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3 0ensdy Ha me, wo Ykpaina € nomyjicHum excnopmepom
KYKypyo3u 6 ceimi, cKpuHine niodamaueux 00 eeHemut-
HoOI mpancgopmauii eenomunie, wo Kyabmuyrmoscs Ha
ii mepenax, ma cmeopeHHs egheKmuUeHOi mexHoa02iT
mparncgopmayii yKpaincokoi KyKypyosu € aKxmyanbHuM.
Ilpexynvmueosani He3pini 3apodku KyKypyosu Oee’smu
eenomunie (inOpedui ainii ma eibpudu) niodasaru Agro-
bacterium-onocepedkosaniic mparcgopmayii. Y pobomi
sukopucmosysaiu mpu wmamu A. tumefaciens ma mpu
B8EKMOPHI KOHCMPYKUIl, AKI MiCMUau ceneKkmueHull map-
Kepnuii een Heomiyungocompancpepazu 11, a makoosc
DenopmepHi eeHu 3e1eH020 (PAyopecyiro1o2o npomeiry
abo B-earokyponioaszu. TpaHceenwi pocaunu eidbupanu Ha
HcUBUABHUX cepedosuujax i3 napomomiyunom. Ha cenek-
MUGHUX cepedosuuiax OAs wecmu 2eHOmunie cnocmepieanu
peeeHepayio naeonie nicas mpaucgopmauii. Memodom
IIJIP euseaeno npucymuicmv mpauceenie y 43 KaoHax,
OMPUMAHUX 8I0 YOMUPLOX 2CHOMUNIB [3 GUKOPUCIMAHHAM
ycix Hasenux eekmopie. Yacmoma mpancgopmauii eapi-
toeana 6id 0 do 27 % 6 okpemux excnepumenmax. 3Haii-
0€HO CUAbHY KOPeaauito Midc 4acmomamu peceHepayii ma
mpancgopmayii. BusenreHo 3Hauywyy pisHUuto y vacmomi
peeenepayii ma mpancgopmayii mixc eeHomunamu ma
PpocauHamu 00H020 eeHomuny, sKi 0yau OOHOpamu exc-
naaumie. Buxopucmanus eexmopy pCB271, axuil micmug
HYKAeOMuUoOHi nocaidoeHocmi  peeyasuii  excnpecii eerie
00HOO0NbHUX neped CeneKMUBHUM MAPKePHUM 2eHOM, a
came inmpown eena hsp70 Kykypyosu, 0ocmogipHo 30inb-
Wy8ano 4acmomy pecenepauii nacomie nicas mpaucgop-
mauii. Ananis pocaun noxoninna T, euasue 00HoaoKycHe
80Y008Y8aHHS MPAHCEEHI8 V DPOCAUHHUL 2eHOM. 3anpo-
NOHOBAHULI NPOMOKOA 2eHemU4Hoi mpaHcgopmayii 3 eu-
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KOPUCIMAHHAM NAPOMOMIYUHY AK CeNeKMUBHO2O A2eHMY
€ epeKmusHUM 0151 OMPUMAHHS MPAHC2eHHOI KYKYPYO3u
AiHiU ma eibpudie ykpaincvkoi ceaekuii. Bidibpano mpu
eenomunu (ninis JAK232 ma eiopuou KII7<IIPXKS5 i
KC277<RS15) sk uaubinvw chpuiinamaugi do Agrobac-
terium-onocepedxkosarnoi mpancgopmauii i nepcneKkmueHi
015 nodanvuux 00CAiONCeHb 3 OMPUMAHHS MPAHCSEHHUX
POCAUH KYKYPYO3U.

Karouoegi caosa: Zea mays L., nptll, S65Tpgfp, uidA, napo-
MOMIYuH, mpanceenna Kykypyosa, nokoninua T,

Beryn. Kykypynza (Zea mays L.) 3alimae mepiie
Miclle Y CBiTOBOMY BUPOOHMLTBI 371aKOBUX KYJIb-
Typ cepen Oymb-skux iHmumx (USDA, 2024). 3a
MOPiBHSIHHS 3 TILEHMUIICIO Ta PUCOM KYKypyn3a, 3
TOYKHU 30pYy Ii 3aCTOCYBaHHSI, € HAMOUIbII Pi3HO-
IUTAHOBOIO 3JTAKOBOIO KYJBTYpPOIO. 3 IMPOI0BOJIb-
YOI0 METOI0 BUKOPMCTOBYEThCS OnM3bko 12 %
CBiTOBOI KyKypya3u, 1ie 60 % iime Ha KOpMH ISt
TBAapMHHUIITBA Ta NTaxiBHUIITBA, i MailXke TPeTU-
HY KYKYpyA3W BHKOPHMCTOBYIOTH Ha TaK 3BaHi
TeXHIYHi 1IiJ1i, B TOMY YMCJi JIsI BUPOOHUIITBA
OiomasimBa. YKpaiHa B OCTaHHI POKHW, IO TTOBHO-
MaciTabHoro BTopraeHHs pd y 2022 p., 3aiimana
YETBEPTE MICIIE B CBITi cepel KpaiH-eKCIOPTEPiB
KyKypyn3u, mnoctymnatounch CIIA, bpaswunii Ta
AprenTuni. Illopiuno 75—85 % yKpaiHCBKOI Ky-
KYpYA31 peaii30ByBaJIOCh Ha 30BHIllIHIX PUHKAX.
TomMy, KyKypynza, SK €KCIIOPTHO Opi€HTOBaHa
KYJIbTypa, € CTPaTeriyHO BaXKJIMBOIO UISI PO3BUTKY
arpoBUPOOHUIITBA B YKpAaiHi Ta CIYy>XUTb 3aIlopy-
KOIO €HEPIreTUYHOI HEe3aJeXKHOCTI KpaiHU, aKe JIae
3MOTIy BUTOTOBJISITY Ta3, MajJvBO i SIKiCHI KOPMU.
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CBiTOBE BUPOOHMLTBO KYKYpyI3U 3pOCTa€E 3
KOXHUM POKOM 3a PaxyHOK 30iJIbLIEHHS TIOCiB-
HUX IUIOI Ta/ab0 BpOXKAMHOCTI. 3acTOCyBaHHS
CydacHHUX OiOTEXHOJIOTI € MOTYXXHUM iHCTpYMEH-
TOM MOKPAILUEHHS iCHYIOUMX T€HOTUIIIB 11 301i/1b-
LLIEHHS iXHbOI €KOHOMIYHOI TPUBAOIMBOCTI ITif
yac BupoinyBaHHs (ISAAA, 2019). ¥ CHIA, saxi
€ CBITOBUM JIiAEPOM i3 BpoxaitHocTi, 92 % mociB-
HUX IUIONI KYKYPYI3U 3acCisIHO TeHHO-MOIU(iKo-
BaHuM (I'M) Hacinuam. B Ykpaini nguiie 3—5 %
MOCIBiB KyKypyI3u € reHHo-momucdikoBaHi (Fedo-
renko et al, 2012; https://latifundist.com/analy
tics/27-svtovij-rinok-kukurudzi-2021--ukransk-real -
vd-globalnogo-do-lokalnogo). 3 omHoro 60Ky Yk-
paiHa 3aifHsJIa CBOIO Hillly 30yTy KYKYpyI3u — 1Ie
Ti PMHKHU, SIKi HamaloTb IepeBary KykKypyasi 0e3
FeHEeTUYHUX Monaudikaliii, 3 iHIIOro OOKYy, BHU-
poiyBatu I'M-KyKypyn3y Kpaile 3 TOYKWA 30py
BUTpPAT, IIPOTHO3YBaHHS BPOXAHOCTI Ta ILUIAHY-
BaHHS$ 30UIbIIEHHST BUpOOHMLTBA. ToMy, po3pob-
Ka TeXHOJIOTili CTBOPEHHSI TPAHCTEHHOI KyKYpY/I-
31 YKPATHCBHKOI CEJIEKIIil aKTyaJbHa i Ha 4aci.

Ha croronHi st CTBOpEHHSI TPAaHCTE€HHOI Ky-
Kypyli3u B OCHOBHOMY 3aCTOCOBYIOTH OiOJIiCTUY-
Huit (Klein et al, 1988; O’Kennedy et al, 2011)
Ta Agrobacterium-onocepeIKOBaHUII METOAU Te-
HeTtnuHOI TpaHcdopmalii (Grimsley et al, 1987;
Ishida et al, 1996; Sidorov et al, 2009). Bukopuc-
TaHHS Agrobacterium tumefaciens nnst Tpancdop-
Mallil pOCJIMH Ma€ II€BHi INepeBaru, MOPiBHSHO 3
OionicTuyHOIO TpaHchopmalier. I'oJoBHOIO mMe-
peBarow Agrobacterium-ornocepeIKoBaHOI TpaHC-
dopmMmaliii € Te, IO MaJeHbKa KiIbKICTh KOITil
BimHOCHO Benukoro ¢parmenta T-IHK i3 Bu3-
HAYCHUMM KIiHLSIMUA iHTETPyE Y POCIMHHUI Te-
HOM i3 MiHiManbHUMU TiepedOynoBamu (Ishida
et al, 2007; Kausch et al, 2021a). He 3Bakaroum
Ha Te, 10 OMHOMOJbHI POCIMHU HE SIBJISIIOThCS
MPUPOTHUMM TOCTIONApSIMU A. tumefaciens, 1151 6aK-
Tepisl, 3aBASIKU CTBOPEHHIO €(PeKTUBHUX IMPOTOKO-
JIiB, aKTUBHO BMKOPUCTOBYETHCS IJII TEHETUUHOI
TpaHc(opMallii 31aKOBUX, B TOMY YMCJi KyKYypy-
m3u. Ilpote, ctBOpeHHS ['M-KYyKypyn3u CUJIBHO
3aJICKUTh Bill T€HOTUIy I YCKJIAOHIOETbCS 4Ye-
pe3 cyiabKy CNpUHHSTAMBICTL 10 TpaHchopMmalii
(Masters et al, 2020; Yassitepe et al, 2021).

OpHUM i3 LIISIXiB MiABUILIEHHS €(eKTUBHOCTI
TpaHc(opMallii OZHOIOJbLHUX POCIUH € CTBOPEH-
Hs aJanToOBaHMUX BEKTOPHMUX KOHCTPYKLIH i3 crie-
LiaJTbHUMU TIPOMOTOPAaMU Ta PETYISITOPHUMU €Jie-
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MEHTaMHU, CIIPSIMOBAaHMMM Ha TOCWJICHHS €KC-
npecii TpaHcreHiB (Lu et al, 2015; Kausch et al,
2021b). Hdna Toro, o0 OOCTIAWTH BILIUB pe-
TYJISITOPHUX HYKJICOTHIHUX IIOCIiTOBHOCTE Ha
eKCIIPECiio TeHa, BUKOPUCTOBYIOTh PEIIOPTEPHI Ie-
HU, SKi TMOJIETIIYIOTh Bi3yallizallilo MPOTEiHy, 110
KOIY€E pemopTepHMII IeH, Ta/abo MOro KilbKiCHe
BUMiploBaHHs. Haliuacrilie B JOCTiIKEHHSIX BU-
KOPUCTOBYIOTb TaKi PENoOpTepHi T'€HU SIK T'eH 3e-
JIEHOTO (DJTyOpeCIIiIoIoUoro MpoTeiny mMenysu (gfp)
Ta B-mirokypoHimasu (uidA) (Anami et al, 2013;
Gerasymenko et al, 2017; Varchenko et al, 2020).

Metoo pobotu Oyn0 MPOBECTU CKPUHIHT Te-
HOTUMIB KyKYpPYA3M YKpaiHCBKOI CeJeKIlil Ha
NpuAaTHICTG 10 Agrobacterium-onocepeaKoBaHOI
TreHeTUYHOI TpaHcdopmalii i oTpuMaTh TpaHC-
TeHHi pOCIUHU. Y NOCTiIKEeHHI BUKOPUCTOBYBa-
JIM KYJBTYpY IPEKyJbTUBOBAHUX HE3PiINX 3apOj-
KiB; BEKTOPH, SIKi MiCTUJIM CEJIEKTUBHUI MapKep-
Huli reH HeoMmiumHdocdoTpanchepasu 11 (nprl),
penopTepHi reHu (gfp, uidA) Ta pi3HWINCH Y HAsIB-
HOCTI PEryISITOPHUX HYKJICOTUIHMX ITOCTiIOBHOC-
Teil OMHOMNOJBHUX; ITAPOMOMIIIMHOBY CEJIEKIIilO
TPaHCTEHHUX POCJIVH.

Marepiamu i meromu. /lrazmiou ma 6bakmepians-
Hi wmamu. Nns Agrobacterium-orocepenKoBaHOI
TpaHc(opMallii KyKypya3u BUKOPHUCTOBYBaIU Oi-
HapHi BekTopu: pCB202, pCB271 (0aHK ma3Min
IHCTUTYTY KIIITUHHOI 0ioJiorii Ta TeHEeTMYHOI iH-
xkeHepii HAH VYkpainu (IKBI'T HAH VYkpainu))
Ta pBi2E, gKi 3HaXOAWIMChH y PIi3HUX IITaMax
A. tumefaciens. Bextopu pCB202 ta pCB271 Oynu
y OakTtepiaabHuX HomadiHoBux lutamax GV3101
ta C58 (Koncz et al, 1986) BinmosinHo, a mias-
miga pBi2E 3Haxoaunacs B OKTOIIHOBOMY IUTaMi
LBA4404. Bci BekTOpM, SIKi BUKOPUCTOBYBAJIM B
JOCITIIKEHHI, MiCTUJIA Y CBOEMY CKJIaJIi CEJIEKTUB-
HUI MapKepHU# reH HeoMmilmHpocdoTpaHchepa-
3u II (mpfll), 9xuil iHAaKTUBYE aMiHOIJIIKO3UIHI
aHTMOIOTMKU, TaKi $K KaHaMillMH, HEOMIlWH,
G-418, renTaMmiunH, TapoMoMinuH Tomio. Ilmas-
mima pCB202 maina reH npfl min KoHTpoJjeM mpo-
MOTOpPY HOMaJIiH CUHTAa3Mu Ta TeH B-TIIOKYpOHiga-
3u (uidA) mig KOHTpoJeM MPOMOTOPY i MEepLIOro
iHTpOHY reHa yOikBiTMHY 1 KyKkypynsu 1 (puc. 1).

Bektop pCB271 y ginguui T-IAHK wmictuB
MapKepHUN CEJIeKTUBHMI TeH HeoMiumHpocho-
tpaHcdepasu I1 (npfl) Ta periopTrepHUil MyTaHT-
HUW CUHTETUYHMI T€H 3eJeHOTO (PIyopecIiioio-
yoro npoteiny (5657pgfp), obuasa mia KOHTPOJIEeM
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pBi2E <RB€ Pnos npﬁl> Tnos — P35S PDH-Ex1> Int1 <PDH—EX1 Tnos—<LB<
pCB202 <RB€ Tnos < gus Intr Pubit Pnos nptll > Tnos —<LB<
pCB271 <RB€ P35e | Ihsp | nptil > Tnos — P35e |lact1 ap > Thsp —<LB<

Puc. 1. Cxema T-IHK ninstnok mnasmin pBi2E, pCB202 i pCB271: RB, LB — rpanuui T-IHK; Prnos — mpomotop
reHa HonatiH cuHTtasu; nptll — ren HeomiuuHdocdhoTpancdepasu II; Tnos — TepMiHaTOpP reHa HOMAIIH CUHTA3H;
P355 — npomotop renHa 35S PHK Bipycy Mo3zaiku uBiTHO1 Kanyctu; PDH-ExI ta Intl — parMeHTU Iepiioro
€K30HY i1 iIHTPOHY I'eHa MpoiHAeriaporeHasu Arabidopsis thaliana BiANOBIAHO; gus — T€H B-TIIOKYPOHina3u uidA;
Intr — iHTpOH 1 reHa yoikBiTUHY 1 KyKypyn3u, Pubil — mpomoTop reHa yoikBiTUHY 1 KyKypynsu; P35e — nocuiaeHui
npomotop reHa 35S PHK Bipycy mMozaiku 1BiTHOI KamycTu; [Asp — iHTpPOH KyKypya3sHoro reHa hsp70; lactl —
iHTpoH 1 reHa akTuHy 1 pucy; gfp — red S65Tpgfp 3eneHoro (ayopecliroodoro npoTeiny; 7Asp — TepMiHATOP T'eHa

hsp TIEHUIT

MOCUJIEHOIO MPOMOTOPY BipyCy MO3aiKu LIBITHOI
kamycTtu €35S. MiX mpoMOTOpHOIO Ta KOIYIOUOIO
YyacTMHAMM TeHiB BEKTOp MaB PETYJISITOPHI HYK-
JICOTUIHI TMOCIIAOBHOCTI OIHOAOJBHMX JJISI MO-
KpalleHHsI eKCIIpecii TpaHCreHiB, a caMe iHTPOH
KyKypyA3siHOro reHa hsp70 nepen reHom nptll ta
iHTpOoH 1 pucoBoro reHa aktuny 1 (OsActl) miepen
S65Tpgfp (puc. 1) (Nitovska et al, 2018). KoHn-
crpykuiss pBi2E wmictuna ren mpfAl mim KoHTp-
0JIEM TIPOMOTOPY HOITAJIH CHHTAa3W # aHTHUCEH-
COBUI cympecop TeHa TPOJiHAETiApOoreHa3n
(PDH) Arabidopsis thaliana nig xoHTposiem 35S
MPOMOTOPY BipyCy MO3aikd IUBITHOI KaIlyCTH
(puc. 1) (Tyshchenko et al, 2014). AHTHceHCcOBa
PHK cympecig tpanckpunrtony reHa PDH tipu-
3BOIUTh OO 3HUXEHHSI CUHTE3y i, BiAIMOBIAHO,
aKTUBHOCTI (bepMEHTY MpOJIiHIEriAporeHasu i, sIK
HaCJIig0K, 30UIbIIEHHST BMIiCTY BiJIbHOIO L-mpoti-
HY, 110 MOX€ TTPUBOAUTHU IO MiABUIIECHHS CTPECO-
CTIAKOCTi POCJIMH.

IIpu BuOGOpPi BekTOpiB 11 TpaHChoOpMAallii
3BepTajiM yBary Ha HAasBHICTh HYKJICOTUIHUX
MOCJiJOBHOCTEI peryJsiiii eKcrpecii reHiB OgHO-
OJIbHUX, 1100 OLIHUTU iX BIUIMB HA T'€HETUYHY
TpaHchopmariito. Bektop pBi2E B3arani He Mmic-
TUB HYKJICOTUAHMX IIOCIIZOBHOCTEM OTHOMIOIb-
HUX Ta OyB OoOpaHUIl SIK KOHTPOJBHUI, IO II0-
Ka3aB CBOIO €(DEKTHBHICTb UISI OTPUMAHHS TpaHC-
reHHoi kykypyasu (Mykhalska et al, 2012); Bek-
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Top pCB202 MicTUB IMPOMOTOpP Ta MEPIINi iHTPOH
reHa yOIKBITMHY KyKYpYA3W JIMIIE Iepel pernop-
TepHUM reHoM; BekTop pCB271 MmicTuB HyKJe-
OTUJHI MOCJIiZOBHOCTI OJHOJIOJBHUX MIX MpPO-
MOTOPHOIO Ta KOAYIOYOIO YAaCTUHOIO 000X TeHiB
(MapKepHOro CeJIeKTUBHOIO Ta PENOPTEPHOro) Ta
TepMiHATOp TeHa Asp TILIEHMII ITiCJIs KOAYIOUOi
YaCTUHU PEMOPTEPHOro reHa.

HapoiuyBanHs1 A. tumefaciens mist TpaHcdop-
Malii 3miiicHIoBanu 3a mpoTokoysoMm (Sidorov et
al, 2009) 3 MOKPOKOBMM BUKOPMCTAaHHSIM KU-
BuiabHoro (LB) Ta iHmykuifiHOro cepemoBMIL i3
MIOJABaHHAM aHTUOIOTUKIB MiJ Yac BUPOIIYBAHHS
BIIMOBIIHO 0 1ITaMy OakTepii 3 Mia3MiIoro: 1Tam
GV3101 3 Bektopom pCB202 — 50 mr/a pudam-
muuHy, 25 Mmr/a rentamiumay, 100 Mr/m xapOe-
HiLWJIiHY; a1 0akTepiil 3 BekTropom pCB271 —
100 mr/n kanamiuuny i 100 mMr/a crpentomiiiu-
Hy; Ta 50 mr/n pudamminuny i 100 mr/n ka-
HaMilLIMHY BUpollyouu 6akrepii mramy LBA4404.
Ilepen TpaHchopMallieto bakTepialbHY CYCIEH3i10
ocaKyBaiy LEHTPUMYTyBaHHSM Ta PECYCHEeHIY-
BaJld B iHOKYISILiHHOMY CepeJOBUILi IO OMNTHUY-
Hoi ryctunun (OD,,) 0,3—0,4 onuHuili.

Pocaunnuii mamepian. Y pocnigxeHHi Oyau 3a-
HisiHi 9 TeHOTMIIIB KYKYpYA3U YKpPaiHCHKOI ce-
JIexuii, cepen HuX 5 iHOpemHmx miHin (JIK232,
KII7, TIPXK5, KC277, RS15) Ta 4 riopumm F,
(AK959xJ1K232, KII7<I1PKS5, KC277xRS15,
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RS15xKC277). BupoliilyBaHHS JOHOPHMX PpOC-
JIMH KYKYPYA3M, i30JIs1il0 BOJIOTEi i KayaHiB Ta
KOHTPOJIbOBAHE 1IITYYHE 3alUIeHHSI JOHOPHUX POC-
JIMH mpoBoauiau Ha ainsgHkax HY IHctutyTt 3ep-
HoBux Kyneryp HAAH VYkpainn (I3K HAAH)
(Ixinpo). B excnepuMmeHTax in Vitro BUKOPHUC-
TOBYBaJIM 3apOAKU, OTPMMAaHi Bim 25 HOHOPHUX
pociuH. s exKcIulaHTallil i30J10Baid He3piJi
3apojgku noBxuHoo 1,0—1,5 mMm y Bimi 11—14
nmio micns 3anuneHHst (DAP, days after pollina-
tion). IloBepxHeBy cTepuiizallilo KayaHiB, BU-
OKpEeMJICHHSI Ta KYJbTUBYBAaHHS N Vitro HE3piIUX
3apOJIKiB Ha KUBUJILHOMY CEpPEHOBUILI IS iHIYyK-
Lii KaJalocoreHe3y 3IOilCHIOBAIM SK OylI0 OMNu-
caHo (Nitovska et al, 2019). Yepez 7—12 ni6
MPEeKYJIbTUBOBAHI HE3pili 3apOAKU 3 YTBOPEHUMU
Ha €KCIUIaHTaX KajJiocaMu MigmaBainu Agrobacte-
rium-ornocepenkoBaHiil TpaHcgopmaitii. Otpumani
Micas TIpoleaypu TpaHchopmallii pocJIMHU-pere-
HepaHTH no3Havanu gxk T, 3a3Hayaioum B Ha3Bi
TaKOX HailMeHyBaHHSI BUKOPMCTAaHUX BEKTOPIB.
Pociun T, oTpuMyBajiy Bill CXPEILyBaHHS POCIMH
T, onHakoBoro abo pi3HMX JOHOPHUX I€HOTHIIIB.
Jis1 aHanmizy ycraakyBaHHSI TPAHCI€HIB POCIMHU
nokojiiHHg T, Oyau moniieHi Ha Tpu rpynu 3a-
JIEXKHO BijJi TEHOTUITY JOHOPHUX POCJIMH i BUKO-
puctaHux BekTopiB. Jlo rpynu 1 Oyau BigHeceHi
pocauHu ToKoMiHHA T, 3 TeHOTHIIOM Tl(TOpCB271
(KH7XHP)K5) x .TOpCB271(KH7><HP)K5)), OTpH-
MaHi B pe3yabTaTi CXpELIyBaHHS IBOX POCIMH-
pereHepaHTiB TOPCB271(KH7><HP)K5). Ho rpynu 2
Oy/u BiIHECEHI POCAMHMU MOKOMiHHA T, 3 TeHOTH-
oM T,(T 5, (AK232) x Ty o). (KIT7I1PXKS)),
TOOTO, OTpUMaHIi B Pe3yJIbTaTl CXPEIIYBaHHS pere-
HepaHTiB T, TeHOTUIIIB TOPCBzoz(I[K232) i TOPCB271
(KIT7<IT1P2XKS). o rpynu 3 yBiHLLIA POCIMHU IO-
KosinHs T, 3 reHoTHIIOM Tl(TopCB27l(KH7XHP)K5) X
x TOPBQE(KH7XHP)K5)), TOOTO, OTpUMaHi B pe-
3yJIbTaTi CXpeLlyBaHHS pereHepaHTiB T Toro ca-
MOTO JOHOPHOI'O T€HOTUIY, ajie MiCJsl TeHETUYHOI
TpaHcdopMallii pi3BHUMU BEKTOPaMMU.

HacinHg 3 pociauH, OoTpMMaHUX ITiCasT Mpolie-
Iypu TpaHcdopmallii, BUCAKyBaJIM B TOPIIMKU 3
IPYHTOM Ta BUPOILLYBaJIM B TeIUIMLi 3a 12-roguH-
Horo ¢oTornepiony i Temreparypu mnosiTps 25 °C.

Tenemuuna mpaucgopmauia ma cesexuis mpauc-
2eHHUX pocauH. Agrobacterium-omnocepeIKoBaHy TpaHC-
dopmaiio MOpPOreHHOTo Kaaocy KyKypya3u BU-
KOoHyBayin 3a Meroaukoio (Sidorov et al, 2009),
NpoBOMWIIM Bia 1 10 9 OKpeMUX eKCHepPUMEHTIB IS
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KOXXHOTO TEHOTHITY i Bim 6 10 13 oKpeMmx exc-
MEPUMEHTIB 3 KOXHUM BeKTOpoM (Tabiuus Sl1,
https://cytgen.com/articles/5920003s.pdf). Ilicms
JIIBOX [i0 CIiBKYJbTUBYBaHHS 3 OaKTepi€lo Ka-
JIIOCU TIEPEHOCUJIM Ha OaKTepiocTaTUUHE Ccepe-
OBHIILE (CEepedoBUIIE I KaJlloCOIeHe3y 3 J0-
maBaHHsaM 500 mr/m uedorakcuMy) MIST iHTIOY-
BaHHSI POCTy OakTepiil i KyJIbTUBYBAJIM y TEeM-
psaBi 3a 27 °C BmpomoBx 4 ni6. ITortiM Kamocu
nepecakKyBaii Ha OaKTepiOCTaTUYHE CEJICKTUB-
He cepemoBullle 3 gomaBaHHSIM 50 Mr/ja mapomo-
MILIMHY, KyJbTUBYBaJIM JBAa TWKHI 32 TUX CaMMX
YMOB 1 IEpEHOCWIM [Jis KyJbTUBYBaHHSI BIIPO-
JIOBX 1e JABOX THMXKHIB Ha OaKTepioCTaTUYHE Ce-
JIGKTUBHE cepenoBuile, sike wmictwio 100 mr/a
napoMoMinmHy. Karocu, gKi aKTMBHO HapocTa-
JIM, TIEPEHOCWJIM Ha CeJIeKTHBHE pereHepaliiiHe
cepenopuine (MomudikoBane MSGR (Sidorov et
al, 2009), sxe mictuno Bitaminu Mopens (Morel
et al, 1951), 0,25 wmr/m 6-OeH3UIAMiHOITypUHY
(BAIT), 500 mr/m uedorakcumy i S0 Mr/m mapomo-
MillMHY) Ta KYJbTUBYBAIW y PEXKUMi OCBITJIEHHSI
3 (¢otonepiomom 16 rox 3a temneparypu 24 °C.
Yepes Tpu TUXKHI KaalOCU MEPEHOCUJIM Ha CeJieK-
TMBHE pereHepaliiiHe cepegoBMIIE, SIKE MiCTHIO
100 Mr/n mapoMOMILIMHY, Ta BUPOILIYBAJIA 3a O3HA-
YEeHUX YMOB OCBITJIEHHSI, CYOKY/JIbTUBYIOUM Ha CBi-
XKe cepeloBUILIE KOXHI TpU THUKHI. KyabTuByBaH-
Hs1 KaJIIoCiB 3AiCHIOBAIM, TTOKW BigOyBanach pere-
Hepallisl maroHiB, ab0 BIPOMOBXK 9 TMXKHIB, SIKIIO
pereHepalliilo maroHiB He criocTepiraau. Po3paxo-
BYBaJIM YaCTOTY PEereHeparlii 3 KaJIlociB Ha CeleK-
TUBHUX CEPEIOBUILAX ITiCIs Agrobacterium-omoce-
peakoBaHoi TpaHcgopMauii (YPIIT) y BincoTkax
SIK CITiBBiIHOLUEHHSI €KCIUIAHTIB, 11O YTBOPWJIM
pereHepaHTH, 10 3arajibHOI KiJIbKOCTi €KCIIJIaHTIB,
MiTaHUX TpaHc@opmallii, a TaKoX e(pEKTUBHICTb
pereHepauii micag TpaHcgopmauii (EPIIT) gk
MaKCUMaJIbHE YMCJIO TaroHiB 3 PereHepyruyoro
KaJIloCcy, OTPMMAHOIO Bill OJHOTO OKPEMOIO €KC-
IUTaHTy. PocnmHmM-pereHepaHTH BiIOKpEMITIOBAIN
BiJ KaJlIoCy Ta BUCAIKyBaJIM B OAHKM i3 CEJICKTHB-
HuM cepepouiieM MS (Murashige et al, 1962)
0e3 peryaaropiB pocty, ske Mictuiao 500 mr/n
nedorakcumy Ta 50 Mr/a mapoMoMillMHy. YKoOpi-
HEHi pereHepaHTy IePEHOCUIN B TOPILIMKHA 3 IPYH-
TOM Ta BUPOIIYBajiy B TeIUIMLI 3a 12-romMHHOTO
dororepiony Ta TeMnepatypu nositps 25 °C.
Buodinenns pocaunnoi IHK ma ii ananiz memoodom
nonimepasnoi aanuyroeosoi peaxuii (IIJIP). Buainen-
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Hs cymapHoi pociauHHol JIHK 3 jnuctkiB Kyky-
pyasu, ii aHamiz metogoM IIJIP Ha mpucyTHicTh
tpaHcreHiB npfll, S65Tpgfp i GakrepialbHOTO Te-
Ha vir-D1 Tta Bigdyanizalito NpoayKTiB aMrigi-
Kallii mpoBoauiau sIK ommcaHo paniie (Nitovska
et al, 2018). AnHaniz Ha HagBHicTh reHa npfll B
HMHK perenepaHnTiB KyKypyasu mokojiHHs T, mpo-
BOJIWJIM 3 BUKOPUCTAaHHSM HACTYITHOI ITapu Mpari-
MepiB: 5'-CCTGA ATGAA CTCCA GGACG
AGGCA-3" (F) i 5-GCTCT AGATC CAGAG
TCCCG CTCAG AAG-3" (R) (Mykhalska et al,
2012). Poamip mpoaykty amrutiikanii mocsigoB-
HocTi misg saptll cknamaB 649 n.H. [Iporpama mis
IIJIP Oyna 3agaHa HACTYMHUM YMHOM: MEPIIAN
kI 3a 94 °C BrpomoBX 4 XB 3 HacTymHUMU 34
mukiamMu (geHarypauis 3a 94 °C 30 ¢, penHarty-
pauist 3a 64 °C 30 ¢, eonraris 3a 72 °C 40 ¢). Kin-
1IeBa eJloHTallist TpuBaia 5 xB 3a 72 °C 3 HacTyII-
HUM oxoyiomkeHHaM no 22 °C. Ijad BUSBIEHHS
Mepuoro €k3oHy reHa PDH BUKOPUCTOBYBAIU
HacTynHy Tapy npaiimepiB: 5'-AACAA ACTGG
ATCCG CTTAC-3" (F) i 5-ATTAA GCTTIT
CGAAC CAAAC AAGT-3' (R) (Mykhalska et al,
2012). Po3mip ammiikony — 700 m.H. IIporpama
nis ITJIP ¢pparmenty ek3ony PDH-ex] Oyna Taka,
JK s nochigoBHOCTI nptll, okpiM Temmneparypu
peHatypauii, gka ckiagana 54 C. Y ponai nosu-
TUBHOIO KOHTPOJIIO BUKOPUCTOBYBAJIU 3arajbHy
JHK pociauHu TIOTIOHY, TpaHC(OPMOBAHY BEKTO-
pom pCB271, NHK o6axktepii mramy GV3101,
abo JIHK Arabidopsis thaliana un nnasminu pBi2E
B 3aJIEXKHOCTI Bif peakiiii.

Buxonsuu 3 pesynbratiB aHamizy metogom I1JIP
BUPAxOBYBaJIM YacTOTy BUsiBJIeHHsI TpaHcreHa (YBT)
SIK BiJICOTKOBE CHiBBiTHOILIEHHS KiJIbKOCTi 3pa3KiB,
SIKi MICTWJIM TPAHCTEHM, N0 3arajbHOl KiJIbKOCTi
MpoaHaii3oBaHuX 3paskiB. Yactoty TpaHchopma-
uii (YT) Bu3HaAuvanm y BigcoTKax sSIK CITiBBiZHO-
LIEHHSI eKCIUIAHTIB, 110 YTBOPWJIM TPAHCTEHHI poC-
JIMHU, 10 3arajbHOl KUJILKOCTI €KCIUIAHTIB, ITiama-
HUX npouenypi TpaHchopmailii. KioHom mo3Ha-
Yyajli pereHepaHTH, SIKi YTBOPWJIMCH Bil OIHOIO
eKCILUIaHTYy.

Axmuenicmo B-earoxyporidasu. T'icToxiMiyHUIA
aHaJi3 aKTUBHOCTI B-IJIIOKYPOHiIa3u y POCIUH-
HOMY Martepiaji mpoBoauiau 3a mMetoaukoro (Jef-
ferson, 1987).

Cmamucmuunutl ananiz. CTaTUCTUYHUMN aHai3
pe3yJIbTaTiB IIPOBOIWIM 3a CTAaHAAPTHUMHU METO-
mukamu (McDonald, 2014; Ewens et al, 2023).
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J1s OLiHKM HOPMAaJIBHOTO PO3IMOAULYy JaHMX 3a-
crocoByBaiv Kputepiit Ilamipo-Binka. Tect Jle-
BEHSI BUKOPUCTOBYBAJIM IJISI IIEPEBIPKM T'OMOCKE-
JACTUYHOCTI BUOipoK. OCHOBHI MOKa3HUKMU, TakKi
gk YITPT, YT, 4yTnuMBiCTh pereHepaHTiB IO aH-
TUOIOTUKY Ta ajarTalisl B IPYHTI TMOPiBHIOBAIU
3a TEHOTUIIAMU Ta BEKTOPaMU, BUKOPHCTOBYIOUU
dopMysIu IS IKiCHOI MiHJIMBOCTI:

m = ~/p x (100—p)/n,

e p — 3HAYECHHS ITOKa3sHMKa B %; n — poO3Mip
BUOIpKH.

PesynbTaTi TipencTaBAsSUIM 3 JOBIpYUM iHTEp-
BaJOM 3a piBHS 3Hauywocti 0,05 — my , ne
m — CTaHOapTHa MOXMOKA CEepeaHbOro; 7 < —
kputepiii Ct’togeHTta 3a piBHs 3Hauymocti 0,05.
JIOoCTOBiIpHICTh Pi3HUIL MiX BapiaHTaMU AOCHIiiB
OIIIHIOBAJIM 32 TOPIBHSHHA JOBIpYMX iHTEpPBAJIiB
CepeaHiX 3Ha4YeHb.

KoedimieHT mapHO1 KOpeJsiiii Mixk JaHUMU BU-
3Havyanu 3a IlipcoHom. [Insl mepeBipku rimnoresu
PO PO3IIOAiJ TPAaHCTEHIB BUKOPUCTOBYBAIN KPU-
Tepiii y3romxkeHocTi IlipcoHna (kputepiit y?). Pe-
3yJAbTaTH BBaXKaJaud CTAaTUCTUYHO ICTOTHUMHU 3a
piBHA 3HauywocTi 0,05.

Pe3syabratn. B mpoBeneHux mocnigax Agrobac-
terium-oriocepeIKoBaHiil TpaHchopmallii 3arajom
Oyno mimgaHo 1765 He3piaux MpeKyJIbTUBOBAHUX
3apoIKiB KyKypyn3u. KilbKicThb ompauboBaHMX 3a-
POIKIB 3 KajlycaMy Pi3HWJIACh MiX T'€HOTUIAMU B
3aJIeXKHOCTI Bil HAsgBHOTO MaTepiany: Bim 73 misd
riopupa JK959x/1K232 nmo 607 3apoakiB JiHii
JK232 (tabn. 1). Cepen ompamboOBaHMX T€HOTH-
miB 29,0 % excrutaHTiB Hajexanu 1o JiHii J1K232,
16,1 % — BimHocwmuchk mo riopumna KIT7xITPXKS, o
12,9 % excruianriB O6yau Bin riopunis KC277xRS15
ta RS15xKC277, o 6,5 % eKCIUIaHTIiB y AOCITi-
nax 3aimanu ninii KIT7, KC277, RS15 Ta riopua
AK959xJ1K232, 3,2 % He3piaux 3apoikiB Hale-
xkanu o ginii T[TP2XKS. 3aranom 41,9 % excruiaf-
TiB mimgaBasu TpaHchopmallii Bekropom pBi2E,
38,7 % — Bextopom pCB271, 19,4 % excIulaHTiB
TpaHchopmyBanu BekTropoM pCB202.

Yacrora pereHepalii Mmiciss Agrobacterium-orio-
cepenkoBaHoi TpaHcdopmartii (YPIIT) y mocaim-
KEHUX reHoTuriB kosnuBatacsa Bix 0 mo 18,1 %.
PereHepauilo pociMH croocTepiraiyd y ILIeCTH 3
nes’atu reHotumniB: JAK232, KII7, KIT7xITPXKS,
KC277xRS15, RSI5xKC277 i JAK959x]J1K232
(taba. 1), npuyomy, 3a UPIIT Bci ribpuau moc-
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TOBipHO TepeBeplyBanu JiHii, okpim K232,
Jlinisg JIK232 mama BUCOKe 3Ha4YeHHS JaHOTO I10-
kasHuka (17,9 %), unM mOMITHO Bifpi3HSJIACh Bif
IHIIMX OOCHIMKEeHUX JiHii. 3a BeKTopamu, SKi
BukopuctoByBanu, YPIIT konuBanacss B Mexax
7,1-17,5 %. Ilpu BukopucranHi Bekropy pCB271,
YyacToTa pereHepaiii pocJuH micjisl TpaHchopMma-
1ii Oyja 3HAYyIlIO OUIBIIOK MOPIBHSIHO 3 JBOMA
iHIIMMU BekTopamu. EdeKTuBHICTb pereHeparlii
nmicag  TpaHchopmMariii  (EPITT) 3Haxomwimaca B
mexax Big 1 (KII7, JK959x1K232) no 6
(KIT7xITP2KS) maroHiB 3 omHOTO Kamtocy (eKc-
wraHTy) (tadmmis S1, https://cytgen.com/articles/
5920003s.pdf).

Cnoctepiranu cyrreBy pizHuuo y YPIIT mix
JIOHOPHMMU POCIMHAMU OTHOIO TeHOTHUITy (TabJ1. 2).
Tak, Hanmpukiiag, 3apoaKku, OTpUMaHi BiJ TOHOpP-
Hoi pocimHu Ne 2 minii JIK232, manu 3Hauylio

1.0. Himoecvka, T.M. Camaposa, O.€. Abpaimosa ma in.

OibIIy YacTOTy pereHepallii Imicis TpaHcdopma-
il pi3HUMM BEKTOpAMM MOPIBHAHO i3 3apoJKaMu
Bil IHIIMX JOHOPHMX POCAWH i€l JiHii. [l
0cOo0IUBICTh MU (DIKCYBaJIM HE TUIbKM IJIsI JIi-
nii K232, a 1 gna riopunis KIT7<ITPXKS5 Ta
RS15xKC277.

Ilepmii pereHepaHTH BUCAIKyBaJM B OaHKU
i3 CeJeKTUBHUM cepeaoBulleM MS Bxke uyepe3 5
TWKHIB miciist TpaHcdopmauii (puc. 2, a—e). Ilik
pereHepallii, 3 ypaxyBaHHSIM KiJIbKOCTI BHCaIXKe-
HUX POCJMH B OAHKM, CIIOCTEpiraJu Ha 7-i THX-
nIeHb (puc. 2, d). Haiibinblne pereHepaHTIB OyjI0
otpuMaHo g reHotutiB JIK232 ta KIT7xITPXKS5S
micast TpaHcgopMartlii Bekropom pCB271 (tabmu-
ug S1 https://cytgen.com/articles/5920003s.pdf). ¥V
OaHKM i3 CEJEKTUBHUM CEPEAOBMILEM 3arajoM
oyno BucamkeHo 201 pociuHy-pereHepaHT. 3Hay-
Ha YacTWMHA 1X BUSIBJISIACh YYTJIMBOIO 10 CeJieK-

Tabauys 1. PesyabraTu Agrobacterium-onocepeakoBaHOi reHeTHYHOI TpaHchopMalii KyKypya3u 3a/1€3KHO Bill TeHOTHITY
JIOHOPHOI POCJIMHM i BEKTOPA, SIKi BAKOPUCTOBYBAIHU ISl TPaHChopmaii

BnactuBocTi pereHepaHTiB,
) OTPUMAHUX TTiCJIs MPOLIEAYPU
POCIVHM/TUTI MigIaHuX TPaHC- YyTtnugicTh 10 AnanTairist
BEKTOpa dopmatiii, 1wt MapOMOMILIMHY Yy TPYHTI
n, YPIIT, % 4T, % n, % n, %
3a eenomunamu OOHOPHUX POCAUH
KI17 180 90 1,1 &£ 2,2% 02 — — — —
T1P2XK5 80 40 02 02 - - - -
KIT7xITPXKS 277 138 18,1 £6,5> 6,5+ 4,1° 64 75,0+ 10,6® 7 42,9 £ 44.9°
KC277 100 50 02 02 - - - -
RS15 100 50 02 02 - - - -
KC277xRS15 149 74 16,2 + 84> 8,1 £6,3> 18 44,4 £ 24,5 8 37,5 + 41,12
RS15xKC277 199 76 7,9 £ 6,1 3,9 +43®> 1 54,5+% 33,00 4 25,0 £ 69,42
JAK232 607 302 17,9 £ 4,3> 8,3 £ 3,1 104 76,9 £8,0° 22 31,8 £19,4°
JK959xJ1K232 73 27 14,8 + 13,6 - 4 25,0 £ 69,42 2 02
3a munom éekmopa 041 eeHemu4Hoi mparcgopmayii
pCB271 732 343 17,5+ 4,1= 7,3 +£2,7* 125 69,8 + 8,0° 29 31,0 £ 16,8
pCB202 333 156 7,1 £ 4,1° 3,8+£29 19 52,6 £24,1° 7 57,1 + 44,82
pBi2E 700 348 8,9 £ 2,9° 34+£2,00 57 80,7 % 10,22 7 14,3 £ 31,7¢

Ilpumimka. YPIIT — yacToTa pereHepalii 3 KaJIrOCiB Ha CEJIEKTUBHUX CepenoBUIaX Micias TpaHcdopmaii; YT —

4acToTa TpaHc(opMmalii; n, — HOCHIIKEHO eKCIUIAHTIB TCNISA NMpOoueaypu TpaHcdopmauii, wr; n, —

KIIBKICTB

pereHepaHTiB, OTPUMAHUX ITiCJISI TPOLIeAypH TpaHC(opMallii Ta BUCAIKeHNX Y OaHKH i3 CEJIEKTUBHUM CEPEIOBUIIEM,
WIT; N, — KiIbKiCTb PETEHEPAHTIB, OTPUMAHMX MiCJIA MPOLEeAypU TpaHChopMmalii, AKi OyJaM BUCAKEHI B TPYHT, IIT.
CepenHi 3HaYeHHS TTOKa3HUKIB HaBelleHi i3 MOBipYMMHU iHTepBajiaMu 3a piBHs 3Hauyniocti 0,05. 3HaYeHHS TOTO
CaMoOro IMOKa3HMWKA 3 OJHAKOBOIO JIITEPOIO MiJ Yac MOPiBHSHHS OKPEMO 3a TEHOTUNAMM i OKpPeMO 3a BEKTOpaMu

HEIOCTOBIPHO PO3Pi3HAIOThCS Ha piBHI 3HauymocTi 0,05.
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Tabauys 2. Pisaung y gactori perenepanii micas tpancdopmanii (YPIIT) Ta yacroti Tpancdopmanii (UT)

MiK POCIMHAMH OTHOTO T€HOTHIIY, SIKi Oy/I JOHOPAMM €KCILIAHTIB

JloHOopHa
T'eHotun pOC/IMHa, DAP DIC N n YPIIT, % 4T, %
No
JAK232
1 11 12 110 54 7,4 + 7,12 1,9 + 3,72
2 11 12 160 80 51,3 £ 11,2° 23,8 £ 9,50
22 10 8 37 18 16,7 + 18,4 11,1 £ 15,5°
25 11 7 300 150 4,0 + 3,12 2,0 £ 2,22
KIT7xITPXKS5
8 10 11 177 88 2,3 £3,2 1,1 £2,22
13 11 10 100 50 46,0 = 14,2° 16,0 £ 10,4°
KC277xRS15
9 11 10 39 19 5,3 £ 10,72 02
18 11 9 110 55 20,0 + 10,8 10,9 £+ 8,4°
RS15xKC277
16 12 9 33 16 02 02
17 12 9 166 60 10,0 £ 7,70 5,0 £5,61

Ilpumimxa. DAP (days after pollination) — KiIbKIiCTh mi0 MiCIs 3amuieHHS Ha MOMEHT i3oisiii 3aponkis; DIC
(days in culture) — KinbKicTh i0 TPeKYIbTUBYBAHHS €KCIIAHTIB; N — 3arajibHa KiJIbKICTh €KCITJIAaHTIB, MiJIaHuX
TpaHcdopmallii, WT; N — KUIbKICTh MOCJIIXKEHUX EKCIUIAHTIB Micas mpoueaypu TpaHcdopmaiii, mt. CepenHi
3HAUEHHS TMOKa3HUKIB HaBEJCHi i3 MOBIpYMMM iHTepBajiaMu 3a piBHS 3HauyuiocTi 0,05. 3HaueHHS TOro camoro
MOKa3HUKa 3 OJHAKOBOIO JITEPOIO Mil 4yac MOPiBHSIHHS 3a F€HOTUIIAMU HEIOCTOBIPHO PO3PI3HSIOTHCS Ha PiBHI

3Hauymocti 0,05.

TMBHOI'O areHTy IIiJl 4Yac IOJAJbIIOT0 KYJIbTUBY-
BaHHS (puc. 2, ¢). HacTKa poCIMH-pereHepaHTiB,
SIKI BUSIBJISIIM YYTJIMBICTH (3HEOApBJIEHHS JINCTKIB,
iX 3acHMXaHHs Ta BiIMMpaHHS) OO aAHTUOIOTUKY
MapoOMOMILIMHY Ta HE YKOPiHIOBAJIMCH ITiI dac
KyJIbTUBYBaHHSI Ha CEJIEKTUBHOMY CEPEIOBUILI,
cKJlajaja B OKpPeMHUX eKCIepUMeHTax Bim 25
(AK959x1K232) no 100 % (KI17, AK232, KI17x
xITPXKS, KC277xRS15) (tabmuust S1, https://cyt
gen.com/articles/5920003s.pdf). 3arasiom, HaliMeH-
llIa YacTKa pEereHepaHTiB, SIKi BUSBWIMA YYTJIU-
BiCTb 10 aHTUOIOTUKY IiA Yyac MOAAJbIIOIO KyJb-
TUBYBaHHS in vitro, 0yna cepen riopumiB JK959x
xIIK232 Ta KC277<xRS15 (tabn. 1). 3a obOpa-
XYBaHHSI YaCTKU PEreHepaHTiB, YYTJIMBUX IO CeE-
JIEKTUBHOTO areHTy, B 3aJIeKHOCTi BiJ BEKTOpIiB,
sIKi BUKOPMCTOBYBaJd B JOCIiIXEHHi, JOCTOBIip-
HUX Pi3HUIIb HE BCTAHOBJICHO, ajie BIAMIYEHO TEH-
JIEeHLII0 J0 MiABUILIEHHS YYTJIMBOCTI A0 MapoMO-
MIiLMHY POCJIMH-PEr€HEPAHTIB, OTPUMAHUX MiCJIs
TpaHcdopmaliii BektopoM pBi2E (tabn. 1).

3a pesynbpratamMu aHaiizy pocimHHoi JJHK me-
togoMm ITJIP yci pocimHu-pereHepaHTH, sIKi YKOpi-
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HIOBAIUCH i POCJIM HA CEJIEKTUBHOMY CEPEOBMIII],
MicTwin TpaHcreHu (tabauus S1, https://cytgen.
com/articles/5920003s.pdf). Ilokazana  HasB-
HicTb TeHa nptll ang pereHepaHTIB Pi3HUX T'€HO-
TUITIB KyKYPYA3U, OTPUMaHUX 3a JOIIOMOTOIO BCiX
TPbOX BEKTOPHMUX KOHCTpYKUiil (puc. 3, a), re-
Ha S65Tpgfp y pereHepaHTiB, OTPUMaHUX ITiCIISI
TpaHcdopmalii Bekropom pCB271 (puc. 3, 0),
ek30Hy PDH-ex] y pociuH, oaepxXaHUX Mics
TpaHcdopmaiii Bekropom pBi2E (puc. 3, 6) Ta
BiICYTHICTb 3a0pyIHEHHSI POCIMHHOIO MaTepiay
HHK A. tumefaciens (puc. 3, d). TpaHncreHu Oyiu
BUSIBJICHI Y 48 pereHepaHTiB KyKYpYyA3u YOTHPHOX
reHotumniB: JIK232 (30 wr), KIT7xITP2KS (9 ),
KC277xRS15 (6 wr) i RS15xKC277 (3 wr). dns
TpbOX TeHOTUIIB KyKypya3u (K232, KC277xRS15
ta RS15xKC277) Oynu oTpuMaHi TpaHCTeHHi
POCIVHU 3 BUKOPHUCTAHHSIM YCiX TPbOX BEKTOPiB.

Yacrora TpaHchopmauii (UT) konupanacs ce-
pen mociimkenux reHoruriB Bim 0 mo 8,3 %, a
cepel DOCHiIKeHUX BekTopiB — Bim 3,4 1o 7,3 %
(taba. 1). Tiopunn KIT7<ITPXKS, KC277xRS15 ta
minig K232 pocToBipHO MepeBUIYBalud 3a Ia-
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Puc. 2. Eranu Bimbopy in vitro TpaHCT€HHHX pPOC-
JIMH KYKYpyO3u Tricis Agrobacterium-omnocepeaKkoBa-
Hill TpaHcdopmalii Bektopom pCB271 Ha mpuknani
iHopenHoi JiHii JIK232. a — 30BHIlUHIi BUTJISAL Ka-
JIIOCIB Ha CEJIEKTUBHOMY CEpElOBUILi; 6 — pereHepa-
Lis TaroHiB Ha cepenoBuuli i3 50 Mr/m mapoMmoMmi-

LIMHY; 6, ¢ — 30BHIILIHIi BUIJISA POCIMH-pereHepaHTiB B 0aHKaX Ha CepedoBMILI 3 aHTUOIOTMKOM — CTiiika
yKOpiHeHa (6) Ta yymiuBa 3HeOapBieHa (e); 0 — 3arajibHa KiJIbKiCTb PeTeHEepaHTIB, BUCAIKEHUX Y OaHKU BIIPO-

JOBXK KYJIbTHBYBaHHS

HUM MOKA3HMKOM PpELUTY JiHii i riopma RS15x
xKC277. JlocTOBipHOI PIi3HUIII 3a MOKA3HUKOM
YT 3a mopiBHSIHHSI BEKTOpiB, 110 Oyau 3amistHi
Io TpaHcdopmalii, 3HaliieHO He Oyno, OmHAaK,
BiIMiYEHO TEHIEHIIil0 A0 30UIbIIEHHS YacTOTHU
TpaHcdopMallii 3a BUKOpUcTaHHS BekTopa pCB271
(tabn. 1). Hait6Ginemmit mokasHuk YT OyB 3agdik-
COBaHMIA B OKpEMOMY €KCIIepUMEHTI 3 iHOpeTHO0
nminiero JIK232 3a BuxkopucrtanHs BekTopy pCB271
(tabmuist S1, https://cytgen.com/articles/592000
3s.pdf). Yacrora tpancdopmamii, gk i YPIIT,
3HAYYILO Pi3HUJIACH Cepell eKCIUIAHTIB, OTPUMAHMX
Bil pi3HMX IOHOPHUX POCIMH OJHOTO T€HOTUITY
(Tabu. 2). BusiBieHo pi3HMLIIO ceped pOCIMH JiHil
JK232 Ta riopuni KIT7<ITPXKS5, KC277xRS15.
3HalIeHO CUJIbHY KOPEJISILIiI0 MiX 4yacToTaMU pe-
reHepauii Ta TpaHcdopmauii. KoedilieHT Kope-
s [ipcona mixk YPIIT Ta YT mopisatoBas 0,93.

‘VKopiHeHi pOoCIMHU-pereHepaHTH, OTPUMaHI ITic-
JIST TIpoueaypu TpaHcdopMallii, BUCAIKyBaIu B
IPYHT i BUpOIIYBaJM B yMmMoOBax TeIuiMui. Bchoro
Oyno BUcamkeHO 43 pereHepaHTH. BrkuBaHiCTb
y IPYHTi cepel POCIMH-pPEreHepaHTiB, OTpUMAa-
HUX Ticas TpaHchopMallii, KoJuBajacs B Mexax
Binm 0 (AK959xJ1K232) mo 42,9 % (KI17xITPXKS5)
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3aJieXKHO Bif reHotury (Tabi. 1). 3Hauymoi pi3-
HUIli B aJanTailii pOCAWH Pi3HUX TEHOTUIIB [0
YMOB ex Vitro, OTpUMaHUX i3 BUKOPUCTAHHSIM pi3-
HUX BEKTOpiB, He Oyio BusBieHo. KoedimieHT
Kopensauii ITipcoHa MixX 4JacTOTOl agamnTallii pe-
renepanrTiB i YT OyB 0,34, a Mixk 4acTOTOIO amali-
tauii Ta YPIIT — 0,27.

B ymonax yniBepcansHoi Terumii IKBI'T HAH
YKpaiHu, sika He Oyia MpUCTOCOBaHA A0 BUPOLLY-
BaHHSI CBITJI01100MBOI BUOAIJIMBOI KYJbTYPH, pere-
HEpaHTU KYKYpPYI3W POCIM CJabKo, He (GopMy-
BaJiu TOBHOLIIHHI T€HepaTWBHI OpraHu, B3araii
HE pPO3BMBAJIM YOJOBIiUMX CYLBITh (puc. 4). XKi-
HOYi CYLIBITTSI 4acTo OyJIM HeAOpO3BUHYTI. Kyib-
TUBYBAaHHSI Ta Te€HETWYHA TpaHcdopmallisa in vi-
fro MOXYTh TaKOX IIPU3BOAUTU IO IOPYLIEHb Y
MopdoJTorii Ta PEePTUIBHOCTI OTPUMAHUX POCIUH
(Ishida et al, 2007). ¥ TpaHCIr€HHUX POCJIMH, OT-
pumaHux 3a gornomoroi Bektopa pCB202, Bu-
SIBJISIIA aKTUBHICTb (PEPMEHTY B-IIIOKYpPOHiga3u
B JIMCTKAX, OOTOPTIIi KadaHiB i XiHOYMX CYLBIT-
Tax (puc. 4, e).

Pocimun niokostiHHs T, TphOX JOCIIIHMX TPYII,
OTpHMMAaHUX Bil CXpelllyBaHHSI pereHepaHTiB MMOKO-
JinHg T, (Tabi. 3), OLIHIOBAIM HA HAsABHICTh TPAHC-
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Puc. 3. Enexrpodoperpama nponykTtis I[1JIP-ananisy pocimnnoi JHK perenepaHTiB KyKypyasu mokomiHHa T,
Ha mipucyTHicTh TeHiB nptll (a), S65Tpgfp (6), iHBepTOBAaHOTO TMOBTOPY 3 ABOX KOIili €k30HA | reHa mposiHae-
rimporeHasu PDH-ex [ apabdinonicucy (8) TareHa vir-D1 A. tumefaciens (2). a— mopixku 1 ta 5—10 — JHK perenepaHris,
oTpuMaHuX micas TpaHchopMmallii Bekropom pCB271, nopixku 3 ta 11 — JIHK pereHepaHTiB, OTpMMaHUX MicCis
Tpancdopmaltii Bekropom pCB202, nopixka 4 — JIHK pereHepaHTy, oTpruMaHOro micist TpaHcdopmallii BEKTOPOM
pBi2E, nopixku 2, 12 — HeratuBHUI1 KOHTpoJb, JJHK HeTpaHchopMoBaHOT pocuHM KyKypya3u, K+ — nmo3uTus-
Huii KoHTpoJsb, JIHK TpaHCreHHOI pOCIMHU TIOTIOHY; TOBXMHA O4iKyBaHOTO (hparMeHTy — 649 map HyKJICOTHIiB
(m.H.). 6 — mopixxku 1, 3 — JIHK perenepanri riopuna KIT7xITP2KS, nopixku 2, 4, 5 — JJHK pereHepaHTiB JiHii
K232, K+ — nmo3utuBHMii KoHTposb, JJHK TpaHcreHHOI pocivHM TIOTIOHY; JOBXWHA OYiKyBaHOTO (parmMeH-
1y — 311 .H. ¢ — nopixkku 1 ta 7 — JIHK perenepanris riopnoa RS15xKC277, nopixku 2, 3, 5, 8, 10, 16 — JHK
perenepanTi iHii K232, nopixkn 4 ta 17 — JJHK perenepanris riopuga KC277xRS15, nopixku 6, 12, 14 —
JHK perenepanrtiB riopuna KIT7<ITP2KS, xoTpi Oynu orpumai micist Tpancdopmariii Bekropom pBi2E; nopixkn
9 ta 11 — nHeratuBHuUil KoHTposb, [JJHK nHerpanchopmoBanux pocnun minii K232 ta riopuma KIT7xITPXKS;
K+ — mosutusHuii xourpons, IAHK A. thaliana; nosxuna ouikyBaHoro ¢gparmenty 700 1m.H. ¢ — gopikku 1—
11 — IHK ninHiit kykypyasu micist TpaHcdopmanii, K+ — nmo3utuBHuUit KonTposb, cymapHa AHK A. fumefaciens
wramy GV3101; noBxuHa ouikyBaHoro ¢dparmeHTy 432 m.H. K— — koHTtposs 6e3 JJHK, M — mapkep Mosekyasp-
noi macu JIHK Ladder Mix

reHiB metogoMm IIJIP. ¥V koxHiit gocnigHii rpymi
ongHa ab0 o0uaBi OATHKIBCHKi POCIMHU OYJIX Bimi-

OCKiIbK1 BEKTOPH, SIKi BUKOPUCTOBYBAIM MJISI
TpaHcdopMmallii, MiCTUIM TeH HeoMiumHdocdo-

Opani micnst TpaHcdopmalii Bektopom pCB271,
KM MICTUB CHUHTETUYHMI MYTAHTHUIA perop-
TepHuid reH S657pgfp 3eneHoro Gayopecliioo-
yoro nporeiny (GFP). Tomy, B nepiiy uepry Ha-
Marajauch JOCHIIUTU YCMAaAKyBaHHS 1IbOTO TreHa y
nokoninHi T,. Cepen 180 pociun ren S65Tpgfp
oyB BusBieHuit y 96 pocaun (53,3 %) (ta6n. 3,
puc. 5, a). CriBBiZHOIIEHHSI POCIWH ITOKOJIIHHS
T, 3a HagBHICTIO-BIICYTHICTIO TpaHCreHa Oyo
O1u3bKUM g0 1 1 i cyTTeBUM 3a KpUTEpPiEM
y3romxkeHocTi [lipcona Ha piBHi 3Hauyiocti 0,05
(Tabm. 3), OCKIJIBKM OTpUMaHi 3HAYEeHHS 3HaXO-
ISITBCS 3a MeXXaMM KPUTMYHOI 00acTi (Kpurepii
ITipcona, ,; = 3,84).
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tpanchepasu Il (mprll) B cBoemy ckiami (puc.
5, 6), Oyn0 MpOBEAECHO OOCIIMKEHHS Ha IIPUCYT-
Hicte #ioro B IHK pocimu mokominas T,. Lleii
reH OyB BusiaeHuii merogom [1JIP y 24 3paskax
MEepIIoi, APYroi Ta TPEThOI TPYIl, SIKi MICTWIN TeH
S65Tpgfp (tabn. 2), 1O OXOIUIIOBAJIO 3arajioM
YETBEPTY YAaCTUHY POCIMH. Y TIpymi pociauH No 3
yactota BUSBJICHHA TreHa nptll Oyna HalimeH-
1I010. AHai3 rpynu pocauH No 3 Ha IIPUCYTHICTh
IHBEPTOBAHOIO IIOBTOPY 3 JBOX KOMii €K30Ha
1 reHa TIpoJiHAETIApOTeHAa3U apabdimoncucy, SIKui
BxoauB 10 BekTopa pBi2E, He BUSIBUB HasBHOC-
Ti 1poro ¢parmeHra reHa B pocauHHin JHK
(puc. 5, 8).

11



[ | 1.0. Himoscvrka, T.M. Camaposa, O.€. Abpaimoea ma in. [ |

Puc. 4. 30BHillIHIA BUMISIN pereHEepaHTiB KyKypya3u, OTPUMaHMX Micist Agrobacterium-oriocepeKoBaHOI TpaHChOp-
Mallil He3piux 3apokiB, y Terumili. @ — RS15xKC277, Bektop pCB202; 6, 6 — IK232, BekTop pCB271; 2 — BepxiBKOBe
CYLBITTS; 0 — OiuHe CYLBITTSI; e — OJaKuUTHE 3a0apBjieHHs XiHouyoro cyusiTTs pereHepaHTa KIT7xITPXKS, otpu-
MaHOro ITic/s1 TpaHchopMaliii Bektopom pCB202, cBimuuTh MPO aKTUBHICTh (hePMEHTY B-INIIOKYpPOHiTa3u

Tabauysa 3. Yactora pocauH-HOCIiB renis S65Ipgfp Ta nprl cepen pocimn Kykypyasu nokoinns T,
3a pesyJbTaTamu aHajuizy metoaom ILJIP

[en S65Tpgfp ['en nptll
Yacrora Yacrora poc-
Ne reHOTI/H} pocyimH BekTopi* POCITHH- Kputepiit JIMH-HOCIiB reHa
Tpynu nokoninHs T N HOCIiB reHa | y3rojxke- i nptll cepen
S65Tpgfp HOCTI pocaun T, aki
cepen pociuH | Ilipcona MICTSTh I'eH
T, % S65Tpefp, %
1 T (T, gy (KIT7TXTIPXKS)<T, pCB271; pCB271 46 43,5 0,78 20 30,0
pCBZ71( IT7<ITPXK5))
2 T(T, pCBZOZ(,HK232)XT0 pCB202; pCB271 80 57,5 1,80 46 28,3
pCB271(Kl_I7Xl_IP)K5))
3 T (T, gy (KIT7TXTIPXKS)<T, pCB271; pBi2E 54 55,6 0,67 30 16,7
2on (KTT7XTTPIKS))
pBi.
3arajom 180 53,3+7,3 - 96 25,0 £ 8,7

Ilpumimka. n — KiNbKiCTh TTpOaHAJIi30BaHUX POCIMH, IIT.; *BEKTOPH, SIKi OyJIM BUKOPHUCTAHI IIif 4ac OTPpUMaHHS
MaTePUHCHKOI Ta 0aTbKiBCbKOI pociuH MokojiHHA T, BigmosinHo. Kpurepiii ysromkeHocti Ilipcona Ha piBHi
sHauymocti 0,05 mopiBHIOE 3,84. CepenHi 3HAUeHHS ITOKA3HMUKIB HABEICHI i3 JOBIpUMMHU iHTepBaJlaMU 3a PiBHS
3Hauyiocti 0,05.
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Puc. 5. Enexrpodoperpama npoaykris I1JIP-ananizy IHK pocnun nokoninna T, Ha nmpucyTHicTh renis S657pgfp
(@), npfl (6), exzony PDH-exI apa6inomncucy (6) B 1%-Bomy araposHomy reji. a — gopixkku 1—17 — JJHK poc-
JuH tpynu Ne 3 — TI(TODCB271(KH7XHP)KS)XTOPBQE(KHWHP)KS)); K+ — mosutuBHuit Koutpoab, JHK tpaHc-
TeHHOI POCJIMHU TIOTIOHY, OTPMMAaHOI B pe3yibTaTi Agrobacterium-omocepenkoBaHOI TpaHcdopMmallii BEKTOPOM
pCB271; noBxuHa OYiKyBaHOIo aMILTIKOHY ckiagaia 311 mH. 6 — mopikka 1—16 — JJHK pocimu Kykypynasn
pymn Now 20 — T (T 0, (AK232)xT o (KIT7XIIPIKS)), K+ — mosurusHumit kontpons, JHK TpaHcreHHO
POCJIMHY TIOTIOHY, JOBXWHA OYiKyBaHOTO aMIUIiKOHY craHoBwia 700 m.H. ¢ — mopixku 1—17 — JHK mocin-
HUX pociauH Tpyrmu Ne 3 — Tl(TOPCBZH(KH7Xl'[P)KS)XTOpBiZE(Kl'UXHP)KS)), K+ — nosutuBHuii Kontposp, JHK
A. tumefaciens, sixa mictuia nasminy pBi2E, noBxkunHa ouikyBaHoro amrutikoHy craHoBuia 700 1.H.; K— — KoHTpoJib

6e3 IHK; M — mapkep monekynspHoi macu JIHK Ladder Mix

OckibKM  HaCiHHs JpYroi TIpymnu  POCIUH
T (T, (AK232)xT (KII7xITP2XKS)) 6yno orpumaHo
B pe3yJbTaTi 3anujeHHsI MAaTEPUHCHKOI POCIUHU
JK232, omepxaHoi Tmcust Agrobacterium-oroce-
penakoBaHoi TpaHcdopmarii Bekropom pCB202
(tabn. 1), gkuit MIiCTMB Te€H [-TJIOKYpPOHima3u
(uidA), My DOCHiIKYBaIM 1}0 TPYIy POCIMH Ha
HasIBHICTb €KcIpecii (epMeHTy 3a J0MoMOroro
rictroximMmiyHoro asamizy. Y Jjuctkax 42 poc-
JIMH CIIOCTepiraad TMosiBy OJaKUTHOro 3abapB-
JIEHHSI, 110 CBiTUUTH MpPO aKTUBHICTb (hepPMEHTY
B-TTIOKYpOHina3u, a OTXke, eKClpecito reHa uidA
Ta, BIMOBIAHO, HASBHICTh TPAHCT€HA B POCJIWH-
Hit JHK. ¥V naucTtkax KOHTPOJIbHMX iHTAKTHMX
pOCIVH OJIAKUTHOTO 3a0apBJIICHHS BUSIBICHO HE
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Oyno. Crmocrepiraiay rpamailifo 3a IUIOLICIO JIMCT-
Ka, Ha sKiil mposBiasjiocss OJakKUTHE 3abapBlieH-
HSI, Bil TOYKOBOIO 0 YaCTKOBOIO Ta CYLiJIbHOTO
(puc. 6). CuHe 3abapBieHHST YacTo (iKCyBaud B
MiCLISIX MOLUIKOJXKEHHSI MOBEPXHi JIMCTKA, a came
3pi3iB i 3rUHiB, Ie OyB Kpalluii JOCTYI cyOcTpaTy
IO KJIITUHHOTO COKY Ta, 30KpeMa, (bepMEeHTY.
Excrpecito reHa B-TIIOKYpPOHiNa3u BUSBUIA Y
52,5 % pocnuH, 1110 BiAnoBigae po3leruieHHIo 1 : 1,
XapaKTepHOMY IS T€TePO3UTOTHOIO CTaHy IeHa
3a aHaJli3ylouoro CXpeulyBaHHS Ta, BiAIOBIAHO,
OIHOJIOKYCHOTO BOYIOBYBaHHS TeHa uidA B Te-
HOM MaTepuHCbKoi pociauHu JIK232. Cratuctuu-
HUWI aHaJIi3 OTPMMAaHMX JAHUX 34 KPUTEPIEM Y3roia-
xeHocTi IlipcoHa BMSIBUB 3HAUyLIMM PO3IIOIiI
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Puc. 6. TicroxiMiuyHMi1 aHaTi3 aKTUBHOCTI (hePMEHTY B-TIIIOKYPOHiIa3M B JIMCTKAX POCIUH KYKYpPYI3U TTOKOJiHHS

T, renoruny (T,(IK232)x T,(KIT7xITPXS5))

POCIIMH 3a T€HOM uidA y TIOTOMCTBI Y CITiBBiITHO-
meHHi 1 : 1.

Oo6rosopenns. ['eHeTMuHOIO TpaHchOpPMaLIi€IO
KYKypyI3u posrmodyanu 3aiimatucsa e 3 80-x
POKiB MUHYJIOrO CTOJITTA. Ha 1ieit yac cTBopeHO
TPaHCTE€HHY KYKYpya3y, CTiKy OO0 TrepOilumdiB,
LIKiTHUKIB, 3aXBOPIOBaHb, IOCyxu Toluo. [Ipore,
KiJIbKiCTb TEHOTUMIB KYKYPY/3H, 5IKi OyJIM YCIiIIIHO

14

3ajJy4eHi OO0 TeHeTWYHOI TpaHcdopMailii, BKpait
obMexeHa (Kausch et al, 2021b; Yassitepe et al,
2021). Lle oOMekeHHS HACTUIbKM 3HA4YHE, 110 B
CBITi 3aCTOCOBYIOTb CIIeliaJibHi 0iOTeXHOJIOTiUHI
MiaxoAu Jyisl TOro, 1obd WOro YHUKHYTH Ta
30UIBIINTU KiJIBKICTh T€HOTHUIIIB, SIKi MarOTb BU-
COKY pereHepaliifHy 3[aTHICTb Ta MOXYTb OyTU
3ajJy4eHi 1o reHeTH4YHOI TpaHcdopmalii (Lowe et
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al, 2016; Masters et al, 2020). 3Baxaiouu Ha Te,
110 YKpaiHa € MOTYXKHUM €KCIIOPTEPOM KYKYpPYI-
31 B CBIiTi, CKPUHIHT MiIIATIANBUX OO0 TpaHchop-
Mallii TEeHOTHUMIB, 110 KYyJIbTUBYIOTbCS Ha ii Tepe-
HaX, i CTBOpPeHHs €(PEKTUBHOI TEXHOJIOTil TpaHC-
dopmanii KykKypya3uM yKpaiHCbKOI ceJieklii €
HaA3BUYAMHO aKTyaJlbHUM SK IS BHYTPILIHBOI,
Tak i s CBITOBOI arpoNpOMUCIOBOCTI Ta 0io-
TEXHONOTil KyKypya3u B 1ijomy. Jlas Toro,
100 BU3HAYUTU CHPUUHSATIMBI OO TE€HETUYHOI
TpaHc(opMallii TeHOTUIIM KyKYypya3u, B poOoTi
OyJI0 TIPOTECTOBAHO JAEB’SITb TEHOTUINIB YKpaiH-
CbKOI ceJieKllil, a caMme II'AThb IHOpPeAHUX JIiHii
Ta yotupu riopuan F . IlpexynrbTrBOBaHi He3pi-
JIi 3apojKU KYKypyn3u TigmaBanu Agrobacterium-
OIIOCEPEAKOBaHill TpaHchopMallii, CIpPSIMOBAHO
BUKOPHCTOBYIOUM TECTOBI BEKTOPU, SKi MiCTUIN
CEJICKTUBHUIT MapKepHHMII TeH HeoMilumHpocho-
tpaHchepasu Il (nprAl) Ta penoprepHi renu GFP
(865Tpgfp) abo B-rmoxkypoHinasu (uidA), nias Bu-
3HayeHHs1 e(peKTUBHOCTI TpaHcdopmauii. Cepen
MIPOTECTOBAHUX II'SITU IHOPETHMX JIHIN TiIBKHU
y oaHiel (IK232) cnocrtepirajm BUCOKY 4YacTOTY
pereHepallii Ha CeJeKTUBHUX CEpeJOBMILAX ITiCJIs
TpaHcgopmalii. Pelura niHifA BUSBISIM 4YyTId-
BICTb J0 OakTepiaJibHOI KOHTaMiHallii, pereHepa-
Lisg cepel HUX Oyna MPaKTUYHO BiACYTHS. Y Toit
Ke 4ac, BCi MPOTeCTOBaHi TiOpuIM Majayd AOCTaT-
HbO BHCOKY YacTOTy pereHepallii Ha CEJICKTUB-
HUX CepeIoBMILIAX IIcasl TpaHcdopMallii, 1o
CBITYUTH TIPO OUIBIITY BUTPUBAIICTb TiOPUIIB MO-
PIBHSIHO 3 iHOpEOHMMHU JIiHIIMM 1IOJO CITiB-
KYJbTUBYBaHHS 3 A. fumefaciens. 1 xoua iHOpen-
Hi JIiHII MTOPIiBHIHO 3 TiOpUAaMU BBAXAIOTHCS
OUTBII TIPUBAOIMBAM MaTepiaioM i1 OioTex-
HOJIOTIYHUX AOCHIIKEeHb Yepe3 IXHIO TeHETUYHY
BU3HAUYEHICTh i CTaOUIbHICTh, BUKOPUCTAHHS Ti0O-
punis F, B ekcriepuMeHTax 3 IeHETUYHOI TpaHC-
dopMalrii 3 MomaabIINM 3aCTOCYBAaHHSIM 3BOPOT-
HUX HaCUYYBAJIbHMX CXpelllyBaHb i3 MapKep-a0-
MOMIXHOIO CEJIEKIIIEID € TaKOX MNepCIeKTUBHUM
yepe3 iXHIO BUCOKY pereHepalliiiHy 34aTHICTh Ta
BUTPUBAJIICTb A0 OiOTEXHOJOTIYHUX MaHIIyJIsIii
in vitro (Morgun et al, 2021).

Ilicns TpaHcdhopmalii Ta celxexkiii TpaHCTeH-
HOIO MaTepialy 3 BUKOPMCTAHHSIM ITapOMOMi-
LMHY OyJM OTpUMAaHiI PEreHepaHTU ILIEeCTU Te€HO-
TUIIB y 3arajibHiil KiabkocTi 201 Ta BUCaIKeHi B
CKJISIHI €MHOCTI i3 CEJIeKTUBHUM CEpPEIOBUILEM.
3HayHa KiJIbKiCTh pPEreHepaHTiB BUSBUJIACH YYT-
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JIMBOIO TIiJl Yac MOJAJbIIOr0 KyJabTUBYBaHH:. Lle
MOIJIO OYyTM MOB’SI3aHO i3 M’SIKILOIO [di€l0 Ia-
POMOMILIMHY Ha pereHepaliiHuii NOTeHLial poc-
JIMHHUX KJIITUH MOPiBHSIHO 3 iHIIMMM CEJIEKTHB-
HUMU areHTaMu, TaKMMM, SIK KaHaMinuH (Nitov-
ska et al, 2015) ab6o docdiHoTpuuuH (Nitovska
et al, 2019, 2020), wmo mnpusBelo OO0 BimbOOpy
XUOHO TpPaHCTeHHUX POCIUH. Tak, HampuKIIam,
MU CIIOCTEpiraji pereHepallilo IIaroHiB TIpu
KyJIbTUBYBaHHiI BUXiTHOTO HETPaHC(HOPMOBAHOTO
MaTepiany JesKMX TeHOTUITiB Ha CepeJOBUILL, 1110
Mictwio 100 mr/n mapoMoMillMHy, Xo4da i 3 MeH-
1100 YAaCTOTOIO, HiX Y KOHTPOJIi Ha CepeloBUILLi
0e3 aHTMOioTMKY. Ha piBHI pociuH-pereHepaH-
TiB Jis MapoMOMilMHY Oyna OilbII KOPCTKOIO
MOPIBHIHO 3 KajJlocaMu 4Yepe3 0Oe3mocepemaHiit
KOHTaKT POCIMHHUX TKaHMH i3 CEJIEKTUBHUM
cepemopuiemM. AHamiz JIHK ykopiHeHuUx pere-
HEpaHTIB, CTIMKMX A0 aHTUOIOTUKY, MeTogom [1JIP
BUSBUB HAasIBHICTb TPAHCTEHIB Yy BCiX 3pa3Kax.
Otxe, 3acTOCOBaHa CXeMa CeJIeKIlil 3 BUKOPUC-
TaHHSIM TIAPOMOMILIMHY € €(heKTUBHOIO ST OTPU-
MaHHSI TpPaHCTEHHUX POCIUH KyKypyn3u. [Tapomo-
MIilLlMH HE€ TPUTHIYYyE 3HAYHO pereHepauiiHui
MOTEHIliaJl POCJIMHHUX KJIITUH Ta Ta€ MOXJIUBICTb
HaaiifHO BiZOMpaTU TPAHCTEHHi POCAMHU MiCIs
YKOPiHEHHSI PEreHepaHTiB Ha CEJICKTUBHOMY Ce-
penoBuili. HaiOinbIIMii BiZCOTOK YYTAMBUX [0
MapoOMOMILIMHY pereHepaHTiB KyKypya3u OyB OT-
pUMaHUIl Imicast Agrobacterium-onocepeaKoBaHOI
TpaHcdopmaliii BektopoM pBi2E. Baxkaemo, 110
e MoB’s3aHo 3 TUM, 110 BekTop pBi2E emunuit
i3 3aCTOCOBAHUX BEKTOPiB HE MICTMB HYKJICOTHU]I-
HUX IOCIiIOBHOCTEI 3JIaKOBUX ISl IOCUJICHHS
ekcrpecii reHiB. Tak, HampuKiam, MicJIs TpaHC-
¢dopmanii Bektopom pCB271, gxkmii Ha BigMiHY
Bil IHIIWX BEKTOPiB MICTUB PETYJISATOPHI IMOCIi-
JIOBHOCTi OTHOIOJbHUX IIepel CEJIEKTUBHUM Map-
KEepHUM T€HOM, 3Hauylle 30iJbllyBajach pereHe-
pallisi pOCJIMH Ha CEJIeKTUBHUX CepeIOBUIIAX, IO-
PiBHSTHO 3 BUKOPUCTAaHHSAM IHIIAX BEKTOPIB.

3a pomomoroto IIJIP BusgBuau TpaHCreHU Yy
43 KJIOHaX KyKYypyI3H, IO BiTIHOCHJIMCS IO 4Y0-
Tupbox reHoturiB (JIK232, KIT7xITPXK5, KC277x
xRS15, RS15xKC277), saxi Oymu oTpumaHi 3
BUKOPUCTAHHSIM YCiX HasIBHUX BEKTOPHUX KOH-
CTPYKIIiil Y TphOX 1ITaMax A. fumefaciens. 3arajibHi
nokazHuku YT Oyau 3Hauyle KpalwuMu st
TpbOX TIeHOTUIIB (iHOpegHa minis JIK232 Ta
riopuaou KIT7xITPXKS i KC277xRS15). Tomy, 3a-
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3HAQUECHI TEHOTUIM € OBl TEePCHEKTUBHUMU
I TIPOBEACHHS IMOMAJbIIUX MOCTIIXKEHb 3 OT-
pUMAaHHS TpaHCTeHHOI KyKypya3u. LlikaBo, 110 3a
noeaHaHHsa reHotuniB KC277 ta RS15 kpauui pe-
3yJAbTaTA 3 TpaHcopMallii OTpUMaHO, SKIIO SK
MaTepUHCHKY (popMy BukopuctoByBatu KC277.

Mu crniocrepiraiyu CUbHY KOPEJsSILil0 MiX 4ac-
tototo TpaHcdopmalii (UT) Ta yacTtoToro pere-
Hepauii micasa tpaHcgopMmanii (YPIIT). Yacrora
tpaHcdopmalii (UT), Tak camo sk i YPIIT, cunb-
HO 3ajiexaja Bif iHAMBiAyaJdbHOI POCIUHU, SIKa
cIyryBaja JOHOPOM €KCIIaHTiB. Ha 1ie MoXyTh
BIUIMBAaTU (Pi3iONOTIUHMIA CTaH JIOHOPHUX POC-
JIMH Ha MOMEHT BMOKpPEMJICHHSI 3apOIKiB 4epe3
HEpiBHOMIpHY [il0 abiOTUYHUX (OIlagu, iHCOJISI-
List, TeMmIiepatrypa) Ta OiOTMYHMX (akTopiB (iH-
¢ikyBaHHSI TaTOreHaMM), KiIbKICTb OHIB MiCIs
armmuiieHHS (DAP) Ha MOMEHT 130511l 3apoaKiB
ta vac ix npekynbtuBauii (DIC) (Ishida et al,
2007). IlopiBHSHO i3 TIONEpPEAHIMU HOCITiMKEH-
HSMU OTpHMaHi HaMM MOKa3HUKU 3 YaCTOTHU
TpaHchopmanii € Bucokumu (Omer et al, 2013;
Yassitepe et al, 2021). Haii6inbluuii 3araJbHU
noka3Huk 3 YT OyB miciss TpaHcdopmarii 3 BU-
KopuctaHHgaM BekTopy pCB271, iiMoBipHO, ue-
pe3 Te, 1o Leil BEeKTOp Ha BiAMIiHY Bim iHIIMX
BEKTOpPiB MICTUB MEpea CEJIeKTUBHUM MapKep-
HUM TE€HOM pPEryJsITOPHi HYKJIEOTHUIAHI MOCIi-
JMIOBHOCTI 3JIaKOBUX JUISI TIOCWMJIEHHSI €KCIIpecii, a
camMe IHTPOH KyKypya3siHoro reHa hsp70. Otxe,
JUIST  YCHILIHOI TeHETUYHOI TpaHcdopMalil Ky-
KypyI3U BaxKjIMBa HAsSIBHICTb PEryIsITOPHUX HYK-
JICOTUTHUX TTOCIiTOBHOCTEN OOHOMOJIBHUX TEPEN
TpaHCT€HAMM.

AHajti3 mokoyiHHsg T, Ha HasgBHICTbH PEINop-
TepPHUX TE€HIB BUSBUB PO3ILIEIIJICHHS, BiAIOBiIHE
TreTepO3UroOTHOMY CTaHy, III0 BKa3ye€ Ha OJHO-
JIOKYyCHE BOYIOBYBaHHS. 3pO3yMiJio, 11O Yy Tpy-
nax poOCIAH — Tl(TOpCBzoz(}:[K232)XTO ey (KIT7x
x[TPXK5)) ta T (T, (KIT7XTTPXKS)>T, o (KIT7x
xITP2K5)) pe3ynabraTu aHanizy 3a reHom GFP Bin-
MOoBidaay pe3yJbTaTaM aHaIi3yl0uoro CXpelry-
BaHHS, OCKIJIBbKM iHIIA OaThKiBChbKa pocimHa T,
OTprMMaHa 3 BUKOPUCTAHHSIM IHIIMX BEKTOPiB, HE
MiCTWJIA LEW TeH. Y TPyIli POCIUH TI(TOpCB271(KH7X
XHP)KS)XTOPCBM(KH7XHP}K5)) 00MaBiI OATbKiB-
CbKi (hopmu Oynmm OTpMMaHi ITicist TpaHcgopMa-
uii BektopoM pCB271 Tta Manu © MaTU TpaHC-
reH S657pgfp. Toni, y BUNAAKY OAHOJOKYCHOTO
BOYyIOBYBaHHSI TpaHCI€Ha B TI€HOM 000X poOcC-
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JINH, PO3LIEIUIEHHS y HalllaaKiB Majao 0 OyTu
3 : 1 (MOHOriOpuaHE CXpellyBaHHSI, 3aKOH pPO3-
LIETUIeHH ). 32 YMOBUM BOYIOBYBaHHS JBOX i Oifib-
1€ KOMili reHa, pPO3IIEILUIEHHS 3a JAaHOI O3Ha-
KO0 y HallaakKiB majio 6u Oytu BigcyTHe. IIpore,
B Wil IPYIi pOCIMH HAMU CITOCTEpiraaocs iCTOTHe
posieruieHHs 1 : 1 3a reHoMm S657Tpgfp y Haluaakis
TaKk caMo, K i B iHIUMX Tpymnax. 3BiiAcu, B TpyIi
pocima T (T o, (KIT7<ITP2KS)XT o (KIT7
xITP2K5)) nuiie ogHa 0aTbKiBChbKa poCiaMHA OyJia
TpacreHHolo, a reH S657pgfp y reHoMi pOCIvH
T, OyB mpencTaBJIeHMIA TIJIbKM OIHIEIO KOIIEI.
BincyrHicth TpaHcreHa S657Tpgfp y AHK pocnun
MOKOJIHHA T, CBIIYMTH MpPO Te, IO OOpaHa i
riopuauzailii pocimHa He Oynaa TpaHCTEHHOIO,
Xo4 i Oyna oTpuMaHa B pe3yJbTaTi NpoLenypu
TeHEeTUYHOI TpaHCc(OopMallii.

BigcyTHiCTh aMITIIKOHY MNOTPiOHOTO po3Mipy
reHa nptll y nesxux 3paskax JJHK TpaHcreHHoi
KyKYpYA3H, B IKMX OyB BUsSIBIIeHUI reH S6571pgfp,
abo ciabka ¥oro Bidyanizaliss Moxe CBiZYWUTH
npo MeTuaoBaHHs TpaHcreHa (Rajeevkumar et al,
2015), 1110 MOIJIO MPU3BECTU A0 YCKIAAHEHHS J0-
ctyny npaiimepiB 1o nigaku JIHK 3 renom, ado
Mpo ¥oro BTpaty (BUMAAiHHSI) B pe3yJibTaTi Meio-
TUYHUX PEKOMOIHaLii. AHaisyoun moKomiHHs T
MU CIOCTepirajiyM BTpaTy aMILIiKOHY ITOTpiOHOro
pO3Mipy y TEIJIMYHOI POCIMHU, XO4a BUSIBIISUIU
loro y pereHepaHTa Ha CTajil cedekllii in vitro.
MoXJIMBO 1€ TTOB’SI3aHO 3 TUM, 110 T'eéH Ma€ Oak-
TepiaJIbHEe MOXOMXEHHS i MOro HyKJIEOTUAHA MO-
CJIIIOBHICTh He Oyjia ONTHMMIi30BaHa ISl €KCIIPeCii
y pocavHax. ITonibHe siBUIIE MU TaKOX (PikcyBa-
qu B iHmoMy gociimkeHHi (Nitovska et al, 2020),
JIe CIocTepiraayd BTpaTy OaKTepiaJbHOIO TIeHa
CP4epsps. 3 iHIIOrO OOKY, OTPMMAaHHS TpaHC-
TeHHUX POCIMH 3 OaXaHWMU O3HaKamMu 0Oe3 ce-
JIEKTUBHOIO MAapKepHOIro TIeHa Kpallue I iX
MOJAJIBIIOTO BIIPOBAIKEHHSI.

BucHoBku. /loBeneHo e(eKTUBHICTb MPOTOKO-
ay Agrobacterium-ornocepeakoBaHoi TpaHchopMa-
Lii 3 BUKOPUCTAHHSIM TApOMOMILIMHY SIK CeJieK-
TUBHOTO areHTa I OTPUMAaHHS TPaHCTCHHUX
POCIVH KYKYpYA3M YKpaiHChbKOi cenekliii. HasB-
HICThb iHTPOHY TeHa hsp70 KyKypya3u Tepend ce-
JIEKTUBHUM MapkepHuM TeHom nptfll y BekTopi
pCB271 manma 3HauylIvMii BIUIMB Ha pe3yJbTaTU
3 TpaHc(opMallii Ta BUXMBAHOCTI pereHepaHTiB.
3a gomomorow [1JIP-anamizy moka3zaHo ycran-
KyBaHHSI TPAHCITE€HIB y HACTYITHOMY MOKOJIiHHi.
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Bussnena ekcnpecid pemopTepHOTO TeHa B-TIo-
KOpOHigasu y mokosiHHi T, TpaHCreHHOi KyKy-
pyn3u. 3a pes3yabTaTaMy YCIIAIKyBaHHSI perop-
TepHUX TEHIiB 3eJIeHOro (hJIyopeclirolouyoro mpo-
TeiHy Ta B-IJIIOKOPOHia3W CTATUCTUYHO TOBEACHO
BOYIOBYBaHHS OJHI€l KOMii TpaHCTeHa B POCIUH-
HU# TeHoM. BimibpaHo TpW TreHOTUNU KYKypyA3u
YKpaiHCbKOI ceseKllii, B TOMY YuCJIi iHOpemHa
minig K232, misg BUKOPUCTAHHSI B MOAAIBIINX
JIOCHIIXEHHSX $IK HaWOUIbIl CHOPUAHSTAWUBI A0
Agrobacterium-oniocepeIKoBaHOI TeHETUYHOI TpaHC-
dopmaii. OTpuMaHi B pe3ynbTaTi ITOCITIIKESHHS
3HAHHSI € KOPUCHUMM JJIs1 CTBOPEHHSI TPAHCITE€HHOI
KYKYPYA3M YKpaiHCBhKOI CeJIeKIlii i3 OakaHuMU
O3HaKaMM.

Asmopu eucaosaioromo edsunicmoe O.M. Tuwenko
3a 0036in euxkopucmanHs eéexkmopa pBi2E ma ke-
pienuumey Incmumymy kaimuHnuoi 6Oionoeii ma ee-
Hemuunoi inxcenepii HAH Ykpainu i epycaeroi
yemanoeu Incmumym 3epuosux kyavmyp HAAH
Ykpainu 3a opeanizauiro docaioxncens 6 noai, menauyi
ma aabopamopisx.

Jlompumanna emuunux cmandapmie. 1151 cTatrs He
MICTUTb OYyIb-SIKMX JOCTIIKEHb 3a y4acTio JroAeit i
XpeOETHUX TBApPUH B SIKOCTi 00’€KTIB JOCITIIKEHHS.
Konegpaixm inmepecie. ABTOpU 3as1BJSIIOTH TIPO Bifl-
CYTHICTb KOH(QJIIKTY iHTEPECIiB.

Dinancysannsa. Pobomy surxonarno 32iono Ilpoepamu
Haykoeux docaidxcenv 23 «biomexnonoeis i eenemu-
Ka 6 pocaurnHuymei» 3a 3a6danuam D©23.00.01.06@
«Po3pobumu ¢pyndamenmanvui ocHoeu Moaekyasap-
HO-eeHemUu4HUX [ KAIMUHHUX biomexHoaoeill 015 ce-
AeKUIlIH020 NnoAinuieHHs KyKypyosu, Ne depicaenoi
peecmpauii 0116U001246 (Y Incmumym 3eproéux
kynomyp HAAH Ykpainu) ma eidomuoi memamuxu
HAH Ykpainu 2023—2027 pp. «Bueuenns ocobau-
gocmetl JcummeOoisabHocmi 6i0MexHoA02IMHUX pPOC-
AUH nicas eeHOMHUX modugbikayii» (Homep Jepoic-
peecmpauii 0123U100462) Incmumymy xaimunnoi
bionoeii ma eenemuunoi inucenepii HAH Ykpainu.
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Since Ukraine is a powerful maize exporter in the world,
screening genotypes susceptible to genetic transformation
among cultivated on its territory and the development
of an effective technology for the transformation of
maize of Ukrainian breeding are relevant. Precultivated
immature maize embryos of nine genotypes (inbred
lines and hybrids) were subjected to Agrobacterium-
mediated transformation. Three strains of A. tumefaciens
and three vector constructs, which contained the
selective marker gene of neomycin phosphotransferase
II, as well as the reporter genes of green fluorescent
protein or B-glucuronidase, were used in the work.
Transgenic plants were selected on nutrient media with
paromomycin. For six genotypes, shoot regeneration was
observed after transformation on selective media. The
presence of transgenes in 43 clones obtained from four
genotypes using all available vectors was revealed by the
PCR method. The transformation frequency varied from
0to 27 % in individual experiments. A strong correlation
was found between frequencies of the regeneration and
the transformation, as well as a significant difference
in the frequencies between genotypes and donor plants
of the same genotype. The use of pCB271 vector,
which contained monocot nucleotide sequences of gene
expression regulation upstream the selective marker gene,
namely the intron of the maize Asp70 gene, significantly
increased the frequency of shoot regeneration after
transformation. Analysis of T, generation plants revealed
single-locus integration of transgenes into the plant
genome. The proposed protocol of genetic transformation
using paromomycin as a selective agent is effective to
obtain transgenic maize of Ukrainian breeding. Three
genotypes (inbred line DK232 and hybrids KP7xPRZh5
and KS277xRS15) were selected as the most susceptible
among tested genotypes to Agrobacterium-mediated
transformation and promising for further research on the
production of transgenic maize plants.
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