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PEJAKTUPOBAHUE T’EHOMA CEJIbCKOXO3SVICTBEHHOI IITULIbI:
COBPEMEHHOE COCTOSIHUE U ITEPCIIEKTUBBI UCITOJIb3OBAHUA
B IITULHEBOJACTBE*

(0630p)

H.A. BOJIKOBA ¥, A.H. BETOX, H.A. 3SMHOBBEBA

B Hacrosimee BpemMsi JOCTUTHYT 3HAYMTEJIbHbIA MPOTrpecc B 00J1aCTH reHeTHYeCKOi MoauduKa-
MK CeJIbCKOXO03AMCTBEHHOM NTHIbI. Pa3padoTanbl METOABI M METOAMYECKHE MOIXObI 0 BBEIEHHIO pe-
KOMOMHAHTHBIX I'eHOB B KJIeTKH nTul. X 3¢)()eKTUBHOCTH BapbUpyeT B 3aBUCHMOCTH OT 00BbEKTa HCCJIe-
JIOBAHWii, KJIETOK-MHUIIEHel, BbIOPAHHBIX 115 BBeneHus pekomounantHoii JTHK, m cnocoda ux Tpamc-
¢opmanun. B KauecTBe KiI€TOK-MUIIEHEH 1151 BHECEHUS HANPABJIEHHbIX MOAM(HUKALMIA PACCMATPUBAIOTCS
KJIETKH 0J1acTOAepMbI, IPUMOPANAJIbHBIE 3aPObllIeBble KJIETKH, CIIEPMATOTOHMH, CIEPMUM, KJIETKH fii-
nesona. I'eneTnyeckyio TpancopManuio KIeTOK-MHUIIEHEH MOXKHO OCYIECTBUTh MOCPEICTBOM PETPOBH-
PYCHBIX, JIEHTHBHPYCHBIX M aJI€HOBUPYCHBIX BEKTOPOB, 3JIEKTpoONopanuu, Junodekuun. Boiaensior Tpu
OCHOBHBIE CTPATErHH CO3JAHUA TeHeTHYeCKH MOAM(MUIMPOBAHHOW NTHIbI: BBEIEHHE N'€HETHYECKMX KOH-
CTPYKuMii HemocpeacTeeHHo B 3Mopuon (J. Love ¢ coasr., 1994; Z. Zhang c coasrt., 2012) uiu B oT-
JieJibHble OpraHbl M TKaHu B3pocibix ocodeii ([I.B. Benornasos ¢ coasr., 2015; S. Min ¢ coasr., 2011);
TpaHcheKuMs KIeTOK-MHIIEHEH B KYJbTYpe in vitro m X mocjieayoias TpaHCIUIAHTAIMSA B SMOPHOH WM
opranbi-mumenn (M.-C. van de Lavoir ¢ coast., 2006; B. Benesova c coasrt., 2014); Tpanchopmanus
crnepMueB in vitro u ocemenenne camMok Tpancgopmuposannoii cnepmoii (E. Harel-Markowitz ¢ coasr.,
2009). DTi mMOAX0AbI MPUMEHSIMCh TMPH Pa3padOTKe METONOB PEIAKTHPOBAHMS T€HOMA KJIETOK NTHII.
M3ydyeHa BO3MOKHOCTH MOAM(PHMKANMM KJIETOK NTHII MOCPEACTBOM PA3JMYHBIX CHCTEM PEAAKTHPOBAHHUSA,
B yactHoctd ZFN (zinc finger nuclease), TALEN (transcription activator-like effector nucleases) u
CRISPR/Cas9 (clustered regularly interspaced palindromic repeats). K mepcnekTHBHbIM HanmpaBJIeHHSIM
HCIOJb30BAHUS ITOH TEXHOJIOTHH B NTHUIIEBOACTBE OTHOCATCS H3ydyenue (ynkumii reHoB (N. Véron c
coaBT., 2015), nojiyueHne PeKOMOMHAHTHBIX MPOTEMHOB B coctaBe smynoro oenka (I. Oishi ¢ coasr.,
2018), yiyuienne X03siiiCTBEHHO IIEHHBIX W MPOAYKTUBHbIX KayecTB (J. Ahn c coasr., 2017), noBbiieHune
yeroiiyuBocTH K uHbekunonnbiM 3aooneBanuam (A. Koslova ¢ coast., 2020; R. Hellmich ¢ coasr.,
2020). C noMoIpi0 TEXHOJOTMH PEJAKTUPOBAHMS T€HOMA MOJIyYeHbl Kypbl ¢ HOKAYTOM F€HOB TSKeJIOi
nenu umMmyHorao0yuHa (B. Schusser ¢ coasr., 2013; L. Dimitrov ¢ coasr., 2016), oBomymuna (1. Oishi
¢ coast., 2016), muocratuna (G.-D. Kim c coaBr., 2020), a TakxKe ¢ HHTETPUPOBAHHbIM T€HOM OeTa-
unTepdepona yenoseka (I. Oishi ¢ coasr., 2018). BbiBenensl nepenena ¢ HOKAyTOM reHOB MHOCTATHHA
(J. Lee ¢ coasr., 2020) u menanopmwmna (J. Lee ¢ coasr., 2019). B psane mccienoBaHuii moKa3aHa
npoCcTOTa, 0E30MaACHOCTb M JOCTYNHOCTb cuctembl penaktupoBanus CRISPR/Cas9 nns moxudukamum
reHOMa CeJIbCKOXO035iCTBEHHOI NMTHIbI, YTO MO3BOJISIET PACCMATPUBATDL ITY CHCTeMY Kak 3¢deKTHBHBII
HMHCTPYMEHT /ISl CO3JAHMS M KOMMEPYECKOro MCIOJIb30BAHUSA MOPOA M JIMHHIA NITHI C YIYYHIEHHBIMA Ka-
YeCcTBAMH B PaMKaX peajiM3aiui KPYMHOMACIITAOHBIX CeJIEKIMOHHBIX MPOrPaMM M0 MOBBIIIEHHIO KAYeCTBa
NTHIEBOAYECKOi npoaykuuu. B HacTosimeM o03ope paccMOTpPeHbl OCHOBHBIE METOIbl M METOAWYECKHe
MOAXO0bI N0 TEHETHYECKOH MOAU(MDUKAIMM CeTbCKOXO03iCTBEHHOI NTHLbI, B TOM YHCJE C NPUBJIEYeHHEM
PA3IMYHBIX CHCTEM PeJAKTHPOBAHMS N€HOMA, A TAKXKE OCHOBHbIE HANMPABJIEHUSA M MEPCHEKTHBbI MpUMe-
HeHMs ITOH TEXHOJIOTHH B MTHIEBOICTBE.

KnroueBble ciioBa: Kypbl, nepeneiia, TpaHcrene3, renomuoe penakruposanune, CRISPR/Cas9,
NPUMOPANAJIbHBIE 3aPObIILEBbIE KIETKH, MOJOBbIE KIETKH.

CeTbCKOXO03sIIICTBEHHAs NITULIA, B YACTHOCTU KYpHI U meperiesia, — yno0-
HBI U JOCTYITHBIA OOBEKT JJIsI IPOBEACHUS Pa3HOOOPA3HBIX MCCIEIOBAHUI U
pellieHusT 3aJa4 B 00JIaCTU OUOJIOTMY Pa3BUTUS, MEAULIUHBI, BeTepuHapuu (1, 2).
B oTimune OT KPYMHBIX CEITbCKOXO3SMCTBEHHBIX XMBOTHBIX, NMTUIIA MMEET KO-
POTKMIA TeHEPALMOHHBIN MHTEPBAJT, YTO 3HAYMTEIHLHO COKpAIAeT BpeMsI Ha BbI-
BeJICHUE JIMHWI WIN MO 0cobeil ¢ onpenesleHHbIMU TTpU3HAKAMU, TIpe-
CTaBJIIONIMMM MHTEpeC KaK B paMKaX OTHEBHBIX MCCIeTOBAaHUNA, TaK U IJIST pe-
meHus Oojiee MacITaOHBIX 3amad. CXOXKeCTb CTPYKTYPhI TIIMKO3WJIMPOBAHUS
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OenKa y NITULL U YeJIOBEKa, a TaKXKe BhICOKAs SIMYHAasl MPOAYKTUBHOCTh, CTEPUIIb-
HOCTb U JOCTYITHOCTh SIUII TTO3BOJISIIOT paccMaTpUBaTh IITUIL B KauecTBe d(hheK-
TUBHOW TIPOAYKTUBHOM TIAT(MOPMBI I TIPOM3BOACTBA PEKOMOWHAHTHBIX OeI-
KoB (3). OcobeHHO 3TO aKTyaJbHO B Clyyae peKOMOMHAHTHBIX MPOIYKTOB, KO-
TOPHIE HENlb3S MOJYUYUTh, UCITOJIb3Ysl TPAHCTEHHBIX MIEKOIIUTAIOLINX (€C/IU TaKue
MPOIYKTOB JUISI HUX TOKCUYHEI).

CremyeT OTMETUTH, YTO METOIBI, IIPUMEHSIEMBIE UISI MOIUGUKAIINN Te-
HOMa MJICKOITUTAIONINX, B OOJIBITMHCTBE ClydyaeB Majlo3(p(OeKTUBHBI I TpaHC-
reHe3a CeJIbCKOXO3SIMCTBEHHOM MTULIbL. DTO CBSI3aHO MPEXe BCEro C 0COOEHHO-
CTSIMU (PU3UOJIOTUHU, PENIPOAYKLIMU U OUOJIOTUM pa3BUTUs NTUll (4). B otnuune
OT MJICKOIUTAIONINX, Y MTULl pa3BUTHEe 3MOPUOHOB B PENPOAYKTHUBHBIX OpraHax
CaMKU TIPOTEKaeT TOJbKO Ha PaHHUX CcTagusx aMOpuoreHesa. K MoMmeHTy cHece-
HUS giil]a HETOCPEACTBEHHO TIOCIe KJIAAKU 3MOPUOH COCTOUT IPUOIU3UTEHHO
u3 60000 mopdonornyecku HeaudhepeHUIUPOBAHHBIX ILTIOPUIIOTEHTHBIX KJIETOK
(5). HanbHelimee pa3BUTHE 3MOpPHMOHA MPOMCXOAUT BHE OpTaHM3Ma CaMKH IIpU
CO3IAaHUN COOTBETCTBYIOIINX YCIIOBUI OKpyXalolei cpenpl. OCOOeHHOCTH M-
OpPUOHAJIBLHOIO Pa3BUTHUS TITULL CYLIECTBEHHO 3aTPYAHSIIOT UCITOJIb30BaHUE Tpa-
JULMOHHOTO METOJa BBIBEJACHUSI TPAHCTEHHBIX XXMBOTHBIX — MUKPOWHBEKLIMU
JHK B mpoHykieyc 3uroT. JIMMUTHUPYIOIIMMHU (aKTOpaMU TaKXKe CTaHOBSITCS
TPYAHOCTU B TOYHOCTHU OMpPEAe/IeHUSI OBYJISILINU, OONbIIOE KOJIMYECTBO XKeJITKA B
SIMIIEKIIeTKEe, CUJIbHOE YIUIOTHEHHME LIMTOIIAa3MBl. BMecTe ¢ TeM MpOoao/KUTEThb-
HBII TIepUOJl SMOPUOHAIBHOIO PAa3BUTUS NTUL] BHE OPTaHM3Ma CaMKU O0Jierdaer
JOCTYIT K SMOpHOHAM IJIST TIPOBEACHNS TeHHO-MHXEHEePHBIX MaHUITYJISIIHIA.

K Hacrosmemy BpeMeHHM pa3paboTaHO W MPEIIOKEHO TOCTATOYHO GOJTb-
1I0€ YMCJIO0 METOAWYECKUX TMOAXOAO0B MO TeHETUYEeCKON MoAu(pUKALUU KIETOK
NTULl, HA OCHOBE KOTOPBIX ObLIM pa3pabOTaHbl U ONTUMU3UPOBAHBI OTAEJIbHbBIE
BTamnbl TEXHOJOTMU PeIaKTUPOBAHUSI TeHOMA C UCIOJIb30BAaHUEM Pa3IUYHBIX CU-
creM, B yactHocTi ZFN (zinc finger nuclease), TALEN (transcription activator-
like effector nucleases) u CRISPR/Cas9 (clustered regularly interspaced pal-
indromic repeats) (6, 7). DTa TeXHOJOTHUS TIPUMEHSIETCS B ITUIICBOACTBE TIPUA CO-
3[IaHUU KJIETOUHBIX JUHUM 1 0COOEi ¢ HOKAYTOM WUJIM BCTABKOU OTIAEIbHBIX T€HOB
npu u3ydeHuu ux pyHkuuit (8), morydeHUM peKOMOMHAHTHBIX MPOTEMHOB B CO-
CcTaBe SIMYHOro OeKa, YAYUYIIeHUU XO3dHUCTBEHHO MOJe3HbIX TTPU3HAKOB U Kaye-
CTBa MTULIEBOIUECKOU npoaykiuu (9, 10), MOBBIILIEHUN YCTOMUMBOCTU K UH(EK-
UOHHBIM 3aboyieBanusm (11, 12).

Ilenap Hacrosiero ob63opa — 0000IIEHHUE TaHHBIX 00 OCHOBHBIX JOCTU-
KEHUSIX B 00J1aCTU peJaKTUPOBAaHUSI T€HOMA CEIbCKOXO3IUCTBEHHON NTULBI U
MepCIeKTUBAaX UX UCMOJb30BaHUSI B MTULIEBOACTBE.

CucrteMbl pegakKTUPOBaHUSA TeHOMa. TexHoIorus reHOMHOTo
peIaKTUPOBAHUS TIPEAIIONaTaeT BHECEHNE aapecHBIX N3MEHEHMI B 1IeJICBOM yJa-
CTOK T€HOMA C UCITONb30BaHUEM CaiT-crenuduueckux Hykiaeas (6, 13). Haubo-
Jiee pacrpocTpaHeHbl HUHK-TIajableBble Hykeasbl (ZFN), TALE-accouuupo-
BaHHble Hykieas3bl (TALEN) u CRISPR/Cas9 (14, 15). IIpuHuun ux aeicTBUs
OCHOBaH Ha BHECEHUU B MHTEPECYIOLIMI y4acTOK T'€HOMa IBYLIETIOYEUHBIX pa3-
PBIBOB, KOTOPHIE B MOCJIEAYIOIIEM ITOABEPraloTcs pernapaluuy IoCpeaCTBOM HEro-
MOJIOTMYHOTO COEAUHEHMS KOHLIOB WJIM TOMOJIOTUYHOI pekoMOuHauuu (16, 17).

B mepBom ciyyae pemapalins IBYyHEITOYEUHBIX Pa3phIBOB MPUBOINT K 00-
pa30BaHUIO MHCEPLUMIA WU Aesielluii B MeCTe pa3pbiBa, BO BTOPOM JUISI BOCCTa-
HoBieHust JJHK mnpuMeHSIIOT MCKYCCTBEHHO BBEACHHYHD TCHETUUYECKYID KOH-
CTPYKLIMIO, UMUTHUPYIOIIYIO CECTPMHCKYIO Xpomatuny (18). Jdeneruu n nHcepuuu
MPUBOIST K BHIKJIIOUEHHUIO (HOKAyTy) TeHOB, UTO MPEACTaBISICT UHTEPEC MPU U3y-
YeHUM UX (QPYHKIIWIA, a TAKKE IIPU IPOU3BOACTBE XKUBOTHOBOIUECKOM MTPOAYKLINHI
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C YJAy4yllIEHHbIMM KauyecTBaMU (HampuMep, HU3KOAJIEPreHHbIX sull). BBeaeHue
noHopckoit JIHK (reHeTMuyecKux KOHCTPYKIIMI) MOCPENCTBOM TOMOJOTHUYHOM
PEKOMOMHAIINY TTO3BOJISIET BHOCUTH JOMOJHUTEIBHYI0 WH(POPMAITIIO B TEHOM.

Cucremnl penaktupoBanusi ZFN n TALEN 0Oosee 3aTpaTHbIe U TPYIO-
emkue 1o cpaBHeHuto ¢ CRISPR/Cas9. Ilpu ucnonab3oBanuu Hykieas3 ZFN u
TALEN uaie ormeuvarorcsi HelesneBble 3deKkTsl (7). Bo3MOXHOCTb aBTOMATH-
3MPOBAHHOIO Moabdopa oTaeabHbIX KoMInoHeHTOB cucTteMbl CRISPR/Cas9 ¢ mo-
MOIBIO Pa3IUYHBIX OHJIAH-CEPBUCOB MO3BOJISIET TOBLICUTH CEIIM(PUIHOCTD BHE-
CEHMS TEHETUYECKUX M3MEHEHMI B 1I€JICBOI TeH W 3HAYMTEJIbHO CHU3UTH BEPOSIT-
HOCTb HelleJIeBbIX MyTalnii. K ToMy ke KOMITOHEHTBI CUCTEMBI MOTYT OBITh CKOH-
CTPYMPOBAHBI MPaKTUYECKN K 000U TocienoBareibHocT reHoMHoun JJHK-mum-
meHu. B ocHoBe cucteMbl penakTupoBaHus reHoma CRISPR/Cas9 nexut mexa-
HU3M €CTeCTBEHHON 3allluThl (aMaNTUBHOTO UMMYHUTETA) OaKTepuil U apxeil oT
¢aros (19, 20). Dra cucTeMa peAaKTUPOBAHUSI BKIIIOUYAET JBa OCHOBHBIX KOMIIO-
HeHTa — Hykieasy Cas9 um Hampasmsiomnyo (rumoByio) PHK (gRNA, guide
RNA). Hanpasnstoiasg PHK anpecHo cBsizsiBaeTcs ¢ 1eieBbiM yuactkoM JIHK,
KOTOpPBIM B mocienytoieM paspesaercsd Cas9 (21-23). O6paszyroiuecs ABYIEINO-
yeyHble pa3pbiBel JJHK B manbHeileM penapupyroTcs IMOCPeICTBOM TOMOJIOTUY-
HOU WJIM HETOMOJIOTMYHOUW pPEKOMOWHAIINM B 3aBUCHMOCTH OT IIeJIe 3KCIepH-
MeHTa (24, 25). Jlns BHeceHMsT HEOONbIIUX Aefeunit unu uHcepuuii B JTHK-mu-
LIIeHb C 1IeJIbI0 HOKayTa reHa Oepyt omHy Hampasisgomyio PHK, crnenmmdnunyro
nst atoro yyactka JJHK, u Cas9. B ciydyae HeoOXOOAMMOCTM BBIKJIIOYEHUSI HE-
CKOJIBKMX T€HOB MCMOJIb3yIOT cMech Hanpapistiomx PHK u Hykneasy Cas9. nsa
BKIoueHUs1 JoHopckoil [IHK B ompeneneHHbI yyacToK reHoMa (Hampumep, ISt
MOJyYeHUsI TMPOAYLEHTOB PEKOMOMHAHTHBIX OEJIKOB) Hapsily C HampaBisioliei
PHK u Hyksea3o0ii B KJIETKY BBOAST T€HETUUECKYIO0 KOHCTPYKLIMIO ISl TOMOJIOTUY-
HOIl peKOMOMHAIINM, IIPEACTaBIISIONIYI0 co00ii (pparmeHT BcrpamBaemon JHK,
(b1aHKMPOBAaHHBI TOMOJIOTMYHBIMM Pa3phIBY MocienoBaTeabHocTsIMU (18, 26).

Cucrembl penakTupoBaHusi reHoma Ha ocHoBe CRISPR/Cas9 nozBonsiior
BHOCUTH B IIeJIEBBIE T€HBI calT-criennpUIecKrue MyTallui, aHAJIOTUIHBIE BCTpe-
YalolMMCs B MPUPOJE TeHETUYECKUM BapuaHTaM (peJakKTUpoBaHME Oe3 cieia).
Ipn pegakTMpoBaHWM TeHOMAa KIIETOK-MUIIEHEN IMOCPEACTBOM 3TOM CHCTEMBI
OCHOBHbIe ee KoMIoHeHThl — Cas9 u Hanpapistomas PHK — moryr skcnpec-
CHpOBAThCS C OMHOTO BEKTOpa MM OBITh BBEIEHHI B Buae cMecu. Hambosee pac-
MPOCTPaHEH TEePBBI MOIXOM, OCHOBAHHBIN HAa MPUMEHEHUU ITLIa3MUIbI, KOIM-
pyroweit Cas9 u Hanpasisouyw PHK. B atoMm cinyyae uckitouaeTcst HeoOXoau-
MOCTb B HECKOJIbKMX KOMITOHEHTAX IJIsI TPAaHC(EKIINHU, YTO YIIPOIIAET MPOLIEIyPY
peaaKTUPOBAHMS U MOBBIIIAET CTAOMIBLHOCTD PE3YyIbTaTOB.

MeTonsl TeHEeTUYECKON MOOMGPUKAUUU KIAETOK TTHIL Js
MOJYYeHUsSI TeHETUYECK MOIUGMUIMPOBAHHBIX OCOOEH MCIOIb3YIOT, KakK Mpa-
BWJIO, KOMILIEKC METOAOB M METOAMYECKHUX IMOIXOIOB, YUUThIBasl OOBEKT UCCIe-
JIOBaHWI, BBIOOP KJIETOK-MHUILIEHEW ayis BBeaeHUs pekoMOuHaHTHOU JITHK wu
Ccnoco0 TeHEeTUYECKOW TpaHC(hOpMalluM KJIETOK-MUllleHe. MOXHO BbBIACIUTD
TP OCHOBHBIC CTPATETMH CO3MAHUS TEHETUYECKU MOIM(HUIINPOBAHHON TITUIIBI:
BBEJCHUE TEHETUUYECKMX KOHCTPYKILIMI HENMOCpeaCTBEHHO B 3MOpuoH (27, 28)
WM B OpraHbl ¥ TKaHU B3pocCibIx ocobeit (29, 30); TpaHcheKLMs KIETOK-MUILIe-
HEH B KYJBTYpe in vitro U uX Mociaenywouas TPaHCIUIAHTALMS B SMOPUOH WU
opranbl-muiueHu (31, 32); TpaHncgopMaiusi CriepMueB in vitro U oceMeHeHue
caMOK TpaHchOpMUpPOBaHHOM criepmoit (33).

DdPeKTUBHBIA MHCTPYMEHT IJISI aApecHOM JOCTaBKM PEKOMOMHAHTHOM
JHK B xi1eTkr 3MOpHOHaA WJIM OPraHOB U TKaHEW B3POCJBIX 0CO0El — KCIIOJIb-
30BaHME BEKTOPOB Ha OCHOBE PEKOMOMHAHTHBIX BUPYCOB, UTO CBSI3aHO C UX MPU-
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POIHOI CITOCOOHOCTBIO CAMOCTOSITEILHO MTPOHUKATH B KJIETKU-MMIIIEHU U C BbI-
COKOI1 pe3yIbTaTMBHOCTBIO MHTETPUPOBATHCS B UYKOI TEHOM.

C npuMeHeHneM BUPYCHBIX BEKTOPOB OBUIM TPOBEICHBI TIEPBHIC YCITCIII-
HbIE BKCIEPUMEHTHI M0 CO3JaHUI0 TpaHCcTeHHOoM nTulbl. B 1987 rogy D.W. Salter
¢ coaBT. (34) ObUIM TOJyYeHBbI TPAaHCTeHHBIE Kypbl MOCPEICTBOM BBEACHUS pe-
TPOBUPYCHOTO BEKTOpa Ha OCHOBEe BHUpyca Jieiiko3a nTull (avian leukosis virus,
ALV) B cy03apopbllIeByIO MOJOCTh 3MOPUMOHOB Ha X cTraguu. DPEPEeKTUBHOCTD
Iepenayn TpaHCreHa IMOTOMCTBY cocTtaBwia 1-11 %. B manbHeiinemM ObLIa IoKa-
3aHa BO3MOXHOCTb CO3aHUsl TPAHCTEHHOUW MTULIBI C UCIIOJIb30BAHUEM PETPOBU-
PYCHBIX BEKTOPOB Ha OCHOBE BUPYCOB capKombl Payca (35), peTUKyJI03HA0TEN-
o3a (reticuloendotheliosis virus, REV) (36), Hekpo3a cene3enku rtuil (37), Jeii-
Ko3a Mbleit Mojaonu (Moloney murine leukemia virus, MoMLYV) (38, 39). K
HaCTOSIIIEMY BPEMEHU CO3MaHbl TPAHCTEHHbIE Kypbl C MHTETPUPOBAHHBIMU Ie€-
HaMM, KOAupyolIMMuU B-ranakto3unasy, LacZ (37), p-nakramasy (40, 41), 3ene-
HbI dyopecueHTHBIN 6eoK (green fluorescent protein, GFP) (42), oucnenu-
(puueckue antutena (43), ropmoH pocta (44), rpaHyJIOLUTAPHBIA KOJIOHUECTH-
MyJaupytolmii aktop denonseka (39), uHrepdepoH a-2b (45).

ITpuMeHeHMe JEHTUBUPYCHBIX BEKTOPOB IMO3BOJIMWIO MOBBICUTH 3PdeK-
TUBHOCTb TPAaHCTEHE3a CEIbCKOX03sTCTBEHHON NTHLBI (46). M.J. McGrew ¢ co-
aBT. (47) MocpeaCTBOM JICHTUBUPYCHOM TpaHC(EKLUUN KIETOK 0JacTOAepMbl M-
OprOHOB Ha X CTaaWM MOJYYUIU TPAHCTEHHBIX KYp C MHTETPUPOBAHHBIMU Te-
HaMmu LacZ v eGFP. BDhGeKTUBHOCTD MepeJadyn TpaHCTeHa ITOTOMCTBY COCTaBUIA
4-45 %. B manpHeiIIeM ¢ UCIOb30BaHNEM JICHTUBUPYCHBIX BEKTOPOB OBIITN CO-
3MaHbl TPaHCT€HHbIE Kypbl M Mepernenia, IMPOIyLUMpYIOlUe pPEeKOMOWHAHTHbIE
0enku, B yacTHOCTU B-uHTepdepoH ueaoBeka hIFNBI (48), oucneunduueckue
antutena (48, 28), GFP (49, 50), aHTaroHuct peuenTopa HMHTepJelikuHa 1
(rhIL1RN) (51), nuzonum yenoBeka (52), a-nedpensuH HNP4 (human neutrophil
defensin 4) (53).

Heob6xoamuMo oTMETHTD, YTO TpU BBEACHUM BUPYCHBIX BEKTOPOB B Cy03a-
POIBILIEBYIO IMOJOCTh SMOPMOHOB Ha X CTaAUM TPaHCTEeHHAs NMTHUIIA OKA3bIBAETCs
MO3arKOM, 1 ISl CO3MaHUs TeHEPAaTUBHOM 0CcOOM TpeOyIoTCs JalbHENIINe CKpe-
IOUBaHUSA. B CBSI3M ¢ 3TUM KITFOUeBBIM MOMEHTOM CTAHOBUTCST Pe3yIbTATUBHOCTD
TpaHCc(hOpPMALMU KJIETOK PEITPOMYKTUBHEIX OPTaHOB CaMIIOB M CaMOK. DTa TIpo-
OJieMa MOXET ObITh pellicHa MOCPEACTBOM HalpaBIeHHOU MoauduUKalKWu MOJI0-
BBIX KJIETOK, YTO TIO3BOJISIET 1ieJIeHANpPaBJIeHHO BO3AEHCTBOBAaTh HA KOHKPETHbBIE
KJIETKU-MUILIEHU, TTOJTHOCTBIO HUBEJIUPYST PUCKM, CBSI3aHHBIE C CO3MaHMEM TpaHC-
TeHHBIX 0CO0Ei-MO3aMKOB, OT KOTOPBIX B JaJIbHEHIIIEM HEBO3MOXHO TTOJTyJYeHUE
TPaHCTEHHOTO TTOTOMCTBA

Braromapst KyJTbTUBMPOBAHUIO SMOPHOHATBHEIX M CIIEPMATOTEHHBIX KITe-
TOK in vitro MOXHO HCITOJIb30BaTh pa3HOOOpa3Hble NTPUEMbI BBEIEHUSI PEKOMOU-
antHoit JITHK B KJIeTKM-MUILIEHN C MIOMOIIbIO 6€30MaCHBIX CUCTEM AOCTaBKU re-
HOB. Mcronb3oBanre TeHETHIECKA MOTU(UIINPOBAHHBIX TTOJIOBBIX KJIECTOK TrapaH-
TUPYET HaJW4ue B OOLIMTE TOCJ]E OIJIOAOTBOPEHUSI OAHON KOMMU BCTPOECHHOM B
OITpeIeIIEHHBIN JJOKYC KOHCTPYKIMU. MHTEerprpoBaHHAs B TEHOM KJICTOK-MMUIIIE-
Helt pekomObuHaHTHas JJTHK MoxeT ycToiuMBO NepeaaBaTbCs B psijie MOKOJEHUM.
MaHuUnyIsIIMKu Ha B3pOC/IbIX OCOOSIX 3HAUMTEIbHO COKpalaloT BpeMsl U MaTepu-
aJIbHBIEC 3aTpaThl Ha MOJyYeHUE TeHeTUYECKN MOIM(PUIIMPOBAHHOTO TTOTOMCTBA.

IIpu co3maHuu reHeTMYEeCKU MOIUMUIIMPOBAHHON CEJIbCKOXO3SMCTBEH-
HO# NTULIBI KJIETKAMM-MUIIEHSIMU MOTYT CIYKUTb KaK 3peJible TOJIOBbIe KJIETKU
(33), Tak ¥ uX MNPEIlIeCTBEHHUKN — TMPUMOpPAMAIbHBIE 3apOJbILIEBbIE KIETKU
(I13K) (54, 55) u cnepmatoronnu (56, 57). Ucnonb3oBaHne MepBUYHBIX U paH-
HUX TIOJIOBBIX KJIETOK MpelacTaBisier HauoOosbliuii uHTepec (58, 59). Ilpu naib-
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HeileM pa3BUTUM OHU MOTYT C(hOPMUPOBATH 3HAYNTEILHYIO TTOMYJISIIIUIO TPaHC-
(bopMUPOBAHHBIX 3peJIbIX MOJIOBBIX KIETOK (60).

13K B mpouecce sMmOpuoreHe3a MoryT AuddepeHLIMPOBAThHCSI KakK B
MYXCKHE, TaK M B XXCHCKHUE TIOJIOBBIC KJICTKH, UTO 3HAYNTEIHLHO PACIIUPSIET BO3-
MOXHOCTHU peanu3anuu noreHuuana I[3K npu coznpaHuu reHeTu4ecku Moaubu-
LIMPOBAaHHBIX M XMMEPHBIX 0CO0Eil C 3aJaHHBIMU CBOWCTBaAMHU. Y 3MOPUOHOB
NTUL, TIPUMOPAMATIbHBIC 3apObIIIEBbIEe KIETKU 00pa3yloTcs B 3MUOJacTe U MU-
IPUPYIOT Yepe3 TUIT00acT B KpOBb, 3aTeM B roHansl (61). [1pu BBeaeHUM TOHOP-
ckux T13K B gopcajibHy10 a0pTy SMOPUOHOB-PELIUITUEHTOB B MEPUOJ MUTPALIUU
cobctBeHHbIX TI3K 13 KpoBM B roHaJbl BO3MOXHA KOJIOHU3ALIMs TOHAJ, PeLIUIIH -
€HTOB JTOHOPCKUMU KIIETKaMH.

CriepMaTOTOHMU CIIYXKAT TPEIIIeCTBEHHNKAMU MYKCKHX TTOJIOBBIX KJIe-
ToK (56). HanGonpimmit mHTEpeC TPEACTABISIOT CIIEPMATOTOHWM TUIIA A, KOTO-
pble OTHOCSIT K CTBOJIOBBIM KJI€TKaM CEMEHHUKOB. YHUKaJIbHOE CBOMCTBO camMo-
OOHOBJICHMST OTKPBIBAET IIMPOKHE BO3MOXKHOCTU peaau3alidM IMOTeHIIMada 3TUX
KJIETOK MPU BBIBEACHUY TeHETMYECKY MOAMMDUIIMPOBAHHON CETbCKOXO3SHCTBEH-
Hoit nTuibl. CriepMaTOTOHUM (DOPMUPYIOT HEMHOTOUMCIICHHYIO TIOMYJISIIIUIO KiTe-
TOK, pacroJiaraloiryiocs Ha 0a3aabHOM MeMOpaHe CeMEeHHBIX KaHajbleB. [1po-
11eCC MX MHOTOKPaTHOro CaMOOOHOBJEHMSI W AajibHeilel nudbepeHIIMpOBKU
o0ecrneurBaeT HeMPEePbIBHOCTh CIEpMAaTOreHe3a ¢ 00pa3oBaHMEM BBICOKOCIIELIMA-
JIN3UPOBAHHBIX MOJIOBBIX KJIETOK — criepMueB. CriepMaToroHMyd Haubosee yCTom-
YUBHI K Pa3IMYHBIM TTOBPEXIAONIUM (haKTOpaM (YacToO TOJBKO 3TU KJIETKU BBI-
KMBAIOT, B TO BpeMsI KaK OCTaJbHbIE TUIIBI KJIETOK CIIEPMATOT€HHOTO SIIUTEIHsI
MTOTMOAIOT) W TIPETEPIEBAIOT ITOCTOSIHHYIO PETUIMKALINIO, COXPaHSS YMCICHHOCTh B
TEeYeHUe MpoLecca, Ha3bIBAEMOr0 OOHOBJIEHUEM COCTaBa CTBOJIOBBIX KJIETOK.

B Hacrosiee BpeMst pazpaboTaHbl U ONTMMU3UPOBAHBI MOAXOIbI 10 TTO-
JIY4EHUIO ¥ KYJbTUBUPOBAHUIO 3apOIbIIIeBhIX (62, 63) U criepMaToreHHbIX (64,
65) kierok nruil. IlokaszaHa 3¢p@eKTUBHOCTh I'€HETUYECKON TpaHCHOpMaLUU
STUX KIIETOK-MUIIIEHEH TP TTOMOIIM Pa3IMYHBIX CUCTEM MOCTaBKU TEHOB, TAKUX
Kak aiekTponopanys (66, 67), Hykimeodekius (68), murmocoManbHas TpaHcdek-
mmst (69, 70), ucrnonb3oBaHue peTpoBUPYCHBIX (71, 72) M JTEHTUBUPYCHBIX BEK-
TopoB (28, 73, 74), katTnoHHBIX TToauMepoB (30, 57), TpaHcmo3oHOB (68, 75, 76).

3K moxHO TpaHchOPMHUPOBAThH ABYMSI CIIOCOOAMU — B KYJIbType in
vitro 1 in vivo MocpeacTBOM BBEIEHUSI T€HETUUYECKMX KOHCTPYKUUN B AOpCab-
HYIO a0pTy 3MOpHOHOB B nieprod Murpanuu cooctseHHbIX [13K B ronansl. Hapsioy
C TPaAWIIMOHHBIMA METOXAMM TpaHCHEKIINNA KIETOK B KYJIbType in vitro — 3JeK-
Tponopaiuei u aunodekiureil — B psae paboT MpeAcTaBIeHbl pe3yJbTaThl TeHe-
tnueckoit moaudukanuu [13K ¢ ncnonb3oBaHueM IpyTUX METOAOB JOCTAaBKM Ie-
HoB. Tak, J. Macdonald ¢ coaBr. (75) anst tpancdexkuun 13K kyp in vitro uc-
MOJIb30BaJIM TpaHCTI030HbI Tol2 u piggyBac. DdbheKTMBHOCTb TpaHChEKLINY Kle-
TOK-MMIIEHEN COCTaBWIa COOTBETCTBEHHO 5,4 u 25,5 %. bouto mokazaHo ¢op-
MHpOBaHNWe (QYHKIMOHATBHBIX TaMeT U3 TpaHC(HOPMUPOBAHHEBIX JOHOPCKUX Kle-
TOK, a TaKKe MOJIyYeHO TPAHCTE€HHOE MTOTOMCTBO OT MEPBUYHBIX XUMEDP 3aPOJbI-
meBo TuHUK. M. Naito ¢ coaBT. (68) MOIYyYMIn U TpaHCHOPMHUPOBAIH in Vitro
rmocpeacTBoM Hykieodekuu Kynbrypy I13K kyp ¢ addektuBHocThIO 10 %.
TpanchopmupoBaHHyto KyiabTypy II3K BBenu smOpuoHam-penunueHTaMm. OT
BBIBEJICHHON TTOC/Ie 3TNX MAaHUITYJISAIWIA TITAIHI TIOJTYYMIN TTOTOMCTBO. Hammume
GFP yctanoBuiu y 1 uz 270 ocobeii.

Hmeetcs psin coobuienmii 06 apdektnBHOCTH TpaHchopmanuu 13K in
vivo ¢ mojlyueHHEeM XUMeEp 3apoiblieBoil TuHuu. Tak, Z. Zhang ¢ coaBT. (28)
MPEeIIOXKUIN IMIPOCTOM U 3(PPEKTUBHEIN CIIOCO0 CO3MaHMs TPAHCTEHHEBIX IIeperie-
JIOB TIOCPEACTBOM MHBEKILINH JICHTUBUPYCHOTO BEKTOpPA, COMEPKAIIETO PeriopTep-
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HBIM reH eGFP, B popcaibHylo aopty 3mMOpuoHoB. M3 80 3MOpHOHOB aBTOpPHI
noiayuniau 48 xumep Go (60 %). Hanmuuue eGFP ObLIO IOOTBEPXKAEHO B 0OJIb-
IIMHCTBE OPTaHOB M TKaHEe# XMMEPHOU TITUIILI, B TOM YMCJIE B TTOJOBBIX KJIETKAX
caMIIOB. D(MHEeKTUBHOCTb MONMYYEHHUs] TPAHCTEHHOTO MOTOMCTBA OT XMMEPHBIX
camioB gocturana 13 %. S.G. Tyack ¢ coaBr. (69) u L.S. Lambeth ¢ coasr. (76)
I71s1 reHeTrdeckoi TpaHcgopmanuu 113K Kyp in vivo BBOOAWIN peKOMOMHAHTHYIO
JOHK B xommekce ¢ qunogexkramuHom 2000 u tpaHcnozoHoM Tol2 Hemocpen-
CTBEHHO B JOPCAJIBHYIO a0pTy 3MOPHOHOB Kyp. bwimm momydensr xumepsl Fo o
3apOJbIIIEBON JUHUU U TPAHCTEHHOE IMTOTOMCTBO C 3KCIIPECCUeil MHTerpUpOBaH-
HBIX PEKOMOMHAHTHBIX T€HOB.

Z.-Q. Jiang ¢ coaBt. (73) miusg nosblllieHUs1 3G GHEKTUBHOCTU TpaHCcheK-
tuu T13K in vitro u in vivo UCMOJIb30BAJIM JIEHTUBUPYCHBIN BEKTOP, KOHBIOTH-
poBaHHbI ¢ aHTuUTeaaMu K SSEA4 (stage-specific embryonic antigen-4), crienu-
¢puunbiMu K 6enkam MemOpaH T13K. IpennoxeHHBIN MOAXOA MO3BOJIN MOBHI-
CUThH lieieByl0 3(PhEeKTUBHOCTh TpaHCAyKIMKM kietok mtuil Ha 30,0-46,7 %. ¥
50,0-66,7 % sm0puoHOB oT™Mevanach akcapeccuss GFP B ronagax.

TpaHchopMalnio CriepMaTOreHHBIX KJIeTOK MTHIl, Kak u 13K, MoxHo
OCYIIECTBJISITh B KYJbTYpE in Vitro M in vivo MOCPEACTBOM BBEIEHUSI TeHEeTHYEe-
CKMX KOHCTPYKILIMI B MapeHXMMY CEMEHHMKa caMIloB. B mocienHem ciydyae uc-
MOJIB3YIOT, KaK ITpaBWJIO, BUPYCHBIE BEKTOpPHL. B psme paGoT paccMoTpeHa BO3-
MOXHOCTh TIPUMEHEHMSI HEBUPYCHBIX CHCTEM IOCTaBKM TeHOB. Tak, S. Min ¢
coaBT. (30) u B. Li ¢ coaBr. (57) uzyuniau 3¢p@eKTUBHOCTb KATUOHHOTO TOJIM-
Mepa SofastTM mig TpaHcopMaly CIiepMaTOTeHHBIX KJIETOK IETYXOB in Vivo.
DTOT mnpenapar B KOMIUIEKCE C TF€HETUYECKOH KOHCTPYKLMEH WHBELMPOBAIU
HETOCPEICTBEHHO B MapeHXUMY ceMeHHMKa. S. Min ¢ coaBt. (30) BbIBOOWUIU KYD,
YCTOMYMBEIX K BHUPYCY NOTUYbeTO Tpumma. DGGeKTUBHOCTh TpaHChOopMaIum
CITepMaTOTeHHBIX KJIETOK cocTaBmia 72,2 %. Hanuume TpaHcreHa ObBUIO YCTaHOB-
seHo B 10 % cremarto3ounoB U B KpoBu 7,8 % nmoromctia Fi. B. Li ¢ coast. (57)
JUIST TEeHETUYECKOM TpaHCc(hopMallMy CIIEpMAaTOTeHHBIX KJIETOK MPUMEHSIIA TeHe-
TUYECKYIO KOHCTPYKIMIO, Koaupylolnyto pernoprepHblii reH GFP. Ilpu ee BBene-
HUU B KOMITIEKCE ¢ KATHOHHBIM TOJIMMEPOM B CEMEHHMKM TIETYXOB pe3yiIbTa-
TUBHOCTb TpaHC(OpMaIMN KJIeTOK-MUIleHe# mocturana 19,1 %.

Takum 00pa3oM, TEXHOJIOTHSI CO3AAHUS T€HETUYECKU MOAUGUIIMPOBAH-
HBIX 0cobeii ¢ ucroab3oBanneM 13K 1 crrepMaToroHneB B Ka4yeCTBE JOHOPCKUX
KJIETOK IIpeAIoaraeT uxX BelAeIeHUE, TpaHC(HOPMALIMIO U TPAHCIUIAHTALIMIO B TO-
Haabl PELMIIMEHTOB C IOCEAYIOUIMM ITOJYyYeHUEM ITOTOMCTBA C BHECEHHBIMU
npusHakamu (77, 78). Pe3yabTaTUBHOCTh KOJIOHU3AUU JOHOPCKMUX KJIETOK B TO-
Haabl peLMIIMEHTOB MTOKa3aHa B psije paboT MPY MCIIOJIb30BaAHMU KaK TOHOPCKUX
I13K (78, 79), Tak u cnepmatoronues (32, 81, 82). Db heKTMBHOCTb TpaHCILIAH-
tauuu noHopckux II3K u crepMaroroHueB MoXeT OBbITb IOBBILLIEHA IMOCPEa-
CTBOM MpeIBapUTEIbHONM MOATOTOBKM PELIMITMEHTOB, HANPaBAEHHON Ha 3JIUMU-
HaIlMIO COOCTBEHHBIX 3aPOABIIIEBIX WIIM CIIEPMATOTEHHBIX KJIETOK B TOHAIaX IO/
BO3JEHCTBUEM raMma-uanydeHus (83, 84) uiu npu XMMHUYECKON CTepuIn3aluu
(85, 86). B mmocaemaem ciydae addexkTrnBeH OycynbdaH, KOTOPHINA TTPEACTaBISIET
co0O0i1 aIKMIUPYIOIIUI areHT, BhI3biBarolIuii mospexaenne JHK B kieTkax-mu-
IICHSX, YTO TIPUBOIUT K BEIKITIIOYCHUIO BCEX KIIETOYHBIX MEXaHMU3MOB M paspy-
LIIEHUIO KJIETOK.

OCHOBHBIE METOAbl U METOAUYECKHE MOIXOAbI, UCIOIb3yeMble B HACTO-
giee BpeMsl IS TeHETUYeCKON MOoIuGbUKAIMKU KIETOK ITHUII, TPEACTaBIeHbl B
tabauie 1. Huxe paccMorpeHa ux 3((EKTUBHOCTb NMpPU PEeIaKTUPOBAHUU Te-
HOMa CeJIbCKOXO3IMCTBEHHOM MTULIBI B CUCTEMAX in Vitro U in vivo.
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1. OcHoBHbIE METOJBbI M METOAMYECKHE MOAXO0bl, UCMOJIb3yeMble A/l TeHEeTHYEeCKOM
MO,Ill/l(lJI/lKal.ll(ll(l KJIETOK CeJIbCKOXO035iCTBEHHO NTHIIbI

Cnoco6 Beenexus . Krnetku-muineHu MeTon TpaHcheKIuu HcTouHuk
TEHETUYECKUX KOHCTPYKIIMIA
BBeneHue HemocpeacTBeHHO Knerku 6mactonepmMbl BupycHble BeKTOpPBI, TUMOGEKIIUS (27, 34, 47)
B SMOPUOH WJIM OpraHbl U TKaHU [IpumopauanbHble 3apo- BUpPYCHbIE BEKTOpPBI, TPAaHCMO30HBI, (28, 69, 76)
B3POCJIbIX 0COOeit IIBILLEBbIE KIETKU nunodekuus
Knetku siitieBona, criep- BupycHble BEKTOPBI (29, 74, 30)

MaTOTeHHBIE KJIETKU Ce-
MEHHHUKOB
Tpancheximst 1oHOpCKKX KIeTok- Kietku 6i1actonepmbl,  BupycHble Bekropsl, unodekmst, (31, 32, 87, 88)
MULIEHEH in Vitro ¢ ux nocienyo- IpUMOpAMaIbHbIE 3apO- 3JIEKTPOIIopaLusl, HyKJieodekuus,
Lieil TpaHCIIaHTallMed peuunu- JbllleBble KIeTKU, Cliep- TPaHCIO30HbI
eHTaM MaTOrOHUU
Tpanchopmauust cnepmueB 1 oce- CiepMumn Jlunodexuus, sneKTponopams (33)
MEHEHHUE CaMOK

FeHoMHOe penakTUpPOBaHUE CEJIbCKOXO3SIUCTBEHHON
nTu bl [IpoBeneH psl yCHEIIHBIX 3KCIEPUMEHTOB MO MOAUMUKALIMU KIETOK
MITULL C TIOMOILBIO Pa3IMYHBIX CUCTEM PEIAKTUPOBAHMS B HaIlpaBJIeHUU HOKayTa
oTaesibHbiX TeHoB (89). Ha kietounbix guHusx kyp DF-1 u DT-40 usyueHbl
(byHKUMU psiia TEHOB, CBI3aHHBIX C OMOJIOTME pa3BUTHSI SMOPUOHOB U MaTore-
He30M 3MOpHOHaNIbHBIX 3a00jeBaHuit (90), rameroreHe3oM (91), yCTOMUMBOCTHIO
K MHGEKIUOHHBIM 3a0oeBaHusiM (92). PazpaboTtaHbl 1 ONTUMU3UPOBAHBI METO-
JUYeCKHe MOAXO0Abl IO BHECEHUIO MyTallii (HOKayTy) B 1iejeBble TeHbI (93), B TOM
YuCye CBSI3aHHbIE C POCTOM, Pa3BUTHUEM W MPOAYKTUBHBIMU KauecTBamu (94).

K.D. Abu-Bonsrah ¢ coabt. (90) monyuynsin aBe JUHUU KJIETOK Kyp C HO-
kaytoMm reHoB HIRA, TYRPI, DICER, MBD3, EZH2, RET ¢ TOMOILbIO CUCTEMBI
CRISPR/Cas9. ITokazaHo, 4YTO C UCITOJb30BaHWEM 3TOI CUCTEMBbI pelaKTUpOBa-
HUS BO3MOXHO BHECEHME B ITOCJIEIOBATEIIHLHOCTD 1IEJIEBBIX TEHOB IECIINU pa3-
MepoM Oosiee 75 T.m.H. IlocpencTBoM 37eKTponopalyy in Vivo, BBIITOJHEHHOM
Ha 5MOpHUOHaX Kyp, BHECEHbI T€HETUUYECKUE MU3MEHEHMS B IMOCEN0BATEIbHOCTD
reHa DGCRS B HepBHBIX KJeTKax. B reHeTMyeckn M3MEHEHHBIX KJeTKaX ycTa-
HoBjeHO cHuxkeHue skcrpeccun DGCRS, a Takke accOUMUPOBAHHBIX C HUM
reHoB Drosha, YPELI n NgnZ2. OtmedeHbl MOP(DOJIOrMYecKre pa3inyus B CTPYK-
Type HEPBHOW TKAHU M CEPASYHON MBIIIIIH Y TPAHCHUIIMPOBAHHBIX SMOPHUOHOB.

Y. Zhang c coaBt. (91) usyuyunu BaMsiHUe reHa Stra& Ha mpouecc Aud-
(hepeHIMPOBKY 3MOPUOHATBLHBIX CTBOJIOBBIX KJIETOK B criepMaTtoroHusx. C aToit
uenbto miasmuay Cas9/gRNA BBenu B KieTku JuHuM DF-1 1 sMOpuoHaibHbIE
CTBOJIOBBIE KJIETKU. D(PHEeKTUBHOCTb BHECEHUS] MYyTallMii B 1IeJIEBOM T'€H COCTa-
Buia 25 % B xietkax DF-1 u 23 % B aMOpuOHaIbHBIX CTBOJIOBBIX KieTKax. I1o-
Ka3aHo, YTO HOKayT reHa Stra$ 6aokupyeT n1uddepeHIMPOBKY 3MOpUOHATbHBIX
CTBOJIOBBIX KJIETOK B cliepMaToroHusix in vitro. Y. Bai ¢ coaBT. (93) ucnons3zoBanu
cucteMy CRISPR/Cas9 ayist BHeCEHMsT TeHETUYECKUX U3MEHEHMI B MOCIea0Ba-
TEeJIbHOCTb I'eHOB oBanbOymMuHa PPARG u ATPSFIE B KJIeTOUHOU JTUHUM Kyp
DF-1. Yacrora myraumii Bapsuposaia ot 0,5 1o 3,0 %. KynsTuBupoBaHKe KIETOK
rocJjie TpaHC(EeKIIMY Ha CEJIEKTUBHOM cpele, comepKalleil IypOMULIMH, TIOBBICUIIO
3 deKTUBHOCTU OTOOpa TeHETUYECKM MOAMMULIMPOBAHHBIX KIETOK a0 95 %.
J.H. Lee c coapt. (94) Ha xierouHoit JuHuu DF-1 paccMoTpenn BO3MOXHOCThb
ucnonb3oBaHus HUKasbl Cas9-D10A mist BHeceHUs calT-crenubrIecKux MyTa-
it B ueneBoid yyactok JJHK-muienu. B kauyecTBe 1ieieBOro ObLI BbIOpaH I'eH
MuocTatTnHa. [eHOoTUNMpoBaHWE TpaHCGHEMMPOBAHHBIX KIETOK TTOATBEPANIO
Hajmnaue Mytaumi B 1eyieBoM caiite JIHK-muienn. Pasmep BHeCeHHBIX Aeeni
BapbprpoBal oT 2 mo 39 HykjIeoTnmoB. [Ipy 3TOM aHaIM3 IIECTH HEIIeIeBBIX caii-
TOB HE BBISIBWI HaJW4Usl B HUX KaKuX-JIMO0 Hecreuuduyeckux mytauuii. Takxke
HEe OTMEYaJIoCh (PEHOTUINIMYECKMX Pa3IMYMil MeXITy HOPMAaJbHBIMU U MOIUGU-
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LIMPOBaHHBIMU KjieTKaMU. BecTepH-OJIOTTUHT He MoKa3ajl HaJuuus Oenka MUO-
CTaTMHA B MOAM(DUIIMPOBAHHBIX KJIETKAX.

Hapsiny ¢ cooOuieHUsIMU O pelaKTUPOBAaHUM FeHOMa KJIETOUHBIX JTUHUMN
uMeeTcs psij MyOoauMKalyii O TOJyYeHUU CeJIbCKOXO3SIMCTBEHHOM MTULIbI ¢ HOKAa-
YTOM WJIM BCTaBKOI reHoB. MccienoBaHus MpoBeaeHbl Ha Kypax U nepenenax. B
yacTHOCTH, B. Schusser ¢ coaBT. (95), ucnosns3oBaB [13K, mocpeactsom romoJio-
TUYHOI PEKOMOMHALIMM BBIBEJIM Kyp C HOKAyTOM IeHa TSIKEJIOM Lielu UMMY-
HOMIOOY/IMHA. Y NTULIBI, TOMO3UTOTHOM O HOKAYyTy 3TOTO I'eHa, He CUHTE3UpPO-
BAJIMCh aHTUTENA U HE Mpoucxoausio pa3BuTus B-kietok. Ilpu 3TOM Murpauus
MpealecTBEHHUKOB B-kieTok B (abpuliueBy CyMKY COXpaHSJIach, B TO BpeMsi
Kak opMmupoBaHMe 3pelibix B-kieTok u ux Murpainusi u3 (padpuLmneBOi CyMKU
ObLTM 320710KMPOBaHbI. Pa3BuTre U (yHKIIMOHAbHASI aKTUBHOCTb IPYIMX TUIOB
KJIETOK MMMYHHOM CUCTEMbI OCTaBaluCh B HopMe. Kyphl ¢ HOKayTOM reHa TsiKe-
JIO 1ien MMMYHOTJI00yJIMHAa BBUIY OTCYTCTBUSI Y HUX MepudepuyecKkoii Mmomy-
JIIUM B-KJIeToK ciiy>kaT YHUKaJbHOM 3KCIEPUMEHTAIBHON MOIENbIO IS U3Y-
YEHMSI UMMYHHOTO OTBETa NTHUIl Ha MH(EKIIMOHHbBIC 3a00JIeBaHNs, a TAKKe TIpe-
CTaBJISIIOT UHTEPEC JIJIs pellieHus psiaa 3a1ay B 00JacTU BUPYCOJIOTMU, OUOJIOTUU
pa3Butus U 6uorexHojornu. L. Dimitrov ¢ coaBt. (96) TMoOKa3zaimm BO3MOXHOCTD
M3MEHEHMS TeHa TSDKEJIOM 1enu UMMYHOIIO0YIMHA Kyp MOCPEACTBOM Moaubu-
kauuu II3K in vitro ¢ npumeHeHueMm cuctemMbl CRISPR/Cas9. B pesynbrare
ObuIM mosydeHbl 4yeTbipe nuHUM I13K, KoTOphle MHBELMPOBAIU B SMOPUOHHIL.
O¢dpdekTUBHOCTD NEepeaaun BHECEHHBIX MOAU(MUKALIMI OT XMMEPHON MTHULIbI 3a-
POZBILIEBOI TMHUA TTOTOMCTBY BapbupoBaia ot 0 1o 96 %.

C ucnonb3oBaHueM cuctembl pegaktupoBaHusi TALEN L. Taylor ¢ co-
aBT. (97) BBIBeIM Kyp ¢ HOKayToM Jokyca DDX4 Ha Z-TI0JI0BOI1 XpOMOCOME ISt
M3Y4EeHUsI pOJM ITOro reHa B (DOPMUPOBAHUM TMOJOBBIX KieToK. I'eH DDX4 —
KJTI09eBasl IeTepMUHAHTA 3apOBIIIEBBIX KIETOK Y MHOTHX BUIOB XMBOTHBIX. Kak
MpearoaaraeTcsi, OH KOHTPOJIUPYET 00pa3oBaHMe 3apOAbIIIECBBIX KIETOK Y MTHII.
DddexkTuBHOCTL ero HoKayTa B [13K Kyp cocrasuna 8,1 %. brumm BHeceHBI 00JIb-
mue genenuu pasmepoM 30 T.M.H, oxBaThiBalollne Bech ToKyc DDX4. Tlocne pe-
naktupoBaHus in vitro T13K BBoauau 3MOpUOHaM-peLMIIMEHTaM U TMOJYYMIN
XUMEPHYIO NTHUILYy 3apoablleBoil JuHUU. [10TOMCTBO OT 3TOi MTUIIBI OBUIO TO-
MO3UTOTHBIM 110 HOKayTy reHa DDX4. Y ocobeii oTMevaan 3aKjIagKy U pa3BUTUE
T13K B roHagax sMOpHMOHOB, OIHAKO C HaYaJlOM Meii03a pa3BUTUE PENPOIYKTUB-
HBIX KJIETOK OJIOKMPOBAJIOChH, IPUBOAS K OECIUIOAUIO Y CaMOK.

HoxkayT reHoB siuuHOro 6enka paccMaTpuBaeTcs Kak BO3MOXHOCTb CHU-
JKeHUS aJUIEPreHHOCTU KYPUHBIX SIUL. DTO OCOOEHHO aKTyaJbHO MPU MPOU3BO/I-
CTBE MPOAYKLMU JUISl JIML, YYBCTBUTEJIbHBIX K siMdHOMY Oeiky. B 2014 rony
T.S. Park ¢ coaBt. (98) mojsiyunnu Kyp ¢ HOKayTOM I'eHa OBaJbOyMMHa MOCpPe.-
ctBoM reHeTuuyeckoin Mmogudukauuu 13K cucremoit pemaktupoBanuss TALEN.
B 1ieneBoii reH ObLIM BHECEHBI AeJelMU, YTO MPUBEIO K CABUTY PAMKU CUMTHI-
BaHUS U, KakK CJIEACTBUE, K BBIKJIIOYEHUIO (DyHKIIMU reHa oBaibOymMuHa. I. Oishi
¢ coaBT. (99) co3manu Kyp ¢ HokayToM reHa oBoMyluHa (OVM). B xauecTBe Kie-
TOK-MHUILIeHeH ISl penakTupoBaHusi reHoMa cuctemoir CRISPR/Cas9 npumeHsinu
I13K, TpaHcduiLIMpoBaHHBIE B KYJbTYpE in Vitro ¥ TpaHCIJIAaHTUPOBAHHbIE A3MOpPU-
oHaM-penumneHTaM. XuMepbl G0 ObLIM MCIOIb30BaHbl IS MOCIEAYIOIUX CKpe-
mmBaHuii ¢ oToopoM Kyp (G2, TOMO3UTOTHEIX O HOoKayty reHa OVM. Ot nByx u3
TpeX XMMEPHbIX MeTyxoB (G MOJyYWJIM IOTOMCTBO C aejenueil B reHe OVM.

IloznHee Toit ke Hay4yHOMH TPYMIIONW C WCIOJb30BAHMEM AaHAIOTMYHOIO
noaxoda ObUIM BbIBEAEHBI Kypbl — MPOAYLEHTH OeTa-MHTepdepoHa YeoBeKa
(hIFN-B) mocpenctBoM BKIO4eHUsI reHa AIFN-B B JOKyC reHa oBaJlbOyMHUHA
(100). Takas nruma mpomyuuponana 3,5 mr/ma hIFN-B B cocraBe SMYHOTO
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6enka. IIpu 3TOM caMKM (B OTJIMUME OT CaMLIOB) oKa3aJluCh OecrionHbl. buoak-
TUBHOCTb M TPOAYyKLMsI pekoMOuHaHTHOro 6enka hIFN-B y moTtomcTBa coxpa-
HsIJlJach Ha ypOBHE NPEAbIAYIIMX MOKOJEHUIA, YTO TOATBEpPXKAAeT MePCIeKTUB-
HOCTb BKJIFOUEHMS 11eJIEBbIX TEHOB B JIOKYC IeHa OBaJIbOYMMHA KYp JUISI CO3JaHusI
ocobeil — MpoaylLIeHTOB peKOMOMHAHTHBIX TPOTEMHOB B COCTaBe SIMYHOTO OeKa
JUTSL TIPOMBIIIUIEHHOTO TIPUMEHEHMSI.

X. Qin c coabr. (101) oueHUIU Pe3yJBTATUBHOCTh UCIIOJIB30BAHUS alle-
HOBHUpPYCHOro BekTopa mis moctaBku cucteMbl CRISPR/Cas9 B kieTku Kyp ¢
11eJIbI0 HOKayTa TeHa oBajibOymuHa (OV) 1 WHTerpauuu B 3TOT JIOKYC T'eHa 3Mu-
IepManbHOro pakropa pocta uenoBeka (AEGF). DddekTuBHOCT, HOKAayTa TeHa
OV u sKcnpeccusi UHTerpUupoBaHHOro reHa AEGF Obla mokazaHa Ha KyJIbType
MEepBUYHBIX KJIETOK siilleBona Kyp. buosornueckass akTHUBHOCTb CEKPETUPYEMOTO
oenka hEGF nonrBepxaeHa Ha kieTkax Hela: mponundepanus KieTok Mpu BKIIO-
YEHUU B Cpely KyJbTUBHUPOBAHMSI 3TOro OejKa COOTBETCTBOBAjJIa aHAJIOTMYHBIM
oKasarteJlsiM, YCTaHOBJIEHHBIM i1 KomMepueckoro mpenapatra hEGF. Taxxke
ObU1 MpoBeneH HokayT reHa OV ¢ uHTerpauueil reHa AEGF B kieTKax 06jacto-
JepMBbI in vitro u in vivo. ITonyyeHbl 3MOPUOHBI KYp C BHECEHHBIMU TeHETHUYE-
CKUMU U3MEHEHUSIMU B KJIeTKax ToHad. D (hEeKTUBHOCTb MOJIYyYEeHUST TaKUX dM-
OpUOHOB ObljIa BbIlIE MPU TPAaHCIJIAHTAUMU MOAU(DUIIMPOBAHHBIX in vitro Kie-
TOK 0JlacTOAEPMbl B 3apOJbIIIEBBIA TUCK SMOPMOHOB-PELUUIIUEHTOB, YeM MpU
HEMOCPEACTBEHHOU MHBEKLMU aA€HOBUPYCHOTO BEKTOpPa B 9MOPUOHBKI in vivo.
Hons MmonudULIMPOBAHHBIX 3aPOIBIIIEBBIX KJIETOK B TOHAIaX SMOPHOHOB TaKXKe
ObL1a BBbIIIE MPU UCIOJIb30BaHUM MOAMGUILIMPOBAHHBIX in vitro GiacToaepmaib-
HBIX KJIETOK.

Ony0imKoBaH psia paOOT MO YCIIEITHOMY peJaKTUPOBAaHUIO TeHOMa Kyp
U MepenesoB ¢ HOKayToM reHa MuoctatuHa (MSTN). bellok MUOCTaTUH MOJAaB-
JISIET POCT U pa3BUTHUE MblllieuHOi TKaHU. Hokayt rena MSTN npencraBiseT UH-
TepeC MNpU CO3MAaHMM JIMHUKA C TIOBBILIEHHON CKOPOCTBIO POCTA MBILICYHOMN
tkanu. Tak, G.-D. Kim c¢ coasr. (102) monyuymim Kyp ¢ HokayroM reHa MSTN
MOCPEACTBOM BBeACHUS cucTeMbl peaaktupoBaHus B [13K. JIng BHeceHus aene-
uuii B Henesoi yuyactok JJHK-Muienu ncnonbzoBaan Hukasdy D10A-Cas9. ITo-
clie BBeeHNs MonuduiiMmpoBaHHbIX in vitro II13K B aMOpuOHBI y 7 U3 52 LBITUIAT
ObUTM MAEHTU(UIIMPOBAHBI Aejieliu oT 5 10 39 HyKJIeOTUIOB B JIOKyce IeHa
MSTN. Ha sToii nTulie NMPOBOAWIM AaJIbHEHIINE CKPEeLIUBAaHUSI C 1IeJIbIO BbIBE-
JIEHUsT Kyp, TOMO3UTOTHBIX 10 HOKayTy reHa MSTN. Bbuiu n3ydeHbl 0COOEHHO-
CTU POCTa U Pa3BUTHUS MBILICYHON TKaHU. Y NTUILLI ¢ HOKayToM MSTN oTMeua-
JIOCh HEMPEepbIBHOE YBEJIMYEHUE MacChl Teja no 18-HeaenabHOro Bo3pacTa, B TO
BpeMsl KaK Y HeMoAu(ULIUPOBAHHBIX 0CO0el CKOpOCTh pocTa nocie 13 Hed cHU-
Kajnachb. CpaBHHUTEIbHAs OLIEHKa IloKazaTejeld MSCHONM MNPOAYKTUBHOCTU BbI-
gBUja y ocobeil ¢ HokayroM reHa MSTN yBeauueHUe MacChl OKOPOUKOB Ha
55,3 % 1o cpaBHeHMIO ¢ KOHTposieM. [Ipu 3TOM Macca aGmOMMHAIBHOTO XHpa
6buta Ha 77,1 % awuxe. CpaBHEHME MacChl BHYTPEHHUX OPraHOB, BKJIIOYAs CEPAILIE,
CeJIe3eHKY, XXeJyIOK U MeYeHb, HE BBISIBWIO 3HAUUTENbHBIX Pa3IUUUil MEXIY re-
HETUYECKU MOAUMDUIPOBAHHBIMU Y HEMOAMGMUIIMPOBAHHBIMU KypaMM.

J. Lee c coaBr. (103) nonyuyuau nepereyioB ¢ HOKQyTOM I'eHa MUOCTaTHHA
(MSTN) mocpeacTBOM WMHBEKIIMM PEKOMOMHAHTHOIO aJeHOBUpYCa, ColepxkKa-
mero CRISPR/Cas9, B 3apombliieBnlii 1UCK (KJIETKM OJ1acTOAEPMBbI). Y TITHUIIBI
ObUTM MACHTU(ULIMPOBAHBI AeaelMyd pazMepoM 3 m.H. MyTtauusi He BbI3bIBaJla
CIBUT paMKW CUMTHbIBAHUSI M MPUBOJAMIIA K JAeJELMU LIMCTEMHA B MPOIENTUAHOMN
obnactu MSTN. Y nepeneioB, TOMO3UTOTHBIX MO HOKayTy reHa MSTN, oTMeua-
JIOCh 3HAUMTEJbHOE YBEJIMYEHME MAacChl TeJla M MBILIEYHOW TKaHU C TUIlepIlia-
3UeN MBIIIIL] IO CPABHEHUIO C TepeneaamMu, TeTepO3UroTHBIMU 110 HOKAayTy reHa
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MSTN n nukoro tuna. KpoMe Toro, y ocobeit ¢ HokayroM reHa MSTN cHuXa-
Jlach TOJIS aOMOMMHAJIBHOTO XMpa M YBEJIMIMBAJIaCh MacChl Cepala Mo cpaBHe-
HUIO C MeperelaMy IMKoro Tuma. Toil ke HaydHOIl IpyImnoil BEIBEACHBI Iepe-
rnesia ¢ HokayToM reHa MeaaHoduiarHa (MLPH), cBsi3aHHOTO C MUIMEHTal el
nepa (104). AneHOBUPYCHBIM BEKTOp, COAEPKAIINA KOMIIOHEHTBHI CHUCTEMBI
CRISPR/Cas9, BBoguIn B IMOA3apOABIIIEBYIO TTOJIOCTh 0IaCTOASPMBI SMOPUOHOB.
W3 100 uHbeLMpPOBaHHBIX 3MOPMOHOB mojyuywin 11 mepenenoB, U3 HUX TISAThb
Hecau MyTauuio B reHe MLPH B penpodyKTMBHBIX KjeTKax. DPEPeKTUBHOCTD
repenayy MyTaluu MOTOMCTBY BapbupoBaina ot 2,4 1o 10,0 %. B nmoromcTBe ox-
HO#l MomMUUMPOBAaHHONW NTULBI Fo BHISIBUIM ABE pa3Hble MyTallMM B JIOKYyCe
MLPH. boutn ycTaHOBJIEHBI pa3nyuuust B (peHOTUIIE MOAM(MUIIMPOBAHHBIX Iepe-
rnenoB ¢ HokayToM reHa MLPH. Tomo3urotrHele 1o Hokayty reHa MLPH nepe-
reJjia UMeJd Cepoe OIepeHue, B TO BpeMsl KaK Yy MepernesioB, reTepO3UrOTHBIX T10
BHECEHHOI MyTallMu, U Y TUKOTIO THUIIa ONEpeHMUE ObLIO TEMHO-KOPUYHEBBIM.

Hapsimy ¢ mpuMeHeHUEM TEeXHOJOTMHM T'€HOMHOTO PeNaKTUPOBAHUS I
VIYYIIeHUS X03SHCTBEHHO MOJIE3HBIX PU3HAKOB Y CETbCKOXO03SMCTBEHHOM TITHUIIBI
TpeICTaBIIsIET MHTEPEC CO3MaHne 0CO0eH, YCTOMIMBBIX K MH(MEKIIMOHHBIM 3a00J1¢-
BaHUSIM, HampuMep K Jieliko3dy ntull (avian leukosis virus, ALV). D10 3ab6oeBa-
HHUE CJIOXHO MOAAAeTCs KOHTPOJIO U MPOoGUIaKTUKE BBUIY OTCYTCTBUS 3P dek-
TMBHBIX BakKUMH. BoigensstoT Heckoibko moarpymm ALV. R. Hellmich ¢ coaBbr.
(12) npeanpuHSIM NOMBITKY MOJYYUTh Kyp, YCTOMUMBBIX K MOArpyImne J Bupyca
neiiko3za ntull (ALV-J), BbI3bIBAIOIIErO MUEJOUIHBIN JIeiiKOo3 U oOpa3oBaHUe
omnyxouneii. C aToii nenbio ¢ nomoibio cucrembl CRISPR/Cas9 B nokyc chNHE]
Obu1a BHeceHa aenenus 1mo Tpuntodany 38 (W38). Amunokucinora W38 B chNHEI1
WTpaeT peliaroliee 3HaYeHWe TSI IPOHMKHOBEHMS BUpYyca B KJIETKY, UTO JeaeT
ee TIPeATTOYTUTETHFHON MUIIICHBIO TSI HOKAyTa C IEIbIO TIOBBIIICHUS YCTOMYMBO-
CTU K maToreHy. BHeceHHasi B TeHOM Kyp TeHeTudeckasi MoauduKalusl mojHo-
CTBhIO 3allIWIlalia KJIEeTKU OT 3apaxkeHus Bupycom ALV-J. Jleneunst W38 He oka-
3aJIa CYIIeCTBEHHOTO HETaTWBHOTO BIMSHUS Ha pa3BUTHE WM oOlIee QYHKIIMO-
HaJIbHOE COCTOSIHME TeHeTUYEeCKM MOaM(UILIMPOBaHHLIX ocobeli. B 1ieom co3ma-
Hue ocobeil, yctoituuBbiX K ALV-J, mocpeacTBOM TOYHOTO peJaKTUPOBAHMSI Te-
HOB IMO3BOJISIET pacCMaTpUBaTh TAKOM MOIXOMA B KaUeCTBE aJIbTEPHATUBHOM CTpa-
Teruu OOpbOBI C OOJIE3HSIMU TOMAIIIHEN MTULIBL.

OCHOBHBIC TOCTIDKEHMS B PEIAKTUPOBAHNY TEHOMOB Pa3HBIX BUIOB CEJlb-
CKOXO3SICTBEHHOM MTHUIIEI CYMMHPOBAHEI B TabHIle 2.

2. OcHOBHbIE TOCTHKEHHS B peaaKTHPOBAHUN T€HOMA CeJIbCKOXO03MCTBEHHOM MTHIIBI

Bun niruiist | LieneBoii ren| Knerku-muineHu Meron TpaHC(beKVHHH Cucrema penaxTu- Hcrounuk
KJIETOK-MUILIEHEHN pOBaHUs TeHOMa

Kypwuia IgH TI3K DneKTpornoparus CRISPR/Cas9 (96)
DDX4 TI3K BJeKkTpornopanust TALEN 97
ovVM I3K JIunodexums CRISPR/Cas9 99)
hIFN-B 3K Jlunodexuus CRISPR/Cas9 (100)
MSTN 3K Jlunodexuus D10A-Cas9B (102)
oV 3K Jlunodexuus TALEN (98)
chNHE1 3K DJIeKTponopaLust CRISPR/Cas9 (12)

Tlepenen MSTN Knerku 61actonepmbl AneHoBupycHblii Bektop ~ CRISPR/Cas9 (103)
MLPH Knerku 61actonepmbl AneHoBupycHblii Bektop ~ CRISPR/Cas9 (104)

Mpumeuanue. [I3K — npuMopanaibHbie 3apOAbIIIEBbIe KIETKH.

Takum 00pa3oM, B HacToOsIIee BPeMsST JTOCTUTHYT OIpeAesIeHHBINA IPo-
rpecc B peIaKTUPOBAHUU TeHOMA CETbCKOXO3STMCTBEHHOM NITULBI. OTpaboTaHbI U
OINTUMU3UPOBAHBI METOANYECKIE TTOIXOABI M IIPUEMBI IO MOAUMUKALINU KIETOK
NTULL C TTOMOIIBIO PA3TUYHBIX CHCTEM PENAKTUPOBAHUSI T€HOB, B YaCTHOCTHU
ZFN, TALEN, CRISPR/Cas9. BeiBemeHBI Kyphl 1 Tieperieia ¢ HOKaAyToOM psiaa
TEHOB C ILeJbl0 M3YyYeHUs MX (DYHKUMH, YIy4dIIeHUs TPOAYKTUBHBIX KadyecTB
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MTULIbI, TTOBBIILIEHUSI YCTOMUYMBOCTA K MHMOEKLIMOHHBIM 3a00JIeBaHUSM, TOJyYe-
HUS PEKOMOWHAHTHBIX TTPOTEMHOB B cOCTaBe OeJjika siull. B psae uccienoBaHuit
rokKasaHa MpOCTOTa, 0e30MacHOCTh U JOCTYMHOCTb CHUCTEMBbI PelaKTUPOBaHUS
CRISPR/Cas9 npu monudukanuu reHoMa CeJlbCKOXO3SIMCTBEHHOU MTULIbI, YTO
MO3BOJISIET paccMaTpUBaTh 3Ty CUCTEMY KakK 3(MdEeKTUBHbBIA MHCTPYMEHT JUIST CO-
3M1aHUs U KOMMEPYECKOTO WCMOJb30BaHUSI MOPOA W JMHUW NTHUIL C YIy4ylleH-
HBIMM KaueCTBaMMU.
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Abstract

To date, significant progress has been made in the poultry’s genetic modification. A suffi-
ciently large number of methods and methodological approaches have been developed for the intro-
duction of recombinant genes into bird cells. The efficiency of using these approaches for genetic
modification of bird cells varies depending on the object of research, the selected target cells for the
introduction of recombinant DNA and the method of their transformation. Blastoderm cells, primor-
dial germ cells, spermatogonia, sperm cells, and oviduct cells can serve as target cells for gene modi-
fications. Using retroviral, lentiviral and adenoviral vectors, electroporation and lipofection, genetic
transformation of these target cells can be carried out. In general, three main strategies for creating a
genetically modified bird can be distinguished: i) the introduction of genetic constructs directly into
the embryo (J. Love et al., 1994; Z. Zhang et al., 2012) or into individual organs and tissues of adults
(D.V. Beloglazov et al., 2015; S. Min et al., 2011), ii) transfection of target cells in vitro and their
subsequent transplantation into the embryo or target organs (M.-C. van de Lavoir et al., 2006;
B. Benesova et al., 2014), and iii) sperm transformation in vitro and insemination of females with
transformed sperm (E. Harel-Markowitz et al., 2009). These approaches were used to develop methods
for editing the avian cell genome. A number of papers have studied the possibility of modifying bird
cells using various editing systems, in particular, ZFN (zinc finger nuclease), TALEN (transcription
activator-like effector nucleases), and CRISPR/Cas9 (clustered regularly interspaced palindromic re-
peats). Promising areas of using this technology in poultry farming are the following: studying the genes
functions (N. Véron et al., 2015), obtaining recombinant proteins in the egg white composition (I. Oi-
shi et al., 2018), improving economically useful and productive qualities (J. Ahn et al., 2017), and
increasing resistance to infectious diseases (A. Koslova et al., 2020; R. Hellmich et al., 2020). Chickens
with knockout of genes of the heavy chain of immunoglobulin (B. Schusser et al., 2013; L. Dimitrov
et al., 2016), ovomucin (I. Oishi et al., 2016), myostatin (G.-D. Kim et al., 2020), as well as an
integrated human interferon beta gene (I. Oishi et al., 2018) were obtained using genome editing
technology. Quail with knockout of myostatin genes (J. Lee et al., 2020) and melanophilin (J. Lee et
al., 2019) were also obtained. A number of studies have shown the simplicity, safety and availability of
using the CRISPR/Cas9 editing system for modifying the poultry genome. This allows us to consider
this system as an effective tool for the creation and commercial use of breeds and lines of birds with
improved qualities in the framework of the implementation of large-scale breeding programs aimed at
improving the quality of the resulting poultry products.

Keywords: poultry, quail, chicken, transgenesis, genome editing, CRISPR/Cas9, primordial
germ cells, germ cells.
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