOOHM, IMPHUYIH-
HaMHU SKUX € MyTallii — 3MiHH CIIaZIKOBOrO arnapartry. XBopoOHu, BUKAHUKAaHI
TOYKOBHMH MyTalliIMH, HaAE€XKAaTh [0 2eHHUX CNA0KO08UX 3aXe0plo6aHb.
3axBoproBaHHS, SKi COPUYNHEHI 3MiHOIO CTPYKTYpPH Ta KiABKOCTI XpOMO-
coM, 00'€THYIOTE y TPYILYy XpomocomHux xeopob. CAi/l 3ayBasKUTH, 1110 CIIA[-
KOBi XBOpoOH He 000B'I3KOBO IIE€PeNaloThCs HACTYITHHUM MOKOAiHHaM. Tax,
OCHOBHA YaCTHHa XPOMOCOMHHX XBOPOO HE YCIIaAKOBYETHCH (YHACAIZIOK
IIaTOAOTIH pPEenpoAyKTHUBHOI cHUCTeMH XBOpUX). BIABIIICTE OHKOAOTIYHUX
XBOp0oO 3yMOBA€HA BHHUKHEHHSIM COMATHYHHX MyTallil i TAKOXK He ycIa-
[IKOBYETBHCS HACTYIIHUMH ITOKOAIHHAMMU.
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Biaplia yacTHHA CIIaAKOBUX CUHAPOMIB BUKAMKAHA Pi3HOMAaHITHUMHU Ia-
TOAOTIYHMMH N€eHHUMH MyTamisMu. Taki MyTamii XapakTepu3yroTbCd AeHOT-
POITHOIO i€10 (OAMH CUHAPOM — CYKYIIHICTh CHMIITOMIB) i BUCOKOIO IIEHETPAaH-
THICTIO, iXHi IIPOSBH Maiizke He 3aAeXaTh Bif paKTOpPiB HABKOAHIITHLOTO Ce-
penoBuiia. [laToaoriyHa cuMmnTroMaThKa MoOxKe OyTH CIpPHUYMHEHa BincyTHic-
TIO TIPOAYKTY ITOIIKOIXKEHOTO TeHa, 3MEHIIIEHHIM a00 30iABIIIEHHSIM KiABKOCTI
TE€HHOTI'O IIPOAYKTY, a TAKOXK yTBOPEHHAM aHOMAABHOTO IIPOAYKTY. ['€HHi XBO-
pobu KaacHUDIKYIOTh 32 (DEHOTUIIOBHMH MPOABAMH M THIIOM CIIQIKyBaHHSI.
[Tpu kaacudikariii 3a peHOTUIIOM 32 OCHOBY 0€pyTh 200 CUCTEMHI CUMITTOMU
(ctamkoBi XBOpOOM HUPOK, OIIOPHO-PYXOBOI CUCTEMHU TOIIP), abo OioxiMigHi
MIPOSIBU (ITOPYIIIEHHS OOMIiHYy PEYOBHH, aHOMAaAIl CTPYKTYPHHUX OiAKiB).

Cepen cnaodxoeux ead memaboniamy BUIIASIIOTH XBOPOOH, IIOB'dI3aHi
3 OPYIIIEHHIM OOMiHYy aMiHOKHUCAOT (amiHoayudonamii), ByTA€BOMIB, AiifiB,
HYKAEIHOBHX KHCAOT i MiHEpaAbHUX pPedYOBHH. [1aTOAOTIUHI IIPOSIBH MOXKYTH
OyTH 3yMOBA€HI MyTalliIMM T'€HiB, II0 KOAYIOTH (PEpPMEHTHU (eH3umonamii);
0iAKH, 9Ki PEryAlolOTh aKTUBHICTH T'eHiB (DEPMEHTIB YM aKTHUBHICTH CAMHX
depmeHTiB; 6iAKH, gKi 3a6€3MedyoTh TPAHCIOPT HEOOXiJHUX AT METabOoAi3-
My PEYOBHH; PELIEIITOPU TOI0. MeTaboai3M Oyab-IKUX PEYOBUH € IIPOILIECOM
OaraTocTyIleHeBHM, TOMY MyTallil Pi3HUX T'€HiB, fKi 3a0€3[e4YyIoTh IIePeTBO-
PEHHS PEeYOBUH Bif eTally IIPOHMKHEHHSI PEYOBHHU B OpraHiaMm mo 6esroce-
penHbol mii MeTaboAITIB Ha BiAMOBIAHI KAITMHH, MOXKYTH IIPUBOIUTH OO0 TIO-
OiOHUX TATOAOTIYHUX (PEHOTHUIIOBUX MPOSBIB. Y OJAHOMY BUMNAOKY I'OBOPSTH
IIPO 2eHEeMUUHY 2emepo2eHHICMb CIIaAKOBUX 3aXBOPIOBaHb, a MyTallil pi3HUX
T'eHiB, IKi BUKAUKAIOTh CXOXKY KAIHIYHY KapTHHY, Ha3UBAlOTh 2eHOKONISIMU.

[IprkAaIOM CIAIKOBOTO CHHAPOMY IOPYILIEHHS MeTab0Ai3My aMiHOKH-
CAOT € anbbiHi3m, IPHUYUHOIO JKOTO € MyTallid B I'€Hi THPO3MHAa3HU (po3Ta-
IIOBaHUM y JOBroMy IiAedi xpoMocoMH 11) — cdpepMeHTy, II0 IIepeTBOPIOE
TUPO3UH Ha aurinpokcudeHirasadid (JJODPA), akuii € cyOCTpaToOM A CHH-
Te3y MeAaHiHy. Y pe3yAbTaTi 3aXBOPIOBAHHHA XapaKTepHU3YeEThCS BiJCyTHIiC-
TIO ITirMeHTAallil: XBOPi MAOTh MOAOYHO-0iAMH KOAIp HMIKipu i Giae BoAoccs.
3axBoproBaHHS 3yCTpidaeTbcd 3 yacToToro 1/28-39 THC. i ycnaaKoBYeETHCS
3a ayTOCOMHO-PEeIeCHBHUM THIIOM. Hapas3i Bimomo 6an3pko 40 Mmyrariti y re-
Hi TUPO3MHA3H, 9Ki IPUBOALATE A0 aALOIHI3MYy (HesKi HaBedeHO Ha puc. 7.6).
MyTarii B pi3HHX YacTHUHaX I'eHa MOXKYTh 3yMOBAIOBATH BapiaHTH (PEHOTHU-
II0BOI'O IIPosABY XBopobu. Tak, Myrallis B KOMOHI 81 (IpoaiH 3aMiHIOETHCH
Ha AEHIIWH) IPUBOAUTE OO0 KAACHYHOI'O TUILy aAbOiHI3MY (IT03HAYAETHCH SIK
[A), myTaitiga B kozmoHi 406 (TakoK 3aMiHa HPOAIHY Ha ACHIIWH) € TIPUYHHOIO
nposiBy aabOiHi3My Tumy IB. Tun IB, abo ":XoBTuii MyTaHT', BiIpi3HAETHCI
Bil KAQCHYHOIO TUIIy HAaSIBHICTIO ¥ XBOPHUX BOAOCCS 3KOBTOT'O KOABOPY Ta
3HAYHO MEHIIIOI0 YyTAUBICTIO IIKipU A0 COHIYHUX IIPOMEHIB.
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Puc. 7.6. Myraiiii B reHi TUpo3uHa3u. PUMCBKUMU ITH(ppaMu
II03HAYEHO €K30HU, KOAAMHU — OMHOHYKAEOTHUIHI 3aMiHH,
TPUKYTHUKaMU — MiKpPOAEA€llii, KBaapaToM — iHCeplLis

[HII0r0 aMiHOAIIMOONATIEIO, TOB'A3aHOIO0 3 ITOPYILIEHHAM OOMiHY THPO-
3uHy, € ¢peninkemonypis (PKY). XBopoba 3ymoBAeHa MyTallidMHU B TIeHi
deHirasaHIHTiAPOKCHAA3U (YyChOTO Bimomo 6am3pko 600 myTartiit). Yepes
BIICYTHICTb aKTUBHOIO (pepMeHTy (peHiraraHiH He IIepPeTBOPIOETHCS HAa
TUpo3uH. [IpuymHOI0 maToaorii € QeHirasaHiH, TOKCHUYHHUH 3a BEAHKHX
KOHIIEHTPALlil, a TaKOXK HOTro TOKCHYHHH MeTaboAiT peHiATTipoBHHOTpAI-
Ha KHUCAOTa. XBOPi IIPH HAPOMKEHI MAIOTh CcrienudivHui "Mumavyuii” 3a-
nax, gucMopdgiuyHe oO0AMYYd Ta HEAOCTATHICTH IirMeHTallii (CBiTaa HIKipa
1 Boaoccs). IlisHine 3'daBASIOTBCA CyZOMH, PO3BHUBAaETHCI PO3yMoOBa Bil-
craaicTh. [laTaAoTiyHUX MPOABIB MyTallili MOKHa YHUKHYTH 3a YMOBH, II10
onpasy MiCcAs HApPOKEHHd ¥ mo 15 pokiB auTmHa Oyne nepeBeneHa Ha
crieriaanbHy Oe3deHinasraHiHOBY miety. ®KY 3ycrTpidaerbcd 3 ZOCTATHBO
BHCOKOIO 4acCTOTOIO — y cepenHboMy 1/10 TucC. (Y AEIKHX IIOIIYASIliTIX
B YKpaiHi yacrora gocgarae 1/4,5 Tuc.), cnaakKyeTbCs SK ayTOCOMHO-
pellecuBHa o3Haka. LlikaBUM € Te, II0 KiABKICTb T'€TE€pPO3UTOT 3a MyTaHT-
HUM TeHOM (PeHiAaAaHIHTIIPOAA3U B IIOMYALILlil € Aem1o OGiABIIIOI0, Hi3K MOXKHA
BCTAHOBUTH 3a popMyaoro Xapmi — Baiiabepra (oquB. po3mia 8). Lle moscHro-
€TBbCS THUM, IO MiABUIIEHUN PiBeHb (PeHiAaraHiIHYy B IMeTePO3UTOTHUX Ki-
HOK € (paKTOpOM, SKUH 3MEHIIIyE PU3UK BUKUIHIB.

Hecraua depmeHTy MOXKe MNPHUBECTH OO IIOCTYIIOBOI'O HAKOIIMYEHHS
EeBHUX TOKCUYHUX CyOCTpaTiB y KAITHHI (CaMe y KAITHHI — Ha BigMiHY Bix
®KY). [Jo Takux xeopob HakonuueHHst BiJHOCATH, HAIIPUKAAL, XBOPOOY
Tea — Cakca (amaBpoTH4Ha imiotiss). Yepes BiACYTHICTH (pepMEHTy T'eKCo-
30aMiHia3u A B Ai30coMax HEPBOBHX KAITHH HE PO3IIENAIOETHCH TaHTAIO-
3un GM, — OIMH i3 KOMITOHEHTIB KAITHHHOI MeMOpaHu. ['aHrAio3ua HaKoO-
UYYETBCS B Al30CcOMax, IO BeAe A0 3arubeAi HEpPBOBUX KAITHH. CHMIITO-
MH XBOPOOM IIOYHHAIOTH BUSIBAATHCS B OCHOBHOMY 4Hepe3 [eKiabKa Mics-
LIiB ITicAsT HAPOMKEHHS: CIIOCTEpPIraeThbCsl raAbMyBaHHS PO3BUTKY Ta IIPO-
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rpecyiodi HepBOBi po3aanu. CMepThk HaACTa€ B CEPEAHBOMY y Billi TPBOX
pPokiB. € mopocaa dopmMa aMaBpPOTHUYHOI iAioTil — XBopoba MOYHHAE PO3-
BuUBaTucd y Bili Bixg 20 no 40 poKiB i CyIIPOBOAXKYETHCS ITOCTYIIOBOIO IIPO-
TPECYIOUOI0 PO3YMOBOIO BiAcTaaicTio. [uTada popMa BUKAWKaHa MyTalli-
dAMH B T'€Hi I'eKco30aMiHifa3u A 3a THUIIOM 3CyBY paMKH 3YUTyBaHHS abo
MOPYILIEHHS CalTiB CllAa¥CHHTY, 1OPOCAa — MiCEHC-MyTalliIMU.

Myxroeicyudo3 € IIPUKAQJOM 3axXBOPIOBaHHS, fdKe€ IIOB'3aHE 3 IIOPY-
IeHHSIM OOMiHy HeOpraHigyHuUX ioHIB. YHacaimok wmyrtaiii B reHi CFRT
(kapTOBaHUI y JOBroMy IA€Yi XPOMOCOMH 7, KOAYy€E OiAOK KaHAAy [Ad i0HA
XAOPY) ¥ XBOPUX CIIOCTEPIraroThcd AePEKTH ITOTOBUX Ta iHIIUX 3aA03, 110
BUHUKAIOTh ¥ PE3yAbTaTi Aii BEANKOI KOHIIEHTpAIlil coAi B ceKpeTax, a Ta-
KOXK IIOPYLIEHHS 3aCBOEHHHA 1XKi, crpudynHeHe OAOKYBaHHSM IIPOTOKIB
HiAIIAYHKOBOI 3aa03u. BinmoBigHO, cHoocTepiraeTbcs 3aTpUMKa POCTY
¥ po3BUTKY OUTHUHH. HatipaTaApHIIIUM € HAKOIWYEHHS CAH3Y B AHUXaAb-
HUX IIIASIXaX, 110 BUKAUKA€E AETM€HEBY HEIOCTATHICTb YV XBOPUX i IPOBOKYE
PO3BUTOK ITHEBMOHIH. XBopoba (ayTOCOCOMHO-PEIECUBHUN THI CIIQIKY-
BaHH4{) 3ycTpidaeThbcda 3 yacToTolo Bif 1/2 tuc. mo 1/90 tuc.

[Topy1ieHHS TPAHCIOPTY KHUCHIO T€éMOTAOOIHOM € IMPHUYHHOK0 ITaTOAOTIY-
HUX MPOABIB 2emozanobinonamiii. XBOpoOHU IILOTO KAACy MOB'd3aHi 3 MyTa-
L[iIMH B reHax o- abo -cyboauHuIlL reMoraodiny. CeprornoaiOHOKAITHHHA
aHeMid 3yMOBA€Ha MyTalli€lo, sKa BHUKAUKAa€E 3aMiHy 6-i aMiHOKHCAOTH
B AQHIIO31 3-TA00iHY (rAyTaMiH 3aMiHIOETBCS Ha BaaiH). BapiaHT remorao-
0iny (reMoraobiH S), 0 CKAaanay SKOTO BXOAUTH 3MiHEHHUH [3-rAobiH, ripiie
BUKOHY€ CBOIO (pyHKILI0. KpiM TOr0, BiH 3maTEeH IToAiMepu3yBaTHCS, YTBO-
prorouu pinaMeHTH, SIKi 3MiHIOIOTH MOP(OAOTII0 ePUTPOLUTIB (BOHHU HaOy-
BalOTh (popMy cepra — 3BiATH Ha3Ba XBOpoOH). ['oMo3UroTu 3a MyTaHTHUM
T€HOM MaloTh HIMPOKUH CIIEKTP CHMIITOMIB: €pPUTPOLUTH CepPIonoaibHoi
dopmu, aHeMi0, HUPKOBY, CEPILIEBY Ta AEMeHEBY HEOOCTATHICTh, PO3yMOBY
BifcTaaicTb, mapaaidi, 0oai B cyraobax i xxuBoTi. Be3 creriaapHoOrO AiKap-
CBKOTO HarAsi/ly XBOPi IIOMHPAIOTh ¥ PAHHBOMY AWUTHUHCTBIi. ¥ IeT€pO3UTOT
€PUTPOLIUTH MAaIOTh HEIIPAaBUABHY (POPMY, OCKIABKU MiCTSTH ABa BapiaHTHU
reMorao6iHy — HOPMaAbHHUM 1 MyTaHTHHH. AAe KAIHIYHI IIPOSIBU 3aXBOPIO-
BaHHS B INeTEPO3UTOT BiJCYTHi (IOYMHAIOTHh BUSBASTHCS AUIIIE 32 YMOBHU
3HUZKEHHS KOHIIEHTpAIlil KUCHIO B IOBITPi — HAIIPUKAAA, ¥ BUCOKOTIiPHHUX
yMmoBax). To6To ceprionofiOHOKAITMHHA aHEMisl YCIIaIKOBYETHCH SIK O3Ha-
Ka 3 HEeIMOBHUM JIOMiHyBaHHAM. X04a T'eMOTAODIH S € ITaTOAOTIiYHUM Bapi-
aHTOM 0iAKa, HOTO T€H MOCTAaTHHO PO3MOBCIOMXKEHUI, 0COOAMBO y KpaiHax
i3 BEAUKHM pPiBHEM 3aXBOPIOBAHOCTI Ha MaAdpilo: KiABKiCTb HOCIiB reHa
nocsarae 40 % y neakux Kpainax cxinHoi Adpuku. Lle mosicHIOETbCS BHCO-
KOIO PE3UCTEHTHICTIO TeTePO3UTOT A0 MaAdpii.
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[HITMM THUIIOM reMoTAOOIHOMAaTIH € masiacemii — XBopobu, acorifioBaHi
3 MOpPYIIEHHSIMH eKcrpecii o- abo [-raobGiHiB (BiAmoBigHO, PO3Pi3HAIOTH
a- i B-Tasacewmii). [lo maTOAOTIH IIPUBOAATEL a00 AeAellii y TA00iHOBUX TreHax,
abo wmyTallil, III0 CIIPHUYHHSIOTH 3MEHIIEeHHs KiAbKOCTI akTuBHuUX MPHK
y KAiTHHI. XBOpOOU MOIIMPEHi B AEIKUX CEPEA3eMHOMOPCHKUX PeTrioHax:
JacToTa XBOpHUX MoxKe moxomauTh no 30 % (HaszBa XBOPOOH IMOXOIUTH Bil
TPEIBbKOro cAoBa tolooo — Mope). Taaacemii XxapakTepH3YIOTECH T'€MOAITH-
YHOI0 aHEeMi€lo, JKOBTYXO0I0, TiIIepriaasi€lo KiCTKOBOrO MO3KY Ta KiCTKOBU-
MH aHOMaAigMHU. 3aA€KHO Bifl T€HOTHILy XBOPOIr'o, CUMIITOMAaTHKa Bapiloe
Biz cyOKAiHIUHOI (M'aKa popMa) 10 BaKKOi aeTaabHOi. Caif 3BEpHYTH yBary,
L0 CEePIIOIIOAIOHOKAITHHHA aHeMis Ta [B-TasaceMid € IPUKAAIOM, KOAU Pi-
3Hi MyTallii oJHOTO Ir'eHa MOXKYTh MaTH 30BCiM pPi3Hi (peHOTHIIOBI IPOSABH.

MyTanii B reHax CTPYKTYPHHUX OiAKiB TKaHUH, SKi IPU3BOAATE OO Bi-
CyTHOCTi, HecTadi abo yTBOPEHHS aHOMAaAbHOTO 0iAKa, € TAaKOXK NPHUYNHOIO
BEAMKOI KiABKOCTi CITaIKOBUX CUHAPOMIiB. Hanpukaan, cundpom Mapgana
3yMOBAEHUI MyTalliiMH B TeHi iOpHAIHY (AOKaAi30BaHUl Y JOBrOMY IIAE-
4i 15-1 XpoMoCcoMH) — OZHOTO 3 0iAKIB CIOAYYHOI TKaHHHU. XBOpPi MaioTh
IOPYIIEHHd KiCTsKa, BUCOKUU 3pICT, apaxXHOAAKTHAIIO ([Ia