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BBIZKMBAEMOCTb DMBPUOHOB U ITOBBIINIEHUE TEMIIOB
TEHETUYECKOI'O ITPOTPECCA B MOJIOYHBIX CTAIAX*
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HenpepbIBHOCTb reHEeTHYECKOrO Mporpecca M NpUMeHeHne MepenoBbIX TEXHOJOTHI MpH pa3Be-
JIeHNH BbICOKOMPOIYKTHBHOTO CKOTA — OTJIMYHTEJbHbIE YEPThI COBPEMEHHOTO MOJIOYHOIO CKOTOBOICTBA
(G.R. Wiggans c coast., 2017; B.V. Sanches c¢ coasr., 2019). Ha npumepe KopoB ro;lmTHHCKOii NOPOBI
ceBepoaAMEPUKAHCKON CeJIeKI|H MOoKa3aHo, 4to 3a 50-jernuit nepuoxa (1963-2013 roawi), B TeyeHne Ko-
TOPOTrO HAIOM MOJIOKA YABOMIKCH (¢ 6619 Kr mo 12662 Kkr), reHeTHYECKHE M3MEHEHHs COCTABWIN 0oJee
56,0 % (A. Garcia-Ruiz ¢ coaBt., 2016). I'eHeTHYecKHe yCOBEpPIIEHCTBOBAHUS, HANPABJIEHHbIE HA TO-
BbIIIEHHME MOJIOYHOI MPOAYKTHBHOCTH, MOBJEKJIH 32 CO0O0W CHIKEHHE PenpoOAYKTHBHOM COCOOHOCTH M
HapyueHue 310poBbsi Y KopoB (J. Kropp c coasrt., 2014; L. Hyun-Joo ¢ coasr., 2015, B. Fessenden ¢
coaBT., 2020), yro A0 cux mop ocraercd IodaabHoii mpoodsemoii (E.S. Ribeiro ¢ coast., 2012;
K.J. Perkel ¢ coagr., 2015). B 30-50 % ciyyaeB BbICOKOYIOiHbIE KOPOBBI MO/IBEPKEHbI MACTHTAM, MET-
putam, xpomote u apyrum 3adonesanusm (I. Cruz c coasr., 2021), a mpu omionorsopennn 90-95 %
cpenHHMil mMoKa3zaTeb oTeaa cocrapiser okogo 40-50 % (M.G. Diskin ¢ coasr., 1980; P. Humblot ¢
coaBT., 2001). DMOpuoHAIBHBI MepHOA Yy KOPOB mpoaonkaercs 10 42-45-x cyt creasHocTu (J. Peippo
¢ coasT., 2011) u xapakrepusyercs BbicoKoii (10 40 %) amOpuonanabHoii cmepTHocThio (D.C. Wathes,
1992; K.J. Perkel ¢ coast., 2015; P. Rani c coasr., 2018), noindakTopHas 3THOJIOTHSA KOTOPOii 10 CHX
nop He u3ydyeHa. [ToTepu reHeTHYECKOr0 MOTEHUMANA (HEPOXKAEHHbIE ObIKH-NPOM3BOIUTEIN, PEMOHTHbIE
TeJIKH, MaTepd ObIKOB-TIIPOU3BOAUTEJIEl, JOHOPbI SMOPUOHOB) NMPUBOIAT K 3aMEIIEHHIO CeJIEKIMOHHOTO
npouecca B MoJouHbix cragax (M. Ptaszynska, 2009). HacTosimuii 0030p oTpakaer coBpeMeHHbIe JaH-
Hble 0 reHeTHYECKOii MPePACI0I0KEHHOCTH IMOPHOHA K BbKUBAHUIO KAK OTHOMY M3 BaXKHbIX (hakTOpOB,
JIeTEPMUHUPYIOIIMX HACTYIUIEHHME W PA3BHTHE CTEJbHOCTH Y MOJIOYHbIX KOpoB. IlpuBeneHbl AaHHbIE 0O
BbDKHBAEMOCTH OJIACTOIMCT B CTPECCOBBIX YCJIOBHSAX MX MOJIy4eHHd in Vivo MJIM in vitro, mocjie KpUOKOH-
cepauuu 1 orrauBanus (J.L.M. Vasconcelos ¢ coasrt., 2011; C. Galli, 2017; H. Erdem c coasr.,
2020) u OucekMu (MUKpPOXMPYPrHYECKOE JiejieHHe SMOPHOHA MON0JIaM C MOJIyYeHHeM JABYX JeMH-IMOpH-
onoB) (Y. Hashiyada, 2017). [laHHble 0 CIOCOOHOCTH 3MOPHOHOB K BHDKMBAHHUIO C T€HETHYECKOH TOYKH
3peHHsi CTAHOBATCS Bce 0ojiee 0OBHEKTHBHBIMH MO Mepe OOHAPYKEHHS TeHOB-KAHINIATOB, CBA3AHHDBIX C
BbICOKOIi KOMIIETEHTHOCTHI0 3MOpHoHa K pa3utuio (M.C. Summers u J.D. Biggers, 2003; A. El-Sayed
¢ coaBT., 2006). MoJeKyISIpHO-TeHeTHYECKNE TEXHOJOTHH MO3BOJIIOT MCCJIE0BATh BeCh HA0OpP Te€HOB,
KOTOpbIe 00eCnevYnBalOT ycToiiunBoe passurue oOmacromuctsl (A.M. Zolini ¢ coasr., 2020), a TaKke
3MUreHeTHYECKHe M3MEHeHHs] MATTEPHOB JKCIPECCHH T€HOB B pa3Hbie MOMEHTHI BPEMEHH 10 W TNOCje
UMILIaHTauuu a3mopuona (A. Gad c coasr., 2012; P. Humblot, 2018). D10 oTKpbIBaeT nepcneKTHBbI A1
Pa3padoTKH METOA0B MAapPKeP-OPMEHTHPOBAHHOI JTUATHOCTHKA HAPYIIEHHi 3MOPHOHAIBLHOTO Pa3BUTHSA, a
TAKXKe METOIOB PEeryJsluu KCIPEeCCHH 3MOPHOHAIBHBIX T€HOB, YTO BHECET BKJIAJ B MOBBILIEHHE CTeJb-
HOCTH Yy TeHeTHYeCKH IEHHbIX KOPOB M NMpPUBEAET K YBEJMYEHHI0 TEMIOB IeHETHYECKOro mporpecca B
NONMYJISIMAX MOJIOYHOTO CKOTA.

KnroueBble clioBa: reHOMHasi ceJIeKIHsl, TPAHCKPUNTOMbI, BbICOKOYIOiHbIE KOPOBBI, 3MOPHO-
HAJIbHASI CMEPTHOCTb, FeHEeTHYECKHUiA MPOrpecc, MOJEKYJIAPHO-TeHeTHYECKHE MapKepbl.

CKOT TOJIIITUHCKOM TTOPOIBI PacipoCTpaHeH B CTamax BO MHOTHX CTpa-
Hax mupa (1). BmecTte ¢ TeM TOBBIIIEHNE MOJIOYHON MPOXYKTUBHOCTH BBHI3BAJIO
MHOTOYNCJIEHHBIE HapyIleHUs 3MopoBbs Y KopoB (B 30,0-50,0 % ciydaeB oT Bcex
3aperMCTPUPOBAHHBIX 3a00JIEBAaHUI 3TO MAaCTUTHI, METPUTHI, XpPOMOTa, MOJIOYHAsI
JIMxopaaka, Keto3) (2), a Takke MPUBENI0 K CHUKEHUIO PerpoOayKTUBHOM CIIO-
cobHocTu (3-7), 4TO CTallO CIAEACTBUEM OJHOCTOPOHHHUX CEJIEKLIMOHHO-TEHETH-
YECKUX YIYJIICHU U OKa3bIBaeT HETaTMBHOE BIMSHHWE Ha COBPEMEHHOE MOJIOY-
Hoe ckoToBoacTBO (8-10).

CpenHuit ToKa3aTesIb OTela Y BEICOKOYIOMHBIX KOPOB COCTaBJISIET OKOJIO
40-50 % npu omnogorBopeHun 90-95 % (11, 12). K yacThiM SIBI€HUSIM OTHO-
carcs Boicokast (mo 40,0 %) aMmOpuoHanbHast cMepTHOCTH (13-15) B mepuonm ot
OIIOAOTBOpeHUST 10 42-45 cyt crenmpbHocTH (16), TMGenb TI0ma Mexxkmy 40-Mu u
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80-Mu cyT creapHOCTH HactymaeT B 2,0-6,0 % ciiyyaeB, B OCTaBIUMIACS CPOK — B
4,0 % cnyyaeB (17). KpoMe TOro, mpoMBIIILUICHHBIE YCJIOBUSI COACPKAHMS IIPU-
BOJSIT K TpaBMaM, CTpeccaM, rureprepMun, nupekcuu (18) u, cienosaresibHO, K
6oJiee ITUTEILHOMY TIEPHOLY MEXIY OTeJIaMU, OSCIIONUIO, 3HAYNTEIHHOM oI
npeXIeBpeMEeHHON BbIOPAKOBKU XMBOTHBIX (19). BTO cHUXaET TeMIIbl TeHEeTH-
YeCcKOro Inporpecca — MOCTOSIHHOTO YIyYllIeHUs TToKa3aTeaeil MpOoayKTUBHOCTH,
o0ecrneurmBaeMoro HermpepbIBHOCTBIO CEJIEKIIMOHHOTO Tpoliecca, 3heKTUBHOCTh
KOTOPOTO 3aBUCUT OT OBICTPOIrO BOCITPOM3BOICTBA KMBOTHBIX C 9KOHOMUYECKHU
3HAYUMBIMU T€HOTUIIAMH.

DTHOJIOTHUST BBICOKOI 3MOPHOHAIBHON CMEPTHOCTH, KOTOPYIO PETUCTPU-
PYIOT B CcTajax, 10 CUX Iop octaercsl He usydeHHoi (20). Cpenu pakTopoB, BiIu-
SIOIINX Ha SMOPUOHANBHYIO TMOENIh YV CTETBHBIX BBICOKOYIOWHEIX KOpPOB, pac-
CMaTpUBAIOT Cpely SIALICBONOB, PErYJIMPYIOLIYIO pa3BUTUE dMOpPHOHA BILIOTh 10
craguu G6jactouucThl (21-23), u cpeay MaTKU Tepel UMILIaHTalueil sMOproHa
(24, 25). Takxe aKlLEeHTUPYIOT BHUMaHUE Ha €CTECTBEHHOM MeXaHU3Me ajarTa-
LMY OJIACTOLIMCTBI K YCIOBHUSM Cpelibl, 00YyCIOBJIEHHOM T'€HETMUECKON Mpeapac-
IOJIOKEHHOCTbIO 3MOpUOHA K BbikMBaHUIO (17, 26, 27), KOTOPYIO ONpPECIIsSIOT
HacjieACTBeHHbIe (pakTophl (28) — reHeTuyeckas uHGoOpMals, repegaHHast M-
OpuoHy ot siuekaeTku (29) u ot cnepmarozouaa (30, 31).

MoneKynsipHO-TeHeTHYEeCKHIE WCCIeTOBAHNS B3aMMOCBSI3M MEXIY 3KC-
npeccueil FTeHOB U paHHUM 3MOPUOHAIBHBIM Pa3BUTUEM WM €T0 3aAePXKKOI MO-
I'YT AaTh MOHUMaHWE TeHETUYECKUX M 3MMUICHETUYECKUX MEXaHU3MOB, obecre-
YMBaAIOLIMX KU3HECIIOCOOHOCTh 3MOpPHOHA.

Ilenp HacTosiliero 063opa — 00OOIIEHME JaHHBIX O CIIOCOOHOCTH M-
O6puoHoB KpynHoro poraroro ckora (KPC) K BbKMBaHUIO MPU MOJTYYEHUHU in Vivo
WY in vitro, mocje KPMOKOHCEPBAlIMM M OTTaWBAHUS, MUKPOXUPYPTUIECKOTO e~
JICHWS, TIPY TPAHCIDIAHTAIIMA Y HACTYIUICHUUN CTEITHHOCTH.

TexHosorust TpaHcIJIaHTaUUKU 3MOpPUOHOB (TT3), HIMPOKO MpakKTUKYe-
Masl MpU pa3BeleHUU BbICOKONPOU3BOAUTENbHBIX KMBOTHbBIX, MO3BOJISIET 32 KO-
POTKHUI TIepUOJ TOJYUYUTh OOJIBIIOE KOJUYECTBO SMOPMOHOB OT T€HETHMYECKH
IEHHBIX KOPOB-IOHOPOB, OILIONOTBOPEHHBIX CEMEHEM BBIIAIOIINXCS OBIKOB-
npousBoauteneit (32, 33). Cpeau MeToa0B, COCTaBIISIONIMX OCHOBY TTD, BaxkHOe
mecto 3aHuMaroT MOOBT (MeTon MHOXECTBEHHON OBY/ISIUM U 3MOPUOTpaHC-
IUIAHTAllMK ), TTOCPEACTBOM KOTOPOIO MOJIyYaloT SMOPUOHHI in vivo (34), a Takxke
IVP (MeTon in vitro production), npenHa3HaYe€HHBINA I MOJXYYEHUSI SMOPHUOHOB
in vitro (35).

ITepeHoc 3MOpPMOHOB, MOJYYEHHBIX in Vivo MJIX in Vitro, MeHee LEHHBIM
TeJKaM-peLiMITMeHTaM obecrneynBaeT ObICTPOE BOCIPOM3BOACTBO OOJIBIIEIO KO-
JIMYeCTBa TTOTOMKOB, YeM TIpU ecTecTBeHHOM perpomykuuu (36, 37). CormacHo
JaHHBIM MeXayHapogHOro o0lecTBa IO TpaHCIUIaHTalMK 3MOpuoHoB (Inter-
national Embryo Transfer Society, IETS), no Bcemy Mupy B nepuog ¢ 2000 no
2019 rox 65110 TI0JTY4eHO O0oJiee 20 MIIH SMOPpMOHOB MOI0o9HOTO U MsicHoro KPC,
a B 2019 roay B 39 cTpaHax, Ha OO0 KOTOPBIX MIPUXOAUTCS IPUMEPHO MOJOBUHA
mupoBoro noroiosbs (Poccus, CIIA, Kanana, bpasunusi, ®panuus, Uranus u
Ip.), mpousBeneHo 1419336 komMMepuecKux 3MOPUOHOB, IMPUTOAHBIX ISl IEpe-
canku (38). Ilpu TTDO 3HauMTeNbHAsI YaCThb 3MOPMOHOB in Vivo IereHepupyeT u
rnorubaer, He JOCTUTHYB CTaAMM OJACTOLMCTHI: Ha 6-7-€ CyT Y CylepOBYJIMPOBaH-
HbIX KOPOB-IOHOPOB MOJIOYHOTO HaIpaBieHUs MPOAYKTUBHOCTU MPU OIIOJOTBO-
pennu 85-95 % wusBnekanu npuMepHo 50 % KuU3HeCIOCOOHBIX SMOPHOHOB (39).

BrixkuBaeMOoCTh 9MOPUOHOB NPU UCHOJb30BAHUMU METOda
MOJBT. Cytb merona MOSDT cocToUT B TOM, YTO Yy T€HETUUYECKHU LIEHHOI KO-
pOBBI — JIOHOpPAa 3MOPHMOHOB MCKYCCTBEHHO aKTHUBHPYIOT POCT M CO3peBaHUE
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MHOX€eCTBa (DOJITUKYJIOB, MPOAYLMPYIOIIMX SULEKIETKU (MHOYKIIUS CYIEepOBY-
JISIIIAM ), TIOCPEICTBOM BBEACHUS TPerapaToB (DOJUIMKYIOCTUMYIMPYIOIIETO TOP-
MoHa (PCT’). Ha 7-e cyT mocie oceMeHeHHsT KOPOBBI-TOHOpa SMOPHUOHHI in Vivo
M3BJIEKAIOT M3 €€ PEeNPOAYKTUBHBIX OPTAaHOB M TIEpeCakUBAIOT (CBEXKETIOIyUeH-
HbIMM WJIM 3aMOPOKEHHO-OTTasIHHbIMU) MeHee LIeHHbIM perunueHTaM (40). Tex-
HOJIOTMYECKUI TpoLecc U CpelcTBa, UCMOAb3yeMble MPU 3TOM, MOAPA3yMeBaIOT
HaJIM4Ke crpecc-(hakTOpPOB U TPABMATU3ALIMUIO KAK IOJIy4aeMbIX SMOPUOHOB, TaK
U KOPOB-IOHOPOB. KOPOBBI-TOHOPHI IMOMANalOT B CTPECCOBYIO CUTYAIUIO YKe
IIpXU TIOTOTOBKE K TIPOLIEAYPe MHAYKIINHU CYIEPOBYIISIIINMA, KOTAA XNBOTHOE OT-
JnaBnuBaloT U puxkcupyroT. [Ipemapar @CI” mpUMEHSIIOT B CTPOTOM COOTBETCTBUU
co cxeMoil (8-10-kpaTHoe BBeAaeHue Kaxable 12 4 B TeueHue 4-5 cyt). B oTBer
Ha MHOTO(aKTOPHbIE BO3NEUCTBUSI B OpraHU3Me U3MEHSIIOTCS (PU3MOTIOrMYecKue
1 MeTabosruyeckue mpoliecchbl. KojinyecTBo aMOPHMOHOB in vivo, MpOIyLIMPyeMbIX
KOPOBaMHU-JIOHOPAMU, BapbUpyeT B IIMPOKOM auarnazoHe (41-43). CornacHo Mex-
IyHApomHOM mpakTuke, y 30 % IOHOPOB OTCYTCTBYET OTBETHASI PeaKLIMsl SIMMHUKOB
Ha 5K30reHHbIe TOHanOoTponuHbl (44), 30 % NOHOPOB MPOSBIISIOT KpailHe HU3KYIO
OTBETHYIO PEAKINIO STUMYHUKOB C YMCIOM OBYJISALIMI 1-3, YTO COOTBETCTBYET €CTE-
CTBEHHOMY TIPOIIECCY OBYJSIINM, U TOJHKO OT OXHOM TPETH JOHOPOB IOJIyYalOT
CyNEepOBYJISITOPHBIM OTBET C YMCJIOM OBYJSILIMIA OT 5 10 12 (45-47).

AitneBon camku KPC cinyXuT MeCcTOM OIUIONOTBOPEHUS SIMIECKIIETKU U
HaxoXIeHUsSI SMOpPHOHa B TeUeHUe MepBhIX 4 cyT. Ha 16-KieTouHOM cTamnu pas-
BUTUS (paHHSISI MOpPYJIa) SMOPUMOH MPOJBUTaeTCsl B MOJOCTh MaTKU, Ie pa3BUBa-
€TCsl A0 CTaJAuM MOPYJIbL U Ha 7-€ CyT — A0 CTaAuM OJaCTOLMCTHI (IpearuMILIaH-
TallMOHHas ctaaus pa3sutus) (48, 49). Ha 8-9-e cyT nosocTb 6;1aCTOLMCTHI 3HA-
YUTEJbHO YBEJIWUMBAETCS B pa3Mmepe, ee OsecTsias odosiouka (zona pellucida)
pacTATUBAETCS, CTAHOBUTCS TOHKOM M pa3phIBaeTcs (TIPOLECC X3TIYMHTA), BEIBOIS
aMOpuoH u3 zona pellucida (39, 50). Hanee GaacToLucTa OPUKPEIUISIETCS] K OH-
JIOMETPUIO MaTKW, HU3KAsl PeLENTUBHOCTb KOTOPOTO CTAHOBUTCSI MIPUUYMHOMN He-
yaa4y Mpu MMIUIAaHTAUMK SMOpPMOHA, B TOM 4YMCJIE MPHU IPOBEACHUM ITPOTrpaMM
BDKO. IIpouecchl, oIpeaesIole TOTOBHOCTb SHAOMETPHUS K IIPUHSATUIO SMOpPU-
oHa, y KPC u3yuennl HegocTaTouHOo (51), B TO BpeMs KaK y 4eJI0BeKa M3BECTHHI
reHsl cemeiictBa HOX (Homeobox) u komupyeMble MMM O€JIKM, HaIrlpumep
HOX10 1 HOX11, yyacTByouiyde B peryasiuun UMIUIAHTALMKU U CIyXKallyde KIto-
YEeBBIMU PETYISITOPaAaMU MPOLECCOB PeLeNTUBHOCTU dHAOMeTpuUs (52, 53).

B nmporpammax MOBT 7-cyTouHble SMOPUOHBI U3BJIEKAIOT U3 PEMPOIYK-
TUBHBIX OPTaHOB KOPOBBI-IOHOPA HEXUPYPIUUYECKUM CITIOCOOOM C TOMOLIBIO CIie-
LIMaJIM3UPOBAHHOTO 00OpydoBaHUs. TexHUUecKoe M3bITUE 3MOpUOHA U3 ecTe-
CTBEHHOI cpeabl ycuiuBaeT crpecc (54). KpoMe Toro, mpu u3BlIeYeHUU MPOUC-
XOISAT HeM30eXXHBIE TTOTepr SMOPHOHOB, coctaBisiomue ot 60-80 mo 20-30 % ot
MOJCYUTAHHOTO KOJIMYECTBA KEeAThIX Tel (55).

IMocire u3BNEUeHN SMOPHOHBI ITOMEIIAIOT B UCKYCCTBEHHO CO3IAaHHYIO
cpeny M MapKUpylOT Ha ocHoBe PykoBoacTBa MexXayHapomHOro ooOliecTBa I10
TpaHcrutanTauuu sMoproHoB (International Embryo Transfer Society, IETS) (56,
57). OnpenensiioT cTaauy pa3BUTHUSI SMOPUOHOB (KOAbl cTaguit oT 1 mo 8) u ole-
HUBAOT MX KAa4eCTBO Ha IPUTOAHOCTDb K mepecaake (Koabl KayecTBa oT 1 mo 4).
OMOpPUOHBI ¢ KOJIOM KavecTBa 1 (OTJIMUHO WJIM XOPOIILIO), HaXOMsIIMecs: Ha cTa-
JIUSIX pa3BUTHUSI OT KOMMAKTHOU MOPYJbl (Koa ctanuu 4) 10 6JacTOLUCThI (KOMAbI
cTamuii 5 i 6), obecreYrBalOT caMble BHICOKHME TTOKA3aTeIM CTEIbHOCTH, B TOM
yucse mocjie KpMOKOHCepBaluu. DMOPHOHBI ¢ KoJaMu KadyecTBa 2 (yaOBJIETBO-
puTeabHo) U 3 (TUI0X0) Moce KPMOKOHCepBallu IeMOHCTPUPYIOT HU3KHE TTOKa-
3aTeNd CTEJIBHOCTH y PEIUITMEHTOB, MO3TOMY WX MCIIOJBL3YIOT I Tepecaaku
TOJIKO B CBEXEIOJy4YeHHOM Bujae. B amOpuocbopax, MoMUMO 3MOPUOHOB, TIPU-
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TOOHBIX IUISI Tepecaaky, KakK IPaBWJIO, MPUCYTCTBYIOT OOLMTHI (HEOILUIOAOTBO-
pEHHBIE SHIIEKIIETKI), OMHOKJICTOYHBIE WM JeTeHepUPOBaBIIe SMOPUOHBI, KO-
TOpbIE HEXXM3HECITOCOOHBI (KOoJ KauecTBa 4) u nomjexar yruiausanuu. CorjiacHO
MHOTOJIETHEN MUPOBOI1 ITPAKTUKE, B SMOpUOCOOpaxX BHIABISIOT B cpeaHeM 58,0 %
SMOPHOHOB, MPUTOJHBIX IJIsI MEepPecagku, a OCTaJbHBIMM OKa3bIBAIOTCS JCTEHE-
pupogasiire 3mMoproHbl (11,0 %) u HeorogoTBOopeHHbIe siiLekiIeTku (31,0 %)
(58). Tlocne npoBeneHust ogHoit ceccuu MOBT oT onHOK KOPOBBI-AOHOpA TO-
JIy4aroT B cpeaHeM 6,2 SMOPHMOHOB in vivo, IpUIromHbIX Wi mepecanku (59), a 3a
1 ron mpu NpUMEHEeHUU 3TOTO MeTona Kaxabie 45 cyr — Gosiee 40 sMOPHUOHOB in
vivo (60). 3aperucTprpoBaHBl CIy4au, KOTAA 32 OMHY CECCUIO CTUMYJISAIIUU CY-
MEePOBYJISIIUM OT OAHON KOPOBBI-AOHOpa nojydyaau no 50 3MOPUMOHOB in Vivo,
MNPUTOIHBIX K Tepecanke (45). O cnocoOHOCTH K BBIKMBAHUIO CBEXETIOIYYeHHBIX
SMOPUOHOB in Vivo, Mepecak€HHbIX PELMIIMEHTaM, CBUAETEJbCTBYET 4acToOTa
HACTyIUIeHUs cTeJibHOCTH 45,0-55,0 %, mocie nepecaaku 3aMOPOKEHHO-OTTasIH-
HBIX 3MOPMOHOB 3TOT ToKasaredb coctaBister 30,0-45,0 % (61-65). CnemoBa-
TeJbHO, 3HAYMUTEJbHAsl YaCTh SMOPUOHOB, HEOJHOKPATHO MOJABEPIHYTHIX TEXHO-
JIOTUYECKUM CTpeccaM, IeMOHCTPUPYIOT CIIOCOOHOCTh K BBIKMBAHUIO, YTO MOMI-
TBEPKIACTCS POKICHUEM TEJISIT.

BrixuBaeMocTh 3MOpuoHOB B cucteMe IVP. Meron IVP ene
Oonee arpeccuBeH B cpaBHeHUM ¢ MOOT, ogHako o0a 3TH MeTOoAa CIyxKaT BaxK-
HBIM MHCTPYMEHTOM B CKOTOBOJCTBE ISl YBEJMUEHUS YMClIa TTIOTOMKOB OT XXKM-
BOTHBIX, MMEIOIIMX BbICOKYIO T€HETUYECKYIO LIEHHOCTh, YTO MaKCUMM3UPYET pe-
MMPOAYKTUBHYIO CIIOCOOHOCTh KOPOB B TeUeHMe 00jiee KOPOTKOTO Teproia Bpe-
MeHU (66).

ITpu mpousBoacTtBe 3MOproHOB IVP giiliekneTky moay4yarT MpUKu3-
HEHHO WA post mortem (1rocie y60st XkuBoTHOTO). [IprMeHsIeTcsT METOI TpaHC-
BarMHAJIbHOM acnupalyu, KOTOPhIi 1IMPOKO udBecTeH Kak meton OPU (ovum
pick-up) — cOop He3pebIX IULIEKIETOK (OOIMTOB) U3 IMYHUKOB KOPOB-IOHOPOB
MOJ, yIBTPa3BYKOBEIM KoHTpojieM (33, 67). Cyte IVP 3akimiouaeTcss B TOM, 4TO
MOJTyYEeHHBIE OOLIMTHI KYJIBTUBUPYIOT B Ja0OPATOPUM B YCIOBUSX in Vitro muIst 10-
3peBaHus (in vitro maturation, IVM), UCKyCCTBEHHO CO3peBIIME OOLUTHI MO~
BEpraloT 3KCTpaKopmopaJbHOMY OILTogoTBopeHmio (in vitro fertilization, IVF),
MOCJIe Yero OIUI0A0TBOPEHHBIE OOLUTHI (3UTOThI) KYJIBTUBUPYIOT B POCTOBOI cpene
(in vitro culture, IVC) mns pa3Butust sMOpUOHA OO0 CTaAWM OJTaCTOLMCTHI (68).
OoLUTHI CHOCOOHBI BO30OHOBIATL Meito3 nipu IVM, npoOuThes Tocie OmIono-
tBopeHust (IVF), pasBuBatbcst no cramuu Oiactouucthl npu IVC u BBI3BIBATh
CTETLHOCTD, TIPUBOIAIIYIO K POXICHHWIO 3IOPOBOTO ITOTOMCTBA, YTO B IIEJIOM
TPAKTYeTCsl KaK KOMITIETEHTHOCTh OOIIMTOB K pa3BUTHIO (69).

Ha xoMIeTeHTHOCTh OOLIMTOB K Pa3BUTHUIO, TOMUMO TOPMOHAJIBHOM CTH-
My, $hasbl QOJUIMKYJISIPHOM BOJHBI, AMaMeTpa QOJUTUKYJIOB, YCIOBUN KOPM-
JIEHWSI ¥ BO3pacTa JOHOpa, OKa3bIBaeT BO3IACHCTBHUE TPOLIECC KYJIBTUBUPOBAHUS
in vitro (70). IlepeHOC OOLIMTOB M3 OOHOM KYJALTYpaJbHOM Cpeabl B APYIyiO, a
TaKKe COCTaB CPelbl M YCIIOBUS KyabTpoBaHUS Ipu IVC MOTyT BBI3BIBATh y 3M-
OproHa GU3MKO-XMMUYECKHE (TeMIiepaTypa, ocMOJIsIbHOCTh M pH), okuciuTtenb-
HbIe (TPOOKCUAAHTHBIN M aHTUOKCUJIAHTHBIN OajlaHC) U SHEepreTuyeckue (MCIosb-
30BaHME U HAKOIUJICHVE MUTATEIbHbIX BellecTB, cuHTe3 AT®) cTpecchl, PUBOISI-
11IMe K HeMpaBUJIbLHOU PEryasldM roMmeocTa3a Ha paHHeM 3Tare pa3Butus (71).

C 1cnonbp30BaHUEM MOJIEKYJISIPHBIX TEXHOJOTHUI CTaJI0 BO3MOXHBIM M3Y-
YyeHMe pa3IMYHBIX TTOKa3aTeneil pa3BuTus SMOproHa Ha Bcex atamax [VP. IToka-
3aHO, YTO Pa3BUTHE SMOPMOHOB IIPY OMPEIeICHHBIX YCIOBHUSIX KyIETUBUPOBAHUS
MPUBOIMWT HE TOJBKO K U3MEHEHHIO BKCIPECCUM T'€HOB, CBSI3aHHBIX ¢ MeTabo-
JIU3MOM UM POCTOM, HO TAKXX€ K UBMEHEHHUIO KOHIIETNTYCa U pa3BUTHS TJ10Ja MOCIe
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nepeHoca peuunueHtam (72). Peakiiuy smMOproHa Ha cTpecc MpU KyJIbTUBUPO-
BaHWM in Vitro KOPPeanpyoT ¢ TPAHCKPUIITOMHBIMU U3MEHEHMSIMU, CBSI3aHHBIMU
C DHEPTETUICCKUM METaOOIM3MOM, CUTHAJIBHBIMU TIYTSIMUA W PEMOIETNPOBAHIEM
BHekJieTouHoro matpukca (71, 72). Ilpeanonaraercsi, 4To BO3ZHUKAIOILIME B Tie-
puof 6JaCTYISILMU TPAHCKPUIITOMHBIE UBMEHEHUSI — 9TO Pe3yJbTaT amanTaluu
9MOpHoOHa K (haKTOpaM cpelibl, TpUYeM Takas ajanTalys MpY HEONTUMAaIbHbIX
YCJIOBMSIX KYJIbTUBUPOBAHUS MOXKET OOYCIOBUTH SMUINEHETUYECKHUE M3MEHEHUS,
MPUBOISIIME K META0OJUYECKOMY TUCOaTaHCy, HETaTUBHO BIMSIOLIEMY Ha MPo-
1lecC UMILIAHTAIlMN, Pa3BUTHE SMOPHOHA U €r0 3MOPOBbE B ITOCTHATAJIBHBIN ITE-
puoxn (71, 73).

OMOPUOHBI, TTOJTYYEHHbIE U3 OOLIMTOB, CO3PEBILIMX in Vitro, MeHee KU3-
HECITIOCOOHBI B CPaBHEHUM ¢ SMOPMOHAMM, TTOJYYCHHBIMU M3 €CTECTBEHHO OBY-
mpyronmx oounToB (74-78). Kak moka3piBaeT npaktuka, 90 % ooLMTOB, U3BJe-
YEHHBIX U3 (OJUIMKYJIOB KOPOBBI-IOHOPA, CIIOCOOHBI K MEHO3Y M CO3PEeBAHMUIO,
IO 2-KJIeTOYHO# cTamuu pa3BuBaoTcs 80 % OILUIOMOTBOPEHHBIX OOLIUTOB (3M-
TOThI), HO U3 HUX TOJIbKO 30-40 % MOryT pa3BUThCS A0 cTamuu O1acTouucThl (39,
79-81). Ha ogHoit kopoBe-goHope MeTon VP mpuMeHstoT Kaxabie 15 cyt, no-
Jiydyasl B Te4eHue oJHOro roga 6ojee 72 aMOpPUOHOB in Vitro, U3 pacyeTa, 4To 3a
OINH TEXHOJOTMUECKMUI LMK B CPeIHEM ITPOM3BOIUTCS TPW SMOpPHOHA in Vitro
(60). ITocie mepecamky 3MOPUOHOB in Vitro 4acToTa HACTYIUIEHMSI CTE€JIbHOCTH Y
permmneHTOB HUXe Ha 10-40 % B cpaBHEHMM ¢ SMOPHMOHAMM in Vivo, K TOMY Xe
B TeueHMe TepBBhIX 6 Hem mpepbiBatorcst 60,0 % cTembHOCTEH, a KUBBIE TelsITa
poxnarorcs B 27 % ciaydaeB (82). B cpaBHeHUN ¢ sMOpHOHAMM in Vivo SMOPUOHBI
in vitro xapakTtepusyloTcsl 0ojiee HM3KOH KPUOTOJEPAHTHOCTbIO MPU KPUOKOH-
cepBaumu (83-85), a mokazaTesu MPUXKUBISIEMOCTH BUTPUDULIKUPOBAHHBIX M-
O6puoHoB in vitro, 3adukcupoBaHHbsie B.V. Sanches ¢ coaBr. (86) Ha 30-e cyr
rmocie mepecagku, cocrapistim 35,89+3,87 % (84/234), B To BpeMsl KakK IOCJE
TepecagKy CBEXEITOTyIeHHBIX 9MOopruoHoB — 51,35+1,87 % (133/259). Bmecte
C TeM HabsogaeMblil (MycTb M HEOOJbIION) MPOLIEHT TEJST, Pa3BUBLIMXCS U3
OOLIMTOB, MOABEPIHYTHIX MHOTOYMCIEHHBIM MaHUITYJISIUUSIM BHE MX €CTECTBEH-
HOI cpeabl, CBUIETEILCTBYET O HAJIMYMM MeXaHM3Ma ajarTallMi, IMTOHUMaHue
KOTOPOI'O CTaHET BO3MOXKHBIM TpY HAKOIUIEHUN 3KCIIePUMEHTATbHbBIX TaHHBIX.

MuKpoXupypruueckoe nAeJecHUE 3MOpPUOHA MTOMOJIAaM U BHI-
XUBaeMoCTh AeMu-3MOpuoHoB. KPC — 3To OmHOIIOAHBIE XXUBOTHbLIE,
pOXIAIoIINe B TOM OMHOTO TejeHKa. [Ipn ecTeCTBEHHOM pa3MHOXEHUU TTOSIBIIC-
HUE TEeNAT-OIM3HELIOB (MOHO- WM OU3UTOTHBIC OJM3HEIIBI) TTPOMCXOMUT KpaifHe
penko — B 3-5 % ciy4yaeB y MOJIOYHOTO CKOTa M He GoJiee yeM B 1 % ciydaeB y
MSICHOTO CKOTa, €llle MEHbIIE MPOLIEHT POXIEHUS MOHO3WTOTHBLIX OJIM3HELOB
(87). Y MOJOYHOro CKOTa BEPOSITHOCTb POXACHUSI MOHO3UTOTHBIX OJM3HELOB
BcTpevaeTcs He vaie, yeM B 0,001 % otenos (88).

Pa3zpaboTaHHbBIII MeTOA MUKPOXMPYPIMUECKOTO MeJeHUs] 3MOpUOHa in
vivo nonojiaM (6ucexkius) (89-92) npemarayg NpocToit Crmocod yBeJWYEHUsT KO-
JnyecTBa SMOpPMOHOB in vivo B 2 pasa. Ilpu Gucekuum sMOpUOH (HA cTaauu
MOpYJIbl WJIK OJIACTOLIMCTHI) pa3MELa0T Ha Ja00paTOPHOM YaCOBOM CTEKJIE WU
B yanike IleTpu ¢ MCKycCTBEHHOI nuTaresibHOW cpenoil. Tlocne ¢pukcauuu sm-
OpMOH MO MUKPOCKOINOM paslessioT Ha aBe mosoBUHBI (93, 94), KoTopbie
JIOJIKHBI OBITh OJMHAKOBOIO pa3dMepa, a 0JacToMepbl U KJIETKU Tpodobiacta —
pacnpenensaThcsl paBHOMepHO (95). MeTon OuceKllMM OCHOBaH Ha YHUKaJIbHOM
CBOMCTBE TOTMIIOTEHTHOCTM, KOTOpOE TaMeThbl MJIEKONMTAIOIIMX (siiuekneTka u
CIIepMAaTO30MI) MPHOOPETAIOT Cpa3y IMOCc/e OIUIOAOTBOPEHUS: 3UTr0Ta HAaYMHAET
JIpoOuThesl, oOpa3ysl 6JacToMepbl, IIPU 3TOM KaxXKIblii OjlacToMep CrocoOeH re-
HepMpOBaTh TTOJHOLIEHHBI OpPraHW3M, HO B TIPOIECCe pa3BUTHS SMOpPHOHA C
HayajJioM KJIETOYHOI auddepeHLIMPOBKU 3Ta CIIOCOOHOCTh yTpaumBaetTcs (96).
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ITociae MUKPOXUPYPTrUUECKOro AeJICHUS SMOPHUOHA Kaxaas 13 MOJIOBUHOK B Te-
YyeHue HEeCKOJbKMX 4acoB (oT 1 g0 3 4) B YCJIOBMSIX NMUTATEIbHOU Cpeabl Mpu
KOMHATHO# TeMIiepaType BOCCTAaHaBIMBaeT chepuyecKyo (GopMy, THUITHAYHYIO
711 aMOpuoHa (1eMu-amMopuoH) (89, 97). Cpa3sy 1ocjie BOCCTaHOBJEHUS JeMMU-
BMOPUOHBI MOXHO TPAHCIUIAHTUPOBATh PELIMITMEHTAM.

OMOpPHOHAJIBHYIO THOEh Y IeMU-3MOPUOHOB (PUKCUPYIOT 3HAYUTEIBHO
yallle B CPaBHEHUU C MHTAKTHHIMM (HETIOBpPEXICHHBIMU) 3MOpruoHaMu (98), HO
eC/Id IeMU-3MOPUOH TIPYIKUIICSI, TO OH Pa3BUBAECTCS AHAJIOTUYHO WHTAKTHOMY
(95). ITo nanubiM Y. Hashiyada (99), yactoTa HacTyIjieHUs CTEJIbHOCTU Y peLIU-
IMMEHTOB TOCJIE TIEPECAIK JEMU-3MOPHMOHOB in vivo cocrasiseT 36,4-53,2 %, 110
maHHbeIM M. Lopatarova c¢ coaBt. (100) — 48,8-56,5 %. OrcyTcTBHE HACTYIUICHUS
CTEJIbHOCTHU TIOC/Ie Mepecagky AeMU-3MOPUOHOB B OCHOBHOM CBSI3bIBAIOT C ITO-
BpeXIeHWEeM U ToTepeil 0J1acTOMepOB BO BpeMsl TIpOLIeAypbl OMCEKIIUHU, a TaKXkKe
¢ HegocTaTOuHO 3¢ ¢GEeKTUBHBIMU CITIOCOOAMU KYJIBTUBUPOBAHUSI TTIOJJOBUHOK pa3-
neneHHoro smopuoHa (101). HecmoTpst Ha moBpexXaeHUs, HAaHECEHHbIe dMOpU-
OHY TIpM OMCEKIINH, B TeUeHNE HECKOJIbKIX IECATKOB JIET BO BCEM MUPE M3 IeMU-
SMOPHUOHOB OBUIM ITOJIyYEHBI TBHICSIUM TEISAT-OJM3HEIOB 0e3 IMPU3HAKOB aHOMa-
quit pazsutus (102). OgHako MeTon OMCEKLUMU HE TIOJYYUIT LIMPOKOTO MPaKTU-
YeCKOTO paclpoCTpaHeHUsl, TOCKOJIbKY B YCIOBUSIX (hepMEPCKOTO XO3SI1CTBA BbI-
MOJIHATh TaKUE MaHUMNYJSILAU 3aTPyIHUTEIBbHO (33).

Pa3zBuTne MoJIeKyIIpHO-TEHETUUECKUX TEXHOJIOTUIM pacIIUpUIO 00IacThb
MMPUMEHEHUS MeTola OMCEKIINHM, KOTOPBIM ITO3BOJISET MPOBOMUTH HAyJYHBIE WC-
cJiefoBaHUSI HA MOHO3UTOTUYECKUX TEHETUYECKU TOMOJOTUYHBIX AEMU-3MOPHUO-
Hax (99). Tak, ObUIM U3y4YeHbI MATTEPHbI IKCIIPECCUU TEHOB, CBSI3aHHbBIX C FeHe-
TUYECKU OOYCIOBJIEHHON CIIOCOOHOCTHIO 3MOPMOHA K BHDKMBAHMUIO B CHUCTEME
MaTb—3MOpUuoH. B uccnenoBaHusix A.M. Zolini ¢ coat. (17, 27) nas uaeHTU-
(puKaMu MapKepHBIX TEHOB, KOPPEIUPYIOIIUX C MPWKUBISIEMOCTbIO SMOPHOHA,
OIMH AeMU-3MOPHOH TIepecakuBaid PEIIUITUECHTY, a BTOPYIO YaCTh MCIIOTB30BaIN
n1s1 RNA-seq anHanuza. MeTton OMCEKUMU TakKe TPUMEHSIIOT B TIJIEMEHHBIX XO-
35CTBaX, MOJYYAIOLIMX CIIEPMOIIPOAYKIIHIO, JIJISI TECTUPOBAHUSI OBIKOB-ITPOU3BO-
JUTeJIei TI0 MOTOMCTBY. [Ipu 3TOM cokpalliaeTcss MHTEpBaa MeXIY MOKOJCHUSIMU,
YTO TMO3BOJISIET UCIIOJIb30BaTh TAKMX OBIKOB B 00Jiee MoyIogoM Bo3pacte (99).

I'eneTuuecku oOyclIOBJIEeHHass CNOCOOHOCTb dMOpPHMOHA K
BeIXMBaHMIO. [TomuMopdusm reHoB ITpu3HaH Hanboiee 3hOEKTUBHEIM MeXa-
HU3MOM, OOECIIeUMBAIOIINM KaK TOMEOCTa3 OpraHM3Ma, TaK M JTUWHAMHUYECKOe
noctosiHcTBO nonysiuuu (103). BaxkHyto pojib urpaet peryisiiysi FreHHOM aKTUB-
HOCTU M aKTUBaLMs peryiasaTopHbiXx reHoB (104). biarogapsi nonuMopdusmy re-
HOB 3MOPMOH 3aIllpOrpaMMMPOBaH HA YCTOMUMBOCTh K MOBPEXIACHUSAM, a €ro Tre-
HOTUI 00JIafaeT UHAUBUAYAJTIbHBIM MOTEHIIUAIIOM U3MEHYMBOCTH B 3aBUCUMOCTH
oT ycinoBuit cpenst (103, 105).

Jlo MosIBIEHUSI COBPEMEHHBIX MOJICKYJISIPHO-TEHETUYECKUX TEXHOJIOTUiA
M3y4eHNe TEHOB, YYAaCTBYIOIINX B paHHEM 3MOPHOHAIBLHOM Pa3BUTUM, OBLIO 3a-
TPYAHEHO, OJHAKO B HACTOSILEE BpeMsi BO3MOXHbI MUCCIEIOBAaHUS BCEro reHoma
C KCIIOJb30BaHUEM YCOBEPIIEHCTBOBAHHBIX MUKPOUMIIOB, KOTOPhIE IO3BOJISIOT
MNPOBOAUTL MPOPUIUPOBAHUE SKCIPECCUM T'€HOB HA OCHOBE KOJIMYECTBEHHBIX
usmepenuii (106). A.M. Zolini ¢ coasrt. (17, 27) u3yuynsiu reHHYIO0 aKTUBHOCTb Y
BBDKMBILIMX 1 He BEIKMBIIMX IOCae nepecagku 3mMoprnoHoB KPC. YV sMOpnoHOB,
MOJTYYEHHBIX in Vivo, cpeir TeHOB, TUddepeHIINATEHO SKCIPECCUPYEMBIX Y XKI3-
HECITOCOOHBIX 1M HEXM3HECHOCOOHBIX 3MOPUMOHOB, Haubojee TpaHCKpUOMpYye-
MbIM OKa3ajicsl KJIacTep, CBSI3aHHbI ¢ MeMOpaHHBLIMM OeJIKAMU, OCOOEHHO C
TEMH, KOTOPhIC BOBJIEUCHBI B pa3BUTHE U (DYHKLIMOHUPOBAHUE HEPBHOMN CUCTEMBI,
B YaCTHOCTHU B (hopMUpoBaHUe oOoHsITeabHOM (pyHKIMU (17). KpoMe Toro, y Bbl-
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JKUBILMX TIOCJIE TPaHCIUIAHTALMKA 3MOPMOHOB in Vivo ObUIM OOHapyXXeHbl T€HBI,
YYaCTBYIOIIIE B OKUCIUTEIbHOM (hOCHOPMIMPOBAHUM, AKTUBHOCTH KOTOPBIX
okazajach nopaaiaeHHou (17). ¥V mpukuBlIMXCS 3MOPMOHOB, IMOJIyYEHHbBIX in
vitro (27), mHorue nuddepeHIInalIbHO 3KCIPecCUpyeMble TeHbl, 3aAeiCTBOBAH-
Hble B 00€CTIEYeHUM BbDKMBAHUS, ObUIM CBSI3aHBI C KJIETOYHBIMU PEaKLUMSIMU Ha
CTPEeCChl, YTO, KaK IIPEIIOOXMIN aBTOPBI, SIBJSETCS CICACTBUEM HapylleHW Ha
3Tare UCKYCCTBEHHOTO KyJbTUBUPOBAaHMS 3MOpHOHaA. Takke okKazanoch, YTO Habop
T€HOB, aCCOLIMMPOBAHHBIX C BbXKMBaHMEM SMOPMOHOB, U OMolornyeckue (pyHK-
LINU, CBSA3aHHBIC C 3TUMU TeHAMM, B 3HAUYUTEIILHOM CTETICHN Pa3IuyHBl Y SMOpH-
OHOB, ITOJYY€HHBIX in Vivo M in vitro.

B pa6ote R. Salehi ¢ coaBr. (106) y KPC B GuorncuitHbpIx obpasuax 7-
CYTOYHBIX 0JIACTOLIMCT in Vivo GbLIM 0OHapyKeHbI 6765 reHOB, aCCOLIMMPOBAHHBIX
C MHOTOUYMCJIEHHBIMM OWOJOTMYECKMMM IIpolleCCaMM, TaAKMMU KaK peryJsiuus
repexoqa MeTacdaza-aHadasa KJIETOYHOTO ITUKIIA, PETYJISIINS Cerperammy XpoMo-
COM, TPaHCJISLMS MUTOXOHAPUI, YOMKBUTUHUPOBAHUE, CBSI3aHHOE C OEIKOM
K48, mutotnueckoe nenenue simpa. B padore A. El-Sayed c coasrt. (72) npu mc-
CJIeIOBaHMM IKCITPECCUM TEHOB B OMoNTaTax 0JaCTOLMCT in Vitro, mepecakeHHbIX
peLMITUEeHTaM, PETyJIsys TeHHOH aKTUBHOCTU pa3inyajach B CJIy4ae OTCYTCTBMSI
CTEJILHOCTU M TIpU POXAeHMHU Tenar. [Ipu 3ToMm Oblia BBISIBIEHA MOBBIIICHHAS
JKCIMpeccusl psja TeHOB, KOTopasi KOppeaupoBaja ¢ HECIOCOOHOCThIO BbI3BATh
CTeNbHOCTh, HampuMep TNF (mpoBocnaauTeNbHbIH UMTOKUH), EEFIAI (dep-
MeHTaTuBHas gocTtaBka amuHoalua-TPHK k pubocome), PTTGI (oHKOTEH),
AKRIBI (mMetabomu3M ToKo3bl), CD9 (reH-uHTUOUTOp MMILIaHTauu). ['eHsl,
CBSI3aHHBIC C POXIEHWEM TeJIAT, ObLIM CASAYIOLIMMU: aCCOLIMMPOBAHHbBIE C UM-
miantauueid (COX2u CDX2), ¢ yrieBogHbIM MeTabonusmom (ALOX15), ¢ dpak-
TopoM pocta (BMP15), ¢ nepenaueit curHana (PLAU), ¢ pa3BuTHeM ILIALEHTHI
(PLACS). B onacrouuctax KPC, KoTopble KyIbTUBUPOBAJIM in Vvitro, mpu mpo-
¢unupoBanuun TpaHckpuntoB reHoB IGFIR, IGF2R, OCT4, SOX2 n PLACS
K. Suwik ¢ coaBt. (78) nokazaju M3MeHeHHEe UX BKCIPECCUN B 3aBUCUMOCTHU OT
CTaJny Pa3BUTHS M KayecTBa aHAIM3UPYyeMbIX OmactouucT. [1pu TpaHCKpUATITOM-
HOM aHajiM3a 0JaCTOLIMCT in Vitro, MOJyYEHHBIX U3 OOLIMTOB, KOTOPbIE MOABEP-
TaJINCh BO3MEWCTBUIO TIOBBIIIEHHBIX KOHIIEHTPAMM HE3TepU(pUIINPOBAHHBIX
KUpHbIX KucaoT (non-esterified fatty acids, NEFA), V. Van Hoeck c coaBt. (107)
00HapyXuiau (GpU3MOJIOTNIECKUE U3MEHEHUST pa3BUBAIOIIUXCS SMOPUOHOB U CHU-
JKEHUE UX BbDKMBAEMOCTU IO CPABHEHUIO C KOHTPOJIEM.

B HacTosiiee BpeMsT BeChb HAOOp TEHOB M TPAaHCKPUIITOMOB, CBSI3aHHBIX
C XapaKTepUCTHUKaMU Pa3BUTHSA W BbIKMBaeMocTH 3aponbiiia KPC, mo koHma He
nuzydyeH. Oxungaercs, 4YTo U3yYyeHUe TPAHCKPUIITOMHBIX HAapYLIEHUH MPUBEAET K
pa3paboTKe CIOoCcO0OB OLIEHKM KOoMIleTeHTHOCTH aMOpuoHa (71, 108, 109), non
KOTOpOI1 IOHMMAIOT €ro pa3BUTHE OT CTaAWM 3UTOThl (OMHOKJIETOUHbBII SMOPUOH)
[0 6J1acTOLMCThI (MHOTOKJIETOUHbBII SMOPUOH, MpeIMMILIAHTAllMOHHAS CTaaus),
CMIOCOOHOM BBI3BATh CTEILHOCTD, 3aBeplIaOIIyIocs poxaeHueM TeaeHKa (109).

DNUTEHETUYECKNUMN acmeKT BBIXHMBaeMOCTH dSMOpumoHa. B
JKMBBIX OpraHM3Max LIIMPOKO pachpoCTpaHeHa SMUIeHeTHYecKas peryasiuus ak-
TUBHOCTM TE€HOB, KOTOpas He CBs3aHa C M3MEHEHMEM IEPBUYHOM CTPYKTYpPHI
AJHK, HO Momu¢pumupyer paboTy reHoMa B 3aBUCMMOCTU OT BHYTPEHHUX U
BHelHUX ¢akropoB (110). ITokazaHO, YTO PMUTEHETUYECKAs PEryJIsuusl OCy-
LIECTBISIETCS Yepe3 XuMuueckyro moaudukanuo crpykrypsl JHK (MeTunupo-
Banue JTHK, monudukanuu ructoHoB, Hekoaupytoiue RNAs) uim xpomaTuHa
(111). MetunupoBanue JIHK B Gnacrouucrax — oOpaTUMbI U IUHAMUYECKUM
SIUTCHETUYECKUII MEXaHU3M, YYACTBYIOILIMI B PEMOACIUPOBAHUU CTPYKTYPHI
XpOMaTHHA, B TOM YUCJIE B KPUTMUECKUX PETYISITOPHBIX 00JaCTSIX FeHOMa, U TeM
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caMbIM BJIMSIONIMIA Ha 3Kkcnpeccuto TeHoB (112). Ha ceromHsmiHuii 1eHb y 9M-
6puoHoB KPC HemocTtaToyHO M3yuyeHa CJIOXHas B3aMMOCBSI3b MEXIY SIUTeHe-
TUYECKUMHU MOIUGUKAIMSIMUA, COCTOSTHUEM XpOMAaTWHA M TPAHCKPUIIIIMOHHOMU
akTUBHOCTBIO (111). CpaBHUTENIbHBINM aHANU3 CTENEHU MOAWGUKALMU TeX WIU
MHBIX YYaCTKOB F€HOMa B HOPME U TMPU MATOJOTUM MOXET BbISIBUTb SMUTCHETU-
YyecKue MPeaUuKTOPbl, aCCOLIMMPOBAHHbIE C HAPYILICHUSIMU B PETYJISILIMU DKCIIpec-
CHUM TE€HOB, KOTOPBIE CBSI3aHBI ¢ BEDKMBAEMOCTBIO 9MOPHOHA.

DMOpPHOH ellle MMPU HAXOXICHUU B SULIEBOIE TIpeTeprieBaeT SIUTCHETH-
YecKHWe M3MEHEHMs, BIUSIONINE Ha €ro MOCeaAylollee pa3BUTHE, MMILIAHTAIIUIO
1 nocTHaTaibHbIA (peHotun (113, 114), uro BaxxHO 1isl 0OecrieueHusl MpaBUib-
HOro Habopa reHoB, TPAaHCKPUOMPYEMbIX BO BpeMsl aKTUBALIMM 9MOPUOHATBLHOTO
reHoma (zygotic genome activation, ZGA) (115). Ilocae omnogoTBopeHuUs stitlie-
kiaetku y KPC mepBble 3UroTMyeckue NOeaeHUs MPOUCXONSIT B PEeXMME TpaH-
CKPHUIITOMHOTO MOJTYaHHUSI, KOTOPOE COXpaHsEeTCs M0 TeX Mop, MoKa He 3aBeplia-
€TCsl aKTUBaLIMs SMOPMOHAJIbHOTO reHoMa. B CBSI3W ¢ 3TUM Y paHHUX 3MOPUOHOB
in vitro HabGJiIomaeTCsl MOBBILIEHHAs! YYBCTBUTEJIBHOCTb K CTPECCY, CBSI3aHHOMY C
KyJGTUBUPOBAHUEM, B CPAaBHEHUH C 00JIee TTO3MHUMHU CTaTUSIMA TOMMIUTAHTAIIA~
onHoro passutust (71). B uccnegoBanuu K.B. Dobbs ¢ coapr. (116) moxka3zaHbr
InHaMmmdeckue ndMeHenus Mmetunnposanust JHK y smopunonos KPC: cHmkeHue
METUJIMPOBAHUS OT 2-KJIETOYHOM M0 6-8-KIEeTOYHON CTaIuy pa3BUTHUSI BO BpeMs
ZGA u yBenuueHue — B Ipoliecce JalbHEeNIlero pa3BUTUs SMOpPUOHA 10 CTaIuu
0JIACTOLIMCTBI, YTO CBUAECTEJbCTBYET O NMPUOOPETEHUU dMOPMOHAIBHBIMU KJIET-
Kamu mnociae ZGA TpaHCKPUIITOMHOM M3MEHYMBOCTU, OOECIIeUMBAIOIIE YyB-
CTBUTEJILHOCTh K BHELIHUM YCJIOBUSIM cpenbl (117, 118).

C pacimmpeHreM SKCIepUMEHTATBHBIX JaHHBIX SITUTeHETUYECKIE UCCITe-
JIOBAHMSA TATTEPHOB SKCIIPECCHUU TEHOB B OTBET Ha M3MEHEHUS YCIOBUI OKpyXKa-
o1l cpeibl 10 U MOCe UMIUIAaHTAalMK SMOPUOHA CTaHYT UCTOYHMKOM BaxkKHOM
“HMOpMaLUK O peryiasauun sMoproHanbHoro passutus y PC (119, 120).

Ponp Metomor MODT, IVP u O6ucekuum >MOPUOHOB B MO-
JEeKYNSIpHO-TEHETUYECKUX UCCIEJOBAHUIX SMOPUOHAIbHOTIO pa3-
BUTH 1. MONEKYyISIpHO-TEHETUIECKIE TEXHOJOTUM TTO3BOJISIOT TTOJIy4aTh OTPOM-
HbI€ MacCHMBBI T€HOMHOI WH(MOpMAIIMU, CBSI3aHHONH CO MHOTMMHU OHOJIOTHYE-
CKMMM MpolieccaMy B OpraHu3Me XXUBOTHOTO. C MOMOIIbI0 TEHOMHOM celeKIUuU
OBbLJT JOCTUTHYT 3HAYUTENLHBIN Mporpecc (B YaCTHOCTH, B MOJIOUHOM CKOTOBOJI-
ctBe) (80, 121).

Ho BHeapeHus: B 1980-x romax B MpakTUKY XKUBOTHOBOJUYECKUX XO3IUCTB
TTD u3-3a IUTEIBHOTO IUKJIA Pa3MHOXEHUSI U OMHOTUIOJHOCTU TeHEeTUYEeCKU I
Mporpecc B MOJIOUHBIX cTagax Obul MemieHHbIM (122). [Mossnenue MOSBT u IVP
YCKOPUJIO €ro Ojarogapsi TOMy, UTO MHTEPBaI MEXAY MOKOJIEHUSIMM COKpaTUIICS
W CTaJIM MCIIOJIb30BaThCH JIydine caMku. CodyeTaHne 3TUX METOIOB C TEHOMHOM
CeJIeKIIMe 1o TIpU3HaKaM MOJIOYHOM MPOMYKTUBHOCTH €Ille CUJIbHEee COKPATHIIO
IMPOMEXYTOK MEXIY MOKOJCHHSIMHN W YCWIWIO TeHeTH4YecKuil addekr Bcmem-
CTBME BBICOKOW TOYHOCTM oT6opa (34). [IpuMep KOpoB TOJIUTUHCKOW MOPOAbI
CeBepOaMEPUKAHCKON CEJIEKIIUU CBUIETENbCTBYET O TOCTMKEHUM T€HETUYECKUX
usMeHeHuit (bosnee 56,0 %) B opraHu3Me XMBOTHBIX B TeueHue 50 jer (1963-
2013 rompl), KOraa rofoBbIE HAMOM MOJIOKA YABOMIUCH — ¢ 6619 Kr 1o 12662 kr
(1). Takxe Omarogapsi npuMmeHeHuo TTO B coueTaHUM C TEHOMHOM cesleKLuei
B TeueHue 7 jeT (¢ 2008 mo 2015 rox) B CIIIA npu mojiydeHUU TeHETUUECKU
LICHHBIX KOPOB M OBIKOB-TIPOU3BOAUTEIEH OBbLT PE3KO COKpallleH WHTepBall
MEXIY IMOKOJEHUSIMM — TIpUMepHO ¢ 7 JeT mo < 2,5 jeT, a Ipu IOJyYeHUU
OBIKOTIPOM3BOASAIIMX KOPOB — ¢ 4 10 2,5 set (1). UmeroTcst cBeeHus, 4To OoJiee
90 % ckaHIWHABCKUX MOJIOYHBIX KOPOB, poXAeHHBIX B Janum, [Berun n ®uH-
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ggauauu B 2018 roay, ObLIM MOJIydeHBbI OT OBIKOB, BO3pacT KOTOPBIX COCTABJIsLI
Bcero 3,1 roaa (123). CinenoBatesibHO, HECMOTpPSI Ha TO, YTO T€HOMHasl CeJIEKIIUS
HCTIONB3YeTCS B TEUEHNE OTHOCUTEIBHO KOPOTKOTO BPEMEHH, HOCTUTHYTBIE pe-
3yJIbTaThl MOATBEPXAAIOT €€ MOJOXUTEIbHOE BIMSIHUE Ha 3(D(hEKTUBHOCTL pa3Be-
JeHus MojiouHoro ckora (1).

B Hacrosiee BpeMs NpoOIOJIKAIOTCS MCCIeIOBaHUsS Habopa T€HOB U
TPAaHCKPUNTOMHBIX NaHHBIX, CBSI3AaHHBIX C 3MOpUOHAIbHBIM pa3ButuemM KPC.
OxugaeTcs, 4TO0 MIACHTUDUKALIMSI MOJIEKYISIPHO-TEHETUYECKIX MapKepoB, CIIe-
IUOUIHBIX JUTST pa3BUTHS OTIPENEJICHHOTO MMaTOJOTHUYECKOTO Mpoliecca y paHHUX
SMOPHOHOB, OyIET CIIOCOOCTBOBAThL pa3pabOTKEe METOMOB OLIEHKM (haKTOPOB IIa-
TOTeHE3a, MPUBOAIIINX K paHHe! SMOpHOHATBLHONM CMEepTHOCTHA. B 6a3ze maHHBIX
CattleQTLdb (https://www.animalgenome.org/cgi-bin/QTLdb/BT/index) wunHTe-
TPUPYIOTCSI MOCTOSIHHO PACTYIIME 00bEMbl JAHHBIX O JOKYCaX KOJUYECTBEHHbIX
npuzHakoB QTL (quantitative trait loci), mony4yaeMbIX B pa3HbIX CTpaHax MuUpa
npu ucciaenoBaHuu reHoma KPC, a takke mpemocTaBieHbl MHCTPYMEHTHI IS
M3yYEHNST TEHETUIeCKNX MEXaHM3MOB, KOHTPOJIUPYIOIINX MHTEPECYIOLINE TTPH-
3HAKW y 9TOrO0 BUJA CEJIbCKOXO3SMCTBEHHBIX XMBOTHBIX (124). B CattleQTLdb
MOXHO OBICTPO HAXOOWUTH pPeJIeBaHTHYIO WHQMOPMAIIUI0 O TeHOTUIIe-(EeHOTHIIE
JJI aHajiu3a MpusHakoB (125), B TOM 4Kcie acCOLMUPOBAHHBIX C Pa3IUYHbIMU
acrnekramu (hbepTUILHOCTU U YCIIEIIHON CTebHOCTH.

Pe3ynbTaThl 3KCIEPUMEHTOB MO U3YYEHUIO TPAHCKPUNITOMOB SMOPHOHOB
(ot oo1uToB 10 Mo3aHuX Osactounct) KPC, B ToM 4ucie ¢ mOMOIIbIO TEXHOJIO-
IMidi CEKBEHUPOBaHMS HOBOro MoKoJieHus (next-generation sequencing, NGS),
0000111eHBI Ha caiiTe http://emb-bioinfo.fsaa.ulaval.ca/IMAGE/. OgHako oreHka
B3aMMOCBSI3U MEXIY TPACKPUTITOMHBIM TTpodIIeM TTpeAMMILIAHTAIIMOHHO 61a-
CTOLIMCTBI M HAcTyIUIeHUeM cTesibHOCTU y camok KPC Bce ellie 3atpyaHeHa, mo-
CKOJIbKY OTCYTCTBYIOT YHU(MDULIMPOBAHHBIE AJITOPUTMbI M MOAXOJbI K MHTEPHpeE-
TallMY JTaHHBIX U3 Pa3HbIX UCTOUHUKOB.

Peurarormimu pakTopamMu, BIUSIOIIMME Ha HAZEXXHOCTh TEHOMHBIX OIIE-
HOK M TIPOTHO30B, CTAHOBATCS YBEJIMYCHNE YKCIIa 0COOEH B 3TAJIOHHOMW ITOITYJIsI-
LMY, TI0 KOTOPO# OIpEeHeNsIeTCS B3aUMOCBSI3b MeXIy (DEeHOTUITaMU M MapKe-
paMM, a TaKKe yBeJIMYeHUE padMepa pedepeHTHON MOMyJsSLUMU U TOYHOCTb UH-
Tepecytolux ¢geHoTumnon (127). Meroagst MOSDT u IVP npuobpetalor BaxkHoe
3HAYEHME JUISI COXpaHEHUsI reHeThdyeckoro noreHuuana (120), mo3Bojsst B Ko-
POTKUIA CPOK MOJyYaTh AECATKU COTEH SMOPMOHOB OT TeHETUYECKH LIEHHBIX XU~
BoTHbIX (128). Kpome TOro, aMOprOHBI in Vvitro ciyXaT MOJAEJbHBIM O0BEKTOM
IUIST MOJICKYJISIPHBIX MCCIIEAOBAHMI OMOIOTMIECKUX (PYHKIINI OT OMHOKIICTOUHOM
craguu a0 6;1actouucTsl (37) U U3ydeHUs1 TaKKWe BaXKHBIX MTPOLIECCOB, KaK co3pe-
BaHUE OOIIMTOB, OIJIOAOTBOPEHUE, paHHEee pa3BUTHE U UMILIaHTauus (78).

[IpuMeHeHUe OMCEKIIMM PACIIPOCTPAHEHO MPU M3YYEHUM TPAHCKPUIITO-
MOB Y SMOPHUOHOB B CBSI3U C HACTyIUIeHUeM cTteabHocTu (17, 27).

TakuM 0o0pa3oM, METOIBI MHOXECTBEHHOM OBYJSLIMU, in Vitro 1o3peBa-
HUSI, MUKPOXUPYPIHUUYECKOTO JAeJeHNUs] SMOPUOHOB TonoJjiaM (OUCEeKIMU) U TpaHC-
MJIAaHTAUMKU JOCTATOYHO XOPOLIO pa3paboTaHbl M MO3BOJISIIOT MOJy4YaTb OT TeHe-
TUYECKU LIEHHBIX KOPOB-IOHOPOB XU3HECTIOCOOHBIE SMOPUOHBI, KOTOPHIE TOCIIe
Tepecagky pelruiMeHTaM MPHUKUBAIOTCSI W pa3BUBAIOTCS, YTO 3aBEPIIACTCS POXK-
JeHUeM TI0TOMCTBA. B codeTaHMM ¢ TEHOMHBIMHM MCCIIEIOBAHUSIMHU 3TH METOIbI
COCTAaBJITIOT OCHOBY COBPEMEHHBIX PEITPOAYKTUBHEIX OMOTEXHOJIOTHM, TIPIMEHSIe-
MBIX JUISl YCKOPEHUSI TeHETUYeCKOro nmporpecca B ctagax. K 3HauMMbIM hakTopam,
JETEPMUHUPYIOLLIMM HACTYILJIEHUE W Pa3BUTHE CTEJIbHOCTU, OTHOCUTCSI T€HETH-
YecKu OO0YCJIOBJIEHHAsI CIIOCOOHOCTb 3MOpPMOHA K BBDKMBAHHUIO B pPa3HBIX YCJIO-
BHSIX CPEIBl, TTO3TOMY ITOMCK T€HOB-KAaHIUIATOB, CBA3aHHEBIX C SMOPHOHAIBHBIM
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pa3BUTHEM, — BaxXHasl 00JIACTb MCCIICIOBaHUI, MMEIOIIMX LIeJbIO ITOBBIIICHUE
CTEJIbHOCTU Y BBICOKOYIOMHBIX KOPOB. MoayaupoBaHUE 3KCIPECCUU 3IMOpPUO-
HaJIbHBIX TEHOB MOKET CTaTh IMEPCIIEKTUBHBIM HampaBIeHUEM B PEIPOMYKIIVU.
st peanu3aliiy TaKoTo ITOAXOAa HEOOXOAMMBI T€HETHMUYECKUE M SIUTCHEeTHYE-
CKHe MapKephl, TMaTHOCTUPYIOIIHNE KaK HapyIIeHUs] SMOPHMOHAIBEHOIO Pa3BUTHS,
TaK Y BBICOKYIO KOMIIETEHTHOCTb 3MOpHMOHA.
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Abstract

Continuity of genetic progress and the use of advanced technologies in the breeding of highly
productive livestock are the distinctive features of modern dairy cattle breeding (G.R. Wiggans et al.,
2017; B.V. Sanches et al., 2019). An example of Holstein cows of North American selection indicates
the achievement of genetic changes (more than 56,0 %) in animals over 50 years (1963-2013), when
milk yield doubled from 6619 kg to 12662 kg (A. Garcia-Ruiz et al., 2016). Along with this, genetic
improvements aimed at higher milk yields have decreased the reproductive capacity and impaired
health of cows (J. Kropp et al., 2014; L. Hyun-Joo et al., 2015, B. Fessenden et al., 2020) that is a
global problem (E.S. Ribeiro et al., 2012; K.J. Perkel et al., 2015). High-yielding cows are 30-50 %
susceptible to mastitis, metritis, lameness and other diseases (I. Cruz et al., 2021), and the average
calving rate is about 40-50 % with 90-95 % fertilization (M.G. Diskin et al., 1980; P. Humblot, 2001).
The embryonic period of cows which is up to 42-45 days of gestation (J. Peippo et al., 2011) is
characterized by high (up to 40 %) embryonic mortality (D.C. Wathes, 1992; K.J. Perkel et al., 2015;
P. Rani et al., 2018), the multifactorial etiology of which has not yet been elucidated. Loss of genetic
potential (unborn bull sires, replacement heifers, mothers of bull sires, and embryo donor cows) slows
down selection process in dairy herds (M. Ptaszynska, 2009). This review focuses on the genetic pre-
disposition of the embryo to survival as one of the important factors determining the onset and devel-
opment of pregnancy of dairy cows. Blastocysts retain the ability to survive in stressful conditions of
in vivo or in vitro production after cryopreservation-thawing (J.L.M. Vasconcelos et al., 2011; C. Galli,
2017; H. Erdem et al., 2020) and bisection (microsurgical division of the embryo in half for two demi-
embryos) (Y. Hashiyada, 2017). The information on embryo survivability becomes more genetically
founded as candidate genes associated with high embryo competence to development are found (M.C.
Summers and J.D. Biggers, 2003; A. El-Sayed et al., 2006). Molecular genetic technologies make it
possible to study the entire set of genes that endow the blastocyst with the ability to develop sustainably
(A.M. Zolini et al., 2020), as well as epigenetic changes of gene expression patterns before and after
embryo implantation (A. Gad et al., 2012; P. Humblot, 2018). It will help to develop methods for
marker-assessed diagnostics of embryonic disorders, to regulate embryonic genes expression, to elevate
the pregnancy rate in cows possessing economically valuable traits and, finally, to accelerate genetic
progress in dairy cattle populations.

Keywords: genomic selection, transcriptomes, high-yielding cows, embryonic mortality, ge-
netic progress, molecular genetic markers.
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