


* [lepeBakHa DINbLLICTb eYKapiOTUYHUX TEHIB MICTUTLCA B KNITUHHOMY A40I.
KpiM d4pa, CBI BlACHUW TEHETUYHUIW MaTepiall MatoTb UMTOMIa3MaTUYHI
OpraHenu eykapioTU4YHOI KNITUHW: MITOXOHZPII Ta X10porniacTu.




[eHOMW UMX opraHen MICTaTb reHn OinkiB 1 PHK, HeobxigHi Ang iXHbOro
PyHKUIOHYBaHHA. 3a CBOEKD OpraHi3alietd reHOMM OopraHen  3Ha4yHo
BIAPI3HAOTECA BI4 40€PHOr0 reHoMy W HaraayrTb FeHOMU MPOKapIOoTIB.
MonekyngpHa MaLLMHEPIA, gKa 3abeanedye ekCrnpecito reHETUYHOI IHpopmMaLlil
B OpraHenax, TakoX nofibHa 0o npokapioTnyHoi. Lli doaktn narnm B 0OCHOBY
eHOOCUMDIOTUYHOI TEOPII MOXOAXKEHHS MITOXOHAPIN | nnacTui, BIANOBIAHO A0
AKOI OpraHeny BUHUKIIN B PEe3YSbTaTi HE3ANEXHNX EHA0CUMOIOTUYHMX MOAIN:
BINIbHO  ICHYHOWI  a-npoTtobakTepii  Ta  uiaHobakTepii  Oynu  3axOonsieHi
NPOTOEYKAPIOTUYHOK KJIITUHORK-Xa34IHOM | €BOJHOLIOHYBan Yy CheLugIYHI
opraHenun (MIToxoHAPIT Ta XmoponsacTtv BIANOBIAHO), 4K BIANOBIAAKTbL 3a
OnXaHHa Ta  oTtocuHTe3. [lig  4ac KoeBomwuli  KINITUHU-Xa3diHa
eHOOCKUMOIOHTa YacTMHA MITOXOHAPIANbHUX | XJIOPOMAACTHUX TEHIB (IHKOMK
IOCUTb 3HAYHa YacTuHa) byna nepeHeceHa B 44ePHNUM FTEHOM.




TaknMm  4YMHOM, HagBHICTb BJTACHOTO TEHETUYHOro anapaty 3abesneudye
MITOXOHAPIAM | XJ10ponsiacTaM CBOEPIAHY aBTOHOMHICTb Bif 94EPHOro reHomy,

ane BenvKa KifbKICTb KOMMOHEHTIB, MOTPIOHUX ANA BUKOHAHHA TXHIX QOYHKLIIW,

KOAYETbCH 40ePHUM FTEHOMOM.
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LinTonnasmatnyHa cnagkosIiCTb ynepLue Bigkputa K. KoppeHcowm | E. bayepom
y 1909 p. y KBITKOBUX POCNKH. [li3HiLe 6yno [AoBeAEHO MPUCYTHICTb
CTabINMbHUX | MOCTIMHUX TEHETUYHUX AETEPMIHAHT, 4K HEe PO3LLEMNIIHOHTLCH
NOAIOHO 3 XPOMOCOMHUMMMW | SKI 3HAXOAATbCH Mo3a F4PO0M. YCraaKyBaHHS
O3HaK  MIHNMBOCTEW  OpraHiamy,  3yMOBNEHUX  UUTOMIa3MaTnyHUMM
CTPYKTYpaMu, 4OBEAEHO A5 BaratbOX POCINH, TBAPWH | IFOONHM.




Hociamu cnaZikoBOCTI MOXYTb OYTU TINIbKM OpraHenn KiiTuHW, SKi 34aTHI 40
CaMOBIATBOPEHHA. Cepen HWUX OAHI PErynrTb  KNITUHHUM  MeTaboni3m
(MITOXOHAPIT 1 nnactman), a IHWi — MPOAYKYHOTb MIDPUNAPHI YTBOPEHHS
(KIITUHHWIA LEHTP, abo LieHTpocOoMU, | BasarnbHi rpaHynn, abo KIHETOCOMN).
[loBeaeHo, Lo B UMX UMTOMMA3MATUYHUX CTPYKTYpax npucytHa [HHK, aka
BMKOPWUCTOBYETLCA A4 NepedaBaHHA CcnaakoBol iHdopmall. Ha BiAMIHY B
CTanol KifIbKOCTI XPOMOCOM, HEXPOMOCOMHI CTPYKTYPW NpeacTaBeH! B KITUHI
baraTokpaTtHo (bnmn3bko 100 nnactug, 700 mitoxoHapin, 100000 pnbocom).
3aBAdKKM TaKi KiNIbKOCTI LMX OpraHesi, uuMroriaaMa B MOPIBHAHHI 3 4400M,
MEHLL MIHNMBA, a HEBENWKI YMCIOBI IX 3MIHM HE CYNPOBOAXYHOTLCA ICTOTHUMM
NOPYyLLUEHHAMM O3HAK B OPraHi3Mmi.




[1igq BNSIMBOM PI3HMX 30BHILLHIX YAHHUKIB B OpraHiami BiaOyBatOTbCH CreundiyHi
3MIHU  KOMIMOHEHTIB  HEXPOMOCOMHOI  CMagKoBOCTI. BOHM MOXYTb ICTOTHO
BIAPISHATMCHA MiXX CODOK 3a CTIMKICTIO TeHOTUMHOro MnposBy. HaVMeHLL CTINKI
3MIHM OTpUMann Ha3BYy OEHOKONMIT.

eHoKoMii — Ue IHAYKOBaAHI 3MIHM O3HaK OpraHiamy, gKki 30epiratdtbCs TiNbKu
BMPOAOBX MOro XMUTTA. Halllaakmy Takoro opraHiamy rnpy ctateBoMy PO3MHOXEHHI
BTpPAYatoThb LIl O3HAKK
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OTprMaHO [OCTATHK KiJIbKICTb [0Ka3iB TOro, Lo MITOXOHAPIT NHoanNHM
MatOTb BflACHY CMNaAKOBICTb. |AEHTUMIKOBAHI BCI F€HW MITOXOHAPIAIbHOIro
eHOMY, 4Kl YCMNaZAKOBYKOTbCA JMLLE BIA MaTepl 4Yepe3 umTonnasmy
ANUEKNITMHU.  OXapaKTepu3oBaHO VYHIKasnbHI  BIACTUBOCTI  OpraHidawji
MITOXOHAPIAIbHOro reHoMy, LLO BIAPI3HAETLCH BIA, AAEPHOr0, MyTaL|li AKOro
3YMOBJIOKOTbL HU3KY XBOPOO NOAMHW. Y HbOMY HapaxoByeTbcd 16600
HyKneotnaHux nap. MiToxoHApI nepenaroTbCa LMTOMMAa3MoK Nig 4ac
noainy. Cnepmii  HEe MakTb  MITOXOHAPINA,  OCKISIbKM  LMTOMIa3Ma
eniMIHYETbCA MNPW  A03PIBAHHI YONOBIUMX CTaTEBUX KNITUH. Y KOXHIM
ANUEKNITUHI  MICTUTbCa 25000 MITOXOHAPIN, KOXHAa MITOXOHAPIA Mae
KISTbLIEBY XPOMOCOMY.




MitoxoHapianeHa [OHK ntogMHKM MOXe po3rngaatucb 9K HaMMeHLLa
XPOMOCOMa OpraHiamy, Lo cknagaetbca 3 5-10 igeHTnuHmnx konin NHK,
Akl HecyTb 16568 HykneotuaHux nap 3 37 reHamu, Lo BIAMOBIAAKTL 3a
biocnHtes 13 06inkiB T1a 22 TPHK. Taka KopoTtka HykneotuaHa
NOCNIAOBHICTb MITOXOHAPIaNbHO! [IHK Koaye nuvLle He3HauHy YaCTUHY BCIX
OinkiB i PHK, Lo MICTATBCS Y MITOXOHZPISX.




[loBeeHo, Lo MiToxoHApIanbHa HK nepenaetbcs TiNbKK Big MaTepi BCIM
i1 HaLwaaKkam i Bif, 4OYOK BCIM 1T MOKOSIHHAM (MATEPUHCHKE YCraaKyBaHHS).
Ockinbkn MiToxoHapianbHa OHK Hanexutb TinbkM OgHOMY 3 DaTbKiB, TO
peKoMOIHaLLiNHI 3MiHW, BNnacTuBi Ang aaepHoi IHK B Menoai, BiACYTHI, oTxe
BIACYTHS | KOMDIHATMBHA MIHMMBICTb. HykneoTnaHa nocnigoBHICTb 3a3Hae
3MIH BI4 TMOKONIHHA A0 MOKOMIHHA TIfIbKM 32 pPaxyHOK MyTaLin, 4Ki
BiAOYBalOTbCH B AECATOK Pa3iB IHTEHCUBHILLIE, HIX B aaepHin AHK.
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HanpukiHyi XX CT. BUAINIEHO OKPEMWUW PO3AiNT TEHETUKM — MITOXOHAPIaNbHA
reHeTMka Ta HOBMA  po3ail  MeaAuuuHKM —  MITOXOHApialibHa  maTosiorig.
KnacuyHuMm  MatorHOMIYHUMM  MNPOSBAMU  MITOXOHAPIANbHUX — XBOPOD
BBaXatOTbCd Mionartii, eHuedpanonaTii, nakrar-auuagos, CUMHAPOM KepHca-
Cenpa, MIOKNIOHyC-eninencia atpoisa 30poBOro Hepsa Jlebepa, OOOPOSAKICHI
NyXJIMHW Ta iHWi. [Inga XBopob Takoro reHesy BMACTUBUIA 3HAYHWUA KITIHIYHNY
NoniMOPMI3M.




OfHIEe 3 POPM FTeHHOI Tepanii MOXHa BBaXatu TPAHCMIaHTALK0 MITOXOHAPIN
(U1 MeTo, UMTONIa3MaTUYHOI 3aMiHM) — HeLLo4aBHO PO3PObNeHUn MeTo, LLO
N03BOMSE NiKyBath Aesaki doopmum besnnigaa 1a 3anobdbirat po3BUTKY B MoAa
3aXBOPIOBAHb, MOBA3aHMX I3 AedEKTOM MITOXOHAPIN. MIToXoHAPII MatoThb
BracHy [HK, w0 koaye Kinbka OiNnkiB, TPaHCMOPTHUX Ta pubocomHux PHK.
[lonpu HeBenuukninn  poamip, ugd [NHK HeobxigHa 4nsg  HOopMalbHOro
DOYHKUIOHYBAHHA KNITUHW, 1 MyTauil B HIX NPU3BOAATL A0 CEPWUO3HKMX, YaCTO
netanbHUX,  MNOpYyLUeHb  PO3BUTKY  AUTUMHW.  MitoxoHapianbHa — [OHK
YCNaAKOBYETLCH AUTUMHOK Big MaTepi (OOYyMOBMOKUM  LIMTOMNA3MaATUYHY
CMAa[KOBICTb), | SKLIO Mat¥ Mae B HiM MyTauii, OAUTKMHA TaKOX HAPOAUTLCSH
XBOPOHO.




Y BaXKkux BuUMagkax €4uvHUM LOIEBUM METOAOM BUPILLEHHSA UiEl npobnemu €
BUKOPWCTAHHSA 30PO0BMUX MITOXOHAPIN BiA AOHOPA A9 3aMILLEHHSA MITOXOHA PRI
Matepi, WO HecyTb MyTauii B MiToxoHApianeHin [OHK. Bxe po3pobneHo
MeToau, WO [AO3BOSIAKOTL MEPEHOCUTU AAPO0 13 FULEKNITUHM UM  3UTOTU
NaLIEHTKM OO 340PO0BOI ANLIEKSTITUHU YK 3UTOTU, OTPUMAHOI BI, XIHKM-AOHOPA.
Taka gnueknitMHa, Lo MICTUTb XPOMOCOMHMI MaTepian ABOX OartbKiB Ta
MITOXOHAPIT BiA TPETbOl XIHKW, [a€e TMo4YaTtoK 340P0BOMY 3aPOAKY, HAKUM
HOPMasIbHO PO3BNBAETLCA Y MATLI XIHKW MALIEHTKN.




Metoa ymtonna3matnyHoI 3aMiHN Mae AEKITIbKa eTariB:
BnasnaeTscd 3uUrota rnapu NauieHTIB 3 YLUKOAXEHUMMN MITOXOHAPIAMN.
340p0BE A4P0 BUAMAETLCH I3 YLLUKOAXEHOI 3UTOTW.

AQpo BMaangeTbcs 13 3400P0BOI 3UTOTW.

W o~

AQpo nauieHTIB NepeMiLLyeTbC A0 3UroTY AOHOPIB 31 340P0OBUMM
MITOXOHAPIAMMW.

BHacnigok npoBeAeHnx MaHInynsLin oToMMyroTe eMOPIOH, Mo30aBneHui
MITOXOHZPIaNbHMX XBOPOO.




Ha wmicui 3Urot MoXyTb OyTW AWLEKMITUHW, TOAI MICNd MepeHeCceHHs aapa
3OINCHIOKTh LLUTYYHE 3anmigHEHHSA cnepMarto3oigamy baTtbKa.

HelloaaBHO YKPAIHCBKUM JliKapsaMm BAAN0CA YCMILWHO 34IMCHUTU Nepecaaky
MITOXOHZPIN, 3aBAAKN YoMy Yy CivHI 2017 poky y KMeBl HApOAMBCHA 340POBUM
XJTOMYUIK.

TexHonorivo  nepecag)XyBaHHA MITOXOHAPIWA Yy MNONYyNgapHIA - niTepartypi  IHOA]
Ha3MBaKOTb HAPOOKEHHAM  AWTWUHW  BiA TPbOX OartbKiB, ane 3 Takum
BM3HAYEHHAM He 3rogHi OiNbLUICTb axiBUiB, LU0 MPaALTh Y LK ranyasi.
MiToxoHapianbHa OHK kogye nuwe 13 OINKiB NOAMHN 3 KINIbKOX AECHATKIB
TUCAY, LWLO € B OpraHi3mi, To0TO 1i BHECOK A0 POPMYyBaHHSA DEHOTUMY NHOANHN
MIHIMaSTbHUN.




OcTaHHIM 4acoM MmitoxoHapianbHa OHK BUKOPUCTOBYETLCA B MOMYMALIAHMX
OOCNIAXEHHAX, BUPILLEHHI NUTaHHA NOLLMPEHHA HOMO sapiens no niaHeTi Ta
NMOXOAXEHHS JNHOACLKMX Pac, MOXOAXEHHS | FeHETUYHOI CTPYKTYPU OKpeMmnx
eTHOCIB | MonynaLiv.

Tak, AOCUTb LIKaBUMK € HAyKOBI AOCNIAXEHHSA LWOAO0 AOMIHYBAHHA Ha M1aHeTI
HaLLadKiB MITOXOHAPIaNbHO! €BW.

MiToxoHapianbHa €Ba — IM'4, AaHe MONEKYNAPHMMK DioforaMmum XiHui, gka byna
OCTaHHIM CMISIbHUM MPEeAKOM YCIX HUHI ICHYHOUYMX JIOAEN MO MaTEPUHCHKIW JTIHIT.
OcCKinbKkM MiToxoHApIaneHa AHK ycnaakoByeTbCA TiNbKM MO MATEPUHCHKIW NiHii,
Y BCIX HUHI cydacHux nogen Taka AHK byna otpumaHa Big «€Buy.




MiToXoHAPIT — Le BHYTPILLUHBbOKITUHHI OpraHenu, Lo MatoTb HEBEMNKY BI1ACHY
XpomocoMy. Ha BigmiHy Biag daepHol OHK, gaka MICTUTb nepeBaXHy KifbKICTb
FEHIB | B MPOLECI CTAaTEBOTO PO3MHOXEHHSA NIALAETLCA PEKOMOIHALLT, TaK LLO
HaLLaZK1n OTPUMYHOTb MOSOBUHY reHiB Big BatbKa, a Apyry NosioBMHY Big MaTepl,
MiTOxoHApPII Ta X OHK AnTnHa OTPUMYE TINTbKM 3 MaTe€PUHCBKOI ANLIEKITITUHMN.
Ockinbkn MitoxoHapianbHa OHK He nigoaetbcs pekombiHauii, 3MIHW B HiM
MOXYTb BiADYyBaTUCH BUKJIFOYHO 3a JOMOMOrOK PIAKICHUX BUMALAKOBUX MyTaLlil.
LLInaxomM nopiBHAHHA NOCIAOBHOCTI MITOXOHAPIaNbHO! HK | BUHUKHEHHSA B Hil
3 4acoM MyTalil MOXHa He TINbKM BU3HAYUTU CTYMiHb CrMNOPIAHEHHS HUHI
ICHYtOUMX Joden, a " Mnpubn3HO BUPaxyBat 4ac, HEOOXIAHWW AN
HaAKOMUYEHHA MyTauiy B TIM YW IHLLIK nonyndauii nogen. TaknuMm YMHOM, MOXHA
obuMCNUTK | enoxy, KoNu myTauin e He Byno, | npeakoBa nonynsauig noaen
Oyra reHeTn4YyHO OA4HOPIAHOLO.
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East Asian Euro-Indian Asian American
Cont | Pop D E G N Y z H J K T VvV W X ' M R A B C
7 20 27 43 2
15 48 42 2 6
18 8 12 47 5 10 1
2 17 39 24 1 2
5 17 38 47 1
- 12 25 24 14 19 5
s 23 16 5 8 1 1 19 6|7 12 5
ﬂ 23 16 2 10 3 19 1|s 16 2
8 3 6 11 9 1 4 14 6 14
2 27 4 1 33 11| 1 21 1
s1 1 8 3 10 3 5 18
g 37 2 7 6 3 4 2 2 36
= 39 3 10 5 10 2 5 18
2 1 1 2 s8¢ 1 4 7 8 6 18 1
1 54 8 9 13 2 4 1 15
2 1 1 2 2 1[ss 81
12 7 11 2 2 2 15|41 32
1 2 1 1 1 4 5 14| 61 13
3 2 7 1 3 2 1 11]ss 11
3 12 1 14|50 2] 1
] 4 21 38 26 1 1 1 1 1 1 1
5 7 16 14 24 1 1] 1 1 1
£ 12 2 4 2 1 2 1 40 33 6
-f"g 9 5 1 1 2 25 15 9
iE 102 13 1 14 40 15
3 2 5 4 10 2 6 1 1 4 387 25
World | 46 123 224 272 12 10 127 94 20 37 2 8 |2/8 B8 50 34 56 16 25 11 186|377 129|141 178 70




Y 1987 poui Pebekka KaHH (Rebbecca Cann) 3 koneramu npunycTtunu, Lo
MiTOXOHApPIanbHa €Ba Morna xutn mixx 140000 1 280000 TtUCAY POKIB TOMY.
3rigHo 3 OinbLU MNi3HIMKU pPO3paxyHKamMu MITOXOHApIanbHa €Ba Xuna ONM3bKO
140000 Tncau pokis ToMy B CxigHin Adppudi.

OCKINbKN MONYNAUIMHI TEHETUKM BBa)Kat0Tb OATBKIBLLMHOK MITOXOHAPIANbHOI
MO MPeaKoBOi Nonynauil y nogen yrsopunmcd votmpum rarnnorpynum LO, L1,
L2, L3. 3 HuX, nepLua nepeBaxae y OyLimMeHiB, gpyra y nirmeiB. [1Bi OCTaHH
TAKOX € Yy apUKaHCbKNUX HApoAiB, ane TifbKn BiA4 rannorpynu L3 BiAXOAATb
Makporpyrnv M i N, HOCIT gknx Mirpyeanm 3 Aprkn B €Bpasito.




Xo4ya MiToxoHApialbHa €Ba Has3BaHa B 4YecTb OIONIMHOI, Ti He cnifg
OTOTOXHOBaATM 3 BIbniMHMM nepcoHa)Xem abo BBa)katW, WO BCI NOAN €
HalLlaZKamMu nuLe ofHier XiHku. MiToxoHApianbHa €Ba — HaykoBa abCcTpakLig,
CTBOPEHa A5 CMNPOLLEHHS PO3paxyHKiB. Hacnpasal MoBa mae npo BiAHOCHO
OAHOPIAHY TEHEeTUYHY MONyngauito, cepef HallaaKiB gKoi OiNbLUICTb  HUHI
ICHYHOUKMX N04en oTpuManu mitoxoHapianeHy OHK Big ogHIE! XIHKK, B TOX Yac
AK HaLLAAKW IHLLKX XIHOK MO MPAMIN XIHOYIN NIHIT TIET X NPeaKoBOi NonynaLil He
OJOXUNM 00 HaWMX AHIB. AKWO Y XIHKM HemMae »XoAHOI A0YKM, TOo il

X0O4a MOJTIOBMHY IHLLMX TEHIB YCNaAKyTb CUHW | X HaLLaaKW.




ICHYIOTb  anbTEPHATUBHI MOACHEHHA MITOXOHAPIANBHOI reHeanorii Hapoais
3emni. Hanpuknaz, aHanoriyHe reHearnoriyHe ApeBO MOr0 BUHUKHYTU, AKLLIO
Ha PaHHIM CcTadii po3ceneHHd DiNbLUICTb NKAEN 3arvHyna Yepes aKiCb enigemii
abo npupoaHi KaTacTpomu, a Ti, LLO BUMXUIN NPeAcTaBngny cobo HEBENMMKY
rpyny KpoBHUX poandiB. OgHak cnpobu nobyayBaTtn reHeanorio Ha nigcTasi
OOCNIAXEHHS IHLMX TeHIB He NIATBEPAXYHOTh rnoTesy KatactTpodu. KpiMm Toro,
chnig 6paTtn 4o ysary 0OMiH reHamu, aKun BibYBaBCH B pe3yrbTaTi LWobIiB MiXK
JanekMy poanydamm, B pesynbtaTi Yoro reHoOMM MnpoaoBXyBanv 3MiLLYBATUCH
B MONyndauigax Bxe mnicngd Buxogy 3 Adpukn. Hanbinblla pi3HOMAHITHICTb
MyTaLI, dKa CrMOCTEPIraceTbCqd B aAPPUKAHCBKMX HAPOAIB, TaKOX MOXHa
MNOACHUTK MO-PISHOMY. 3 OAHOro OOKY, Lie MOoXe ByTn pesynbLTatoM TPMBAoro
MNPOXMBAHHA NPeAKoBOI nonynduii B Adopuui. 3 iHWOoro 6oky, B AdpuLi Yacis
Naneonity HaceNeHHd MOrno Oyt MNPOCTO YMCENbHILLUKMM, HDK B IHLLKX
PEerioHax.
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