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BbInosiHeH aHAIN3 Pe3yJIbTATUBHOCTH COMATHYECKOTO KJIOHMPOBAHMS Y PA3HBIX BUIOB KHBOT-
HbiX. IIpencraBiieHbl JaHHbIE O MOJIEKYJISPHBIX MEXAHM3MAX M F€HETHYECKHX COOBITHAX MPH KJIOHHPO-
BAHUM M PENpPOrpaMMHMPOBAHMH, O XHMEPHOCTH KJIOHOB Mo mMuToxoHapuaiabHoii [IHK u ee BO3MOKHBIX
MOCJIEACTBASAX MPH BHYTPH- M MEKBUIOBOM KiIOHMpPoBaHMH. OOCYXKIAIOTCS OCHOBHBIE MPOOJEMBbI, CBS-
3aHHbIE C METOJMYECKMMH TPYAHOCTSMM, HU3KOW 3()()eKTHBHOCTbIO METO/A, OOJBIIMMHM NMOTEPAMH Ma-
Tepuaja Ha BCeX 3Tanax 3MOPHOHAJILHOIO, HATAJILHOTO M TOCTHATAJIBHOTO pa3BuTHA. B HacTosee
BpeMsi COMATHYECKOe KJIOHMPOBAHHME MpeXK/e BCEro paccCMaTPUBAETCS KAaK BO3MOMKHOCTH OBICTPO M Ha-
JeXKHO 3aMKCHPOBATH B MOTOMCTBE YHMKAJIbHbIE OCOOEHHOCTH 0COD€eii, KOTOPble MMEIOT X03SiCTBEHHO
LHEeHHOe WM JII00oe Apyroe 3HAYeHHe M/WJIM MOTYT ObITb yTpayeHbl U3-32 PEKOMOWHAUMIA MPH OOBIYHOM
cnocode BOCIPOU3BeIeHHs] AKHBOTHBIX JH0O UX MCYe3HOBEHUH. MeTo/ Mo3BoJisieT UCIOJIb30BaTh JI00bIe
COYETAHHUS CEJIEKMOHHBIX M TPAHCTEHHBIX TEXHOJIOTHIi: HANPABJIEHHOE BCTPaMBaHMe in Vitro, Kierou-
Hblil 0TOOp M mepenoc saapa. Hanbonee BaxHoil cdepoii npuMeHeHHs: 00CYKIAeMOro MOAX0A JOKHO
CTaTh CeJbCKOe X03sicTBO. OAHAKO NMPH HEOCMOPUMBIX BbIFOAAX, KOTOPbIe CYJMT KJIOHMPOBAHHME NPU
SIePHOM NepeHoce, W PACTYHIeM YHCJie YCHEWHbIX KJIOHMPOBAHMIA M KJIOHOB MJIEKONMTAIOLIMX KOMMep-
YyecKoe MCIOJb30BAHME 3TOTO METOJA MOKA YTO OrPAHMYEHO YPe3BbIYAiiHO HU3KOH 3(P(PEKTUBHOCTDIO, BbI-
COKOIii 3aTPaTHOCTbIO U 0OJILIIMMH NOTepsiMM MaTepuana. K ToMy ke MoneKkynsipHble U KJIE€TOYHbIE Me-
XaHU3MbI COOBITHIA, MPONCXOASIIMX NMPU COMATHYECKOM KJIOHMPOBAHWY, CJIOKHDI, CeNU(pPUIHBI U Tpe-
OyloT naibHeiimero yrayOjeHHoro usydeHus. Bce mepeuncienHoe BbIHYXKIaeT HccienoBarelneil, BO-
nepBbIX, HCKaTh Ooliee 3¢deKTUBHbIE ANbTEPHATUBHBIE MOIXOMbI, BO-BTOPbIX, COCPENOTOUYNTh BHUMAHHE
HA 3JIeMEHTaX METOIMKH, TPeOyIOIMX COBepIeHCTBOBaHUs. TeM He MeHee, HECMOTPS HA BCe elle HH3-
Kyl0 3¢ dexTuBHOCTb (3-5 %) M MeHbIIYI0 PACIPOCTPAHEHHOCTb METOJA MO CPABHEHHIO C NMPOTHO3AMM,
KJIOHUPOBAHHbIE JKMBOTHbIE TMOCTENEHHO CTAHOBATCS HEOTHEMJIEMOi YACTBIO CEJIbCKOro X03siCcTBAa B
CIITA u Espone. TexHOJIOrHS COMATHYECKOrO0 KJIOHHPOBAHHMS MPENOCTABISET 0OJbIIME BO3MOXKHOCTH
st pyHIAMEHTAJIBHBIX MCCJIEI0BAHNI TeHETHYECKNX NPOLECCOoB, (hYHKUMOHAIBLHON AKTMBHOCTH TeHOMA,
kjerounoii nuddepennmpoBkn u np. IInpokue mepcnekTHBbI, OTKPbIBAIOIIMECS OJaroaapsi BHEAPEHUIO
METOIMK KJIOHMPOBAHHUS B CEJbCKOXO03S/CTBEHHYIO NPAKTUKY W MEIUIMHY, JOJDKHBI NMOJYYUTh BCECTOPOH-
HIOI0 MOPAJIbHO-ITHYECKYIO OLIEHKY, YTOObI MCKJIIOYUTh CNEKYJISATHBHbIE HACTPOEHHSI KAK Y CTOPOHHMKOB,
TaK ¥ y NPOTHBHUKOB KJIOHMPOBAHMS.

KinoueBbie cji0Ba: KJIOH, COMATHYECKOEe KJIOHHPOBaHHE, SHYKJIEHPOBAHHbIE SMLEKIETKH, pe-
NpoOrpaMMHUpoOBaHUe, TOTUNIOTEHTHOCTD, IIIOPUNIOTEHTHOCTh, 30PHOHAJIbHbIE CTBOJIOBbIE KJIETKH.

B XX Beke comaTuyeckoe KJIOHHWPOBAHUE paccMaTpuBald B KauyecTBE
noaxona, obelampliero ooIe0roIOrMYeCKUl MPOPLIB B PElIEeHUU MHOTIMX 3a-
Iad B MeAulHe (pereHepaTHBHBIE TEXHOJOTMHU, 3aMeHa ITOBPEXIEHHBIX Opra-
HOB M TKaHEl), B CEIbCKOM XO3dHCTBE (MacCOBOE MOJYyYEHHME BBICOKOIIPOMYK-
TUBHBIX XMBOTHBIX), U JaXe KaK OCHOBY METOJOB MPUOOPETEHUS JIMYHOTO Oec-
cMepTHvs. BOJBUIMHCTBO TMPOEKTOB IMO-TIPEXKHEMY HYXAAIOTCA B JalbHEUIIMX
HayYHbIX MCCJEIOBaHUSX, HO B OTACJIbHBIX OOJACTSIX YK€ HAKOIUIEHBI OIpejae-
JIEHHbIE YycIlexu. AKTUBHO pa3BMBAeTCs HOBOE HaIlpaBjieHHWeE, KOraa TpaHCIeH-
HBbI€ XUBOTHBIE CEJIbCKOXO3SMCTBEHHBIX BUIOB CTAHOBITCS MACATBHBIMU «OMO-
peakTopamMu» IO IPOU3BOACTBY (PapMaKOJOTMUECKM BaXKHBIX OEJIKOB YeIoBeKa
(1). HecMoTpst Ha TO, 4YTO B poJu OMOpeakTopa KPYIHbI poraTblii CKOT MPOUT-
pbIBaET MO CPaBHEHMWIO C KO3aMM M KPOJMKAMHU M3-3a JJIMTEIBHOTO Iepuona
MOJIOBOTO CO3PEBAHUS U OEPEMEHHOCTH, MOJYYEHHME B 3TUX LEISIX TPAHCTCHHBIX
KOPOB MMeEeT OUEBUAHbIC MPEUMYILIECTBA BCIECACTBUE HECOMOCTABUMO OOJBIINX,
yeM y IPYIMX BUIOB MJICKOIMUTAIOIIMX, OOIIMX yaA0eB (6-8 THIC. J1 3a JIaKTalLIMIO).

PexoMOMHaHTHBIE OeNKM, HEOOXOAMMBIE IJIS JIEUEHUSI YeJoBeKa M KU-
BOTHBIX, K HACTOSIIEMY BPEMEHU MOJY4YalOT B OCHOBHOM C MCIIOJIb30BaHUEM
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TEHETUYECKA MOIU(MULIMPOBAHHBIX KJIETOUHBIX MOMYJISLMIA MIeKOMUTaromux (2).
OnHako Takoil MOAXOJ CYILECTBEHHO HOPOXE, YeM HMCIOJIb30BaHUE >KUBOTHBIX
ceJibcKoxo3siicTBeHHbIX BUa0B (B 10-100 pa3 B pacuete Ha 1 Kr 1eJeBOTO MpoO-
aykta) (1). BaxHoe 3HaueHUe TIproOpeTaeT HeOOXOAUMOCTh pa3pabOTKU MPOCThIX
U JCLIEeBbIX TPUEMOB CO3IaHUs MOAOOHBIX OMOPEAKTOPOB B CBSIA3U € MpobieMamMu
MMMYHOTEpaIly HEKOTOPbIX OHKOJIOTMYecKHx 3aboyieBaHuil yeioBeka (3), MH-
(beKLIMOHHBIX 3a00JIeBaHUI Y CEIbCKOXO3SIMCTBEHHBIX XUBOTHLIX (4). C yueTom
OIPOMHOI MOTPEOHOCTU B PEKOMOMHAHTHBIX OeJIKaX B MEAULIMHE U BeTepHUHAPUU
WHTEHCU(UKALIUS 3TUX UCCIIEAOBAaHUI TpeOyeT 0CO00r0 BHUMAHMUSI.

B sT0ii 0671acTH K HACTOSIIIEMY BPEMEHU CJIOXWMINCHh U Pa3BUBAIOTCS
IBa HamnpaBjJeHUs — TOJyYeHUEe TPAHCTEHHON CHEpMbI C €€ MOCJeAyIoLIei
TpaHCIUTAHTAIlMe B CEMEHHUKN OOJYYEHHBIX XMBOTHBIX (5) M TpaHCIUTAHTAIIHS
sgiep U3 reHeTUYeCKU MOAMGUIIMPOBAHHBIX KJIETOYHBIX IOIYJSLUUN B S9HYKICH-
pOBaHHEIE STHMIIEKIeTKA. KaXabiit 13 3TUX METOAOB ITOKA UTO MMEET PsII HedoC-
TaTKOB M TpeOyeT YyCOBEPIIEHCTBOBAHUI, 4eM OOyClIOBJIeHa HEOOXOAUMOCTD
JAIBHEMIIIMX UCCIIEIOBAHUM.

OIIBITHl TI0 KJIOHMPOBAHMIO MJIEKOMUTAIOIIMX TIPY TTOMOIIM Tepecaaku
aaep coMaTUyeckKnx KieTtok (somatic cell nuclear transfer — SCNT) ¢ ucnonb-
30BaHMEM DSHYKJICMPOBAHHEBIX OOIIMTOB B KauyeCTBE IIUTOIIACTOB HAYAJMCh B
cepearHe 1970-x rogoB Ha MbIlIax Kak MoJeJbHOM oObekTe. MHMUMUpOBAIN
MX TIOCTAaHOBKY 3KCITEpUMEHTHI ¢ xuMepamu (6-8). I[lepBble mepecanky mokasa-
JIU, 4YTO Y MJICKOINMTAIOIIMX B OTIMYME OT 36MHOBOIHBIX MOTEPS] TOTUIOTEHTHO-
CTU TPOMCXOIUT Ha OYEHb PAHHUX CTaAusIX: y Mblueil — 8 knetok (9, 10), y
osell (11) u xkopoB (12) — mpumepHo 16 mim 32 kietok (13). HecmoTps Ha Bce
elle HU3KYI0 3¢hdeKTUBHOCTh MeToaa (3-5 %) u ero orpaHMYeHHYO (IIO CpaB-
HEHMIO C MPOTHO3aMM) pachpocTpaHeHHOCThb (14), KIOHUPOBAHHbBIE XWBOTHbIE
TMOCTENEeHHO CTAaHOBSITCSI HEOThEMJIEMOI 4acTbiO cebckoro xossaicrBa B CIIA
(15) u Espore (16).

3HAUUTESbHBIM JOCTHXKEHWEM B KJIOHMPOBAHWM MJIEKOIMTAIOLIMX CUM-
TaeTcsl MOJydeHUe KJIOHa OBell (MSTU UAEHTUYHBIX XKUBOTHBIX), MIPU KOTOPOM
JOHOpaMu siaep ObUM KiaeTKu JUHUM TNT4 u3 9-cyTouHOro 3aponblilia OBLbI
(17). I3 nat1 poOMBLIMXCS SITHSIT ABOE MOTUOIM BCKOpPE MOC/E POXACHUs, Tpe-
it — Ha 10-e cyT, JBOE OCTABIIMXCSI JOCTUINIM 8-9-MecauHOro Bo3pacra. AHa-
JIU3 MUKPOCATEJUTUTHBIX MapKepoB TIOATBEPOUJ IPOMCXOXIEHHE BCeX OcCobeit
ot kierouHoi mHuM TNT4. 3aTteM ObUIO OITyOJIMKOBAaHO 3HAMEHUTOE COOOIIEe-
Hue I. Wilmut ¢ coaBT. 0 poxaeHuu oBibl Jouu (18). Pabora meTonuuecku BoO
MHOIOM TMOBTOpsUIa MpeAbIayllee MCCAeAOBAaHUE, OMHAKO B HEW MCIOJb30BAIU
TPU TUMA KJIETOYHBIX KYJIbTYP — 3MOpUOHAJbHBIE KJIETKM, (hubdpobiaacTomno-
IOOHBIE KJIETKM IUIONA U KJIETKM MOJIOYHOM KeJie3bl OT 6-JIeTHEI OBIIbI IIOPOIBI
Finn Dorset, HaxomsIeicss Ha mocjlegHEM TpUMecTpe OepeMeHHocTU. Bce Tpm
TUIA KJIETOYHBIX KyJbTyp MMEJU HOPMaJbHbIA KapuoTUm OBUbBI (1 = 54).
Knetkm — moHOpHI simep macCcUpoBaiu B KYJbType, AeJIeHNE OCTaHABIMBAIU Ha
craguu Gy U siapa KJIETOK MepecakuBajiv, UCIOJb3Ys 3JIEKTPOCIUSIHUE, B SHYK-
JIeMpOBaHHBIC OOLMTHI Ha cTamum Metadasel 1. B BapmaHTe ¢ KyabTypoil Kie-
TOK MOJIOYHOI KeJie3bl B KaueCTBE JOHOpPA SIACP BBIXOA MOPYJ/OJaCTOUUCT ObLT
MpUMEPHO B 3 pa3a MEHbIIE, BbIXOMA XKUBBIX ATHAT OT YMCIA MEPECAKEHHBIX B
MAaTKy OKOHYaTeJbHOro pelMIeHTa MopyJi/6aacToiMcT — B 2 pa3a Huxe. Bee-
ro B 3TOi cepuu U3 277 peKOHCTPYMPOBAHHBIX SULIEKIETOK IMOTYYMIN OTHOIO
JKMBOTO SITHEHKA, YTO YKA3bIBAET HA OYEHb HU3KYIO pe3yiabTaTuBHOCTH (0,36 %).
MukpocareuiuTHbeii aHanu3 JIHK y cemMu poauBIIMXCS KUBBIMM SITHAT TMOM-
TBEpAWJI, YTO BCE TPU WCIOJB30BAHHBIX THUTA KJICTOUYHBIX KYJIBTYP CIIOCOOHBI
OBITh JTOHOpAMM siiep TIpU KIOHWUpOBaHWU. M3 peKOHCTpyMpPOBaHHON Siflie-
KJIETKM C SIPOM OT KYyJbTMBHUPYEMOW KJIETKU MOJIOYHOM >Keyie3bl Oblaa IMojyye-
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Ha oBlIa o Kianuke Jomm, KoTopass (heHOTUITMYECKU HE OTIMYaIach OT OBIIbI-
JIOHOpa siapa.

Ycnex aBTOpoB 3TOM pabOTHI TpeXae BCEro CBSI3aH C MCIOJb30BaHUEM
OTHOCUTEJIbHO JIUTEJbHOTO KYJbTUBUPOBAHUSI KJETOK: B pPe3yJbTaTe MHOIMX
maccaxeit (ot 3-6 mo 7-9) Mo GHITH OTOOpaHBI ManoauddepeHIINPOBaHHBIC
CTBOJIOBBIE KJIETKM, CTaBIlIME AOHOpaMH sjaep. boibllioe 3HaueHMe WMeN, Mo-
BUIUMOMY, U TOT (DaKT, YTO aBTOPbl CUHXPOHU3UPOBAIM CTAAUM KIJIETOUHOIO
LIVKJIa SHYKJIEMPOBAHHBIX OOIIMTOB-PEIIUITMEHTOB 1 KIIETOK-TO0HOPOB. [Ipeasapu-
TEJIbHO OHW YCTAHOBWJIM, YTO JIy4llle TIepecakvBaTh SiApa TOHOPCKMX KJIETOK, Ha-
xomsumxcss Ha cranuv G, B SHYKJIEMPOBAHHBIC OOLIMTHI Ha CTaauu MeTadasbl
I, mockofbKy ClMsIHME LIMTOIIAcTa ¢ KapUOIUIAaCTOM, MHAYLMPYEMOE 2JIEKTpHU-
YeCKMM MMITYJIECOM, aKTUBHpPYeET APoOJIeHNe SHyKJIenpoBaHHOro oouuta (19).

B cBs13u ¢ BO3MOXHBIMM TMOCJIEACTBUSIMU MCIIOJb30BAHUS sIIep COMaTH-
YECKMX KJIETOK B3pOCJIOr0 OpraHu3Ma BO3HUK BOIPOC O IJIMHE TEJIOMEPHbBIX
YYaCTKOB 1 BKCIPECCUU TeJIOMepPa3bl Y KIIOHOB. YKOpauyMBaHME TEJIOMED, TIPeI-
CTaBJISIIOIIMX CO0OM MIMHHBIE TekcaHykKieoTuaHble TOBTOpbl (TTAGGG)n Ha
KOHIIaX XpOMOCOM MJIEKOTIUTAIOIIMX, TpoucxoauT npu perumkanuu JIHK u
CIIY>KUT OJHOW M3 CTPYKTYpHBIX XapakTepuctuk HHK, MeHswommxcss B 60Jb-
IIMHCTBE OENSIIMXCS in vivo M in vitro KieTkax. TeaoMephbl MTpaloT BaKHYIO
posib B obecrneyeHU CTAOWJIbHOCTH, PEIIMKAllMKM M Cerperauvuyd XpoMOCOM B
muTo3e. CucreMaThyeckude IOTEpU TEJIOMEPHbBIX IOCAeA0BaTebHOCTEH, CO-
crapisitone 50-200 m.H. HA Kaxaoe AeleHUe, MOTYT IPUBOIUTh K «MUTOTHYE-
ckoii karactpode» (20). JlocTurass KpUTUYECKOM JJIMHBI, TeJIOMepa yTpauyrBaeT
CITOCOOHOCTH CBSI3BIBATLCSI CO CIELIMATbHBIM OETKOBBIM KOMILJIEKCOM, 3alll-
IIAOIINM KOHIIBI JIMHEMHBIX XPOMOCOM OT MEXXPOMOCOMHBIX CIWSHUM, YTO
MPUBOAUT K pas3pylICHUIO TEHETHYECKOTo armapaTa KieTku. OmHakKo KIeTKH
crnocooHbl cuHTe3npoBaTh Ko TTAGGG-nocnenoBarebHOCTH de novo OJa-
rogapsi padbore ¢epMeHTa TeJomepasbl, obagatoiieit aktuBHocTbio PHK-3aBu-
cumoii JJHK-nonumepassl. Tenomepasa skcrpeccupyeTcsi B ObICTPO Iposude-
PUpPYIOIIUX KJIeTKax (3MOpUOHAIbHbIE M HEKOTOpble T€HEpaTMBHBIE), €€ aKTHB-
HOCTb CYIIECTBEHHO YBEJIMYMBACTCS B WHAYLIMPOBAHHBIX TUTIOPUITOTEHTHBIX KIIET-
Kax, OHAKO He OOHapy>XMBaeTCsl B OOJILIIMHCTBE COMAaTUUECKUX KiIeToK (21).

OnpeneneHue cpelHe IJIWHBI TeJOMEPHOro MoBTOopa y OBUbBI Jojau
(mepeHoC siipa COMAaTMYECKOM KJIETKM OT 6O-JI€THEH OBILbI), M OBYX APYTUX
(TpaHCIUIaHTaUUsl SIAEp U3 KJIETOK 9-CyTouHoro amMOpuoHa u ¢GuopoodIacTOB
25-cyTo4yHOro mjaojaa) mokasaao (22), 4To y BceX KIOHMPOBAHHBIX OcOOeil OHa
OblJ1a MEHbIIIE, YeM Y KOHTPOJBbHBIX KMBOTHBIX TOro e Bo3pacTta (y o B
Bo3pacte 1 roma — Ha 20 % Kopoue, ocTaBasiCh, OMHAKO, HECKOJBKO OOJIbIIIE,
yeM B KJIETKaxX MOJIOUYHOM Keje3bl 6-jeTHeit oBLbl). [lpenmosaraercsi, 4ro Ta-
Kas JUiMHa MOoBTOPOB Yy JloJuin 00ycaoBIeHa HE TOJbKO (hU3MOJIOTMYECKUM BO3-
pacToM KMBOTHOTO-IOHOpA, HO W MPOMOJLKUATEIBHOCTHIO KYJTTHBUPOBAHUS IO-
HOPCKMX KJIeTOK in vitro. ITokazaHO, 4YTO cOCTaB KyJbTypaJibHbIX Cpel Takke
BJIMSIET Ha JUTMHY TeJIOMEp: KJIETOUYHbIe Maccaxku B 00ETHEHHON cpele CHUXXAIOT
TeJoMepasHylo akTUBHOCTh Ha 30-50 % (23). YkopoueHme TeoMep Habioma-
JIOCh MpHY KYJIbTUBMPOBAHMH in Vitro B KJIeTKax 3MOpHUOHAJIbHBIX (prOpoOIacTOB
KPYITHOTO POraToro CKoTa M B CTBOJIOBBIX A3MOPMOHAJBHBIX KJIETKaxX Ha MO3IHUX
aTarnax naccupoBaHus (24).

BOJBIIMHCTBO aHOMaIMA Y KJIOHUPYEMBIX 3MOPUOHOB OOYCJIOBJIEHBI
YCKOPEHHBIM POCTOM IUIOAA W IUIAEHTHI, TOJYYMBIIMM Ha3BaHWE CHHIPOMA
KpynHbIX ToToMKOB (large offspring syndrome — LOS) (25). Ilpeamnonaraercs,
YTO OH MOXET ObITh CBSI3aH C U3MEHEHUEM OSMUTCHETUYECKOU DPEryssiliuyd UM-
MPUHTUPYEMbIX T€HOB TMPU PENPOrpaMMUPOBAHUU SIApa COMATUUYECKOM KIIETKU
B BHYKIIEMPOBAaHHOM 3MOpMOHe. JIeliCTBUTENBbHO, Y TMOPMAIHBIX 3MOPHUOHOB,
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MOJIyUEHHBIX OT CKpellMBaHul Bos indicus v B. taurus (4to mo3Bosiyio audde-
PEeHLMPOBaTh aJljieJd Mo MEeXBUIOBBIM pasznuuusim 1o SNP — single nucleotide
polymorphism), nmociae SCNT oOHapyXuBaeTcsi TMIIOMETUIMPOBAHUE T€HOB —
MMUIEHEe MMIIPUHTUHIA, U WX 3KCIIPECCHUs] MO O00MM ajlIesIsiM, YTO HarJsSAHO
MOATBEPXKIAET TMIIOTE3y O HapylIEHUW PEernporpaMMUpPOBaHUSI T€HETUYECKOTO
arrapaTa COMaTUYECKUX sIep MpM TpaHCIUIAHTAlMU B SHYKJIEMPOBAHHBIA OOLUT
(26). Ilpu cpaBHUTEILHOM aHaM3e MPOGUICH TeHHOM 3KCIIPEeCCUH Y dSMOPHO-
HOB, moaydyeHHbIX MeTogoM SCNT u mpu OIUIOJOTBOPEHUMM OOLIMTOB in Vitro,
00HapyXeHbl MHOXECTBEHHBIC OTJIWYMUS IO Te€HaM, MPOMYKTHI KOTOPBIX y4acT-
BYIOT B KJICTOYHONM anre3vy, BHYTPUKIETOYHOM TPAHCIIOPTE, MPOTEOM3e, KOH-
TpoJIe KJIETOYHOTO IHMKJIA. B 9acTHOCTH, M3MEHEeHa 3KCIPecCUsl UMIIPUHTHPYE-
MBIX TE€HOB, acCOLMAlMsI KOTOPBIX C KOHTPOJEM KJIETOYHOI mpojudepauuu u
TUTalleHTOMEeTrajei BhIsIBJIEHbI Y yeaoBeka. HabmogaeMble MU3BMEHEHUSI, KaK Mo-
JlaraloT, JjexaT B OCHOBE (DOPMMPOBAHUS Pa3IUUYHBIX IMATOJOTUH pPa3BUTHUS Y
KJIOHUpYeMbIX 3MOpuoHOB (25). Ilpu momyuyeHun smopuoHoB MetogoM SCTN
HaOjomaeTcsl MemjieHHas 3aMeHa (popMbl JIMHKepHOro ructoHa H1 xpomaTtuHa
COMAaTUYECKUX KJIETOK Ha 3MOPMOHAJIBHYIO, UTO TaKK€ CBI3BIBAIOT C Hapylle-
HUEM PenporpaMMMPOBAHUS TIPU TaKOW TpaHCIUIAHTALIMM SiIep, B YaCTHOCTH y
KpyHHOro poratoro ckota (27).

B kauectBe Mapkepa pemporpaMMMpoBaHUs (IedeKT pucyHKa METUIIU-
poBaHuUs1) paccmatpuBain MetuiupoBaHue CpG caiiToB B a-caTeuiuTe (asatl-5)
KPYITHOTO pPOTraToro CKoTa B IPOLECCe Pa3BUTHS 3MOPUMOHOB, TOJYYEHHBIX B
pe3yJbTare UCKyccTBeHHOro oceMeHeHus (Al), omnomorBopeHus in vitro (IVF)
n metonoM SCNT. B kierka-goHopax M 0JacTOLIMCTax, MOIYYEHHBIX METOAOM
SCNT, metunupoBaHue 1o asatl-5 ObUIO CyIIECTBEHHO BbIlIE, YeM B OJIaCTOLIM-
crax mrocie IVF. IMpn nMruranTanmm He HAOMIOOANIN Pa3Inyuii 0 METHIIMPOBa-
Huto asatl-5 B TkaHsax Tpodobaacra Mexnmy BapmaHtamMu SCNT u Al, ogHako
camMu 3MOpuoHEBI, nmonydeHHbIe Tpu SCNT, ObIM rUITepMETMIMPOBAHHBIMU 110
cpaBHeHUIO ¢ KOoHTposieM (Al) B aToT mepuon pasButus. Ilocie mMmruiaHTauuu
JHK-metrnupoBaHue 1mo asatl-5 yMeHbIIATOCh B TKAHSIX ILUIALIEHTBI Y 9MOpPHO-
HoB 1ipu Al, HO He y monyyeHHbix MeTogoM SCNT. B oTivuue OT MialeHTh,
JOJIST METWJIMPOBAHHBIX CAaMTOB IO asatl-5 ocraBajach BBICOKOIM B TKaHSIX Hal-
IMOYEYHUKOB, TIOUEK M B MEBIIICYHON TKAaHU B TIPOIIECCE Pa3BUTUS SMOPUOHOB.
Y 5MOPMOHOB, TTOJIYIEHHBIX PAa3HBIMA METOIAMM, B CPETHEM DPA3IUUUs IO CTe-
MEeHU METWIMPOBAHUSI MEXAYy TKaHSIMU ObLIM MEHbIIE, YeM MEXIy IlaleHTa-
MM, OJHAKO COXPAaHSIJIOCh CPaBHUTEJIbHO M30BITOYHOE METUIMPOBAHUE B COMa-
TUYECKUX TKAHSIX SMOPHUOHOB, MOJyYeHHBbIX ¢ TToMolbio SCNT. ABTOpHI moa-
raloT, YTO IOBBILIEHHBIA YPOBEHb METWJIMPOBAHUS B 0JACTOLMCTAaX B BapuaHTE
¢ SCNT u B mocienyiolieM B COMAaTUYECKUX TKAHSIX 3THUX 3MOPHUOHOB MOXET
ObITb 00YCJIOBJIEH JUOO TEM, YTO COOTBETCTBYIOLLIME U3MEHEHUS €lle He YCMeau
MIPOU30MTH, TNOO OTCYTCTBHEM TaKOTO KOJIMYECTBA CICHMMUPUIECKIX (PaKTOPOB
B LIMTOIJIACTaX OOIIMUTOB, KOTOpPOE HEOOXOAMMO JISl MOJHOLIEHHOTO penpo-
rpaMMUpPOBaHUSI XpOMaTUHA coMaTudyeckux KieTok (28). JledekTsl penporpaM-
MMPOBAHMSI TE€HETMYECKOro armrapara paccMaTpuMBalOT B KauyeCTBE OCHOBHOM
MPUYMHBI HU3KOM 3¢ (HEKTUBHOCTU KJIOHHWPOBAHUS MOCPENACTBOM TpaHCILIaHTa-
LI SIAep COMAaTUYECKUX KJIETOK B SHYKJIEUPOBaHHbIE SIMIEKIETKU (28).

ITpeanonaraercd, yto noabop Oosiee MAASIIMX METOAOB IOJYYEHUS
SHYKJIEUPOBAHHBIX OOLIMTOB (29), nx KpuokoHcepBauuu (30), cucteM KyJabTH-
BupoBaHusi a9MOpruoHoB Tipu SCNT (31) MoxeT cnocoOCTBOBATb YMEHBILIEHUIO
neheKToB pa3BUTUsSI U TMOBbIIeHUIO 3hdekTuBHOCTH Metoga SCNT npu nony-
YEHUU TOJHOLIEHHBIX XUBOTHBIX CEJIbCKOXO3IUCTBEHHbIX BUAOB (B YaCTHOCTH,
KpymHoro poratoro ckota) (32).

CrnenyeT OTMETMThb, 4TO (eTasbHble (UOPOOJACTBI, MCIOJb3yeMble B



MOAOOHBIX SKCIIEPUMEHTAaX, OOBIYHO IPETEepIIeBAlOT MPU KYJIBTUBUPOBAHUU OKO-
70 30 meneHuiA, 9YTO OTPaHMYMBACT BO3MOXHOCTH MX TeHETHUIECKOI MommpurKa-
muu. Jmg mpeogofieHusT pooieM KIETOYHOTO CTapeHUs TIPUMEHSITA TTOBTOPHOE
KJIOHUpOBaHUE: SMOPUOHBI, Pa3BUBIIMECS MOCJE MepeHoca U3MEHEHHBIX siIep,
B CBOIO OY€pe/ib, UCMOIb30BAIUCH IJIs1 MOJYyYEHMSI BTOPOTO MOKOJEHMS (heTalb-
HBIX TpaHC(hOPMUPOBAHHBIX (PUOPOOIACTOB B KynbType (32). Dtu deralibHbIE
KJIETKM TOXe MOINIM npeTeprieBaTh 30 KJIETOUHBIX ACJIEHUI B KYJIbType U IOA-
BEpraTbCsl BTOPOI FeHETUUECKOM MOAM(UKALINN.

Ycenexy reHeTmyeckux Moau@UKalMii cIiocoOCTBOBaja pa3paboTKa Me-
TOAOB TOMOJIOTUYHOU pekomOuHaiuu (homologous recombination — HR, wiu
aJpecHass MHCepIMs TeHOB — gene-targeting, BIIEpBBIE OCYIIECTBIIEHA B Cepe-
nuHe 1980-x romoB). C MCHONb30BAHMEM 3MOPUOHAIBHBIX CTBOJIOBBIX KJIETOY-
Hbix 1uHuil (ES) 1 HR Obu cozpanbl 6osiee 800 nuHMiE 1a00paTOPHBIX MbI-
1Iell ¢ HacJaemyeMbIMU M3MEHEHUSIMM, BKIIOYask ocobeil ¢ «BbIOMThIMU» (knock-
outs) U «BcTaBlIeHHbIMU» (knock-ins) reHAaMM U TOHKUMU T€HHBIMU MYTaLIUSIMU.
Takue MBIIIM CIyKaT MOAEISIMM B MCCJEIOBAHMSAX OOJIe3HElH dYelloBeKa U IIpo-
0JleM VMMYHOJIOTUM, TeHETUKN Pa3BUTUSI, OHKOTEHETUKH, CTPYKTYPHO-(DYHKII-
OHAJTLHOM OpraHM3allu OIpeAesieHHBIX TeHoB. [locie mosiBeHMs oBuUbl Jomm
CTaJI0 TIOHATHO, YTO MMEIOIIeecss orpaHNYeHNe Ha monydeHue ES KieTok y mo-
MAIlIHUX KWBOTHBIX MOXET ObITb CHSITO MOCPEACTBOM COMAaTMYECKOIO KJIOHUPO-
BaHUS W JAOMAIIHUE XMBOTHBIE MOTYT MCIOJb30BATLCS B T€X XK€ MCCIEAOBAHU-
SIX, YTO Y JIMHUU JIAOOPATOPHBIX MBIIIIEH.

[TonyyeHsl AaHHBIE O TIPEONOJIECHMM OTPaHMYEHUS >XMU3HU IEPBUYHBIX
KYJBTYp KJIETOK JIOMAIITHUX XMUBOTHBIX U YCIIEXe aapecHON MHCEPIUM (BCTaBKM)
T€Ha B OIPEICIICHHBIA T€HOMHBIA YYaCTOK C MOMOIIBID TOMOJOTUYHOW PEKOM-
OMHaALMM B MEPBUYHBIX KYJbTypax KjieTok oBell U cBuHel (33). CHavana cesek-
TUBHBI MapKepHBIA TeH aapecoBaM TTOCPEICTBOM MHCEPLMHU B OIpeaeSIeHHBIN
JIOKyC B ¢pmbpobiactax OBLbI, 3aTeM TPAHCIEH, HECYIIUNA o-1-aHTUTPUIICUH MO
KOHTpOJIEM IPOMOTOpa IeHa [-JaKTOra00yJrHa OBLIBI ObLI BCTPOEH B KOMOM-
HallMM C MapKepHbIM T'€HOM B TOT Xe JIOKyc. Yactora peKoMOMHalIMii OKa3a-
JIaCh OY€Hb BBICOKA: 66 % KJIETOYHBIX KJIOHOB COAEp:KaId MHCEPLUIO TPaHCre-
Ha. B pesynbraTe moayuymin AByx XKuBbIX SrHAT (Cupid u Diana), koTopble ObI-
JIA TIEPBBIMU KIIOHMPOBAaHHBIMU OBILIAMU C alpeCOBAHHBIM TPAHCTEHOM. ABTODHI
JOOWINCH ycreXa W TIpW HaIlpaBJICHHOM ITOBPEXICHUM TeHa o-1,3-TajakTo3m-
TpaHchepa3bl B COMATUYECKMX KJIETKaX CBUHbU C MCITOJb30BaHMEM TOMOJIOIMY-
Hoil pekoMOuHauuu. Takue KJIETKM MOTYT MCIIOJb30BAaThCs IMPU TpaHCIUIAHTa-
LMY siep C LeJIblo MOJyYeHUsT 0co0eil, KIeTKU KOTOPBIX JUIIEHbl OCTAaTKOB ca-
xapa Gal-a-1,3-Gal, 4To CcBSI3aHO C BO3MOXXHOCTbIO TIPEOIOJEHUSI TUIIEPOCTPO-
TO OTTOPXEHUST KCEHOTEHHBIX TPAHCIIAHTATOB TKAHEH.

JOCTUTHYTHI YCIIEXW B WCITOJB30BAHWM aApeCHBIX MOIW(MUKAINI s
MOBBIILIEHUS TTPOAYKIMU TPAHCTEHHbIX OEJKOB. Psin KoMmaHMii pa3paboTaiv U
MPUMEHSIOT METOMUKM MO MOJYYSHUIO TeparneBTUUYECKU BaXKHBIX [UIST YesloBeKa
OEJIKOB, CEKPETUPYEMBIX B MOJIOKO KOPOB, OBELl, KO3, KpOJIuKoB (1).

B nocnenHue roapl MOSBUIMCH HOBBIE METOIbI «PEeIaKTUPOBAHMS» Te-
HoMa (BapHUaHTOB aApeCcHOro MyTareHesa). B 3TuUX LieJIsIX MCHOJIb3YIOT, HapU-

Mep, calT-crenuuIHbIe JTOMEHBI OEIKOB — aKTUBAaTOPOB TPAaHCKPUIIIIUH,
00BEAMHEHHBIE C HYKJI€a3aMU, CBS3bIBAIOLIUXCS C OMPEACICHHBIMU Y4acTKaMU
OHK (34).

Haun6omee BaxkHBIMU (hbaKTOpaMU, OIPEAEISIONIMMHI YCIIEITHOCTh KIIO-
HUPOBaHMSI, B HACTOSAIIEE BPEMSI CUMTAIOT TUII KJIETOK-IOHOPOB M ITPOMCXOX-
IeHUe TKaHM, CHMHXPOHM3AlIMIO CTaIMM KJIETOYHOIO IIMKJIA KJIETOK-IOHOPOB,
cTenieHb nuddepeHIIMPOBKY, YCIOBUS KYIbTUBMPOBAHUS, CIIOCOOHOCTh K IIPO-
nudepany, XpOMOCOMHYIO CTa0UIbHOCTh U SIUI€HETHUYSCKUM CTAaTyC KJIETOK-
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JIoHOpOoB (35). OgHako BOMPOC O TOYHOM BJUSIHUM BCETO 3TOTO, a TakKXKe TUIIE
KJIETOK, HauboJjiee MOAXoAsIIeM sl TpaHCIUIaHTaluU SIAep, OCTaeTCsl He BbIsIC-
HeHHBIM (36). M3-3a MpOTUBOPEUYMBOCTU JaHHBIX TMOKA HEIb3sI C OUEBHIHOCTHIO
YTBEpXAaTh, YTO BO3PACT AOHOPA U JJIUTEIbHOCTb KYJbTHBUPOBAHMS KJETOK in
Vitro CKa3bIBalOTCS Ha WX KOMIIETEHTHOCTU. B0O3MOXHO, Takas HEOJHO3HAY-
HOCTh OOYCJIOBJIEHA TE€M, UTO B MCCJICIOBAHUSIX MO KJIOHUPOBAHUIO MPUMEHSIOT
pasHble TUIIBI KJETOK, MPOTOKOJbI UX IMPUTOTOBJIEHUSI, CIIOCOOBI SIAEPHOrO Ie-
peHoca U aKTUBAIMM, KYJbTypaJbHbIE CUCTEMBI.

B nuddepeHIIMpoBKY TpaHCIUIAHTUPOBAHHOTO Si/ipa B 3HYKJIEMPOBAHHOM
OOLIMTE BOBJICUCHBI JUHKEPHbBIE TMCTOHBI, MOJTUKOMOMHUPOBAHHBIE TPYIIIBI MPO-
TernHoB, CpG-CBsI3aHHbIE MPOTEMHBI UM JAPYTME areHTbl, OCYILECTBJSIOLINE CIie-
LIMAJIM3MPOBAHHYIO pernpeccuio xpomaTuHa (37). PemporpammupoBaHue TpaHC-
TUITAaHTUPOBAHHOTO sIipa, KaK IoJaraloT, CBSI3aHO C METWJIMPOBAHUEM U JeMeTH-
mupoBanueMm JIHK, perymupymoommm reHHyo skcrapeccuto (38), U KOOpAUMHU-
pylolliue U3MEHEHMSI B OpraHM3alliu XpoMaTuHA, MPOUCXOISIIMe TOCe saep-
HOTO TepeHoca BO BpeMsl MEPBbIX KJIETOYHBIX ACJICHUI, HEOOXOIMMBI IJIsT yC-
MEeIHOro KJoHupoBaHus (39).

ITomumMo pelieHUsT OMOTEXHOJOTUUECKUX 3amad, COMAaTUYeCKOoe KJIOHU-
pOBaHME TTO3BOJISIET MOIOMPATh MHTEPECHBIE COYETAHUS SIEPHOTO U MUTOXOHI-
pUAILHOTO TEHOTUIIOB, MOCKOJBKY B pe3yjbTaTe €ro MCMOJIb30BaHUS MoJyda-
I0TCSI XUMEpPHble OpraHu3Mbl. ¥ oOBIbI [0o/in, KIIOHUPOBAaHHON C MCIIOJb30Ba-
HUEM JIMHUM COMAaTUYECKUX KJIETOK, U Y NEBSITU OBEll, MOJYYEHHBIX MPU SAep-
HOM MepeHoce OT 3apOAbIlIeBbIX KIeTOK, MUToxoHApuanbHasg JHK npunamie-
>Kajia MOYTH UCKIIIOUMTENIBHO PELUMITMEHTHBIM SHYKJIEHMPOBAaHHBIM OOLIUTaM C He-
KOTOPBIM BKJIAIOM OT COOTBETCTBYIOIIMX TOHOPCKMUX KIETOK. TakuM oOpazoM,
Oydy4Yd HACTOSIIIMMM SIIEPHBIMU KJIOHAMH, 3TU OCOOM BCE-TAKM TIPEACTABISLIN
co0boit reHeTnyeckue xumepsol ¢ gaepHoit JJHK kineTku-goHopa 1 MUTOXOHAPU-
anpHOlt JJHK penunueHTHbIX oouuToB (40). B peKoHCTpyrUpOBaHHOM 3MOpHUO-
He mutoxoHiapuanbHas JHK kiaeTku-moHopa JOCTaTOYHO OBICTPO HCYE3aeT
(4aCTUYHO WJIM MOJHOCTBIO) YK€ Ha paHHMX CTaausix aMOpuoreHesa (41).

BHyTpuBHIOBOE CKpeIIMBAHUE C MUCIIOJIb30BAHWEM METOAOB KJIOHMPO-
BaHUS MOXET OBITh CIIOCOOOM MOIOOpa MHTEPECHBIX KOMOMHALIMI HACJIEACT-
BEHHOTO SIIEPHOTO U MUTOXOHAPUAIBHOIO MaTepuaia JUisl CO3MaHUsI HOBBIX MO-
pol y AOMAaIIHUX XKMBOTHHIX (42). Takoro poma KOMOMHHPOBAHUE BO3MOXHO U
Ha MeXBMIOBOM ypoBHe. B uyacTHocTHM, moka3zaHo (43), YTO LIMTOILJIACT MeTa-
(hazHOrOo OOLMTa KOPOBBI TPU Tepecanke TOHOPCKUX SIAEP OT KMBOTHBIX pa3-
HBIX BUJOB B COCTOSIHUM OOECIeuMBaTh HOPMAaJIbHYIO KJIETOUHYIO MpoJudepa-
LIMI0 OOLIMTA (BO BCSIKOM Ciyyae IO CTaauy OJACTOLMCThI). Y MIIEKOMUTAIOIIMX
MEXaHU3Mbl, PETyJIUpYIOLIMe pPaHHUI 3MOPUOreHe3, KOHCEPBATUBHBI, U ILIUTO-
TUIaCT KOPOBBI B COCTOSIHMM OOecIeunBaTh Mpojrdepalunio MHKOPIIOPHUPOBaH-
Horo nuddepeHIMPOBaHHOIO sapa ¢ HAOOPOM XPOMOCOM JOHOPCKOM KJIETKU.

OpnHako TIpY TMepeHoce saep COMaTUYECKUX KJIETOK Tsypa B SHYKJIEHPO-
BaHHBIC OOIIMTHI KPYITHOTO POraToro CKoTa OBLIO OOHApyxKeHO, YTO paclipeie-
JIeHHUEe MUTOXOHIPUIN KJIETOK — JOHOPOB SIep Y 3MOPUOHOB BapbUpPYET, UTO
MOXET CKa3blBaTbCSl Ha MX BBIKMBAEMOCTU U, BEPOSITHO, 3aBUCUT OT MUXOHII-
pUOHA Kak SIMUEKJIETOK, MOJYYEHHBIX OT pasHbIX KOPOB, TaK W KJIETOK-IOHO-
pPOB, TO €CThb OT BHYTPUBUAOBON M3MEHUYMBOCTUM MUTOXOHApuUoHa. [Ipenmonara-
€TCsI, YTO TeHeTUYecKasl reTepoOreHHOCTb MUTOXOHIPHAIbHBIX KJIIOHOB U B3aM-
MOJEHCTBMSI MEXIY HUMM MOTYT BJIMSTH Ha BBIKMBAEMOCTb MEXBHUIOBBIX M-
OpuOHOB, nojiydaemMbix MetogoM SCNT (44).

Y KpYITHOTO pOraTtoro CKoTa KJIIOHMPOBaHME Ha OCHOBE TpaHCILIaHTa-
LMW JUTUIOUAHBIX SIIep COMAaTUYECKUX KJIETOK B SHYKJIEMPOBAHHYIO SHLIEKIIET-
Ky, HECMOTpPSl Ha OOJBIIYIO CIOXHOCTb, OCTAeTCsl aKTyaJbHbIM U TIE€PCIIEKTHB-
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HBIM HaIpaBJIeHUEM OMOTeXHOJOTMH. Hapsimy ¢ BO3MOXKHOCTBIO COXpaHEHUS
IEHHBIX TEHOTUIIOB M YCKOPEHUs CEJICKIINM, HEMaJIOBaXXHO TO, YTO OTMamaeT
HEoOXOIMMOCTD TIPOBEPKH SMOPHOHOB TI0 TIOIY.

HMHTeHCcHuBHBIE pabOThl MO KJIOHUMPOBAHUIO KPYIMHOIO POraToro cKorta
Havanuch B 1980-x rogax. B 3Tto Bpemsa B CIIIA Oblna gaxe coszgaHa arpapHast
kommaHusl «Granada», crielMaaM3upOBaBIIAscs Ha KJIOHWPOBAHUMU OBICTPO pac-
TYIIUX KOPOB, OMHAKO M3-3a YOBITKOB BCIIEACTBME TOTO, YTO HE yIAJIOCh IIpe-
0/10JIeTb CUHApOM KpyrnHoroausd — LOS, oHa Bckope mpekpaTuja AesiTesb-
HocTb. HecMoTpsi Ha HU3KYI 3(P(PeKTUBHOCTL METOAA, ¢ T€X MOpP YMCIO KJIO-
HUPOBAaHHBIX KOPOB pacTeT.

I'eHeTMyeCcKUe MaHUIYJISLMU CO CTBOJOBBIMHU 3apOAbIIIEBBIMU KJeTKa-
MU PEBOJIIOLIMOHU3UPOBAIN T€HETUUYECKUE MccaenoBaHus. Tak, Ha MbIIIax MC-
MOJIb30BAaHME CTBOJIOBBIX 3MOPMOHAIBbHBIX KieToK (ES) Ha mo3mHux maccaxax
KJIeTOYHOU JMHuM R1 MO3BOMMIIO TMOIYYUTh KM3HECTIOCOOHOE IMOTOMCTBO (45).
IIpuuem in vitro 29 % peKOHCTPYUPOBAHHBIX OOLIMTOB NOCTUIIA CTAaAMU OJia-
ctyna/Mopyna, a u3 8 % OT cypporaTHBIX MaTepeil OBLIM TOJydeHBI HOBOPOXK-
JieHHbIe. Yke Ha cTtaguu KjiaetouyHoro nukia Gi-G; snpa ES kieTok okazaiuch
CIOCOOHBIMM OOECIIEUUTh Pa3BUTHE PEKOHCTPYMPOBAHHOM KJIETKU. Y MJIEKOIU-
TalOIIMX CEJIbCKOXO3SIMCTBEHHBIX BUIOB MOJYYeHUE SMOPMOHATBHBIX CTBOJIOBBIX
KJIETOYHBIX JIMHUM, JOCTYIHBIX I TeHHO-UHXXEHEPHbIX MAHUMYJISILIUNA B KyJIbTy-
pe, KpaiiHe 3aTpyAHEHO, BCJIEACTBUE YEero ajbTepHATHBHBIM MOIXOJOM CITYXKUT
TEXHOJIOTHS TIepeHoca (KJIOHMPOBAHUS) simep M3 KYJIbTUBUPYEMBIX KJIETOK B3pPOC-
JIOTO OpraHu3Ma B sIHILIeKIeTKH. Hampumep, y KOpOB YMCIO KJIOHOB, ITOJTYYeH-
HBIX C ero IoMolnbio, cocrasisieT cBeire 300 ron. bomee ycneurHo m pacrpo-
CTpaHEHO KIIOHMPOBAHME C MCIOJIB30BAaHUEM SAep KIIETOK KEHCKOM permpomyK-
TUBHOW CHUCTEMbI: SIUTEIUATIBHBIX KJIETOK MOJIOYHOM Keje3bl, KyMYJTIOCHBIX
KJIETOK, SITUTENNS STIIEBONOB (46).

Hapsiny ¢ pacimimpeHueM chekTpa KJIeTOK-IOHOPOB, HMCMOJb3YyeMbIX B
SCNT KpymHOro poraTtoro CKoTa, M3y4daloT CIOCOOHOCTb siiep KJIETOK OT KU-
BOTHBIX Pa3HBIX BO3PACTHBIX KAaTETOpMil 0OecreyrMBaTh IOJHOE DPEerporpaMMu-
poBanue. OMHO U3 YCJIOBUI SIAEPHOTO PEIPOrpaMMUPOBAHUS — yHAJIEHUE MO-
IUUKAINA, KOTOPBIM TTOIBEprayicsl XpoMaTH Mpy TudGepeHIINPOBKE W Ieje-
HUM KIeTKA. OOIUTH MJICKONUTAIOIINX MOTYT BOCCTAaHABIMBATHL 3TH M3MEHE-
HUS IO COCTOSIHUSI TOTUITIOTEHTHOCTH, YTO IMO3BOJISIET MOJy4YaTh XXM3HECITOCO0-
HO€ ITOTOMCTBO M3 Siiep coMaTMyecKux KieToK. HemomHoe reHeTmyeckoe pe-
MpOrpaMMrpOBaHUE T€HHON 3KCIPECCUU, CBSI3aHHOE C YACTUYHBIM BOCCTAHOB-
JIEGHUEM CTPYKTYphbl XpoMaTWHA, MPUBOIUT K HapyLICHUSIMU UM aHOMAJIUsIM, Ha-
OJIIomaeMbIM Y KIIOHMPOBAaHHBIX 9MOPHOHOB, 3apOAbIIIE, HOBOPOXICHHBIX.

XKusHecrnocoOHbIe KJIOHBI C TOJHBIM PelporpaMMUpPOBaHUEM SIIEP TO-
JIYUWJIM C UCHOJIb30BaHMEM (prOpo0sacToB, SMOPMOHANBHBIX KJIETOK, KJIETOK
B3pOCJbIX XXMBOTHBIX (47-50). Jlossi yCIelIHO KJIOHMPOBaHHBIX OCOOEl B Bapu-
aHTe C KJIETKaMM-IOHOpPaMHU OT B3POCHBIX XHWBOTHBIX (14 %) okaszamach Oim3-
KOI K ONMMCaHHOM msT peTaabHbIX KIeToK (15 %) (47) u GoImuKyIIpHBIX Kile-
Tok (10 %) (49). B skcnepumenTtax Y. Kato ¢ coaBT. (49) poauiauchk BoceMb
TejgouyeK (YeThlpe yMepju MOUTHU Cpasy Mocie POXKIECHUs BCJIEACTBUE IMHEBMO-
HUM, aCPUKCUU OT U30bITKA aMHUOTUYECKON KUIKOCTU, 3a1epKKu poaos). Ilpu
3TOM JOJISI PeKOHCTPYMPOBAHHBIX SIMIIEKIETOK, KOTOpPHIE Pa3BUINUCH OO0 Oja-
CTOLIMCT, JUII KYMYJTIOCHBIX KJIETOK cocTtaBuia 49 %, Ui KJIEeTOK STMIIEBONOB —
23 %. Dty 3HaYeHWs BBIIIE, YeM I OJIACTOLMCT, KOTOPBIE ITOJNy4aJyd paHee
NMpU TpaHCIUIAHTaUM siiep U3 deTanbHbIX PuOPOOIACTOB B SHYKIEUPOBAHHbIE
sainexietkn (12 %). Bo3MOXHO, KIIETKM KyMyIfoca 00eCcTIeuBalOT MaKCUMaJTb-
HYI0 COBMECTMMOCTb sIIpa ¢ LIMTOIJIa3MON B 00pa30BaHHON KOHCTPYKLUM: UX OT-
POCTKH CIOCOOHBI NMPOHMKATh Yepe3 30HY MeJITIoLUAa U KOHTAaKTUPOBaTh C 1IU-
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TOIJIa3MOI OOLIMTA, YTO OOECIIeUNBAET MEPEHOC MOJICKYJ MEXITy HUMU U OOLIM-
ToM. Kaxk cireacTBre, IIATOIIIa3MaTHIECKOE COMEPXKMMOE Y KIETOK KyMyJroca 1
OOIIMNTOB MOXET OBITH HamboJiee CXOTHBIM, YeM W OOBSICHSIETCS ITOBBILICHHE
3((HEKTUBHOCTU TpaHCIUIAHTALlMU TIPY TEePEHOCEe KYMYJIOCHBIX SIIEP B SHYK-
JIEUPOBAHHbBIE 3UTOTHI.

OnucaHo BIMSIHWME MPOIOJIKMTEIbHOCTU KyJbTUBUPOBAHMS in vitro Ha
3¢ dHeKTUBHOCTh KJIOHMpOBaHUs. Tak, KiIoH (6 TensaT) TMmojaydyeH u3 pubpobdia-
CTOB (TKaHb yxa) 17-jeTHero OblKa SIMOHCKOU YEepHOW MSICHOU TMOpOAbl MOCye
ux jamTenbHoro (3 Mec) KyJAbTUBUpPOBaHUS in vitro go mepeHoca saep (50).
Du3norornIeckKoe COCTOSHIE W YMCJIO TTaccaxkeil B KyJIbType B 3HAUMTEIBbHOM
CTENeHN BIWSIM Ha YCIEITHOCTh KIIOHMPOBAHUSA (CKOPOCTh Pa3BUTUS 3M-
OpMOHOB B BapuaHTe C KJieTKaMu-mgoHopamMu Tociie 10-15 maccazkeit Obuta BBI-
e, yeMm mocnue 5 maccaxeit). Kak u B cayyae SCNT y oBell, npeaBapUTeIbHOE
rojloJaHue KJIETOK CTajl0 BaKHbIM YCJIOBUEM YCIELIHON TpaHCIUIAHTALIUM SIep.
ABTOpPBI 3TOIl pabOTHl MPEANOJOXWIM, YTO YMEHblIeHUEe 3(DHEKTUBHOCTU KJIO-
HUPOBaHUSI TIPU MCITOIb30BAHMM KJIETOK 5-TO Taccaxa CBS3aHO C TeM, YTO B
3TOM IIaccaxe B KYJIbType, KpoMe (uOpo0IacToOB, €llie MPUCYTCTBYIOT IpPyTUe
TUTIHI KJIETOK, HAIIpUMEP SMUTEINATbHBIC KICTKHA, HEIIPUTOMTHBIC UIST KIOHUPO-
BaHUSI, KOTOPBIE BIIOCJICACTBMM BBITeCHSIOTCS (prbOpobiaactamu. Kak u B Gonee
pPaHHUX 3KCIEPUMEHTAaX, MPOIOLKUTEbHOCTh OEpEMEHHOCTH M Macca Mpu po-
XIACHUU Y KJIOHUPOBAHHBIX TEJISIT OKA3JIUCh BhIllIe (COOTBETCTBEHHO Ha 9 CYT U
20 %), yeM B cpemHeM 1o nopogue (50).

CoriacHO 3TMM JaHHBIM, (UOPOOIACTBI B3POCHBIX KMBOTHBIX MOTYT
IJIATEIbHO TOAAEPKUBATbCS B KYyJbType 0€3 yTpaThl CHOCOOHOCTU (hOPMUPO-
BaTh KJIOHBI TIpU SAepHON TpaHcrulaHTauuu (3 mec, wiu 15 maccaxeit u 45 kie-
TOYHBIX yABOCHWIA). Takoif Teproa ITOCTATOUYEH MJI HampaBIeHHOW TeHeTHYe-
CKOIl MommpuKaLy 1 JaJbHEHIIe ceJIeKIMM KIEeTOK. B To ke BpeMst B pabote
D.S. Tsapali ¢ coaBt. (51) mokazaHo, UTO siApa OT MEPBUYHO KYJIBTUBUPYEMbIX
KJIETOK B3pOCJOro >XKMBOTHOIO PENpOrpaMMUpPOBATIUCH YCIMeElllHee, TOoraa Kak
Matepuall, B3AThIi M3 TEepeBUBAaEMbIX KJIETOUYHBIX JIMHUI, OKa3ajcsd He B CO-
CTOSIHUU 0DOecreuyuTh pa3BUTHE SMOPUMOHOB. B 3To#l XXe paboTe HajiMuue CTpPo-
roii oOpaTHOM 3aBMCHMMOCTU MEXAY BO3pacToM in vivo U IpoaundepaTUBHON
CMOCOOHOCTBIO in Vitro Moka3aHO IOKa TOJIbKO s (huOpobacToOB yeoBeKa,
MOJIyYeHHBIX OT JoHopa crapiie 100 reT.

IMocne ymayHO KIIOHMPOBAHHBIX MBIIICH, OBELl M KOPOB IOSBUINCH
TpaHCTeHHbIE KO3bl, MOJyYEHHbIE TPAHCIUIAHTALMEH siAep U3 TPAHCTEHHbIX Kie-
TOK IUIOJA TI0 MPOTOKOJY, pa3padboraHHOMY 1jis oBell (35). DMOPUOHBI, OT KO-
TOPBIX BBIACISUIM KJIETOUHBIC JUHUMW, MOJYYaJIu MPU CKpPEIMBAaHUM HETpaHC-
TEHHOM CaMKHU C caMLIOM, TpaHCTeHHBIM Io reHy aHTuTpomoOuHa (AT) III yeno-
BeKa, OIpeIesIonieMy BBICOKUI ypoBeHb 3Kcrpeccun AT denoBeka B MOJIOKE
y JaKTUpyolmmnx caMok. deraqbHBIEe COMAaTUYECKUE KJIETOUHBIC JIMHUM U3 35-
40-CcyTOYHBIX SMOPUOHOB MOABEPTAI CTAPSCHUIO B YCIOBUSIX TojiomaHms. TpaHC-
IUTAHTAlIAS SIIep 3TUX KJIETOK B 3HYKJICHMPOBAHHBIC OOLMTHI TIPMBEIa K POXIC-
HUIO TpeX Ko3maT Ha 230 peKOHCTpyMpoBaHHBIX 3MOproHOB (1,3 %), KoTopble
OKa3ajJuch caMKaMu. Y ONHOW M3 HMX FOPMOHAJIbHO MHAYLMPOBAIU JIAKTALIMIO
U B MOJIOKE OOHapy:KUJIU ceKpelurio b6eka uyeiaoBeka (3,7-5,8 /1), uTo comoc-
TaBUMO C 3Kcrpeccueit AT y reHHO-MOAMMULIMPOBAHHBIX OBELl MIPU €CTECTBEH-
HOM cKpeluuBaHuu (52).

Hecmotpsi Ha MHTEHCHMBHBIE MCCIEIOBAHUS, MpeAebHOe 3HAaYeHUe 3¢-
(dextrBHOCTH (0KOJIO 2 %) TIOKa OcTaeTcs ogHOoi 13 mpoodieM pu SCNT y Ko3.

B Teuenme mocmegHmx 15 JeT B MHUpe TOJTYYeHBI KJIOHBI pa3HBIX BUIOB
XKMBOTHBIX: cBUHEH (53), KopoB (54, 55), cobak (56), komek (57), Mpieit (58),
kpeic (59), kpommkoB (60), jomraneir (61), mynoB (62), BepoaogoB (63), Ko3
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(64), oneneit (65) n puid (66), U Bce 3TO BpeMsI HEM3MEHHO IMOJHMUMAIOTCS
BOIIPOCHI MOPAJTBHOTO, 3THUYECKOTO, MEOWUIIMHCKOTO M 3aKOHOIATEIHLHOTO Xa-
pakTepa, CBsI3aHHbIE ¢ ImpuMeHeHneM Metozna (67). IlepeHoc simep coMaruue-
ckux kiaetok (SCNT) ¢ reHeTMYeCKOM TOYKU 3pEeHUS] HE MPUBOIUT K MOSIBJIE-
HUIO UCTUHHBIX KJIOHOB KaK JOHOpa SIMLEKIeTOK (y KJIOHA OTCYTCTBYET SiAep-
Haga JHK Ttakoii ocobu), Tak M JOHOpa sIIepHOro MaTepuana (B OOJbIIMHCTBE
clyyaeB OCHOBHasl yacTb MuUToxoHapuaibHoi JITHK kioHa mpuHamiexuT mu-
torutacry) (68).

DddextuBHocts Meroma SCNT Bapeupyer ot 0,1-3,0 % (y Mblieit)
(69) mo 4,0-8,0 % (y xpymHoro poratoro ckota) (70, 71). Huskast adpdexTun-
HOCTh KJIIOHMPOBAHUS C MCITOIb30BAHUEM COMATHUYSCKUX KJIETOK, KaK IPaBUIIO,
CBsI3aHa C OOJBIIMMM TOTEpSIMU B TEPBOM MOJOBUMHE OEPEeMEHHOCTHU. XOTS
YMEHBIIIEHHE TTOTEePh BO BpeMsl 0epeMEHHOCTH M BHICOKWI TIPOIIEHT BBIKUBIITNIX
KJIOHOB OTMeYaJld paHee NP UCIOJIb30BAaHMU SIAEP KJIETOK DIUTENUS SiilieBona
(24, 32), 3TU MOJOXUTENbHbIE TOCTVKEHWS HUBEJIMPOBAINUCH BBICOKOW CMEpT-
HOCTBIO HOBOPOXAEHHBIX (50 %).

ComaTuyecKuii MepeHocC sapa y KMBOTHBIX COIPSDKEH C BEPOSITHOCTHIO
MOSIBJICHUST HEXeIaTeJIbHBIX OCJOXHEHUIN MOCTIMOPUOHAILHOTO Pa3BUTHSI, CBSI-
3aHHOI C TeM, YTO KJETKH B3POCJbIX OPraHU3MOB, MCIOJIb3yeMble B KayeCTBE
JOHOPCKHUX, CaMM IO cebe MOTYT MMeTh MyTaluuu. KJIOHBI, TOoJydeHHbIE OT Ta-
KHX KJIETOK, yalle abOpTUPYIOTCS Ha IMO3MHUX CTamusIX OEpeMEHHOCTH, a y Te-
JIAT, POOVBIIMXCS B CPOK, Yallle BCTPEYAINCh aHOMAJIUM T10 CPABHEHUIO C KJIO-
HaMM, MPOM3OLIEAIIMMHU U3 3apOAbIIIEBbIX WIM (peTanbHbIX KieTok (50, 72).
I[TomuMo 3TOTO, HAOMIOmATIACh BHICOKAS CMEPTHOCTh KJIOHMPOBAHHBIX TEIST B
nepBble Mecsubl XKu3HU (73, 74). OnucaHbl TakKKe Clydaud OTAAJIEHHBIX 3 heK-
TOB MPU COMATUYECKOM KJIOHUPOBaHMU. Tak, TEJEHOK, Y KOTOPOro MCTOYHM-
koM sgaepHoi JJHK Obutn KieTku sMOpuoHa, Imorud Ha S1-e cyT mociie poxie-
HUS OT TSDKEJIOM aHeMUHU, BBI3BAHHON TUMWYECKOW aTpodueii u IuMGOUIHON
runomiasueit (75).

Jng BBISICHEHMSI BO3MOXKHBIX TPUYMH BBICOKOW CMEPTHOCTH CpEIu
KJIOHUPOBAHHEIX TEJIAT B TEPUOMA BHYTPUYTPOOHOTO Pa3BUTHUS M TIOCIIE POXIE-
HUSA W3YYMIIN SKCIIPECCHIO TPEX BaXKHBIX B METAOOJMYECKOM OTHOIICHUU (ep-
MEHTOB — JIaKTaTAErMAPOTreHasbl, LUTpaTCUHTETa3bl U (ochodpyKTOKMHA3ZHI,
HO OTKJIOHEHWI OT HOpMBI He BEIIBUIM (76). B pabote mpyrux aBtopoB (77) B
OOJIBLLIMHCTBE CMEPTHBIX CIyYyaeB AOKAa3aHO HAJIMYME IJIalleHTapHbIX aHOMaJIUi
Ha TPOTSKeHUU 1-3-To TpUMecTpa BHYTPUYTPOOHOTO pa3BUTHUS Y KJIOHUPOBaH-
HBIX OBIYBUX 3apOABIIICH, TTOJIYYEHHBIX TIPU TIEpEeHOCe sSIIep COMAaTUIECKUX KIe-
TOK B DHYKJIEHMPOBAaHHBIE OOLIMTBHI. ABTOPHI IOJAral0T, YTO IMPUUMHAMM DBTUX
AHOMAaJIMT MOTYT OBITH OCOOEHHOCTM BaCKYJISIPHOTO M IIIAllEHTapHOTO pOCTa,
YTO TIOBJIMSIIO HAa TPUKpPEIUICHWEe TUIOAA M CITOCOOHOCTH TIIAIleHTHI 00ecIieyn-
BaTh €ro >KM3HECNOCOOHOCTh. bbl1o Takke mokazaHo (78), YTO YCIOBUSI KYJib-
TUBUPOBAHUSI TOHOPCKUX KJIETOK in Vitro B JaJbHEMIIEM CYLIECTBEHHO BIMSIOT
Ha pa3BUTHE OPraHOB M TKaHell. B pa®oTe MCHOIb30Bain 6-CYyTOYHBIC OBEYBM
3UTOTHI, KOTOPbI€ M3BJCKAIM M TMOAIEPXKUBAIU B KOMOMHMPOBAHHBIX KYJIbTY-
pax. Y 23 % sapomblilieil, MOJYYEHHBIX MPU COKYJIBTUBUPOBAHUU C IpaHYyJIe3-
HBbIMM KJIETKaMUu, HaOJIodadu TOJUTUApaMHMO3 (yBeJIMYeHUue oObemMa aMHUO-
TUYECKOM XUIKOCTH), OMHAKO MOTOOHBIN 3(D(eKT He oTMeYann TIpU KyJIbTUBU-
pPOBAaHUU TeX XK€ KJIETOK B CHMHTETHUYECKUX KUIKWX Cpelax ¢ PasIuYHBIMHA HO-
OaBkaMM. Y Mbllei, aMmbuOUi U KOPOB MPU MUCIOJb30BAHUU 3MOPUOHOB, MO-
JIyYEHHBIX TOCPEACTBOM I€peHOCa COMATUYECKUX siep, ISl CO3MaHuUs Ioche-
OYIOIIUX TOKOJEHUI KMBOTHBIX-KJIOHOB MOTOMCTBO OKa3aJoCh XKW3HECIOCO0-
HBIM TIocsie 3-5 payHIoOB KJIOoHUpoBaHUs. boiyiee BhicoKUe (heTanbHble MOTEPU U
yMEHbIIEHNEe Yucia 6epeMeHHOCTe oTMeualu y ocobeit U3 2-ro u 3-ro moko-
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JICHUI1 KJIOHUPOBAHHBIX XXUBOTHEIX (79).

TeMm He MeHee, HECMOTPSI Ha OTCYTCTBHE CYIIECTBEHHOTO YBEIMYCHUS
3G HEKTUBHOCTH COMATUYECKOTO KIOHMPOBAHUS M TO, UYTO YACTh ITOIYJISIIIAN
KJIOHUPOBAHHBIX 3MOPUMOHOB 3aBEAOMO HECeT DS HapylleHUU, KJIOHbBI MOTYT
YCIELIHO pa3BMBATbCS MOCJIE TPAHCIUIAHTALMM PELMIMEHTaM W MPUBOAUTL K
POXIEHUI0O OTHOCHUTEJIbHO 3M10pOBOro ImotomcTBa. CleayeT TakKe Y4YWTHIBATh,
YTO TpU KJIOHUPOBAHMHU TMEPEHOC SAep M3 B3POCIOH COMATUYECKON KIIETKU
MOXET BBHI3BIBATH HEKOTOPHIE OTKJIOHEHMSI OT HOPMBI, HE HOCSIINE, OTHAKO,
CEpPBhE3HOTO XapakTepa. Tak, y MbIIIel, MOJYYeHHBIX ITOCPEACTBOM IIepeHOca
simep KyMYJTIOCHBIX KJIETOK, TTOCTHATaJIbHAsh Macca 0Ka3ajach 3HAUUTETHHO BBIIIE,
YeM y KOHTPOJBHBIX KUBOTHBIX, a PEe3y/IbTaThl TECTUPOBAHUS HA TIOBEACHUYCCKHE
XapaKTEePUCTUKU OKa3aJiCh OJIU3KUMU y ocobeli oobeux rpymmn (80).

Pa3pabotaH psin moaxoAoB, KOTOPbI€, BO3MOXKHO, IMO3BOJISIT MOBBICUTh
3¢ (HEKTUBHOCTh COMATUUECKOro KJIOHMpoBaHUs. OOUH M3 HUX 3aKJI0YaeTcs B
BbIOOpPE ONTMMAJIbHOIO MeToAa 3HykKjeauuu oouuta. K Hambosee mpocTbhIM
CIIEIyeT OTHECTH «CJIETTYI0» DHYKIICAIINI0, KOTOPYIO MPUMEHSIOT P KJIOHUPOBA-
HUM KPOJIMKOB, OBEll, KO3, KPYIIHOTO POraTroro CKoTa, CBUHel u jouanein (81).
OrmpenmeeHne TOYHOTO BpEMEHM BBIICIICHHS TIEPBOTO TTOISIPHOTO TEJIbIA Y OOIIN-
TOB, KYJBTUBUPYEMBIX in vitro (16-18 4 mociie Havajga JO3peBaHUsI), U yaaJIeHUE
zona pellucida MO3BOMMIN CHU3UTH OOBEM aCIMPUPYEMOM OOIIa3Mbl 10 3 % oT
ob1Iero oobeMa OOLMTAa U ITOBLICUTH 3((PEeKTUBHOCTH 3HyKAeanuu no 97 %
(82), omgHako Takvue 3MOPUOHBI TPEOYIOT MHAMBMIYAIbHOM CHUCTEMbl KYJIbTUBU-
poBaHus. HecoMHeHHOe MpPeuMYIEeCTBO ONMMCAaHHOTO METoIa B TOM, YTO IIMTO-
IUIACT HE TIOABEPraeTcs IOMOJHUTEIBHBIM BO3ICHCTBUSAM, KOTOPBIE MOTYT B
JaJbHEMIIeM TIPUBECTH K HapyIIeHUSIM 3MOpPHMOHAIBbHOrO pas3Butus. [dpyroit
IIMPOKO M3BECTHEBINM METOH MpeaItoaraeT oKpalmnBaHue KpacureiaeM Hoechst u
Y®-obnyyenue. [IpolleHT yCHENIHBIX SHYKJICAllMii TIPU 3TOM BHIIIE, HO YXKe
npu 30 ¢ 3KCIO3ULMMU TMOBpEXIaeTCs LUTOIIa3MaTuiecKass MeMOpaHa KIIETKU
U HapylaeTcsl cuHTe3 0eakoB (55, 83). IIpuMeHsIIOT U Takue METOIbl dHYyKJIea-
1My, Kak mpokos zona pellucida u ynanseHue BBICTyIAOIIEl YacTM OOLIMTA C
nonsipHbIM TeliblieM (81), ucnonb3oBaHue diyopoxpoMoB st okpacku JHK
CO CIIEKTPOM TIOTJIOIIEHMS, CMEIIEHHBIM B 0oJjiee IJIMHHOBOJHOBYIO 0OJIACTh
(Hanmpumep, SYBR14) (81), sHykJeanysi co BCIIOMOTaTeIbHBIMU XMMWYECKUMU
BelleCTBaMU (HampumMep, N1eMUKOJILIMHOM) (84) 1 Mpu MOMOIIU LEeHTPpUGYTUPO-
BaHug (81).

Eiwe oauH nmonxosa K MOBbILIEHUIO 3(PHOEKTUBHOCTH MPOLEnypbl KJIOHU-
poBaHUs MpeamnojaraeT 0oJjiee TIIATEAbHBIA OTOOP SMOPUOHOB C HAaMBBICIIMM
MOTEHIIMAIOM pPa3BUTHUS Ha 3Tare, MpealliecTBYIOlLIeM TpaHCcIUlaHTaluu. Ha-
npuMep, B HacToslliee BpeMsl K Haubosee 3(pheKTUBHBIM cUcTeMaM OoTOopa Ka-
YECTBEHHBIX SMOPHMOHOB Yy KPYITHOTO POTAaTOTO CKOTAa OTHOCUTCS IIPEIJIOXKEH-
Hag S. Sugimura ¢ coaBT. (85). OHa BKJIIOYaeT MCIOJIb30BaHUE IPUXKU3HEH-
HOI ChEeMKM B peajlbHOM BpeMeHHu (time-lapse), ycTpoicTBa IJi WHAUBUIY-
aJbHOTO KyJBTHBHPOBAHWS B MUKPOJYHKAX W aHaIM3a MOTPeOJIeHUS KUCIO-
poaa sMopruoHaMu. OTOOp SMOPUOHOB MO MSATU MOKa3aTeNsIM, BKJII0Uasi BpeMst
I neneHus, yncino GiactoMepoB B KOHIE | AeneHus, HaqWyuMe UM OTCYTCTBUE
(¢parmeHTauuu B KoHue I meneHus, uynuciao 6ixactomepoB Gy4-Gs (Havamno dasbl
MOKO$), MOTpedseHre KUCIopoAa Ha CTaauu OJaCTOLMCTBI, MO3BOJUI IOJY-
YUTh BBICOKMII mpoleHT GepeMeHHocTeil (78,9 %) mocie TpaHCIUIaHTALUU. Y
POIVBIIMXCS TENSIT HE HAONIOmald YBEJIMYEHMUS MAacChl Tejla, XapaKTepHOTO
JUJISl XXKMBOTHBIX, MOJydYeHHbIX Tpu noMoiiu SCNT, u BBICOKOI CMEPTHOCTHU B
HavyaJbHBIA mepuon Xu3HW. [IpemrokeHHas cHcTeMa oOTOopa, HECMOTpsS Ha
CJIOXKHOCTb, MOXET CTaThb OJHUM M3 CaMbIX OOBEKTMBHBIX W HaJAEXKHBIX MPU
0TOOpEe KYJbTUBUPYEMBIX in vitro SMOPMOHOB AJIS1 TPAHCIUIAHTALIMU.
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Ha craguu 61acTOMCTBl KIOHUPOBAHHBIE SMOPUOHBI MJIEKOTIUTAIOILIMX
COIEPXKAT MEHbIlIee YMCIO KIIETOK, YeM pa3BuBamluuecd in vivo (86). Ilpu
3TOM oDliiee Yuciao KiaeTok B OmactouucTtax npu SCNT cpaBHUMO C TaKOBBIM Y
MOJYYEHHBIX 0€3 TpaHCIUIAHTALIMU SIIep, HO OTHOLICHWE Yucia KJIETOK U3 BHYT-
peHHEN KJIETOYHOI Macchl K MX obueMy yuciay y omacrouucT npu SCNT 3Ha-
yuTeJIbHO BhIIe (86). YMCa0 KIeTOK B GJIACTOLMCTE MJICKOIUTAIOIINX, KYJIbTH-
BUpPYEMOH in vitro, MOXHO YBEJIWYHUTh 3a CUET arperaius 0JacTOMEpOB U3 paH-
Hux 3M0puoHoB (87). Tak, nmpu SCNT arperaiiusi HeCKOJbKMX MBILIMHbBIX IM-
OpMOHOB Ha pPAaHHUX CTAAWSIX PA3BUTHS TPUBOAMIA K 8-KpaTHOMY YBeJIUYe-
HUIO MoKaszaTejieil pa3BUTUS Tocjie TpaHcIUlaHTauuu (87), Ha craguu 4 Ona-
CTOMEpPOB — elle u K yBeiamueHuto skcnpeccun MPHK rena Poudfl (mapkep
HeauddepeHIUPOBAaHHBIX KJIeTOK) U Oenaka Cdx2, Heobxoaumoro mist opmu-
poBaHus TaueHThl (87, 88). OgHako TpM 3TOM IJis CO3JaHUSI OAHOTO KJIOHA
TpedyeTcsl 00JIbII0e KOJIMYECTBO OMOJOrMYECKOro Marepuara.

KauecTBo MCHonb3yeMbIX OOLIMTOB TakXkKe OTpaxkaeTcsl Ha 3(pdeKTUBHO-
ctu SCNT, mostoMy MX AO3peBaHME in Vitro — BaXXHBINA 3TaIl MOJIYYEHUST dM-
OpuoHOB. Moaudukaius cpeabl A1 103peBaHKs, B TOM YUC/e 100aBlIeHUE aH-
THUOKCHIAHTOB W BUTAMUHOB (Hampwmep, BUTamMuHa E), IpuBOIUT K yBelImde-
HUIO Ymnciaa (GopMUPYIOIIMXCS ONAaCTOIMUCT M yMEHBIICHHIO (parMeHTAIINT
HAHK B KJIOHMPOBaHHBIX 3MOpPUOHAX, MOJYYEHHBIX MPU UCIOJb30BAHUU SIAEP
TpaHCTeHHbIX NOHOPOB (89). DddekTuBHON cTparerveil yiaydlleHUs KadecTBa
aMOproHoB 1ipu SCNT MOXeT CTaThb MCIOJIb30BAHUE OOIIMTOB, MOJYYSHHBIX TTPU
MOMOIIM METOJA «BBILIUIIBIBAHUS» ooLUTOB (ovum pick-up) (90), mo3peBlIMX in
vivo (91) uiu 006paboTaHHBIX MpenapaTamu, OJOKUPYIOLIMMU Meiio3 (92).

IlepcneKTUBHBIM [J11 yBeIUdeHUsT 3((HEKTUBHOCTA KJIOHMPOBAHUS MIIe-
KOMNUTAIOIIMX TMPEACTaBIsIeTCS MOMCK OMOMAapKEepPOB COCTOSIHUSI TMOJyYaeMbIX
ocoOeii. B kauecTBe Takux OMOMapKepoB Haubosiee 4acTO paccMaTpuBalOT akK-
TUBHOCTb TEJIOMEpa3bl W JUIMHY TeJIOMEpPOB, SIMMICHETHMYEeCKHe MOAUDUKALINY,
JKCIIpecCcuIo TeHOB 1 0enkoB (68). Ho manble 1 Heperpe3eHTaTUBHbIE BEIOOPKU
B OOJIBIIMHCTBE TaKWX MCCIEIOBaHUI, a TakXke TO, YTO ISl CPaBHEHMST KJIOHM-
POBAaHHBIX M OOBIYHBIX XMBOTHBIX MCITOJNB3YIOTCS Pa3MIHBIE TKAHU U KYJIbTY-
pPbl KJIETOK, MPUBOIIT K TOMY, YTO pe3yJbTaThl MCCIEIOBAHUI 4acTO MPOTUBO-
peyaTr Opyr ApYyry M He MO3BOJSIIOT YCTAaHOBUTH OMNpEICJICHHbIC MapameTphbl
oueHku (68). Takke HEOMHO3HAYHBI JAHHBIE O ITOJIOXUTEILHOM BIUSIHUU 00-
pabOTKM 3MUTeHETUYECKUMU MOAU(DUKATOpaMU Ha pa3BUTHE 3MOPUOHOB KpYIl-
Horo poraroro ckora rmpu SCNT (93, 94).

IlonBoas UTOr, OTMETUM, YTO C MOMOILBIO KIIOHUPOBAHUS MTOCPEACTBOM
SIEPHOTO TIEPEHOCa Y CEIbCKOXO3SMCTBEHHBIX XMBOTHBIX MOXHO PEIUIMIIMPO-
BaTh OOJIBIIOE YMCIO OCOOEi ¢ MPEeuMYILIeCTBeHHBIMU KOMOMHALUSIMU TE€HOB,
HCIIOJIB3YSI OAHOBPEMEHHO JIFOOBIE COUETAaHMS CEJIEKIIMOHHBIX METOIOB M TPaHC-
TEHHBIX TEXHOJIOTUI: HaMpaBJIeHHOE BCTpauBaHUE in Vitro, KJIETOUHBIA OTOOpP U
nepeHoc sapa. be3 KIoHMpoBaHMS CO3MaHHBIE TPAHCTEHHBIM CITOCOOOM YHHU-
KaJbHBIE COUYCTAHMS TEHOB JIETKO YTPAauyMBAIOTCSI M3-3a peKoMmOwmHammii. [1oato-
My OYEBMIHO, YTO Haubosee BaXXKHOU chepoil MpUMEHEHUs 3TOro MeToaa JOJXK-
HO CTaTh CEJIbCKOE XO3dHCTBO. IIpyu BCcex HEOCIOPUMBIX BbIrOAaX, KOTOPbHIE CY-
JIUT KJIOHMPOBAHME IPU SIESPHOM IepeHoce, UYpe3BblUyaliHO HU3Kas 3(pdeKTuB-
HOCTh M OOJIbLIIME MOTePU Ha BCeX ATarax SMOPUOHAIbLHOIO, HATaJbHOIO U TO-
CTHATAJILHOTO Pa3BUTHUS TTOKA YTO OTPaHUYMBAIOT BO3MOXHOCTH KOMMEPYECKOTO
HCTIOJIb30BaHMST 3TOTO METOJA B CEIBCKOM XO3SMCTBE, UTO BBIHYXKIAET MCCIECIO-
BaTeseil, BO-TIEPBBIX, MCKAaThb Ooilee 3(PPeKTUBHBIC ATBTEPHATHBHEIC ITOIXOIEI,
BO-BTOPBIX, COCPEIOTOYNTh BHMMAaHHWE Ha 3JEMEHTAaX METOIUKH, TPEOYIOIINX
COBEPILIEHCTBOBAHMSI.

Eme ogHoit o6nacTeio MPUMEHEHUsI COMAaTUYECKOIro KJIOHUPOBAHUS MO-
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xkeT O0bITh JIHK-apxeonorusi (peKOHCTpyMpOBaHUE BbIMEPLIMX BUIOB WJIM OCOOEi
U3 HECKOJIbKO KJIETOK XXMBOTHBIX) M COXpaHeHMEe OMopasHooOpas3usi B CBS3U C
npo0byieMoil ucyesamux BUIOB. JUUISI 3TOro yXe B HACTOSIIEe BpeMsi HEoOXo-
JUMO CHOPMMPOBATH U MOJAEPKMBATH OAHKU TKAHE >KUBOTHBIX, KOTOPHIM YyT-
pOXaeT UCYE3HOBEHMUE.

PenpoaykTvBHOE KJIOHHUPOBAaHUE 4YEJOBEKa XOTSd U OOCyXmaeTcs, HO
ocraercsd (MpUYeM He TOJIBKO MO 3TUYECKMM COOOpak€eHUsSIM) OMAacHBbIM U COOT-
BETCTBEHHO IOJHOCTbIO HEINPUTOAHBIM CIOCOOOM YBEJMYEHUSI HACEJIEHMSs, Ha
YTO YKa3bIBalOT MHOXECTBEHHbIE OTKJIOHEHHUSI OT HOPMbI M MEPTBOPOXIEHUS,
COITYTCTBYIOILLIME PENMPOAYKTUBHOMY KJIOHMPOBAHUIO Y XMBOTHBIX. B TO Xe Bpe-
Ms1 KJIOHMPOBaHUE MPEIOCTABIsIET HAa PEeIKOCTh YHUKAJIbHbIE BO3MOXHOCTU (MO-
JlydeHUe TeparneBTUYECKUX OCJIKOB, KCEHOTPAHCIJIAaHTALUSI OPTaHOB OT KJIOHU-
POBAaHHBIX TPAHCTEHHBIX >KUBOTHBIX C 3aJaHHBIMU KayeCTBaMM) IJIsi OOPHLOBI C
3a00/IeBaHUSIMU YEJIOBEKa, a TakKXKe B CIydyasiX MCKYCCTBEHHOIO OIJIONOTBOpPE-
HUA in vitro Wi npeogosieHus] Oecruioaus, MPOIJeHMsI Bo3pacTa MaTepUHCTBa
WIA C LEJbI0 MCKIIOYEeHUS] TeHeTMUYeCKMX 3a00JIeBaHMM, CBSI3AaHHBIX C MUTO-
xoHnpuanbHoil JTHK.

HTtak, B HacTosliee BpeMs COMaTUUECKOe KIOHUPOBAaHUE TIPEXIE BCETO
paccMaTpuBaeTCsl KaK BO3MOXKHOCTb OBICTPO M HameXHO 3a(pUKCUpPOBATh B TO-
TOMCTBE YHUKaJIbHbIE OCOOEHHOCTU XXMUBOTHBIX, KOTOPbIE€ UMEIOT XO3SMCTBEHHO
LICHHOE WIM JI000€ Ipyroe 3Ha4eHWEe WM/WJIM MOTYT OBITh yTpayeHbI TpU OObIY-
HOM CITOCO0O€ BOCITPOU3BENCHUSI XXMBOTHBIX JUOO MX HMCUE3HOBEHUM. DTa TeX-
HOJIOTHSI TIPEAOCTaBIsIET OOJIbIIIME BO3MOXHOCTM ISl (DyHIAMEHTaJbHbIX MC-
CJIEIOBAHUI T€HETUYECKUX MPOLECCOB, (PYHKIIMOHATBHON aKTUBHOCTU T'€HOMA,
KJIeTOUHOU nuddepeHuMpoBKU U Tp. B TO Xe BpeMsl MOJIEKYISIpHbIE U KJIETOY-
HbI€ MEXaHU3Mbl COOBITUI, MPOUCXOISIIMX TPU COMATUYECKOM KJIOHWPOBAHMH,
CJIOXHBI, crieurUYHbI, TPEOYIOT AaJbHEHILEro YIIyOJeHHOTo M3yYeHus, a ca-
Ma TEXHOJIOTMSI BCE ellle MMeeT HU3KYI0 3(hGhEeKTUBHOCTL M BBICOKO3aTpaTHa,
XOTsl YMCJIO YCHEIIHbIX KJIOHMPOBAHUN U ITOJYYEHHBIX KJIOHOB MJIEKOITMTAIO-
wux pacter. Lllupokue mepcneKTUBbI, OTKphIBaloLIecs O6jarogapsi BHEAPEHUIO
METOIMK KJIOHMPOBAHUS B CEIBCKOXO3SMCTBEHHYIO IMPAKTUKy U MEIUIIMHY,
JIOJDKHBI ObITh, TEM HE MEHEE, BCECTOPOHHE OLIEHEHbI C MOPaJIbHO-3TUYECKOM
TOYKM 3PEHUsI, TTOCKOJIBKY OTCYTCTBHE TaKOW 3KCIIEPTHU3bI MOXKET CHeNIaTh BO3-
MOXHBIM MOSIBJIEHUE CIEKYJISTUBHBIX HACTPOCHUN KaK y CTOPOHHMKOB, TaK U Y
MPOTUBHUKOB KJIOHUPOBAHMUSI.
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Abstract

The analysis on a somatic cloning productivity in different animal species is submitted. The
data are summarized on molecular and genetic events involved in cloning and cell reprogramming,
chimerism on mitochondrial DNA under intra- and interspecific cloning. The essential problems
connected with methodical difficulties, low efficiency, and big losses during embryonic, pre- and
postnatal development are in the focus. The somatic cloning is now mainly considered as an oppor-
tunity for rapid and durable fixation of the unique valuable traits of an individual, which can be lost
due to recombination under normal reproduction or resulting from the threat of extinction. The
method allows to combine different breeding and transgenic technologies, i.e. the targeted in vitro
insertions, cell selection, and cell nuclear transfer. An agriculture is considered as the main area in
which this approach should be used. But, despite of expected advantages and the increased number
of successful cloning and clones, reported all over the world, a commercial use of the method in
animal husbandry is strictly limited by the extremely low efficacy, high costs, and big losses of the
initial material. At the same time, the specific molecular and cell mechanisms, involved in somatic
cloning, should be further studied. That is why the more effective alternative approaches are forced
to be sought, and the cloning technique must be improved. Nevertheless, despite the still low effi-
ciency (3-5 %) and a lower use compared with forecasts, the cloned animals gradually become an
integral part of agriculture in the U.S. and Europe. Somatic cloning is also prospective for fundamen-
tal genetics, particularly in studying genome expression, cell differentiation, etc. The ethic aspects of
cloning in agriculture and medicine must be also discussed and estimated to prevent speculations both
of opponents and supporters of the method.

Keywords: clone, somatic cloning, enucleated oocyte, reprogramming, totipotency, pluri-
potency, ebryonic stem cells.
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