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TPAHCTEHE3 YHEPE3 CHEPMATOI'OHAJIBHI CTOBBYPOBI KJITUHN
Y TBAPUHHULTBI I IEPCIIEKTUBU MOI'O 3BACTOCYBAHHS
Y BUIOHEPKIBCBKOMY HAY

Tpe/icTaBlieHO CyYacHi TEXHOJIOTI CTBOPEHHS TPAHCTEHHMX TBAPUH, IIPOAHAJi30BaHO X IepeBart i HeJOJNIKY HOopiBHS-
HO OfiHa JI0 OAHOI. BrcBiT/iIeHO OCHOBHM TpaHcreHe3y i reHeTnunux moaudikauiii. HaBeaeHo nepenexkTrBHI MOXIMBOCTI PHH-
Ky TPAHCTE€HHWX TBapuH y cBiTi. OOrpyHTOBaHO €PEKTHBHICTD 1 JOUIIBHICTb 3ACTOCYBAHHS HOBITHBOT TEXHOJIOTTT CTBOPEHHSI
TPAHCTEHHHUX TBAPUHHMX MOJEJCH uepe3 crnepMaToroHaibHi cToBOypoBi kiiTnHu. [lpoaHasizoBaHa KOHKYPEHTOCTPOMOXK-
HicTb JlabopaTopil reHHol 300iHKeHepil 3 BUPOOHHMLITBA TPAHCTEHHHUX MOJEJIeH 1TabopaTopHUX TBAPHH, 3aMPONOHOBAHOI 115t
crBopennst B Binouepriecekomy HAY. Ornycano 0CHOBHI i MepeneKTHBHI HANPSMH PO3BUTKY JisIbHOCTI Jabopartopii.

Kiouori cioBa: renHa imxeHepis, TpaHcreHes, pekomOinanTaa JIHK, TpaHCTeHHI TBapMHH, ClIepMAaTOTOHALHI CTOB-
OYpOBI KIIITHHY, TPAHCILTAHTALlIS CIIEPMATOTOHiT.

I'enna inskeHepis i Tpancrenes — HOBHWIl HANMPAM MoJeKkyJasipHoi Gioqorii i reneTnkn. OTpu-
manHs [Taynmom beprom y 1972 portii pexomOinaHTHOT ne3okcupruOonykieiHoBoi kuciaoru (JJHK)
MTOKJIAJIO TIOYAaTOK HOBOMY HAIPSMY MOJICKYISIpHOT 010J10Tii 1 TeHETUKN — TeHHIH imkeHepii. OCHOB-
HY pOJb y CTBOPEHHI HOBMX KOMOiHAIiii TEHETHYHOTO MaTepiayy BiirparoTh 0COOIHBI (hepMEeHTH
(pectpukrasu, JIHK-nirasm), mo mo3Bonstors po3pizatn monexyny JIHK y giTko BM3HaueHnx wic-
11X, a moTim “3muBaty’” ¢parmentu JAHK B equne mine. Tinpku micas BiAKPUTTS TaKuX (epMEHTIB
CTaJIO MPAKTHYHO MOXIIUBUM CTBOPCHHS INTYYHUX TiOPUAHUX TCHETUUHUX CTPYKTYP PeKOMOiHAHT-
mux JIHK [1, 2, 3].

Ha texnomnorii orpumanns pexomOinanTtHoi JAHK rpyHTyeThCs TeHeTHIHa Moaudikamis i TpaHc-
TeHes, Akl € ii miaBumoM. TpaHcreHes — 1e MTYYHO 3aIpoBaHKCHUM TIepeHoc reHa (abo ¢parmenra
JIHK) 3 orHOTO GiosorigHOTO BHAY B iHMMH. | eHeTnyHa MOoAMdiKkallis BiOYyBAE€THCS TAaKOXK TPH 3Mi-
Hi mocmigoBHocTi JIHK B opranizmi 6e3 nmepenocy ayxopigaux reuis [4, 5].

JKugi opranizmu, reHOM SKUX OYyJ10 IITYYHO BUO3MIHCHO a00 BBEICHA JI0/IATKOBA TeHETUYHA 10~
CIIIJIOBHICTH (TpaHCTEH), MAIOTh Ha3By reHeTHUHO MojangikoBani (I'M), X yacTo TakoX Ha3UBAIOTH
TpaHCTeHHHMH. TPaHCTEeHHI TBAPWHHU CTBOPIOFOTHCS JIJISI TAKAX OCHOBHHUX ITIJIEH:

- (¢ynaaMeHTanbHI Oi0JOTTUHI TOCTiIKEHHS IPOBOJIATHLCSA HAa TPU3YHAX JIIS BCTAHOBICHHS (DyHK-
i}l pi3HUX TEHIB, PETYIAMIT iX eKCIpecii, TeHOTUTIOBOTO MPOSIBY, MyTareHe3y TOIIO;

- MOJIETIFOBAHHS CTIeIN(ITHIX TEHETHYHO JIETEPMIHOBAHWX XBOPOO JTIOAWHM, a TAKOK TBAPHWH LIS
OioMeanTHUX JOCHIDKeHD (TPU3YHH Ta TBAPHWHM CilThCHKOTOCTIOAAPCHKOTO MMPU3HAYEHHS);

- BUpPOOHUIITBA JIiKapChKUX O1NKiB in vive (pakTopu 3ropTaHHs KpoBi, GpiOporeH, KomareH, iHTe-
pdepoH, KaTbITUTOHIH, TaKTO(QeprH Ta OaraTo IHIINX);

- YJIOCKOHAJIEHHS TOCTIOAAPChKO-KOPHCHUX O3HAK CIITbChKOTOCITOJIAPCHKUX TBAPHH (TIOKPAIIEHHS
MPOTYKTHBHOCTI, OTIaTH KOPMY, CTIHKOCTI 10 XBOPOO TOIIO) — CENEKIIisS Ha TCHHOMY PiBHI.

VY kpaiHax 3 BUCOKMM a00 MPUHHATHUM PiBHEM PO3BHUTKY OCBITH, HAYKH 1 CKOHOMIKH OCHOBHUMH
KOpHWCTyBayaMn TPaHCTeHHWX TBapWH € JepaBHi a00 TprBaTHI HAYKOBO-IOCIITHI yCTaHOBH, (hapma-
KOJIOT1UHI 200 010JI0TO-TEXHONOTIUHI KOMITaHii, a TAKOX CITECHKOTOCIIONAPCHKUH ceKTOp [6, 7, 8].

IcHyroui MeTo/IM CTBOPEHHsSI TPaHCTeHHUX TBapuH. llepma Tpancrenna tBapuna (Muma) Oyna
otpumana y 1981 portii B pe3yssTaTi CriBIpaIli AeKiUTbKOX HaykoBux jadopatopiit y CIIIA, mo micti-
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mcs y €npebkomy yHiBepenteTi (Dr. Frank Ruddle), Oxedopai (Dr. Frank Constantini and Elizabeth
Lacy), yuiBepcurerax llencunpBaunii i Bamuarroni (Dr. Ralth Brinster and Richard Palmiter). Bueni
[lammitep i BpincTep MOXYTh BBasKaTHCS OCHOBOIIONIOKHHKAMU TPAHCTCHE3Y Y TBApHH [9-14].

T'enernuyra Moamdikariiss TBRApWH OyI1a 3anpoBa/HKEHA 3 BUKOPHCTAHHIM TEXHOJIOTIT peKoMOiHaHT-
voi JIHK, 110 TpyHTYETRLCST Ha BBEACHI KJIOHOBAHOTO TeHa B TEHOM KITITHHH, 3 sIKOT MorJyia O yTBOpHUTH-
s JiHiSl CTaTEeBUX KIITHH. Y pe3yibTaTi CXpEUIyBaHHS TPAaHCTCHHHUX HAIAKiB MOXKHA OJCPKyBaTH
TOMO3WTOTHI JIiHIT TPaHCTeHHUX TBAPHH.

Ha croromni cepen pisHOMaHITHUX crioco0iB yBeaerHs ayxopinHoi JIHK B renom TBapmum Mok-
Ha BHIUIATH HACTYIIHI, SIKi IITIPOKO 3aCTOCOBYIOTHCS B IPAKTHUII CTBOPCHHS TPAHCTCHHUX TBAPHH:

- METOJ MIKpOIH €KIIH y 3aILTiJHeHY SHICKITITHHY;

- BHKOpWCTaHHS MOAM(IKOBAaHNX eMOpiOHAIEHUX CTOBOYPOBUX KITITHH;

- BUKOPHUCTaHHS CIICPMATOTOHAIBHUX CTOBOYPOBUX KJIITHH 1 CHICpMiiB sk mepeHocHukiB JJHK.

Mixkpoin’ekii pekom6binantaoi JAHK y 3ammigHeni ooty TBapHH JIOTIOKH 3aJHMIIAIOTHCS Hail-
O1LITBITT TIOMYJISIPHUM CTTIOCOOOM YBEJIEHHS TY»KOPITHUX TeHIB B OpraHi3M TBapuH. Lleit metox moTpedye
BHMCOKOT KBarTidikartii i JocBixy ¢axiBIiB, a TaAKOXK JTOPOTOTO YCTATKyBaHHS, TTPOTE BiH A00pe po3po0-
JieHn# 1 e()eKTUBHO MpAIioe Ha MUMIaX. JJOHOPHUX CaMOK MUUICH Micis 1HIyKOBAaHOI CYNEPOBYIIAIIT
CXPEITyIOTh i3 CaMISIMU-TITiqHIKaMu. Yepe3 12 TOAWMH BHIINSIOTH 3aIlTiAHEH] SHIICKITITHHH 1 TOMi-
MAroTh X Y KyJabTypy. [1oTiM y /1Ba TTpoHyKJIeyCcH (3a3BWYail HOINORBIHi) iH EKTYIOTH PEKOMOIHAHTHY
JHK. Ti sifiiekmiTHHYT, 00 BUXKWIA MICHS 1H €KIT, TIepecaKyIOTh caMKaM perumienTaM. Tinmpku yac-
THHA TPAaHCIIAHTOBAHMX OOIIUTIB MPOIOBKYE PO3BUBATHCA J0 HAPOKCHHS Hamaakis [15-18].

TpancreHHVX TBapWH IEHTH(IKYIOTh PI3HUMH METO/IaMH, HaifdacTile ToJiMepasHoO JIaHIFOTOBOO
PCeaKIli€ero, a IOTiM CXPEITyIOTh IS OTPUMAHHS TPAHCTEHHUX JIiHINA. Y psjli BUIMA/IKIB TOMO3UTOTHI JiHii
OTPUMATH HE BAETHCS, OCKIIBKH 5—15 % TpaHCTeHIB y TOMO3UTOTHOMY CTaHi JeTanbHi [16-20].

[HITM, BUKOPUCTOBYBAHUM Ha CHOTOJIHI METOIOM CTBOPEHHSI TPAHCTEHHHX MHUIIIEH, € TpPaHCTeHe3
yepe3 Mo uGikoBaHi cToBOypoBi kmiThHU. I TOrO 100 3p0o3yMiTH, SIK BiOYBAaeThCS TpaHCTEHE3,
moTpiOHO 3HATH NpUPOy cTOBOYpOBUX KIiTHH. CTOBOYPOBOIO KIITHHOIO BBAKAIOTH HEU(CPEHITIHO-
BaHy NPUMITHBHY KIiTHHY, OCHOBHOIO O3HAKOIO AKOi € 3/IaTHICTH JIO IBOX THUIIIB MOJITY: CHMCTPUYHO-
TO 1 aCHMETPHUIHOTO. 32 CUMETPUIHOTO TTOMIITY i3 MaTepHHCHKOI CTOBOYPOBOT KIIITHHH YTBOPIOIOTHCS
JIBI OJTHAKOBI HEIU(PCPEHITIIOBAaHI KIITUHU. 32 ACHMETPUIHOTO MOy OJIHA 13 JMOUIpHIX KIITHH 3a-
JIMIIAETHCS CTOBOYPOBOIO, BOIHOYAC SIK iHIIA — JOYIpHS KIITHHA CTa€ Ha NUIAX JUQEpeHIiaii y Kii-
THUHY CTIEIITI30BaHOT TKaHWHM. J[0 THX TIip MOKH KIIITHHA 3aJHUINAECTHCS 37aTHOIO 0 000X THITIB TTOTi-
JIy, BOHa BBAXAETHCS CTOBOYpoBoto [17, 21].

3anexHo BiJl MOXO/DKECHHS iICHY€E JICKiIbKa THITIB CTOBOYPOBHX KITiTHH:

- TOTHTIOTEHTHI CTOBOYpORI KJIITHHW (BCEMOTYTHI — TOTH, TOTalbHi, TIOTEHTHI — MOTYTHI), fKi
MOXYTh AH(epeHtiiroBaTHCS y OyAb-Ki TATIM KIITHH. TakuMu KIITHHAMI BBOKAIOTHCS eMOpiOHATHHI
CTOBOYPOBI KITITHHU;

- TUTIOPUINOTCHTHI (TKaHWHHO-CIICM(ivHI) KITITHHH, SIKI MOKYTh TU(EPCHITIIOBATUCS Y Pi3HI TH-
TV KITITHH y Mexax ofHiel xriTnHH. Hampukian, ctoBOypOBi KIITHHN KPOBi TH(EPEHITIIOI0TH V eprT-
pounTH, TIMQOIMTH YU JCHKOIMTH, a HEPBOBI CTOBOYPOBI KIITUHU AUQEPEHINIOIOTh Y HEHPOHHU Ta
TITianbHi KINITHHYA aCTPOTJIil, OMiroACHAPOTIii, eICHIUMH Ta MiKpPOTJIii;

- VHITIOTEHTHI KJIITHHU MOXYTh TIEpPETBOPIOBATHCS JIWIIE HA OAVH THTI KIiTHH. [{e kiTiHwM ermiTe-
JIit0, M’S30Bi, @ TAKOX CTaTeBi CTOBOYPOBI KITITHHM.

EmOpionanei ¢cTOBOYpOBI KIITHHA BUAUIAIOTH 3 MUIIAYNX eMOPIOHIB HA cTajii OJacToIMTH, Ha-
POIITYFOTh Y KYJIBTYPi, B SIKiH BOHH TIpoITipepyroTh, ajne mpu 1boMY 30epiraroTh 31aTHICTh An(hepeHti-
10BaTHCA B OyAb-9Ki THITH KITITHH, Y TOMY YHCTI 1 B JTIHIIO CTaTeBUX KJIITHH 32 YBEJEHHS 1X B eMOpioH
Ha cTajall OJIacTOIUTH.

Taxi KIITHHN Ha3UBaIOTh TLUTIOPUIIOTEHTHUME eMOpioHasHIMHU cToBOYypoBuMH KiiTnHaMu (ECK).
Y EC-xmiTHHY B KyJbTYypi MOKHA YBECTH TPAHCTEHW PI3SHUMH METOJIaMU (TpaHC]exIis,, enexTporo-
patist, peTpoBipycHa iH(eKIis ToIo) 6e3 NOPYIICHB iX MITIOPUIOTEHTHOCTI [22-25].

[IpakTu4Ha MIHHICTH IMX METOJIIB IIOJISATA€ B TOMY, II0 BOHM JAIOTh MOKJIMBICTH MPOBOJIUTH CE-
JIEKIIF0 KIIITHH 3a TIeBHUM IapameTpoM. [le moxe OyTw 9mcio Komild TpaHCreHy, HOTo JIoKasi3artis
abo xapakTep ekcrpecii. 3HAFOUH MMOCTIAOBHOCTI, IO OTOYYIOTH KOHKPETHUH CalT s OakaHoi iHTer-
paiiii, MoXKHa CKOHCTPYIOBaTH BeKTop s BOynoByBanHs IiinboBoi JHK mutsxom romomorivnoi pe-
koMOinamii [25-27].



TexHOAOTIA BUPOOHUIITBA | TepepoOKH TpoAyKLil TBapuHHNIrTBa, Ne 1-2°2017

IMepcnekTHBHI MOKJINBOCTI PUHKY TPAHCTeHHUX TBapwWH. [TikpecinMo mie pas, 1o ONUCcaHi
BHUIIC METOJH CTBOPCHHS TPAaHCTCHHUX MOJIeNel TBapuH J00pe BiANpanboBaHi 1 MIUPOKO BUKOPHCTO-
BYIOTBCS HUHI TS TIPOTYKYBaHHS TPAHCTEHHUX MUIIIEH, TOMY PHHOK TPAaHCTCHHUX MUIICH Tenep Joc-
TaTHRO HacwdeHWH. Tak, SKIMO KiTBKICTh TPAHCTEHHUX MOJeNel MHUIIeH OOYNCITIOETRCS JIECATKAMHA
THCSH, TO KUTBKICTh 3aralbHOJOCTYITHUX TPAHCTEHHUX TIypiB He nepepnmrye 500 momeneit. [lyp, sk
MOJICTTh, TICPEBEPIILYE MUY, OCKIIHKU BiH OLITBINT HAONMMKCHUNA 10 O10JIOTIi JFOUHU, & TOMY i OLTBII
TpaHchsinani. OKpiM TOTO, 3 IypaMu MPOCTIille BIIOPATHCS Ta MPOBOAWTH XipypTidHi TIPOTIEypH;
BOHM 3a0e3neuyroTh J1o 10 paziB Oinbmre 3pa3kiB TKAaHWHW UTA TTOAAIBIIOTO anamizy. Illypi mmpoko
BUKOPUCTOBYIOTHCS B TOBEIIHKOBHX, TOJIIBEIbHUX, TOKCUKOIOTIYHUX Ta (Di310JOTIYHUX JOCITLIKECH-
Hsx [28-30]. BincyTHiCTh KOHKPETHUX TEHETUYHO PO3POOICHUX MOJIEICH UIypiB MPU3BOANUTE JIO 3HH-
KEHHST SKOCTI Ta 3MEHIIIEHHS KUTHKOCTI JIOCHI/PKeHb Y IUX cdepax. 3a HaASBHOCTI JOCTYMy J0 HOBHX
Ta OaXaHWX MOJIeTICH ITypiB BUCHI y 0araThoX HampsMax MOCTIHKEHb MATUMYTh MOXIIUBICTh BUOOPY
JUIS POBENICHHSA CKCIICPUMEHTIB Ha TBapuHaX, OLTHII HAONMKEHUX JO JIOJUHU. 3TiHO 31 3BiTOM
"Marked and Marked", purOK Monenel mypiB oriHerni B 358,5 miH nomapi CHIA y 2014 por, i
ouikyetbes, o 10 2020 poky BiH gocarae 602,3 MIH 101apiB.

Y 1oCKOHAIICHHS TEXHOJIOTIH pefaryBanns reHiB, Takux sk CRISPR / Cas 9, TALEN, nykineasu 3
MOTHBaMH TIIMHKOBWX MAIBIIIB, POOISTH TeHEpaIlito MypiB 3 IeTKAMA THTIAMHW TE€HETHIHUX Mozudika-
i TEXHITHO MOKITUBOIO Ta EKOHOMITHO OOTPYHTOBAHOM0. SIK TTOBIIOMISIETLCS, CTBOPEHHS | M-TITypiB
€ OCHOBHUM (PaKTOPOM EKOHOMIYHOTO 3POCTaHHS PHHKY MOJEICH IIypiB, sIKC OIIHIOETHCS HA PiBHI
9,4 % 3a pik 3 2015 g0 2020 pokis [31, 32].

TMopsit 31 1ypamMu, MOPChKa CBHHKA, SIK MOJIEIb, TIEPEBEPINYE MIypa SIK JIaboparopHa TBapuHa 3a
TAaKUMHU K TTOKa3HUKaMH, SK 1 HIyp mepeBaxae MUIly. MopchKka CBUHKA 32 010JOTIYHHME 0COOIHBOC-
TAMU T¢ OUTHIT HAOMMKeHa JI0 JIFOJIMHU, a TaKOXK € OLNBII 3pYIHO0 TS JIOCHIKCHD, MOPIBHSHO 3
MOCIUTIO Typa. Hinkde mokazano HaOMMKEHICTh 3rajlaHuX BUIIE MOACITBHUX OPTraHi3MiB JI0 JIIOHHU
3 BUKOPUCTAHHSAM (DiJTIOTEHETHIHOTO JIepeBa Ha OCHOBI ociiioBHocTeit 6itka FOXN1 (puc.1).

«/lepeBo» HAOUHO JIEMOHCTPYE, IO Ha MPHUKIA] [HOT0 KOHKPETHOTO MPOTEIHy MOPChKa CBHHKA €
HaO1LIBIT HAOMIHKCHUM JIO JTIOUHUA BHJIOM, TIOPIBHAHO 3 iHIIUMU JTa0OPaTOPHUMH TBapUHAMHU. Mop-
CbKa CBUHKA BBAXKAETHCSI ONMITHMATHLHOIO MOJICIIIIO JUIST BUBYEHHS 1H(PEKIIIHIX 3aXBOPIOBAHbL (TyOep-
KyJIb03, XJIamizio3, cudimic, cTadinokokosi Ta BipycHi iH(EKIIii TOMO) Yepe3 Mo IiOHICTh i3 CUMIITO-
MaMU JTIOJTUHY Ta IMyHHOFO peakiiero [33-35].

Human FOXN1

Guinea pig Foxn1

Hamster Foxn1

Rat Foxn1

0.01

Mouse Foxn1

Puc. 1. ®inorenernyHe xepeBo 1Jsi JIOJHHH TA 3aralbHOBKHBAHUX MO/IEJLHUX TBAPUH
(MopchbKa CBUHKA, XOM SIK, LIy, MHIIIa) 00y 10BaHe HA 0CHOBI nociigoBuocTei oitka FOXNI1
METOAOM MPHETHAHHS HAGJMIKEHHX OPraHi3MiB 3 BUKOPUCTAHHSAM nporpamu Seaview 4.

Mopcbka CBHHKA € TOIOBHOIO HiIIOCITITHOIO TBAPHHOIO JJIS PO3POOKH Ta TECTYBAaHHS JiKiB, 30K-
pema Biz acTMu Ta aneprii. Ha »anb, BUKOpHCTaHHS MOPCHKOI CBUHKH Ha CHOTOIHI 0OMeXXeHe uepes
CYTTEBRI TPYAHOIII 3aCTOCYBaHHS ICHYIOUMX TEXHOJOTIH MaHIiMyIIOBaHHS TCHOMOM Y I[boMy BHi. Hu-
Hi He iCHYy€ JKO/IHOi TeHETUIHO 1HKEHEPOBaHOI MOJIEN MOPCHKOi CBHHKHU, OCKUTBKH 3arajlbHOBKUBAHI
METOJI HE JAf0Th TTO3NTHBHIX Pe3yJIhTaTiB, epe3 Oi0J0TivHI 0COOIMBOCTI IIHOTO BUIY TBAPHH.

OcHoBHI cKJIa10Bi TeXHOJIOTiIl CTBOPEHHS] TPAHCTEHHWX TBAPWH 4Yepe3 CMePMATOTOHAJbHI
cToBOYpOBi KkiiTuHM., OCHOBOIO Takoi TEXHOJIOTII € 3/TaTHICTh BBOJUTU TCHETUUHY MOJU(IKAIIIO
Oe3rmocepeIHhO B CTaTEBI CTOBOYPOBI KJIITHHH, SIK in Vivo, Tak i in vitro. ITicms moaugikarii cepma-
TOTOHISl MOXKe OyTH TPAHCTINIAHTOBAHOKO y CIMSTHUKHM PETHITi€HTa, Jie Oyze po3BuBaTHCS 1 tudepenti-
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IOBaTHCA y CIIEPMATO30i/1, MO HECTUMYTh 3aruTaHOBaHy TeHeTHdHy 3MiHy. [licnms crapoByBaHHS i
po3BenieHHs TBapHH Moaugikaliis Oyae mepeJaBaTucs HaCTYITHAM MOKOMiHHAM. [lpocTuii Tpancrenes
abo BUOWBAHHS reHa MOXKe OyTH JIOCATHYTO IIJSXOM BipyCHOI TpaHCAYKIIT in vivo [36, 37]. Kommie-
KCHa Ta/abo 1imecpsMoBaHa Moin(ikaris reHa Mo)ke OyTH BUKOHaHa CIIOYaTKy B KYJBTYpi criepMa-
TOTOHATFHUX CTOBOYPOBHMX KIITHH in vitro. KymbTypa J03BoIIsIE€ 3/IIHCHIOBATH KIOHANBHY 11eHTH(I-
Kallilo 3aIUIaHOBaHOl TpaHCTeHHOi MOAnuQiKaIlil Ta PO3MHOKCHHS Y TOJATBIIOMY MO3UTUBHO 1/1CHTH-
(hixoBanoro kiony. Ilicist HaporlyBaHHS MOAM(DIKOBAHOT KIITHHHOI KYJBTypW CIIEpMATOTOHIN [0
HEOOX1THOT KITBKOCTI, iX TPAHCIUTAHTYIOTh Y CiM’STHUKHA TIOTIEPETHRO O0POBIEHOT0 XIMITHO CTEPHITH-
Horo penumnienra. Tpancrnanraris Moau(iKOBaHHX CTOBOYPOBUX KIITHH T'¢HEPYE XUMEPHOTO CaMIIs-
IUTITHHKA, 10 MPOJIYKYE TeHeTHIHO MoandikoBaHy criepMy. [locminoBHi Kpoku Iri€l TeXHoor1l HaBe-
JIeH1 Ha PUCYHKY 2.

. 2 oD
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Puc. 2. Cxema nmoc/TiToBHUX KPOKiB CTBOPEHHSI TPAHCTEHHUX MOIEJILHUX TBAPHH
Yepe3 CiepMaToroHalbHi cTOBOYPOBi KIIITHHMH.

Tpancrenes depes MoauDikariito 3arTiITHEHUX STMIEKTITHH 200 eMOpIOHATEHUX CTOBOYPOBUX KITi-
TUH Y IIypiB € HU3bKOPE3yIbTATUBHIM YHACTIIOK TEXHIYHO CKIAHAX MAHIMYJAMiN 3 OOIUTaMH Ta
eMOpioHATFHUMY CTOBOYpOBUME KITiTHHAMH. TpaHcreHes y IIypiB uepe3 crepMaToroHanbHi cTOBOY-
POBi KIIITHHY € aJbTePHATHBHUM i OLTHIT e(heKTHBHUM METOJIOM, a TOMY OUTBIN TTPUBAOIMBUM IS
reHeparlii 6axaHux reHOMHHUX repeTBopers [38-40]. CriepmaToroHabHI CTOBOYPOBI KIIITHHH € OJTHO-
MOTCHTHUMH, 8 TOMY 3HaYHO CTaOUIBHIIINM THIIOM CTOBOYPOBHX KIITHH, SIKi MOKHA Ha/IiIHO MiATPH-
MYBaTH B KIIITHHHIN KyIBTYpi BIPOIOBXK Oibiie 25 macyBanb 0e3 andepeHIiiroBanHs, HecTabiThHOCTI
Kapiotutry a0o mepeOymoBH XpOMOCOM, TIO TIpUTaMaHHi eMOpiOHaFHUM CTOBOYPOBHM KJTITHHAM.
CriepMaToroHanbHi CTOBOYPOBI KIITHHU TIANAIOTHECA THM KE METOJaM T¢HETHYHOI MAHIITYIAII, 110
BHUKOPHCTOBYIOTHCS HA eMOPIOHANEHIX CTOBOYPOBHX KIIITHHAX: CJIEKTPOIIOparlis, JirmodeKIis Ta Bipy-
cHa TpaHcaykiis [41-44]. Tlpsma reHeTHYHA MAHIMYNAIIS B YONOBIYWX CTATEBWX JIHISAX JO3BOISE
YHUKHYTH BUKOHAHHS JIOJIATKOBUX €TalliB, TIOB'SI3aHAX 31 CTBOPEHHSM XHMeEpH, 11 ITepeBipKy Ta po3Be-
JeHHs. TakuM 4WHOM, TIPOMIOHOBAaHA TEXHOJOTIS MOTpeOye MEHIIE TEXHOJOTIYHUX KPOKIB, MEHINC
pecypciB i TBapwH [45-48]. Huni oTeHTIiitHi KopucTyBadi He MarOTh JKOJHUX JIOCTYITHUX eKOHOMITHO
e(heKTHBHNX Ta KOHKYPEHTOCTIPOMOXKHHX allbTePHATHBHHUX BapiaHTIB CTBOPEHHS Mojeiel raboparo-
PHEX TBapHH BIAaCHOTO IN3aiiHy HAa KOMEPIiHHIH OCHOBI.

3anponoHoBaHa TEXHOJIOTIS CTBOPCHHS TPAHCTCHHUX IMYPiB € YIOCKOHAJICHOIO i MPUAATHOIO JIO
HAYKOBOTO Ta KOMEPIIHHOr0 BUKOPHCTaHHs. BoJIHOYAC 13 HABEJIEHUM BHIIIE, TOJATKOBO OYJIH TIpOBe-
JIeHI eKCHePHUMEHTH Ha MOPCHKMX CBHHKAX IMIO/O 130JAIlii CrIepMaTOrOHANBLHIX CTOBOYpPOBUX KIITHH
Ta PO3pOOKH MpoIeypH TpaHciuanTamii. OTpuMaHi pe3ynbTaTd JAIOTh MiICTAaBYy CTBEP/PKYBATH, IO
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TeHeparlist TeHeTUIHO MOIHU(D)IKOBAaHO! MOPCHKOI CBIHKH 3a TOTTOMOTOF0 ITLOTO METOTy Oyie BUKOHAHA
HanOmmkanM gacoM (1-1,5 poky).

KonkypeHTOCIIPOMOXKHICTH 3a1IpONIOHOBaHOI B binonepkiscbkomy HAY nadopartopii rennoi
300iHkeHepii. Ha criTOBOMY piBHI TpaHCTeHHA TEXHOJOTIS HA OCHOBI MOAHMQiKaIli crrepMaToroHab-
HUX CTOBOYPOBWIX KJIITHH pO3pobIsieThes y Kinpkox axkanemiganx ycranoBax CIIA, Kanamn ta fmo-
mii. Komeprriiini kommanii Ha chOTOJIHI HE MalOTh 3MOT'M BUKOPUCTOBYBATH II0 TEXHOJOTiIO depe3 il
HOBW3HY Ta BiJICYTHICTH (haxiBIiB y Tiif Tamy3i. Jleski KpokH, 1110 BHKOPUCTOBYIOTHCS Y MiH TEXHOJIO-
Tii, ToTpeOyIoTh cIeU(pIYHNX 3HAHE, HABUYOK 1 JocBimy. Citia 3a3HaYUTH, IO MPOTIEAypa TpaHCIIIa-
HTAIil € KJIIOYOBUM 1 Ha#OIIBII BiAHOBIAAILHUM eTarmoM. HackiaLky HaMm BiloMo, JIUIIE B OJHIl ma-
6opatopii B CLLA (y IliBgenno-3axinnoMmy MeaudaaoMy IieHTpi B [Jammaci) Moxe 3/iiicHIoBaTHCS Tpa-
HCTUTAHTAIlisl CTIepMATOTOHIT y CiM’STHUKHW TaIfOKiB 3 PHWHATHUM BifcoTkom ycmixy. 1llonaiimenmie
Ie OJJHa aMepUKaHChKa TabopaTopis BIJKPUTO 3asiBIsE€ PO HAMip BUKOPUCTOBYBATU IIeH MiIXis IS
TeHepallii TpaHCTeHHUX IIyPiB, 30CepeIKYIOUN YBary Ha po3poOIli MeTO/TiB TPaHCIUIAHTAITii.

HayxoBri, 3aisiHi y CTBOPEHHS 3aIpOTIOHOBAaHO1 J1abopaTopii, CyTTEBO TTOKPAITHIN TEXHIKY TpaH-
CIUTaHTaIli y ciM’sTHUKH TypiB, mpocsirHyBIn 100 % ycmixy. Okpim Toro, monepeaHii ycmix nporuecy
TPaHCIIIAHTAIlil y MOPCHKUX CBUHOK JIO3BOJISIE BIICBHCHO CIPOTHO3YBATH, IO 32 BUKOPUCTAHHS CIIep-
MaTOTOHAJILHOTO TI/IXO0/ly TPaHCTEHHI MOPCHKI CBHHKHM OyJIyTh CTBOpPEHI B HaWOMMKYIOMY MaiOyT-
HBOMY.

3anponoHoBaHa Jadopatopisi FeHHOI 300iHKeHepii Oyae 0l0TeXHOMOTIYHUM miApo3aitoM binote-
PKiBCBKOTO HAIliOHAJIHHOTO arpapHOro YHIBEPCUTETY IS MPOJAYKYBaHHS TCHETUUIHO MOJU(IKOBaHUX
TBapuH. B maboparopii nepegbavaeTnes:

1. BrpoBajuTu 3aBepiicHUN HAJIHHUN TEXHOIOTIYHUHN Mpolec 3 BUPOOHUITBA TPAHCTCHHUX Jia-
0OpaTOpHUX TBApHUH.

2. 3anporionyBaTH CTBOPEHHSI T€HETHYHO CKOHCTPYHOBaHHMX MOJIeNiel TBApWH JJIsi BAKOPUCTAHHS
Yy HayKOBHUX JOCITi/KeHHSX BdeHnMr BHAY.

3. Maroun yCIillHi PUKIIAIN CTBOPCHHS 1 BUKOPUCTaHHS MOJICIICH J1a00paTOPHUX TBAPHH, 3aIIPOIIO-
HYBATH TIOCITYTH 31 CTBOPEHHS MOJICTIFHUX TBAPUH Ha HAIIIOHATLHOMY T4 MIKHAPOTHOMY PiBHSX.

4. TTommpuTH TEXHOJIOTIIO Ha 1HIIT BUAW TBAPWH, JIe CTBOPCHHS TEHETHYHUX MOAM(IKaIiil Tpaau-
MIHHUMHI MeToIaMH (MaHIIMyJISIs SHICKITITUHOI abo eMOpioHOM) He Oyiu po3pobicHi, He € eeKTH-
BHUMH 200 MalOTh HETIOMipHO BUCOKY BapTicTh. CTBOpEHHS mepiioi Momudikaiii y MOpchbKoi CBUHKI
€ TePIIOYEPTOBIM 3aBJIaHHSIM.

5. Y HailkopoTir TepMiHW 3a0e3MeYHTH CTBOPEHHS 1 IOCTadaHHS TeHEeTHWYHO MOAM(DiKOBaHWX
MOPCBHKHX CBHHOK BHCOKOI KOMEPIIHHOT MIHHOCTI /Ui 3aralbHOTO BUKOPUCTAHHS Yy JOCTIKCHHIX
iH(peKIifHNX XBOpOO, anmepriif, IMyHITETy Ta acCTMH.

6. Y TIepCTIeKTURI CTBOPUTH TEHETUYHY 0a3y IS BEACHHS CENEKIil CUThChKOTOCTIONAPCHKHUX TBa-
PHH 3 MiJBHUILICHHS MPOJTYKTHBHOCTI, CTIMKOCTI JI0 3aXBOPIOBaHb, TIOKPAIIICHHS TPaHCPOPMAIT] MOKH-
BHUX PEUOBHH y MPOAYKINIO, @ TAKOXX BUKOPHUCTAHHS TBApUH JUIS 0i0JOT1YHOrO BUPOOHUIITBA MPOTEi-
HiB (hapMaKoJIOTIYHOTO MPH3HAYEHHSI.

[lepeBara mabopaTopii rpyHTYETHCA Ha NTMOOKUX 3HAHHSX T4 YHIKATBHOMY JIOCBiJII aBTOPIB MPOCKTY B
ramy3i 0ioJorii crareBUX CTOBOYpOBHUX KINTHH. KITIOWOBMM IMEPCOHAIOM 3alpONOHOBAHOI JIabopaTopii €
mpodecop CuBuk T.JI. Ta KaHTUIAT C.-T. HAYK 3a CHEIIATLHICTIO OioXiMis Ta MaricTp 3 6ioTexHosorii Cu-
BHK A.€., sKi € wieHaMu MDKHAPOIHOTO TOBAPUCTBA 3 TpaHcreHANX Texuooriit (ISTT) i 6paym 6e3moce-
PEIIHIO yUYacTh y JIOCTDKCHHAX B 00macTi criepmaTtorenesy y 1liBaeHno-3axiqHOMy MEIUUHOMY IICHTpI B
Hanmaci (CIIA). Bripomorx miecTi pokiB BOHW HaOyITH YHIKATFHOTO JIOCBITy Y CTBOPEHHI IIiNECTIPIMO-
BaHWX TEHETWYHWX 3MiH Yy CTareBUX CTOBOYPOBHX KIITHHAX Ta TeHeparlii TpaHCTeHHWX J1abopaTOpHHX
TBapUH TPAHCIUIAHTAINEI0 TEHETHYHO MOAM(IKOBAHOI CriepMaToroHii. BukopucroByroun el mixin,
TJL Cusuk ta A.€. CHBUK YCIIIITHO 3reHepyBaIy YHCICHH] TEHETHYHO MO/(hiKOBaHi JiHii criepMaToro-
HAITLHAX CTOBOYPOBWX KINITHH, OKpeMi 3 SKWX OyJIM BUKOPHMCTaHi JUISl CTBOPEHHS KITBKOX TPAHCTEHHWX
JHIHA 1ypiB 3 OaxkaHUM IposBoM TpaHcreHiB [38, 49, 50]. HaOyTi 3HaHHA Ta JIOCBIN Y TO€IHAHHI i3 HABU-
YKaMH MIKpOXipyprii Oy/yTh BUKOPHCTOBYBATHCS /IS 3aCTOCYBAHHS Ta BIIOCKOHAICHHS TPaHCTCHHUX Te-
XHOJIOTIH Yepe3 criepMaToroHaTbHI CTOBOYPOBI KITITHHH.

JlaBoparopis cTane mepmuM HayKOBO-€KCITEPHMEHTAITBHAM TIAPO3IITIOM B YKpaiHi, SIKHH 3arpo-
MOHY€ MOJIC] 1a00paTOPHUX TBAPUH, CTBOPEHUX albTCPHATUBHOIO 1 ORI €(heKTUBHOIO TEXHOIOTi-
€10 B TPAHCTCHE31.
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TpaHcrenes uepe3 cnepMaTOroHAJbHBIE CTBOJIOBbIe KJICTKH B 'KHBOTHOBOACTBE W MepPCNEeKTHBLI MPHMeHEHNUs
ero B besonepkoBckom HAY

CoiBbIK A.E., [Ibsguenko JI.C., CoiBbik T.JI.

INpeacTaBaeHo COBpEMEHHBIC TEXHOJOTUH CO3JAHUSI TPAHCTEHHBIX JKUBOTHBIX, C/IENIAH UX CPABHUTEJIBHBINA aHATIN3 APYT
¢ JIPYTOM, MPOANTU3UPOBAHO WX IPEUMYIIEecTBa U HeJocTaTKU. OCBeleHbl OCHOBEI TPaHCTeHe3a W TeHeTHIeCKUX MOTU(UKA-
i, TlpuBeeHbl epcreKTUBHEIE BO3MOXKHOCTU PBIHKA TPAHCTEHHBIX KUBOTHBIX B MUpe W 000CHOBaHO 3()()eKTUBHOCTE U
[eN1eco00pa3HOCTh HCIOIb30BAHMS HOBOM TEXHOIOTHUH CO3IaHUs TPAHCTEHHBIX MOjIelell sKUBOTHBIX Uepe3 CliepMaTOrOHATb-
HBIe CTBOJIOBEIe KieTKHu. [IpoaHamm3upoBaHa KOHKYpPEHTOCHOCOOHOCTH TIPeIOKEHHON TS CO3MaHus B benornepKoBCKOM
HAY nabopartopny reHHOW 300HHXKESHEPHH 110 CO3AaHMI0 TPAHCTECHHBIX JTAOOPATOPHBIX MOJIEICH KUBOTHBIX. OMHCAHO OCHO-
BHBIC ¥ MIEPCMICKTHBHBIC HAMPABJICHNs PA3BUTHS ASATEILHOCTH J1a00PaTopru.

KaioueBble ¢iloBa: reHHas MHXKEHEpUs, TpaHcreHes, pekomOnHanTHas JIHK, TpaHcreHHsie )KHBOTHbIE, CrIEpMAaTOroHa-
JIbHBIC CTBOJIOBBIE KJIETKH, TPAHCIIAHTALMS CIEPMATOTOHUH.

Transgenesis through the spermatogonia stem cells in the animals and prospects of its application in Bilotserkiva NAU

Syvyk A., Djachenko L., Syvyk T.

Genetic modification and transgenesis are based on the technology of obtaining recombinant DNA based on. Transgen-
esis is an artificial transfer of a gene (or DNA fragment) from one organism to another. Genetic modification can occurs
when the DNA sequence in an organism is modified without the transfer of foreign genes.

Living organisms with artificially modified genome are called genetically modified (GM) or transgenic. Transgenic an-
imals are created for the following main purposes:

- Basic biological research (rodents);

- Modeling of specific human disease for biomedical applications (rodents and large animals);

- In vivo production of therapeutic proteins;

- Enhancement of useful traits in agriculturally important animals.

The first transgenic animal (mouse) was obtained in 1981 as a result of the collaboration of several scientific laboratories
in the United States.

Today there are several widely used methods of introducing of foreign DNA into the animal's genome, for the produc-
tion of transgenic animals:

- microinjection method;

- the use of modified embryonic stem cells followed by the transfer of transformed into early embryo;
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- use of spermatogonal stem cells and sperm as a vector for DNA transfer.

Microinjection of recombinant DNA into fertilized oocytes remains the most popular method of introduction of foreign
genes into the genome of animals. This method requires highly qualified and experienced specialists, as well as expensive
equipment and reagents. Another method to create a transgenic mice used today is transgenesis through modification of em-
bryonic stem cells followed by introduction of modified cells into early donor embryo.

We emphasize that the methods described above have been well developed and are widely used today for the production
of transgenic mice. Therefore, the market for transgenic mice is now sufficiently saturated. However, these methods are way
less effective for rats and other species. The number of transgenic mice models is calculated by tens of thousands, while the
number of available transgenic rats does not exceed 500 models. Rat, as a model, surpasses the mouse as it is closer to the
human biology. The access to new and desired models of rats will give scientists in many research areas the opportunity to
choose experimental animals that are closer to man.

According to “Marked and Marked” report “The rat model market is estimated at USD 358.5 Million in 2014 and is ex-
pected to reach USD 602.3 Million by 2020, growing at a CAGR (Combined Average Growth Rate) of 9.4% from 2015 to
2020”.

Advancements in gene editing technologies such as CRISPR/Cas 9, TALEN, Zinc Finger Nucleases make generation of
rats with some types of genetic modifications technically possible and economically reasonable.

Worldwide, the spermatogonia mediated transgenic technology is being developed at several academic institutions in the
United States, Canada and Japan. Currently, commercial companies cannot use this technology because of its novelty and the
absence of trained specialists in this field. Some steps utilized in this technology require specific knowledge, skills and expe-
rience. The proposed laboratory of genetic zoinengineering will be a biotechnological unit of the Bila Tserkva National
Agrarian University for the production of genetically modified animals. It is assumed that the laboratory will be involved in:

1. Implementation of a reliable technological process for the production of transgenic model animals;

2. Proposition for the creation of genetically engineered animal models for use in scientific research by scientists of
BNAU;

3. Having successful examples of the creation and use of models animals, the laboratory will offer services for the gen-
eration of transgenic model animals at the national and international levels;

4. Extension of the technology onto other species of animals, where generation of genetic modifications by traditional
methods (oocyte or embryo manipulation) have not been developed, is not effective, or has an excessively high cost. Creating
the first modification in guinea pig is a priority task;

5. Creation and supply of genetically modified guinea pigs of high commercial value for general use in fundamental
study of infectious diseases, allergies, immunity and asthma;

In the future, the laboratory will aim on creation of genetically improved farm animals with increased productivity or re-
sistance to diseases, as well as animals for the biological production of proteins of pharmacological significance.

The laboratory will become the first scientific-experimental unit in Ukraine to offer models of genetically engineered la-
boratory animals created by alternative and more effective transgenic technology.

Key words: genetic engineering, transgenosis, recombinant DNA, transgenic animals, spermatogonial stem cells, trans-
plantation of spermatogonium.
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