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O0CcyKIaI0TCS TOJIOKUTEIbHbIE PEe3YJIbTATHI, MOJYYEHHbIE CEIEKIMOHEPAMH HA MPAKTHKE OJia-
roiapsi MCNOJIb30BAHMIO HAYYHBIX Pa3padoOTOK no TpaHcrenedy. Iloka3aHo coBpeMeHHOe COCTOSIHME W
NepCHeKTHBBI HCTI0JIb30BAHMS TPAHCTEHe3a B NTHIEBOACTBE. PaccMoTpeH pa3padoTaHHblii aBTOPAMHM METO.
NOJIyYeHUs] TPAHCTEHHO¥ NMTHLBI MOCPEICTBOM MUKpouHbeKuuu uyxepoaHoit JTHK B siineknerku Kyp u
nepenejok. B ocHoBe MeTOna JIEXKHT XUPYprudyeckasi onepanus, o0ecrneyuBaomas 10CTyn K siilekjer-
Kam nrun s nposenenns Mmukpounbekumii THK u dopmMupoBanue TpeTHYHBIX 000/109€K SHIEKTETKH
eCTeCTBEHHbIM 00pa30M B MOJIOBBIX MYTAX NTHLbL. ONMCaHbl METOJUKH MHKPOUHBEKUMIA B SEKIETKH
HA Pa3HbIX CTAIMAX MX PA3BUTHA. DTHM METOIOM MOJyYeHbl TPAHCTEHHbIE KYpPbl C T€HOM FOPMOHA POC-
Ta 4YeJIOBEKa, B-rajakro3uaasbl, YejoBeYyecKoro B-uHrepdepoHa W mepenesia ¢ reHOM FOPMOHA PoOCTa
KpynHoro poraroro ckora. Ilepecagka reHa ropMoHa pocta KPymHOTO POraToro CKOTa MOBBICHIA MACCY
SIMI 1 MMMYHHDIIl CTATYC MepenesioB W MX NMOTOMKOB B sy mokoJenuii. Mcnonb3oBaHue TpaHCrenesa
U IepeHoca MOJIe3HOT0 reHa Ja)ke OT OJHOW JIMHMM NTHIBI K JIPYroii (4T0 JOCTHKHAMO OOBIYHBIMH
CeJIEKIMOHHBIMM METOJAMH) /1aeT BBIMIPBINI MO BpeMEHH MHHMMYM B 7-8 jieT W, BO3MOXKHO, SKOHOMHIO
JIEHEeXKHbIX CPEACTB 32 CYET WMCK/IIOYEHHS BO3BPATHBIX CKPEUIMBAHMIA, HEOOXONMMBIX ISl YAAJIEHUS
HEHYXKHbIX T€HOB, KOTOpble MNepeNalTcs NpH eCTeCTBEHHOW MOJI0BOW rudpuausanuu. B HacTosmiee
BpeMsi TPAaHCTeHe3 BO MHOINOM CXOJEH C MyTauueii — B 3HAYMTEJIbHOW CTENeHW HANPABJIEHHOi, HO
COXpaHsAIoNIeld MHOXKECTBO HeompeaeneHHocTeid. IIpouecc BCTpauBaHMsI TPaHCTEHA HMMeET BepPOSTHOCTHbII
Xapakrep, MO3TOMY ISl JOCTHXKEHHsI HACJIENyeMOro TpaHCreHe3a MOXKET MOTPe0OBATHCS MOJyueHHe
00JIBIOr0 YKC/IA MEPBUYHBIX TPAHCTEHHBIX 0CO0EiA.
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MeToabl U NMpUEMBbl CEJEKUUU CEIbCKOXO3IUCTBEHHOM
nTUu bl [loBblllIeHHE MPOTYKTUBHOCTH IMTHULIBI M YBEJIUYEHUE BaJOBOIO MPOM3-
BOZCTBA TPOIYKTOB NTHUIICBOJACTBA B 3HAYMTEILHOM CTEIIEHU 3aBHCST OT KayecTBa
rieMeHHoil ntuubl. I[lnemMeHHas pabora — 3To PyHIaMeHT, oOecreyrBarolInii
MOIbeM TIPOMBIIIEHHOIO TMTUIIEBOACTBA. B Tepuoa 3KCTeHCHMBHOIO pa3BHU-
THSI OTPaC/IM TIPU HAJWYIWK OOJIBIIIOTO YHMCJIa TOPOA W MOPOMHBIX TPYIIT C He-
BBICOKOW TIPOMYKTHMBHOCTBHIO ObLTa AoKa3zaHa 3(G@EKTUBHOCTh CKpEIIMBAHUS
pa3HbIX MOPOJ ISl YBEJIUYEHUS MPOAYKTUBHBIX TMokaszareneir (1, 2). Ha srane
CTAHOBJIEHUSI MHTEHCHUBHOIO MNTHULIEBOJCTBA YYEHbIC-CEJEKIIMOHEPHI 0OOCHOBA-
JIN 11eJeCcO00pa3HOCTh CO3JaHUsT MPOMbBILUICHHBIX JuHuii (3, 4). CoBpeMeHHOe
MPOMBIILIJIEHHOE NTULIEBOJACTBO 0A3UPyeTCsl Ha MCIOJb30BAHUU BbICOKOMPOAYK-
TUBHON TMOPUAHON NTUILILI, MOJYYEHHOW B pe3yjbTaTe CKpeLIMBAHUS COYETalo-
muyxcst TuHuin Kyp (5, 6), uaneek u necapok (7, 8), yrok u ryceii (9), orcenek-
TUPOBAHHBIX U UM GEPEHIIMPOBAHHBIX MO OTIEIbLHBIM MPU3HAKAM.

CenexkunoHHasl paboTa Bcerga ObLIa HaIlpaBlieHa Ha COBEPILIEHCTBOBA-
HHUE CYLIECTBYIOIIMX M CO3JaHWE HOBBIX MeTONOB M TipueMoB. B 1950-1960-¢
TOIbl yIAJoCh A0Ka3aTh BO3MOXHOCTh M3MEHEHUS HEKOTOPHIX XapaKTEePUCTUK
NITUIBI TIPY MHOTOKPATHBIX (B HECKOJBKUX TMOKOJEHMSIX) «IIepeTUBAaHUSIX» KPO-
BU U CO3JaHMU <«BereTaTUBHbIX TMOpMIOB» (remoruopuausauus) (10, 11). Ta-
KUM METOJAOM ObLIM CO3JaHbl JIEHUHIpaAcKue Oeible Kypbl (0COOSIM MOPOABI
JIETTOPH BBOAWJIM KpOBb aBcTpajopnoB) (12), Lecapku (cepo-Kpamyarble LiecapKu
MOJYYUJIM KPOBb OT TETYXOB MOCKOBCKOI Oejioii mopoaHoi rpyrmmsbl) (13), aBcT-
pajiopn YepHO-MECTPhIil (IKCTIEpUMEHTAIbHAS TTOMYJISILIMS, CO3JaHHAsI C MCIOJb-
30BaHVEM BHYTPUMBILIEYHON WHBEKIIMK KPOBU U €€ JIEMEHTOB OT I10J0CAThIX
IUIMMYTPOKOB YepHBIM aBcTpanopriam) (14).



HccnenoBarenn HEOTHOKPATHO OOPAIAIUCH K TOTYYEHUIO MEXKBUIOBBIX
ruopunoB. M3BeCTHBI MEXBHUIIOBBIE TMOPHUAKI: TIETYX X Iiecapka, Kypuia X Iepe-
Mmeji, Kypuma X WHAelKa, Kypuma X dasaH, Kypura X TaBIMH W ap. B 1po-
MBIIIJICHHOM NTULEBOACTBE MCIOJIb3YIOTCS MEXBUAOBbIE TMOPUABLI MyJapabl
(mosydyeHbl OT CKpelIMBAHMUSI MYCKYCHBIX CeJlIe3HEl ¢ YyTKaMu JOMAIHUX IO-
pomx). Mynapasl 00agaloT BBICOKOI CKOPOCTBIO POCTa U HEOOJBbIION OXMpPEH-
HOCTBIO TYLIEK, CIIOCOOHOCTBIO K OTKOPMY Ha XXMPHYIO IeuyeHb. CleayeT oTMe-
TUTb HEBBICOKMII BbIBOA MynapaoB (30-35 %), uto crano coepxuparoiimm dak-
TOPOM IIpU UX MCIOJb30BaHUM. B OOJBIIMHCTBE CIIy4acB MeEXBUIOBBLIE T'MOpHU-
IbI OECIIIOMHBI, TTO3TOMY OOJBIIIOTO TPAKTUIECKOTO 3HAUYeHUs] He MMeroT. bec-
TUToAMe TUOPUIOB TIPOSIBIISIETCS B BHIE YTPATHI IJIOMOBUTOCTH TOJBKO OXHUM
mojioM (Tak, y NTUIl 6ecTutomHbI caMKu) (15, 16).

He Bcerma HayyHble pa3pabOTKM OBICTPO HAXOJST LIMPOKOE MpPUMEHE-
HUEe Ha MpakTuke. B a3ToM OTHOIIEHMM TOKa3aTejeH INMpUMep ¢ reHaMu K-k u
S-s, omncanHbiMu A.C. CepebpoBckuM eme B 1926 romy (17, 18). Tonbko
CITYCTS NE€CITUJICTHSI OCOOEHHOCTD OIEPSIEeMOCTH IIBITUISIT, CBSI3aHHAS ¢ HAJTUYHU-
€M 3TUX TEHOB, CTaja IIMPOKO HCIOJB30BaThCS. BOJBIIMHCTBO COBPEMEHHBIX
BBICOKOITPOIYKTUBHEIX KPOCCOB KYP ayTOCEKCHBI, YTO ITO3BOJISIET B CYTOUYHOM
BO3pacTe Pas3lesInTh OCOOEN IO MOJIy C TOYHOCTBIO 10 98-99 % 1o pasBUTHIO
MepbeB Kpblia WM LIBETYy IyXa, a He Mo MojoBbIM Oyropkam (19, 20). donroe
BpeMsl TeHeTHMKaM Obl1 M3BECTeH I'eH KapJMKOBOCTH (dw), ompeAensiioliuil He-
BBICOKYIO MAacCy ¥ YKOPOUYEHHYIO IJIMHY HOTU NTUILILI, onucaHHbI @.b. XaTToM
(21), ¥ TOJNBKO B MOCAEAHUE NECATUICTUS MaTepUHCKUE (OPMbI SUYHBIX U
MSICHBIX Kyp, HECYIIIMe 3TOT T'€H, HayaJu BOBJIEKATh B CEJICKIIMOHHBIN TpoOIIecC.
Kupag macca y Kyp-HOCUTeJIel reHa dw HEBBbICOKA, UTO O0OeCTeYnBaAET CHUXKE-
HHUeE 3aTpaT KopMa Ha TIPOM3BOMCTBO IIEMEHHON M TTPOMBIIIICHHON TTPOTYKIINT
(22, 23). IlonsiTue «reHoreorpadusi» ¢ YTOUHeHHEM CBSI3aHHBIX C HUM BOIIPO-
coB BBell A.C. CepebpoBckuii B 1928 romy. B HacTosiiee BpeMsi Ha3BaHHOE Ha-
MpaBjeHUe MOJIYYUIO pa3BUTHE: MPOBOAUTCS aHAIU3 PACIpPOCTPAHEHUs TeHe-
TUYECKMX MapKepoB B MOMYJISILMIX KPYIHBIX PErMOHOB, T€HOTUIIMPOBaHUE
HOHK u xnaccuyeckux MapKepoB, B YACTHOCTM OTHOPOAMTENbCKUX (MUTOXOH/I-
puanbHast JHK, Y-xpoMocoMbl), T€eHETUKO-OMOXUMUYECKUX U APYTUX CHUCTEM.
KoHeuHol 11e/1bl0 TaKMX MCCIAEAOBAHUM CIYXKUT ToAaepxXaHue U 3(p@ekTruBHOE
WCIIOIb30BaHNE B CEJIEKIIUM TOTO OTPOMHOTO T¢HETHYECKOTO ITOTeHIIMaja, KO-
TOPBI BCE €Ille COXPAHSIETCS ¥ OTEUECTBEHHBIX CETbCKOXO3SMCTBEHHEBIX BHIIOB
KUBOTHBIX (24). B CBsI3W ¢ 3TUM BO3HUKAET HEOOXOIMMOCTb B pa3paboTke U
WCIOJIb30BaHUU [IJISI MACIOPTU3alUUM KUBOTHBIX M MTULBI BbICOKOIPOU3BOIU-
TeabHbIX cucteM JHK-ananu3za (25).

Tekyiee cTofaeTre aas NTULEBOAOB — BEK IeHETUKM U cesiekKuuu. Eciu
Ha MEXIYHapOJHBIX KOHKYPCHBIX UCHBITAHUSX B 1925 romy y Kyp cpeaHss sii-
LIEHOCKOCTh 176 1mIT. oueHnBazach Kak Boicokast, To B 2002-2005 rogax Ha KOH-
KYpCHI BBICTABIISJIACh NITUIA OEJTBIX W KOPUYHEBBIX SIMIHBIX KPOCCOB C TIPOAYK-
TUBHOCTBIO 330-340 mT. B TO M BBIXOIOM SIMYHOM Maccel 21 KT, uto B 12 pa3
GoJrpllre Macchl X Tenma (26).

B Hacrosiiiee BpeMs cefeKuMsl NTULBI HeOe3yCHellHO BEAeTCsl Tpaau-
LIMOHHBIMU MeTonaMu. CeJleKIIMOHHbIe HOCTHXKEHUS BIJIOTHYIO NMPUOJIM3UIUCH
K (husronornyeckomy rpeaeny siiiiieHockoctu. CelleKIIMOHEPhl HAMEPEHbI CMe-
CTUTH aKIEHT B IporpaMMax B CTOPOHY IOBBLIIIEHUS XMU3HECIIOCOOHOCTU U
CTPECCOYCTOMUMBOCTU NTHUIIBL. DTO TpeOyeT KPYIHBIX BIOXEHHI B MPOBEICHME
WCCIIeNOBAaHNI, CBSI3aHHBIX C M3y4eHHEeM (DU3NOIIOTHUYECKNX W OMOXMMUYECKIX
MPOIIECCOB B OpraHM3Me, 00eCTIeUMBAOIINX TTOAIEPKAHNEe BEICOKOM TTPOXYKTHB-
HOCTM B pa3HbIX YCJIOBUSIX BHEIIHeW cpenbl (27, 28).

CoBpeMeHHOE NTUIEBOACTBO BIJIOTHYIO MOMOILIO K MCIOJIb30BAHUIO



HOBEMIIINX OMOTEXHOJIOIU, B TOM 4YHMCJIe K IIPUMEHEHUIO METOAOB T'€HHOM MH-
XEHEPUU B CEJIEKIIMOHHO-TeHETUIECKOM paboTe.

CoBpeMeHHOE COCTOSHHNE M MEPCIMEKTUBH MCMHOJIH30BA-
HUSI TpaHcreHe3a B nTuueBoacTBe. Co3maHue TPAHCTEHHOW MTUIIbI
JJIST XO3SIMCTBEHHOI'O MCIIOJb30BaHUSI MpeArnoiaraeT mojydyeHue JuHuit. C
BTOI TOYKM 3peHUs MTUlla 001agaeT OOJbIIMM MPEUMYLIECTBOM Iepel Celb-
CKOXO3SIICTBEHHBIMU MJICKOMUTAIOIIUMU Ojarogapss ObBICTPOMY IOJIOBOMY CO-
3pEBaHUIO U BBICOKOH TUIOJOBUTOCTU. MHoOrue jgabopaTopuyd Mupa paboTaroT
Haj TIOJly4eHUEM TpPaHCTeHHOU mTulibl. OMHAKO OCOOEHHOCTU €€ Pa3MHOXEHUS
CO3Ial0T cepbe3HbIe TTPOOIeMBI I ucciaemoBareneit. Kypuma obpasyer B CyTKH
OIHY STMIIEKJIETKY, KOTOpasl OYeHb BeIMKa M HEXHa IS KaKnX-IMOO MaHUITY-
JISILUMIA, KaK 3TO AenaeTcsl C SIALEKIeTKaMM MJIEKOMUTAIIIUX MPU UHbELIMPOBa-
HUM B HuX uyxepomHou JIHK. JInga HopManbHOro 3MOpPMOHAILHOTO Pa3BUTHUS
OTUYbE SHLIeKIeTKe HeOOXOOUMbI TPEeTUYHBbIE OOOJIOUKM — OelKoBasl, MOd-
CKOPJYITHBIE U cKopiyna. JIpobjaeHue KypuHOIl SIALIEKIeTKM HauMHaeTcsl B Oell-
KOBOM OTJele SIMIIEBOJA, a B CBEXECHECEHHOM siilie yxe mmeercs 50-60 Thic.
KJeToK. I1o3TOMYy BIlepBBbIE€ TPAHCTCHHYIO NTUILY MOJYYMIN C TIOMOIILIO PETPO-
BUPYCHBIX BEKTOPOB.

PeTtpoBupychl ObITA TIEpBEIMM TIPETCHIEHTAMU Ha POJIb BEKTOPOB TSI
rnepeHoca reHOB, MOCKOJbKY B HOpME OHHM BKIto4aloTcsl B reHomHylo JJHK xo-
39MHa U peruuupyoTcsa (29). MHorue uccieaoBaTeyd MbITAIUCh BHECTU Uy-
KepoIHble TeHbl B 3apOAbIIIEBYIO JUHUIO, WHGUUIUPYST 3MOPUOHBI KaK COXpa-
HSIOLIMMM CIIOCOOHOCTh K PEeIUIMKALIMU, TaK U YTPAaTUBIIMMU €€ PeTpOBUpPYC-
HbeiMu BekTopamu (30, 31). YcnelmHoe BcTpauBaHUE TpaHCIE€HA B 3TUX OIIbITaX
cocraBwio ot 0,8 1o 5,0 %. BeeneHue peKOMOMHAHTHOIO BEKTOpa BUpYca Jieii-
KO03a NTHUII B OJIacTomepMy MHKYOMPYEeMBIX KYPUHBIX SMOPHOHOB JAJIO TTOJIOXH-
TeJIBHBIA PE3yNbTaT IO TEPEeHOCY TEHETMYEeCKOTO0 MaTepuaja B 3apOABIIICBYIO
JuHMio (32). C peKOMOMHAHTHBIM BUPYCOM ObLIM TOJYYEHBI MOJHbIE TpaHCIe-
Hbl (33, 34). UccnegoBaHus no JajbHellneir pa3paboTKe TEXHOJOTUU MCIOJIb-
30BaHUSI PETPOBUPYCOB C LI€JIbI0 TpaHCreHe3a y ITUIbI MPeICTaBISIOTCS BaX-
HBIMM U TIPOAOJIKAIOTCSI B HacTostiee BpeMs (35).

CyILIeCTBYIOT METOAUUECKIUE MOAXOIBI IS 0e3BUPYCHOIO TPaHCTEHe3a Y
nTulbl. OOUH U3 HUX — CO3JaHUE XUMEp IMOJACAIKONM B O9MOPUOHBI YYXKUX KIIe-
TOK. TakmM cIocoOOM OBLTM MOJYYEHBI COMATUYECKUE XUMEPBl M XUMEpPHI 3a-
poapiieBoit JuHun (36-39). Mx BeIpalliMBalOT U OTBOAST OT HUX ITOTOMCTBO. Y
BBIPAILLEHHBIX XUMEPHBIX OCOOEH HEKOTOpash 4yacTb MOTOMKOB, MPOMCXOASIIMUX
U3 TPAHCTEHHBIX 3apOJBILIEBBIX KJIETOK, OKAa3bIBAIOTCSI TpaHCTeHHbIMU. OgHAKO
Ipu KyJIbTUBUPOBAHUM SMOPUOHANBHBIX KIJIETOK OBLIM OOHApy:KEHBI MOJEKY-
JISIPHBIE MEXaHU3MBbI, 3allMIIAIOIINE TeHOM OT MHTErpaluu U 3KCIIPECCUU UyXKe-
ponHbIX TeHoB. MMerolrecs TaHHbIE CBUAETEILCTBYIOT O MOJABJICHUU U COOSIX B
aKcnpeccur TpaHcreHoB (40-42) M yKas3bIBalOT Ha CJIOXHOCTb BHYTPMKJIETOU-
HBIX MEXaHW3MOB, pa3pelIaioiinXx TPAHCKPHUIIIAIO W TPAHCISIIIUIO YyKEPOTHBIX
nocinenoBatenbHocTeil JIHK. MoxHO yTBepXKaaThb, YTO B HACTOsIEe BpeMs Tak
HaspiBaeMasgs PHK-mHTepdepeHns npeacrasiasgeT coboil BecbMa OCTPYIO IIPO-
OyieMy IJIsl COBEpILIEeHCTBOBaHUS TpaHcreHesa (43).

TexHoaorust NoydeHus TPAaHCTeHHBIX SMOPHOHAJIBHBIX XUMEpP TOKa 0C-
TaeTcsl OCHOBHOI MpPU CO3JaHMKU KOMMEpPUECKU 3HAUMMBbIX TPAHCTEHHBIX JIMHUIA
OTULBL. DTO CIOXHBIM M JOPOrOCTOSIIUI ITOAXOM, IIPeArnojaralollnii BhIAeIe-
HUE U KYJIbTUBUPOBAHUE MEPBUYHBIX MOJOBLIX KJIETOK, MX ITOCIEIYIOIIYIO TpaHC-
dexunio uyxepoanoit JHK u nmomcanky B paHHue aMOpUOHEI (44-46).

IMomyyeHne TpaHCTEHHOM TTUIBI C WCIIOJB30BAaHMEM HCKYCCTBEHHOTO
oceMeHeHUsT (TpaAUuLMOHHBIA U PacCIpOCTPAHEHHBIM B MTULIEBOACTBE MPUEM)
paccMaTpMBaeTcsl Kak o4eHb IepcrnekTuBHoe. CIIOCOOHOCTh CIiepMaTO30MI0B
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cBs3biBaTh uyxeponHyto JIHK Obina mokazaHa B pabore B.G. Brackett ¢ coasr.
B 1971 roay (47). BriepBble TpaHCTeHe3 ¢ MOMOILBIO CIIEPMATO30MA0B B KauecT-
BE BEKTOPOB sl IepeHoca 3k3oreHHoi JIHK Obim mpomeMoHCTpupoBaH Ha
mbimax B 1989 rogy (48), u Ha Hero Boznaraiau Oosbiune Hagexabl. JHK cBs-
3bIBAETCSI CO CIIEPMATO30UIaMM OMpeJeJeHHbBIM 00pa3oM. Y OOJBIIMHCTBA BU-
JIOB XXMBOTHBIX MECTO CBSI3bIBAHUS MPEUMYIIECTBEHHO JIOKAJIM30BaHO B IMOCT-
aKpOCOMAaJIbHOI 00JIacTU TOJIOBKU crnepMmato3zouga (49). Jlns yBennueHus: 3¢-
(beKTUBHOCTM II€peHOoca IeHa C IIOMOIIbIO CIepMaTo30MIoB (sperm-mediated
gene transfer, SMGT) mpenoxxeHO HECKOJbKO MOAXomoB. Tak, Ipu IMpUMeHe-
Huu junodektuHa 51,6 % crepMaTo30MIOB IIETyXa COAEPKAIM 3K30T€HHYIO
JAHK (50). B pesynbrare UCKYCCTBEHHOIO OCEMEHEHUST Kyp CEMeHeM, TpaHcpe-
LAPOBAHHBIM C ITOMOILILIO JIMTodekTrHa, 3k3oreHHas JJHK BoisiBiasuiace B 6ma-
crogepme 67 % OIUIONOTBOPEHHBIX stvIl. OmHAKO BKIMOUeHHS uyxXepomHoi JHK
B T'€HOM BBUIYIMBIIMXCS LBIIUIIT HEe HAOMI0JaIu, XOTS Yy STHUX LIBIIUISIT ObLia
OTMEYEeHa 3MKrcoMaibHasl MHTerpauus gyxepoaHoi JITHK.

bouto npeanoxeHo aonogHuTh Meton SMGT ucnoib3oBaHUEM PECT-
PUKLUMOHHBIX (pepMeHTOB (restriction enzyme mediated integration, REMI).
JIuneitnass JIHK BmecTe ¢ pecTpukTazoil BBOAMTCS B KJETKY-MMILIEHb MOCpe-
CcTBOM JUITOGEKIINN WM 3JeKTporopaunu. [Ipenronaraercs, 9ro pecTpuKrasa
3aTeM paspesaeT reHoMmHyto JHK mist obGneryeHuss MHTerpauMu 3K30reHHOM
HOHK c cOOTBETCTBYIOIIMMM JUIKUMU KOHUAMU. [Ipu MCIOAb30BAaHUM OIU-
caHHOI TexHoMornM Ha Kypax 90 % usiwar (17 u3 19) skcnpeccupoanmu GFP
(green fluorescent protein) u y 80 % ux motoMkoB (25 u3 30) IposIBISUICS TOT
ke apdexT (51). C noMolLIbIO CIIEpMATO30UI0B METYXa KaK BEKTOPOB ObLINU MO-
JIydeHbl TpPaHCT€HHbIE KYpHMHbIE SMOPUOHBLI C TeHaMu P-TajlakTo3uaasbl. Dd-
(bexTMBHOCTE TpaHCHOPMAIINHN STMIIEKIETOK cocTaBmia 23 % OT 4mcia oTuIono-
TBOpeHHBIX siull (52, 53). MeTonoM MCKYCCTBEHHOTO OCEMEHEHUsI TpaHchelu-
POBaHHOI CHEPMOIl ¢ MPUMEHEHUEM JIUIIOCOM CO3MaHbl TPAHCTEHHbBIE Kypbl C
TEHOM TPaHyJOLMTAPHOTO KOJOHWECTUMYIUpYIolero (akropa uyeaoBeka (52).
OmHako Bce YMOMSIHYThIE CIIOCOOBI XapaKTepM3yIOTCSl IJIOXOM BOCHPOM3BOIM-
MOCTBIO, YTO CBUIETEJILCTBYET O HEOOXOAMMOCTU JaJbHEUIIE HaydHOU IIpopa-
00TKU TIpoOseMbl (54).

Mukpounbekuusd JHK B M3BAeYeHHYIO SHLEKIETKY C
nociaeAaywlleid TpaHCOJaHTauUMel B sAiLeBOA Kypullbl. MHTe-
pec MpeAcTaBisieT MeTol HenocpeacTBeHHO nHbekimu JHK B saituexkieTky. ¥
NTULIBI MOXHO TIOJYYUTh CBEXEOIUIOAOTBOPEHHYIO SIMLIEKIIETKY, BCKPBIB OpIOII-
HYIO MOJIOCTb Ha OMpelejeHHON 3Tare OBYJSITOPHOro ILMKIa (YyCTAaHOBJIEHHOE
BpeMsl MOcCJie CHeCceHMsl Kypuuei sitna). OgHako DJOOUTbCS HOPMaJbHOTO 3M-
OpUOHAJILHOTO Pa3BUTHUS 3TOU SULIEKIETKM COCTaBiIsieT Mpobsemy. 3mech BO3-
MOXHBI IBa BapuaHTa. OIMH M3 HUX peaJM30BaH IMPU pa3paboTKe CUCTEMBI
KyJbTUBUPOBAHUS KYPMHBIX SUIEKIETOK in Vitro B YCIOBUSIX, MaKCHUMAaJIbHO
MPUOTIKEHHBIX K €CTECTBEHHBIM. SIMIeKIeTKy, N3BJICUCHHYI0 M3 BEpXHEH Jac-
TU OEJIKOBOIO OTAeja siiilieBoja, MHKYOUPYIOT B CKOpJymne Aapyroro siiina (55,
56). Co3naHue TPaHCTEHHBIX LBIUISIT TAKMM METOIOM — MOCTaTOYHO CJIOXHASI
3a7a4a, a MoKasaTejb BBEUIYIZIEHUsI HU30K (B Tipedenax 15 %). OgHako aHanm3
Ha TPAaHCTEHHOCTb SMOPUOHOB W IIBIIUIAT, MOJYYEHHBIX B 3TUX SKCIEPUMEHTAX,
obHanexusaeT. [Ipu mcnonbzoBaHuM MojuMepasHoil uenHoi peakuuu (ITLP)
nokasaHo, 4ro ooOpasunl JIHK 1moyTtu OT IOJOBUHBI 3MOPHOHOB U LIBIILIST,
MPOXUBIINX TIOCaeaHNEe 12 CyT KyITbTUBUPOBAHUS, CoAepKaT TpaHCcreH. [IBoe u3
BBIIYITUBIIMXCS LBITIISIT COMEPXKaI TPAHCTEH B XOPHOAITAHTOMCHOM MeMOpaHe,
KPOBM U MyJiblle pedpa. ¥ OAHOro meTyllika KOJMYECTBO TPAHCTEHA COXPaHSIOCh
JI0 ToJI0BOM 3penocTu. Ero criepma Ttakke comepxajia TpaHCIeH (KOHCTPYKIIMIO
pPEIOPTEPHOro r'eHa), KOTOPhIA ObUI yCHEIIHO IepedaH K 3,4 % ero moToMcTBa

6



(14 u3 412 nojiydeHHBIX OT Hero UbIIAT) (57).

Bo BcepoccuiickoM Hay4yHO-HCCIEIOBATEIbCKOM M TEXHOJIOTMYECKOM
WHCTUTYTE TNTULEBOJACTBA pa3paboTaH APYrol MeTON IOJyYeHUs TpaHCTeHHOM
NTULBI TIPU MUKpOMHbeKLIMU uyyxkepoaHoi JHK B situeknerku, koraa obpaszo-
BaHUE O0OJIOUEK SIALICKJIETKU TMPOMCXOAUT €CTECTBEHHBIM OOpPa3oM B IOJIOBBIX
nyTax nTuibl (58-60). OcCHOBHOE JOCTOMHCTBO TAKOTO IOAXOAA 3aKITIOYaeTcs B
OTCYTCTBMU HEOOXOAMMOCTH HCIIOJIb30BaTh CIOXHYIO almapatrypy W Cpelbl Ui
KyJIbTUBUPOBAaHUS 3MOPUMOHOB in Vitro, BbIAEJIEHUS U Tlepecaaku Onactoaep-
MaJIbHBIX VI TIPUMOPIUATBHBIX KIeTOK. OCHOBY TIPENIOKEHHOTO METOAa TPaHC-
reHe3a COCTaBJISIET Xupypruueckass omnepauus. I[TpuHUMNIHUAIbHAS BO3MOXHOCTD
TaKoOM orepainy OblIa ITPOIeMOHCTpUpOBaHa paHee (61).

Bb110 yCcTaHOBNIEHO, UTO Y MCIOJIB3YEMbBIX B DKCIEPUMEHTE Kyp OBYJISI-
oust mpoucxoaut yepe3 20-25 MuH mocie cHeceHMs sitna. CrycTs IpUMEPHO
5 MMH MoOcJie OBYJISILIMM SIMIEKIeTKa 3aXBaTbIBaeTCsl BOPOHKOM sitlieBoaa. I1po-
XOXAeHUEe SHILIEKIEeTKO BOPOHKU sIiilieBoJa A0 BXOJa B OEJIKOBBIM OTHEN 3aHU-
MaeT HeCKOJIbKO MMHYT. B BopoHKe mpoumcxomuT ee oruomotrBopeHue. Ilocie
BCKPBITUSI OpIOLIHOM MOJOCTA KYPUILIBI ITOJ MECTHOM HOBOKAMHOBOI aHECTe3U-
el INLEeKIeTKY OCTOPOXXHO BBbIJABIMBAJIM U3 BOPOHKMU SIH1IEBOAA B MOJAOTPETYIO
yalleyky ¢ XUAKOHN (pakiumeid KypuHOro sSIMYHOro 0ejika, pa30aBJIeHHOIO COJie-
BbIM PacTBOPOM, W TMOMELIAIM MOJ CTePEOMMUKPOCKOI. KUAKOCTh HeobxoaruMma
JUIST TIpeOTBpalleHUsT OOChIXaHUsl SULIEKIEeTKM Ha BO3AyXe; Mo0aBKa SIMYHOTO
Oesika, Kak TOKa3aj Halll OMBIT, YBEJIMYMBAET MEXaHMYECKYI0 MPOYHOCTb BU-
TEeJUJIMHOBOM MeMOpaHBbI SiLeKIeTKU. [IpoHyKiIeychl B KYpUHOU SIMILIEKJIETKE HE
BUIHbI, TO3TOMY UHBEKIUIO MPOBOAWIM B LIUTOILIA3MYy, B 30HY PaCHOJIOXEHUS
SIEpHOTO MaTepuana, TO eCTh B IIeHTp Omacromucka. Ilociie MHBEKIIUM STATIE-
KJIETKY TOMeIIald O0paTHO B SIMIIEBOJ KYpHUILIbl Yepe3 €r0 BOPOHKY C MCIOJIb-
30BaHUEM CIelIMaJIbHO pa3pabOTaHHOIO MpUCIOoCcOobeHrsT uiau 6e3 Hero (58).
IIpu ecTeCTBEHHOM OBYJSITOPHOM MPOLIECCE Y KypPHUIIbl HE3AM0IT0 10 OBYJISLUMN
BOpDOHKa SiflileBOAa aKTUBMPYETCSI, OHA MOCTATOYHO 3JacCTUYHA W MpOYHaA JIsI
TOr0, YTOOBI €€ MOXHO OBLJIO PACTSIHYTh BPYYHYIO U B oOpa3oBaBlIeecs OTBEpP-
CTHE BCTaBUTb TPAHCIIAHTUPYEMYIO sSiiliekieTKy. OMHAKO TaKoe COCTOSIHUE BO-
POHKM COXpaHSETCSl OYeHb HEMOJITO, B T€UEHUE TPUMEPHO 5 MUH. YTpaTUBIIAs
AKTMBHOCTb BOPOHKA YMEHBIIIAETCSI B pa3Mepax, CTAHOBUTCS UPE3BBIYAITHO PHIX-
JIOW U PBETCSl MPU MOIBITKE PACTSIHYTb €€ IO HYXHbBIX JJIsI BXOXIEHUS siiilie-
KJIETKU pa3MepoB. DTOro BpeMEHU 4YacTO He XBarajo, U JJIsl MPEeOoJOJeHUsT Ta-
KOro OrpaHM4yeHMs1 ObLIO M3rOTOBJIEHO MPUCIOCOONEHNE, TTO3BOJISIIONIEE PACTs-
HYTb, 3a(pUMKCUpPOBaTh BOPOHKY sIilIeBOJAa U NMPU HEOOXOAUMMOCTU MPOIBUHYTH
TPaHCIUIAHTUPYEMYIO SIMIIEKJIETKY B SIHILICBON AaBieHUEM Bozayxa. bproliHyio
MOJIOCTh 3alllMBajiv, Kyp BO3BpalllaJiM B UX KJIeTKM. fillia, CHECEHHbIe MpooIie-
PUPOBaHHBIMU KypaMHU Ha CAeaylolIuii AeHb, cOOMpaIn U MHKyoupoBaau. B pe-
gyabTare 49 onepaluii ObUIO MOJYYEHO 1IECTb LIBITLIST.

Nunexunu JHK (1mHeapusoBaHHasl Mia3mMuaa, cojaepxallas MeTaio-
TUOHEMHOBBI TTPOMOTOP M T€H TOPMOHa POCTa YeoBeKa) OMUCAHHBIM CIOCO-
OOM Janu cienyrolie pe3yabTaThl. B KpoBU y IBYX LIBITUIST UMMYHOGMEPMEHT-
HbIM U PaAMOMMMYHOJOTMYECKMM MeToJaMM Obl1 OOHApyXeH TOpMOH pocTa
yejgoBeka B KoHueHTpauuu 0,5-1,0 Hr/mi. JJoT- ¥ GJI0T-rUOpUAU3aLIOHHOMY
aHanu3y Obuia moaBeprHyta JHK, BelmeaeHHas M3 IOJYYEHHBIX OMOIICHEN
TKaHeil rpeOHsI, KOXM, MBI, MeYeHN U KPOBU IBIILILAT. Y OTHOTO M3 ABYX
LIBITLIAT, TTOJOXUTENbHBIX 10 TecTy Ha TopMoH, B JIHK U3 rpebHs 1 Koxu Obl-
JI1 OOHapyXeHbI MOCJIea0BaTeIbHOCTA TeHa FTOPMOHA POCTa YesioBeKa, HO B KO-
JIMYECTBax CYILLIECTBEHHO MEHbIlle OJHON KONMuu Ha reHoM. Ilo-Buaumomy, mo-
JlydeHHbIe 0COOM ObUIM MO3aMYHBIMHU (KaK MEXIy TKaHSIMM, TaK U IO TKAHU)
M0 WHTErpMpoOBaHHOMY TPAHCTE€HY, MPUUYEM B KJIETKW 3apOIbIILIEBON JUHUU
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TPaHCTEH HEe BCTPOWJICS, MOCKOJIBKY B ITOTOMCTBE 3TMX LIBIIUISIT TPaHCTeHHBIE
ocobu He ObUTM 0OHapyXKeHbI (62).

Mukpounsbexkuuu JHK B KypuHyw silekiaeTkKy 0e3
W3BJIeYeHUsT ee U3 giieBoaa. JdaapHeillee coBepllieHCTBOBAHNE ITOM
TEXHOJIOTMM MO3BOJUIO NMpoBoauTh uHbeKMK JJHK B giiiekierku 6e3 ux u3-
BJICYEHMST U3 TOJOBBIX MyTeil MTULIbI, BCIAEACTBUE YEro CYLIECTBEHHO BO3poOciia
addexkTuBHOCTL MeTona. CaMasi OTBETCTBEHHass WM TPyAOeMKas CTaaus B OIU-
CaHHOM BbILIE TEXHOJOTMW — UMIUIAHTALMS SUUEKIETKA B sileBoA. TOJbKO
U3 TOJOBUHBI UMILIAHTUPOBAHHBIX SNIEKIJIETOK TMOJy4Yaau MOPdOIOruyecKu
HOpMaJibHbIe sifa. YToObl u30eXaTh 3Ty MpPoUeaypy, NMPOBOAUIN WHBEKIIUU
JHK B OmacTtommck SIMIIEKIIETKHA, HE M3BJIEKas ee (depe3 Mpo3payHylo CTEHKY
BOPOHKH SIii1IeBOMA). Y KYp YUMTHIBAIM OBYJSITOPHBIEC LIMKIIbI, €XEIHEBHO PETU-
CTpUpPYsl BpeMsi cHeceHUs1 UMM sivil. Ha omepanuio Opanu Kyp ¢ oxuaaeMoi
oBynsuuei (uepe3 15-20 MuH mocne cHeceHus siina). [log MecTHOI aHecTe3u-
el BCKphIBaJIM OpiolHyo monocTb. PactBop JITHK mHBemupoBanyu CTEeKISIHHOMI
MUKPOIIMIIETKOI (auamMeTrp octpus 2-4 MKM) B oObeMe 150-300 mkia B LEHTp
3apOIBIIIEBOTO NMCKA SIUIEKJIETKN Yepe3 CTEHKY BOPOHKHU (K COXaJlIeHUIO, TIPO-
KOHTPOJIMPOBATh MIYOMHY MOTPYKEHUSI MUKPOIMIIETKM B SIMLEKIETKY He yma-
JIOCh M3-3a OTCYTCTBUS moaxoasiueir ontuku). [Tocae mukpounbekuuu JHK
(J1TMHEapu30BaHHAs TUIa3MUAA, CoAepKallasi METAJUIOTUOHEMHOBBIN MTPOMOTOP U
TeH FOpMOHa POCTa YeJoBeKa) OPIOLIHYIO MOJOCTh 3allMBaIM U MOMELIAI Kyp
B KieTku. CHeceHHbIe Ha CIEAYIOLIUI AeHb siilia MHKYOMpPOBaIU, MOTYYeHHBIX
LIBITUISIT BhIpAILMBAIN.

TubpunuzaunonHsiii aHanuid JIHK y mojgydeHHBbIX U3 TakKuX SUL Kyp
BBISIBUWI HYKJIEOTUIHBIE TOCIEI0BaTeIbHOCTY WHBELUMPOBAHHON TMJIa3MUIbI Y
geTbipex n3 21 ocobn. MHTEeHCMBHOCTh CUTHAJIOB Ha pamuoaBTorpadax pasiu-
yajlaCh He TOJIbKO Mexnay ocoOsimu, HO u mis JJHK u3 pa3HbIx TKaHel Kax-
noi Kypuipl. KonnyecTBO MHTErpUMpOBaHHOIO TpPaHCIEHa, Cylsl MO CPaBHUTE/b-
HOU JNEHCUTOMETPUHU TOJIOC C CUTHAJZaMU OT TUIa3MUJbI, BApbUPOBAIO ISl pa3-
HbIX mnpenapatoB JHK oT HeckoiabKuX KOMUIA 0 CYIIECTBEHHO MEHbBIIMX 3Ha-
YEeHMH, YeM OfHA KOIMS Ha Te€HOM. DTO CIYXUT CBMIETEIbCTBOM MO3aWYHO-
CTHU TTOJIYYEHHBIX TPAHCTeHHBIX Kyp. KoHIIEHTpalns coMaTOTPONMHA YeIoBeKa
y HUX B KpoBU cocraBuia 1,5-2,0 Hr/miu. AHanu3 pamnoaBTorpacda 6J0T-Tuo-
puauzaunu JITHK u3 pasHbIX TKaHeil TpaHCT€HHBIX Kyp MoOKasasl, YTO MPOMU30-
11J1a TaHAeMHasl (HeCKOJIbKMX MOBTOPOB) MHTErpalvsi TpaHCreHa, XapakTepHasi
JUIST TPAHCT€HHBIX XXMBOTHBIX, MoJydyaeMbix Npu MUkpouHbekuusax JHK B sii-
nexieTku (63-65).

Muxkpousbekuuu JHK B xpynmHbie QPONAUKYIH SUUYHUKA
Kyp. OnucaHHble BbIIE MOAXOAbI IMO3BOJISIOT 3a ONEpaluio MOJYyYUTh OT O-
HOI KypMILIBI MaKCUMyM OIHY >XKHU3HECIIOCOOHYIO SIMIIEKJIETKY C WHBELIMPOBaH-
HBIM Yy>KE€POTHBIM T'€HETUYECKMM MaTepuajioM. BapuaHTOM, MO3BOJIMBIINM pe3-
KO YBEJIMYUTb 3TO YMCIIO, CTAI0 UHBbELUPOBAHNE B SIMLEKIETKM, HAXOASIIMECS B
SIMYHKMKE, TO €CThb B (o/UIMKYAbl (59, 66). B sauuHuke Kypuibl umeercs 4-5
KPYIHBIX (DOJTUKYJIOB, KOTOPbIE Mbl MOIJIM MCIIOJIB30BaTh ISl MPOBEICHUST B
HUX MUKpOMHBbeKUMA. OOHAKO MpU TaKOM MOAXOAE BO3pPACTalOT TEXHUUYECKHUE
TPYAHOCTU. XUPYPIUUECKUI AOCTYN K SIMYHMKY OoJiee CIOXEH, YeM K sIiAleBO-
oy, a (GoJTuKyjsipHas 000JI0uKa TOJIIE U XKeCcTdye CTEHKU BOPOHKHM SIAIIeBOIA,
HO B IIEJIOM IMPEMMYIIECTB y TaKOTO BapMaHTa 3HAYMUTEILHO OOJIbIlEe, YeM He-
IOCTaTKoB. B ToM uymcie oTmagaeT HeoOXOMMMOCTh YCTaHABIWBATh OBYJISTOP-
Hble LUKJbl OTHUIbI, YTO CYILIECTBEHHO YIIPOIIAET TMOATOTOBKY W BBIMOJHEHUE
aKcrnepuMeHTa. CII0XHOCTA BU3YaJlbHOIO KOHTPOJIS 3a MPOBEAEHUEM MUKPO-
WHBEKIIMIA, Ha Halll B3MJISA, JIETKO TMPEOJOJIETh, UCMOJIb3Ysl ONTUKY WU MUKPO-
TEXHUKY, MPUMEHsIeMble B OPTAIBMOJOTUM WIM OTOJIAPUHIONOTMU. TakuMm 00-
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pa3oM, TUTIOTETUYECKHU 3a OJHY OIepalrio OT OMHOM KypHIIBI MOXHO ITOJIYYUTh
4-5 JUIeKIIeTOK ¢ MHBEIIMPOBAHHBIM WHOPOMHBIM TeHETUUCCKUM MaTepuajioM,
npudeM 6e3 MpobJIeM, CBSI3aHHBIX C WX BO3MOXHBIM HEOTUIOAOTBOPECHUEM WU
HEHOpPMaJbHbIM 00pa30BaHUEM TPETUUYHBIX 000JIOYEK.

IIpexne yem mpoBoauTh MukpouHbekuuu JHK B domnukynsl, cieno-
BaJIO yOeOuThCs, YTO M3 (OJUIMKYIA C MHBELIMPOBAaHHBIM MaTepuajoM (hOpMU-
pyeTcs siiuekaeTka M mojJHoleHHoe siiio. C 3Toil 1ieblo Ha HayaJbHOM 3Tare
paboThl B XKEITOK (DOJTMKYJIOB BBOOWIM KpacUTeIb — METWJICHOBBI CUHUIMA
WM Tywb. fAilia OT MpOONepUpOBaHHBIX Kyp cobupaiu B TedyeHue 12 cyT u
BekpoiBanu (67). JlaHHBIC BBIITOJIHEHHBIX KCIIEPMMEHTOB CBHMICTEILCTBOBAIIU,
YTO U3 00paboTaHHBIX (QOJUTMKYJIOB AEUCTBUTENBLHO OOpasytoTcs siina. Ilocie
7-X CyT KpacuTenb B siiliax He Habmopanu. CiemyeT OTMETUTb, YTO XUpYyprude-
CKO€ BMEIIATEeIbCTBO M MHBEKIIMU MOTYT HapyllaTb Uepapxuio QOJIMKYIOB, CO-
IJIACHO KOTOPOMl caMblii KPYIHBIA AOKEH OBYJIMPOBATh IepBbIM. JlocTaTOYHO
YacTo KpacuTesb MOSBISIICS HE B MEPBbIX CHECEHHBIX diIlaX, a MO3AHee, XOTs
TPU CaMbIX KPYIHBbIX (POKMKyNIa 00s3aTeIbHO MTOMevasiu KpacuteaeM. BCKpbl-
THE TaKXKe IM0Ka3ajo, YTO HEKOTOphie (DOJUITMKYJIBI paccachiBaloTCA. J1OBOJIBLHO
YacTo B SWIaX HAOIIOMAIN JINIIE CIIEAbI KPAaCUTENs, TO €CTh OH JTOCTATOYHO WH-
TEHCHMBHO BHIBOAWJICS M3 (POJTMKYJIA B Mpoliecce co3peBaHUs TociemHero. I1o-
3TOMY BO3MOXHO, YTO HEKOTOpbIE sifla, 3aperuCTpUpOBaHHbIE KaK HE COAep-
XalllMe KpacuTessi, B NeUCTBUTEIbHOCTU MPOMCXOAWIN U3 MEUYEHbIX (DOJUTUKY-
JoB. TlosyyeHHbIE pe3yabTaThl HE MO3BOJISIIOT CAEJIaTh KaKue-JI1ubo CTPOrue BbI-
BOIbI 00 Mepapxuu (GOJTMKYIOB, MOPSIAKE UX OBYIIUMU U T.A. OnHAKO HE BbI-
3bIBAJIO COMHEHUIA, UTO B cpeaHeM He MeHee 50 % siull, CHECEHHBIX KypHUILIei B
nepBble 7 CYT MOCJE OIepaluu, MPOUCXOmIT U3 (OJUIMKYIOB ¢ MHBEIIUPO-
BaHHBIM MaTepHAJIOM.

Ha cnenyrormmem sTarre BBITOJHSUTMCH OITBITHI IO BBEACHUIO UYKEPOTHOM
OHK (67). Bcex moiydeHHBIX IBITUIAT WCCIEIOBAIN Ha TpaHCTeHHOCTh. Yero-
BEUYECKMI TOPMOH pocTa oOHapyxxuBayicss B KpoBu y 10 n3 40 ocobeit. Y nByx B
JHK 06bl11 BBISIBJIEHBI HYKJICOTUIHBIE MMOCAEA0BATEILHOCTU TeHa TOPMOHA POC-
Ta yejgoBeka. I1o-BUAMMOMY, 3TO CTajlo Pe3yJbTaTOM MO3aWYHOCTU TOJIYyYeH-
HBIX TPAHCTEHHBIX 0CO0eit.

TeM ke METOIOM ITOJYyYeHBI TPAHCT€HHBIC KYpbl C T€HOM [-TaJxakTo-
3ugasbl (4acToTa TPAaHCIEHHbBIX 0co0eil cocraBuia 25 %). W3 HUX 3HAUYMTEIbHASI
YacTh OKa3ajach MO3aMYHOMN IT0 MHTETPHPOBAHHOMY TpaHCTeHy (68, 69).

M3yueHune HacnengoBaHUS TpaHcCreHHOocCTHU. MHTerpauus
TpaHCTeHa B I€HOM KJIETOK 3apOIbIIEBON JMHUM, U3 KOTOPBIX (HOPMMPYIOTCS
TOHaAbl, — OIHO M3 BaXKHEUIIMX YCIOBUI, MOCKOJBKY 3TO HEOOXOIMMO IS
nepegayr TeHeTUYeCKoi MonupUKaIUK 110 HACIIEACTBY.

H1s1 pa3sMHOXEHMSI ObUIM B3ATHl TPU KYPHUIIbI, TPAHCT€HHBIE IO TEHY
TOpPMOHA POCTa YeJIOBeKa, KOTOPBIX OCEMEHSUIM CIIEPMOIl MHTAKTHBIX ITETYXOB.
M3 78 ocobeit mepBOro MmoKoJeHUsI TPAHCTEHHBIMKM ObLIM MATh (6 %). Bo BTO-
POM TOKOJIEHMHM YacToTa IMOSIBJCHUS TPAHCIEHOB BMECTO TEOPETUYECKU OXM-
naeMbix 50 % coctaBuna 16 %. Bo3MoxxHOe OOBSICHEHME 3aKIIIOYaeTCsl B HU3-
KOI >XM3HECITOCOOHOCTU 3MOPHMOHOB, MOJyYyaeMbIX OT TPAHCTEHHBIX KYyp: Y HUX
BBIBOAMMOCTh paBHsuIach mpumepHo 20 % mpotuB 90 % B koHTpose. Ilomas-
Jisitolliee OOJIBIIMHCTBO 3MOPUOHOB MOTMOaIM Ha PaHHUX CTaaMsIX DPa3BUTHUSI.
Bo3MoxxHO, K HapylIeHUSIM pa3BUTHS MMPUBOIMIIA HEKOHTPOJIMpPYyeMas KCIIpec-
cHs TpaHCTeHa B KJIeTKax opranusma (67).

Beum mroydenHs! Tmeperiesia ¢ TeHOM TOpMOHA POCTa KPYITHOTO POTaTOTO
ckoTa. TpaHCreHHble TIepernena MMead HEeKOTOpbie (eHOTUNMMYECKHe OCOOeH-
HOCTU MO CPaBHEHUIO ¢ OObIYHBIMU. CaMOll 3aMETHOI M3 HUX OKa3alMCh sl
BBICOKOI BecoBoit Kareropuu (14-21 r) (70). ¥ uUcroiab30BaHHBIX B 3KCIEPU-
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MEHTE MepernesoB 3CTOHCKOM noponabl Macca suil — 10-13 r (71). ITpoBeneHHas
MHOTOCTOPOHHSIST OIleHKAa WX KadecTBa IoKa3aja, YTO XUMHWYECKU W OUOXM-
MUYECKMI COCTaB sIull ocTaBajcs mpexHuMm (72, 73). YBenuueHre mMacchl SIALL Y
TPaHCTeHHBIX TIEperneNoB HACIeA0BaIOCh B psiie reHepauuit (74).

I'eHHas1 KOHCTPYKIIMSI, UHTETPUPOBAHHASI B TCHOM II€pernesioB, MOBIUsIIA
Ha (PYHKIUM 3HIOKPUHHOU cucteMbl. [lonyyeHHBIe HaHHBIE MO HapacTaHUIO
TATPOB AHTUTEJ B KPOBU W XKEJITKE SIML B OTBET HA BBEICHUE AHTUICHA CBU-
JIETEILCTBOBAIM O TTOBBILIEHUM UMMYHHOIO CTaTyca Yy TPaHCTeHHBIX IeperesioB,
BBIPAKEHHOM B YCKOPEHHOM BBIPAaOOTKE aHTWUTEI K BBOAMMOMY aHTUTeHY. B
KadyecTBe aHTUTEHA MCIOJIb30BAIM BaKIIMHHBIM BHPYC HBIOKACICKON 00NIe3HMN
(utamm JIa-Cota) (75).

OngHO W3 BO3MOXHBIX HANpaBJICHUI MCIIOIb30BAHUSI TpaHCreHe3a B
MPaKTUYECKOM MTULEBOACTBE 3aKJIOYAETCSI B CO3AAHUM JIMHUI Kyp C Hachea-
CTBEHHOI YCTOMUYMBOCTbIO K BUPYCHBIM 3a00jeBaHUSIM (Hampumep, mpu ¢op-
MUPOBAaHMU B OpraHM3Me HEKOTOPOro MOCTOSIHHOIO (poHa MHTepdhepoHa — aH-
TUBUPYCHOTO areHTa, CMHTE3MPYeMOIO B KJIETKaX B OTBET HAa BHUPYCHOE 3apa-
KeHue). JJoOuThcsl MOCTOSIHHOTO CHUHTEe3a MHTep¢depOoHa MOXHO IIPU BHEI-
pEHUU B TEHOM TeHHOM KOHCTPYKIIMM, B KOTOPOU TeH MHTepdepoHa HAXOIUTCS
MoJ KOHTPOJIEM KaKOTo-JM0O MOCTOSHHO EeMCTBYIOIET0 aKTUBHOIO TeHa-pery-
nstopa. UM MoxeT ObITh METaJNIOTUOHEMHOBBIN TpoMoTop Mbiuu (MT1), Ko-
TOPBI aKTUBUPYETCS MOHAMM TSIKENbIX MeTayioB. X ecTrecTBeHHOro (oHa B
OpraHM3Me IOCTATOYHO JIS1 IKCIPECCHUU T'eHa, HaXOMSIIErocsl Mmoa KOHTpoJeM
MTI1 (mmpyu HeoOXOAMMOCTM WMHIAYKLIWIO MOXHO YCUJIUTbh, IT00aBISISI B KOPM
COJIM 1IMHKA).

B Hameit pa6ote (76) B siileKJIETKY Kyp IOPOABI O€jblii JETTOPH UHbBE-
LHUpoBaiM TeHHYIo KOHCTpykKiuio pMT-hIFNbI, comepxaiilyto reH uesjoBede-
CKOro B-uHTepdepoHa oA KOHTPOJEM METaLIOTMIOHEMHOBOIO MPOMOTOPa MBbIIIIN.
HHK aHanu3upoBaiyM Ha HAJIMYME HYKJICOTUIHBIX IOCIENOBATEIbHOCTEN TeHa
yejoBedyeckoro B-uHTepdepona ITLP-ammiudukanmeid ¢ momolibio Mpaii-
mepoB 3'-CCAACAAGTGTCTCCTCCAAATTGC-5' (mpsamoitr) u 3'-CATTCCA-
GCCAGTGCTAGATGAATC-5' (obpaTHblit). B KauecTBe MOJI0XUTEIbHOTO
KoHTposisi ucrnoyib3oBanuch JIHK uyenoseka u mnasmuma pMT-hIFNDbI. Tlo-
cJie UHBEeKIUU TeHHOW KOHCTPYKUMU B 29 SHIEKJIEeTOK IMOJYYUIU 25 BHEIIHE
HOpPMAaJIbHBIX SUll (BO BceX HabJomagoch 3MOpUOHAlIbHOE pa3BuTue), usz 10
BBIBEJIMCh LIBITUISITA, M3 KOTOPBLIX ObUIM BbIpallleHbl CeMb (IBa IeTyxa W MSTb
kyp). I1IP-ananu3 JJHK, BbimeneHHON M3 KPOBU BCEX IMOJYYEHHBIX OCOOCi,
noKa3ajl HAIMYME Y NETYLIKOB ITOCAECI0BATEAbHOCTE MHBELIMPOBAHHOU T€HHOM
KoHCTpyKiuu. CienyeT OTMETHUTh, YTO TeH MHTepdepoHa MMeeT OYeHb Ma-
JICHbKUI pazMep U IJisd Hero CJIOXHO IMoao0paTh BbICOKOCHEUMMUUHBIE Tpaii-
mephl. [Toaromy B TP cuHTe3nmpoBasiock OOJIBIIOE KOJIMYECTBO HecIeUundu-
YyecKux MpoaykToB. COOTBETCTBEHHO, OHM OTCYTCTBOBaIM B peaklMH, TIe MaT-
puleil ciiykuia camMa reHHast KoHcTpykums. OxumaeMsblii dparment JHK
quHoi 300 M.H. CMHTE3UpOBaJICs B MOJOXUTEJIbHOM KOHTpose — Ha JJHK u3
KJETOK KPOBM 4YeJIOBeKa M Ha TeHHONW KOHCTpyKIMM, a Takxke Ha JHK wus
kpoBM UBILIAT Ne 3503 u Ne 3506. DT1oT aMIindUUMPOBAHHBIA (parMeHT
reHa YeJI0BeYeCKOTo MHTepdepoHa JOIKEH COmepXaTh OAWH CaWT PeCTPUKIIUU
Pstl, mosTomMy nj1s1 MOMOJHUTEbHOU MpoBepkKU cuHTe3upoBaHHyo B TTHP JTHK
noaBeprajd o0paboTKe yKa3aHHON pPecTpUKTa30ii, MPU KOTOPOM MOJy4YeHHbBIN
aMIUIMKOH pa3MmepoM 300 M.H. pacluerisuicsl Ha JBa TEOPETUYECKU OXMIAAeMBbIX
¢dparmenTa mmrHoit 200 1 100 m.H.

Takum oGpa3zoM, pazpaboTaHHbIE XMPYPTrUYeCKue omnepauuu U MpUeMbl
MaHUOYJISIUUU C SIMUEKIETKONM Yy TTUIBI MO3BOJISIIOT MPOBOAUTH MMKPOUHBEK-
uuu JHK B gifuekneTky u obecreurBaloT ee najibHelillee HOpMaJlbHOe IMOpHU-
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OHaJIbHOe pas3BuThe. MetogoM MukpouHbekiiuu JJHK B giilieKieTKd MOayYeHbl
TpaHCreHHbIe Kypbl M mnepenena. [TokazaHa sKcnpeccust U HaclieJOBaHUE TpaHC-
reHa. CiegoBaTelbHO, JJISI TpaHCTeHe3a IMTULbl HEO0s3aTeIbHO MCIOIb30BaTh
PETPOBUPYCHI U 3alaya CO3AaHUsI TPAHCTEHHBIX MOMYJSILUiA BeinoaHuMa. Lleabto
MOXET ObITh (PEHOTHUM, KOTOPBIA MO XO3SIMCTBEHHO 3HAYMMBbIM NMpU3HaKaM (Ha-
MpUMep, MO CKOPOCTH pocTa, 3¢ GEeKTUBHOCTU KOHBEPCUU KOpMa, SILieHOC-
KOCTH, C YMEHBILIEHHON OXWPEHHOCTbIO TYILKM, MTOBBILIEHHON YCTOMYMBOCTHIO
K 3a0o0JieBaHUSM U T.[.) IPEBOCXOJUT MMEOIIMECS B NMTULIEBOACTBE. TpaHC-
TeHHas TITHIA ¢ TeHaMH, 00eCIeUYnBaIOIIMMU TIPOU3BOACTBO IOJIE3HBIX (ap-
MalleBTUUEeCKMX OEJIKOB, HaKaIlUIMBalOLIMXCS B sIiIE, TaKXKe MOXET IIMPOKO
ucrojb3oBarbest (77, 78).

HTtak, npuMeHeHue TpaHCIreHe3a sl MepeHoca MOJe3HOro reHa Aaxe OT
ONHOM! JIMHUM OTULBI K APYroi (YTO MOCTMKUMO OOBIYHBIMM CEJIEKIIMOHHBIMU
MeToAaMu) AaeT MUHUMYM 7-8-JIEeTHUI BBIUTPBILI U, BOZMOXKHO, 9KOHOMUIO Ae-
HEXHBIX CPEICTB 3a CUET MCKIIIOYEHMS] BO3BpPATHBIX CKpEIIMBaHWI, HEOOXOMU-
MBIX JUIST yOAJeHUS HEHYKHBIX T€HOB, KOTOpHIE TIepeaaloTcss IpU €CTeCTBEHHOM
MOJIOBOI rMOpunn3anuy. B Hacrosinee BpeMsl TpaHCTeHEe3 BO MHOTOM CXOJEH C
MyTallueil — B 3HAYUTEJIbHOW CTENeHU HampaBJI€HHOM, HO COXpaHSIOIIE MHO-
JKEeCTBO HeolpeaeaeHHocTeil. Tlpoliecc BcTpauBaHUSI TpaHCTeHa HMMEET BEPO-
SITHOCTHBI XapakTep, MOATOMY MJisi OOeCIeYeHMs] HAcJeAyeMOro TpaHCreHe3a
MOXET MOTPeOOBaThCsl TMOJAYYeHHE OOJBIIOro YMcja MEPBUYHBIX TPAHCTEHHBIX
ocobeit. IlprMeHeHUe reHeTuYeckKoi MoauduKauuy B XXMBOTHOBOACTBE BOOOIIE
U B NTULEBOICTBE B YAaCTHOCTM IO OOJbIIEH 4YacTU HaXOAUTCSI Ha paHHEM
arane. OCHOBHAas 4acThb pe3yJIbTaTOB OCTAETCS HA YPOBHE HAYYHBIX pa3pabOToOK,
U MOKa He HACTajJo BpeMs MX aKTMBHOTO BHEIPEHUS B MPAKTUKY.
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METHODS FOR GENETIC MODIFICATION IN POULTRY
(review)

L.G. Korshunova, R.V. Karapetyan, V.I. Fisinin
Summmary

The positive practical results in poultry breeding due to investigations on transgenesis and

their prospects are discussed. The method for obtaining transgenic chickens and quail by microinjec-
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tion of foreign DNA into eggs are described. It is based on a surgical operation, providing the access
to the eggs to conduct microinjection of DNA and the natural formation of tertiary egg shells in the
bird’s genital tract. The microinjection into eggs at different stage of their development is considered
in more detail. The transgenic chickens with humane growth hormone gene, p-galactosidase gene
and humane B-interferon gene, and the transgenic quails with bovine growth hormone gene were
produced by this technique. The quails with introduced bovine growth hormone gene and their off-
spring generations are characterized by an increased average egg mass and the higher immune status.
Transgenesis used to transfer a target gene between two poultry lines, if compared with common
breeding technologies, takes at least 7 to 8 years less and is probably less expensive, because there is
no need in backcrosses to remove the unnecessary genes transmitted in the course of natural sexual
hybridization. Nowadays, the transgenesis is very similar to directed, but indeterminate mutation. A
transgene chances to insert genome, and that is why a lot of initial transgenic individuals are needed
to achieve an inherited transgenesis.

Hayunsie coOpanus
MEXIYHAPOJHAA HAYUYHO-ITPAKTUYECKASL KOH®EPEHIINA

4
«BUOTEXHOJIOTUA U KAYECTBO XU3HWN»
U XII MEXOYHAPOJIHASA CIIEHHUAJIN3UPOBAHHASA BBICTABKA
TEXHONormum <«MUP BUOTEXHOJIOTUN-2014»
(18-20 mapra 2014 rona, r. Mocksa, y1. Hossiit Apéat, 36/9)

MepOl’lpHHTI/IH TIPOBOJSATCS B paMKax MockoBckoro MEXKIAYHAPOJIHOI'O KOHIpecca «buortexHosnorus:
COCTOSIHUE U NEPCIIEKTUBLI PAa3BUTUS».

BJIOK «ATPOITPOMBIIIUIEHHBIN CEKTOP»

CEKIIUA «CETbCKOXO3AVICTBEHHASI BUOTEXHOJIOTUS»

= TpaHcreHHbIE OpPraHU3MBI B CEJIBCKOXO3SIMCTBEHHBIX OMOTEXHOJIOTUSIX — HaAEXHBIN, pa-
LIMOHAJIBHBIN CIOCOO obecreueHusl TPOIOBOJIbCTBEHHON Oe30MacCHOCTU CTPaHbI

= [eHOMMKA, SMUTEHOMMKA, TEHOTUITMPOBAHKE, TEHETUUECKME MapKepbl, IKCIPecCrsi FTeHOB
M UX UCIOJIb30BaHME B T€HETHKE, CEIEKIMU U OMOTEXHOJIOTHSX

= MoJeKyIsIpHO-TeHETUUeCKIe TeCcT-CucTeMbl Wist aeteKuuu MO, Bo30yauTeseil omacHbIX
BUPYCHBIX M APYTrMX OOJIe3HEil pacTeHWil M XMBOTHBIX U Pa3paboTKa MOJEKYJISpHO-Ou-
OJIOTUYECKUX MepP OOpHOBI C ATUMHM 3a00JI€BaHUSIMU

= Ce/IbCKOXO3SIICTBEHHbIE OMOTEXHOJIOTUU U DKOJIOTHsI, 61M00e30MacHOCTD

= PacmmdpoBKa MOJEKYJISIPHBIX MEXaHU3MOB PEryJIsiIMKM POCTa M Pa3BUTUSI U WHHOBAIM-
OHHbIE TEXHOJIOTUW KYJBTUBUPOBAHUSI PACTCHU — TYTU MPOAYKTUBHOTO CEJIbCKOXO3STii-
CTBEHHOTO TTPOU3BOACTBA

CEKIIMA «bBMOTEXHOJIOTUA ITUIIU. ITPOAYKTBI 31OPOBOTI'O ITMTAHMA»
BJIOK «<MEJUIINMHA (3IPABOOXPAHEHMUE)»

Hano6uotexHonorun B MeauimHe. KileTOYHbIE TEXHOJIOTMM Ui PEreHEpPaTMBHOW U TNEPCOHAIM3MPOBAaH-
Hoit MeauLHbL. TTpodunakrnyeckas MeauimHa. TeHAeHUMN pa3BUTUST (papMalLieBTUKM U MaTepuajoB Me-
NULIMHCKOTO HaszHavyeHusl. bruoaHamuTuka u GuommarHoctuka. MMMyHHOOMOTEXHOJIOTMSI — HOBOE B CO3-
NAHUM MMMYHHOMO/YJISITOPOB M HAIPaBJIEHHOM MOCTaBKU JIEKAPCTBEHHBIX CPEICTB.

BJIOK «OXPAHA OKPYZKAIOIIEN CPEJBI K DKOJIOT US>

Ponb GuoTexHosorun B (OPMHUPOBAHMK Cpelabl OOMTAHMSI 4YeIOBEKa M OOECIICUEHMM KadyecTBa KU3HU.
BuosHepreTuka — BaXHbI (PaKTOp B PeLIEHUM SKOJOTMUECKMX U SKOHOMUYECKUX MPOOJIEM.

BJIOK «<BMOMATEPUAJIBI. [IOJTUMEPBI B BUOTEXHOJIOI'U 1 MEJIUTTUHE»

BI/IOMaTepI/IaJIbI B CO3IAHUMU BBICOKOTEXHOJOTMYHBIX M3AEIWA I pCFeHepaTI/IBHOI‘;I, pCKOHCprKTI/IBHOﬁ
MCONILIUHBI.

TemaTuka BbicTaBku: [Ipoliecchl 1 ammapathl WISl OMOTEXHOJOTMUECKMX MPOU3BOACTB M J1abopaTop-
HBIX uccieqoBaHuii. KomrbioTepHble TexHojoruu. JlabopaTopHo-aHAIUTUYECKOE O00OpyIOBaHUE U
OMoaHAIUTUYECKME KOMIUIEKChl. buounnsl m OuoceHcopsl. buonpomykTel it dapMakosoruu,
GuornpenapaTsl JJIsi MEAULIMHBI, OMOAreHTHI JJIS1 3allUThI OKpyXKalolleil cpeabl, 6uonobaBku. Tect-
CHUCTeMBbI Ul ONpeAeIeHMs] aJIKOroJisi M HapKOTMYEeCKMX BellecTB. buokaranu3 v OGuoKaTtaiuTuye-
ckue TexHoJoruu. IluTtarenbHble cpeibl. AJbTepHATUBHbIE MCTOYHUKU DHEPTMU, HAHOMOJIEKYJISIp-
Hble MpeodpasoBaresiv s3Hepruu. [IpoMbliiieHHas! ¥ J1abopaTtopHas 6€30MacHOCTb.

KonrakTsl u uHpopmamus: 3A0 «DKCMO-O0MOXMM-TEXHOJIOTUI»,

8 +7 (495) 645-78-70, 645-82-57,

e-mail: aleshnikova@mosbiotechworld.ru, atv@biomos.ru, ser@biomos.ru,
cailiT KoH(epeHLIMM U BbICTaBKU: http://www.mosbiotechworld.ru
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