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Jlaxuexko O.P. Po3poOka O10TE€XHOJOTTYHMX TiIXOJIIB OI[IHKHK IIICHMIN 3a
MMOKa3HUKAMH SIKOCT1 Ta aJJallTUBHOCTI.

Huceprarllist Ha 3700yTTA CTymneHs JokTopa ¢ditocodii B raimysi 3HaHb 16
XiMiuHa Ta Oi0iHXKeHepis 3a crnenianbHicTIo 162 bioTexHomorii Ta 6ioiHXeHepis. —
HamionaneHuii TexHiuHMi yHiBepcuteT YKpaiHu «KuUiBChKUN TOMITEXHIYHUN
iHcTUTYT IMeHi [rops Cikopcekoroy, Kuis, 2021.

PoGora BukoHaHa Ha Kadeapi eKOOIOTEXHOJIOTlT Ta Ol0CHEPTreTUKU
HarionanbHOTr0 TEXHIYHOTO yHIBEpCUTETY YKpaiHu «KuiBChKUI MOMITEXHIYHUN
1HCTUTYT iMeHl [ropst CikopchbKOTroy.

HasBHa TeHeHLIs 10 3MIHY KIIIMaTy y 01K 3HM)KEHHS OIajliB Ta MiABUIICHUX
TEeMIIepaTyp KUJa€ BUKIUK Cy4aCHOMY CLILCHKOMY T'OCIIOJApPCTBY Ta BIUIMBA€E Ha
MPOAYKTUBHICTh KYJIBTYp, 30KpeMa mieHuili. CydacHa ceJekilisi Mae OnepaTUuBHO
BIJIMOBIJIATH HA IIeH BUKJIUK 1 CTBOPIOBATH HOB1 COPTH O YMOB BUPOIIYBaHHS, 110
3MIHIOIOTBCS.  BukopucranHs ~ O10TEXHOJOTIYHMX  MIAXOMIB HAa  OCHOBI
MOJIEKYJIIPHUX MapKepiB MOXE 3HAYHO MPUCKOPHUTH MPOLEC BiAOOPY 3apOAaKOBOT
TIa3MHU JUTsl TIOJJATBIIIOT0 BUKOPUCTAHHS B CEJICKIIIHHUX MPOTrpaMax.

B 2012 Tta 2018 pokax rpymamMu BYE€HUX OYJI0O 3BEpHYTO yBary Ha
TpaHckpunuiiauid ¢akrop mmenuni TaWRKY?2, npore He H0oCTaTHRO OmMCaHO
roro pizHomaniTTs. Jlo Toro x, renu 6iorenesy npoauxis EPF1, EPF2 ta MUTE €
BOKJIMBUMH JIETEPMiHAHTAMHU ISl €PEKTUBHOTO 30EPEKCHHS Ta BUKOPUCTAHHS
pociuHamMu Boju. Po3pobOka OG10TexHOJIOTTYHMX MMiaxo/iB Ha ocHOBI [1JIP-anamizy
reHiB 3a yudacTi ¢pyHkiioHansHuX JIHK-mapkepiB HamacTh yHIKaJIbHY MOXKJIUBICTD
JUIST TIPOBEJCHHS CKPHUHIHTY BEJIMKUX KOJEKI[i 3apoJKOBOI IJa3MH 3 METOIO
NepeBIPKU PI3HOMAHITHOCTI 32 KOPOTKUH TIEP10JT 4acy 1 BUCOKOIO TOUHICTIO.

3 iHmoro Ooky AediuMT BOJIM MPU BHUPOIILYBAHHI MIICHMII BIJIUBAE Ha
BJIACTUBOCTI 3€pHa 4epe3 IuBEpCU(IKOBAHY EKCIPECito OIKIB — 30UIBIIYETHCS
gyacTka O1UJIKIB, SIKI MOXYTbh CIIPUYMHSATH XapyOBY HEMIEPEHOCUMICTH a0 anepriio y
CIPUNHATIUBUX JtoJiel. Ha choroaHINIHIN JIeHb, BCE OIBIIIO BUMOTOIO JIFOJICTBA

€ TPOAYKTH 31 3HM)KCHOIO aJepreHHICTIO/TOKCHYHICTIO. [IpoTeomika mo3BoIIsIE



peaNiCTUYHO OIIIHUTU KIIBKICTh CIelM(pIYHUX 3amacHUX OUIKIB 3€pHa, JO0JIAIYH
0OME)XEHHSI MOJIEKYJIIPHUX METO[IB TEHOMIKH Ta TPAHCKPUITOMIKHU. J{ociimkeHHs
PI3HOMAHITTSI €KCIIPECOBAHMX AJIEPTIYHUX/TOKCUYHHUX OUJIKIB 3€pHA MIICHUIIl Cepesl
BUOIPKH CyYacHUX Ta ICTOPHUYHHMX COPTIB JIO3BOJINTh BHUSBUTH MOJEKYJISPHI
MapKepu Il MOAANbIIOr0 €(EeKTUBHOTO BiAOOpPY JOHOPIB T€HETHYHOI IIa3MU 3
METOIO CTBOPEHHS HOBUX MEHIII aJIepPTreHHUX/TOKCUIHHIX COPTIB.

Takum yrHOM, pO3poOKa G10TEXHOJIOTIYHUX CHOCOOIB OIIHKK IIIEHHUII 3a
MOKAa3HUKAMU SIKOCTI OIIKIB 3€pHa Ta aJalTUBHOCTI N0 Je(PIUUTy BOIH €
MEPCIEKTUBHUM 3aBJIaHHIM O10TEXHOJIOTIT MIPU CyYaCHUX peaisiX 3MIH KJIiMaTy Ta
HAPOCTAIOUMX MUTAHHSAX 3HWKEHHS aJIepreHHOCTI/TOKCUYHOCTI MIIEHUII].

B nucepramiitHii poOOTI BCTaHOBJIEHO, IO 3a YMOB IPYHTOBOI MOCYXHU
TOJICpAHTHUMU OYJIM COPTH 03UMOI mieHuill Acrapta, Oneceka 267 ta [lomonsHka,
00 BIAPI3HSIUCS 3AATHICTIO aIallTyBAaTUCA 1O HECIPUATINBUX YMOB. BUsBIEeHO, 110
36pHOBAa NPOJAYKTUBHICTh 3a [li IPYHTOBOI TMOCYXH 3aJICKUTh BIJI PEryJsLii
anepTypu NpoANXiB Ha abaKcianbHIN CTOPOHI JIUCTKA.

BcranoBneHo, 10 HYKJIEOTHUIHI TMOCTIIOBHOCTI TOMOJIOTIYHUX TEHIB
TaWRKY2 3 miect KOHTpPACTHHX COPTIB MIIEHUIN XapaKTEPU3YIOThCS PI3HUM
piBaem momimopdrocti: 7 SNP mns TaWRKY2-Al, 12 SNP i 1 iucepmis ans
TaWRKY2-B1, 1 pememist ams TaWRKY2-D1 3 skux 11 mpu3BogsaTh 10 3MiH B
aMIHOKHUCJIOTHOMY CKJail momnenTtuaiB; Ta 3 iHcepii, 3 aenerii Ta 20 SNP ms
npomotopHoro periony TaWRKY2-D1, 3 skux 3 SNP moTeHmiifHO BIUIMBAIOTh Ha
PETYISATOPHI €IeMEHTH eKcrpecii. BusBieHo (QyHKIIIOHAIBHY 3aJIeKHICTh 3MIHU
piBHs excripecii TaWRKY2 reniB Bij BOZHOTO peKMMY BUPOIIYBaHHS poCivH. [[Ba
nocyxouytiuBi coptu Ilomickka 90 1 Haranka mnokazanu IIBUAKE 1 CHIIbHE
niasumieHHsa excnpecii TaAWRKY?2 reniB y nmpanopueBomy nuctky — y 5,0 ta 4,1
paziB BianoBigHO. Cepen MOCYXOTOJIEpaHTHUX COPTIB Jmiie copt Onecbka 267
noka3aB miaBuieny ekcrpecito TAWRKY2 reniB y 1,9 pasiB, a y koJsioci cepen
MOCYXOTOJIEPAHTHUX COPTIB Juiue copt Ilogonsnka BUsSBUB picT ekcmpecii y 1,9

pasis.



BusiBneno Tta oxapakrtepuzoBano 36 SNP, 3 incepuii Ta 1 nenemiro B
HYKJICOTHIHIM MOCIIIOBHOCTI TOMOJIOTIYHUX T'€HIB O10T€HE3y MPOAMXIB IMIICHUIT
EPF1, EPF2 ta MUTE mectu konTpacTHuX copTiB. [IpoTe, mumie 15 BiaMiHHOCTEH
CIPUYMHSIOTH 3MIHM B TOJINENTUAHOMY JaHIo31. Jocmmkeno, mo reaun EPF1,
EPF2 ta MUTE ekcrnipecyioTbcsi Ha BUCOKOMY PiBHI JIUIIE Y MOJIOJIUX JIUCTKAX, SKi
bopMyrOThCSL.

Po3po6iaeno OG10TEXHOJOTIYHMM TMiJAXIJA OINHKK TIICHHUIIl Ha OCHOBI
Moaudikoanoro merony [1JIP 3a Bukopuctanusam 9 po3poOIeHUX B1ITBOPIOBAHUX
cucteM JIHK-mapkepiB 10 reHiB MOCYX0-OMOCEPEIKOBAHOTO TPAHCKPHUIIIHHOTO
daxropy TaWRKY2-Al (PALl), TaWRKY2-B1 (PB1, PB2 ta PB3) Ta TaWRKY 2-
D1 (PD1, PD2, PD3, PD4 ta PD5) Ta 7 cuctem 1o reHiB OioreHe3y npoauxis EPF1-
Al (E1Al), EPF1-Bl1 (E1BI1 Ta E1B2), EPF1-D1 (E1D1 Tta E1D2), EPF2-Al
(E2A1) Ta MUTE-D1 (MD1). Jlns koxHOT i3 cucteM OyJ10 miIiopaHo parfioHa bHi
XIMIYHI yMOBH, TeMmIeparypHi Ta 4yacoBl pexumu [UJIP s orpumanHs
MaKCUMAaJIbHOI KITBKOCTI Oa’kaHuX MpoayKTiB. [lokazaHo Ha BUOIPII COPTIB, TUKHUX
MIIEHUIIb Ta T1I0PU/IIB, 10 PO3POOIECHUN MiIX1] PE3YIbTATUBHO 3aCTOCOBYBATH JIJISI
TeHOTUITYBaHHS, TMiJ00pYy JOHOPIB 3apOJIKOBOI IJIa3MH ISl CXpEIlyBaHb,
JUCKPUMIHALIT T€HETUYHOTO MaTepialy, 10 Ma€ MOXOIKeHHA 3 cyoreHomy D
MIIIEHULII.

Po3pobiieno 610TEeXHONIOTTYHHUM TIX1/1 OLIHKK MPOTEOMHOTO CKJIaay 3€pHa
MIIEHUIIl HA OCHOBI OJHOCTYIMIHYACTOI €KCTpakKilii OlIKIB 1 B3a€MOJOMOBHIOIYNX
2DE-LC/MS Ta GF-LC/MS, mo B xomrutekci npoaykyBanu Ha 20,4% Oinblie
OinmkoBuX imeHTH(ikamiii HiK 3actocyBanHs 2DE-LC/MS. ParionanizoBane
(dbepMeHTaTUBHE PO3UICIUICHHS AU(PEPEHIIITHO-eKCIPECOBAHUX OUIKIB TpboMa
depmentamu npu 2DE-LC/MS migxomi, 1o mI03BONHMIO 30LIBIIATH KIJIBKICTH
inenTudikaiiit 3 57,6% no 74,2%.

[TokazaHo, mo OUILLIICT AUQEPEHIINHO-EKCIIPECOBAHUX OUIKIB 3€pHa
HaJIeKaTh JI0 TPYIU METa0OMIYHUX NMPOTeiHIB — 27 O1KiB, 44%; nani rmiaauau — 20
oinkiB, 33%; a HaiiMeHmie TaOTeHIHIB — 14 OwikiB, 23%. HaiiOuibme

aJIepreHHUX/TOKCUYHUX €MITOMIB MPOJEMOHCTPYBajH riatoTeHiHu (14 61nkiB, 48%)



1 rmiaguau (13 61kiB, 45%) y MOPIBHSHHI 3 HETJIIOTEHOBOIO Tpymoto (2 Outku, 7%).
HaiiBunuii  koedilieHT HAKONMWYEHHSI aJIepreHHUX/TOKCUYHUX OUIKIB OyB Yy
TpanuuiiHoMy copTi Ykpainka (48,7% BHUSBICHHX OUIKIB), IO MOSCHIOETHCA
reHeTHYHOI0 HeonHopiaHicTio. Ha mnporuBary, cydachuit copt CoTHuI
xapaktepu3yBaBcsa gume 4 3 39 aneprenHux/ToxkcmuHux OinkiB  (10,3%) 1
BUPI3HABCSA K HAWOUTBIII T IXOSAIITNI TOHOP 3aPOKOBOI IIa3MH JIJIs1 HOBHX COPTIB
XapyoBOTO HANPSIMKY.

Po3pobsieHo mpolecyanbHl CXE€MH MPOBEAEHHS OLIHKK MIIEHUI 3a
MOKa3HUKAaMHU SIKOCT1 OUIKIB 3€pHa Ta aJalTUBHOCTI O MOCYXH. bioTeXHOJIOT1uH1
MIJIXOH MPOBEICHHS OIIHKM IIIEHHUI 32 MOKa3HUKAMH SKOCTI Ta aJIallTUBHOCTI
nependavaroth onepxkanusa gparmentiB JJHK Ta 611koBUX 11eHTU(IKAITIHA.

Meta podorm i 3agaui gociixkeHHs. Metor poOOTH € po3poOka
O10TEXHOJIOTIYHUX MIAXOMIB OLIHKHU IIIIEHUI 3a IMOKa3HMKAMU SKOCTI 3alacHHUX
O1UJIKIB 3epHa Ta MOJIMOP(13My T'€HIB aJaITUBHOCTI J0 MOCYXH.

JInst NOCSITHEHHS TTOCTaBJICHOI METH HE0OX1THO OYyJI0 BUPIIIWTH TaKi 3aaavi:

1. Buznauut (1310J10r0-010X1Mi4HI BIACTUBOCTI IIECTU KOHTPACTHUX COPTIB
MIIIEHUI] 32 YMOB MOCYXH.

2. JlocmiauTu CTPYKTYpY HYKJICOTHIHUX TOCTIIOBHOCTEH TE€Ha TOCYXO-
ornocepeakoBaHOro TpaHckpumniiiiHoro ¢akropy TaWRKY?2 nns mectu copris
NIICHUIIl Ta OXapaKTEepPH3yBaTH OCOOJMBOCTI EKCIpecii 3a yMOB OOMEXEHOTO
BOJHOTO PEXKUMY.

3. JlocaiauTu CTpYKTYpy Ta QyHKLIOHAIBHO OXapaKTepU3yBaTh HYKICOTHIHI
MOCJTIIOBHOCTI TeHiB Oiorene3y mpoauxie EPF1l, EPF2 ta MUTE nmna mectu
KOHTPACTHUX COPTIB MIIIECHMIII.

4. Po3poOuTi O10TEXHOJIOTIYHI MIAXOAU OIIIHKK TOJIMOP(i3My TEHIB
agantuBHOCT1 A0 nocyxu (TaWRKY2, EPF1, EPF2 ta MUTE) nmmenutii Ha ocHOBI
moaudikoBanoro merony [1JIP ta mpoBectu anpoobaiiito Ha BUOIPII 3pa3KiB.

5. Po3pobutrt  GI0TEXHOJIOTIYHMIA  TIAXIA  OIMIHKK  AudEpeHIinHO-
EKCIPECOBAaHUX 3allaCHUX OIKIB 3€pHA IIIEHUIIl Ha OCHOB1 YIOCKOHAJIEHHUX

meroais LC/MS.



6. [Ipy  BuUKOpHCTaHHI  PO3pOOJICHOr0  OIOTEXHOJIOTIYHOTO  MIIXOIY
BCTAaHOBUTH JU(EpPEHIIINHO-EKCIIPECOBaHl aJIepreHHI/TOKCUYHI OUIKM B 3€pHI
CY4aCHHX Ta ICTOPUYHOTO COPTIB MIIEHUIII.

7. Po3poOutu mporecyaqbHi CXEeMH IIPOBEJEHHS OIlHKH IIICHMIN 3a
MOKa3HUKAMH SKOCTI O17TKOBOTO CKJIay 3€pHA Ta aIallTUBHOCTI POCIWH J0 MOCYXH.

O0’ckTOM AOCTiAKEeHb € OlOTEXHOJOTrIYHI MIIXOAXA OIIHKH IMIEHHUII 3a
MOKa3HUKAaMHU SKOCTI1 3allaCHUX OUIKIB 3epHa Ta aIallTUBHOCT1 POCIIUH JI0 MOCYXH.

IIpeamerom aocJizKeHb € pallOHANbHI MMapaMeTpu OLIHKU MILEHUI 3a
MOKa3HUKaMHU SKOCTI 3allacCHUX OUIKIB 3€pHa Ta aJIallTUBHOCTI /IO MOCYXH.

Metoau aocaimkenns. J[Ji1 BUKOHaAHHS TOCTABJICHHUX 3aBJaHb Yy IPOIIEC
JOCHIDKCHHSI  BUKOPHUCTaHO:  (DI310JIOTIYHI  METOAM  JJIsl  XapaKTEPUCTUKU
KOHTpPaCTHUX COPTIB TIIeHHIl; OioiHpopMmaliiHi MEeTOAu i TOIIYyKy Ta
nopiBHsHHSL mochigoBHocTer JIHK Ta OinkiB y 0a3ax JaHUX; MOJIEKYJSPHO-
TEHETUYHI METOAM [l BUIUJICHHS Ta aHalli3y HYKJICOTHUIHUX IOCIITOBHOCTEH
(ounieHHs ~ HYKJICTHOBUX  KHCJIOT, IOJiIMEpa3Ha  JIAHI[IOrOBa  peakilis,
CUKBEHYBaHHS, eJIeKTpodope3 HYKICTHOBUX KUCJIOT Ta OUIKIB y reni); 010(hi3nuHi
MeToau (MIKpOCKOITis, crieKTpodoToMeTpis 11 BusHaueHHs konnentpariii JJHK ta
OUIKIB, pIAMHHA Xpomarorpadis, Mac-CIeKTPOMETpisA); O10XIMIYHI METOIU IS
BUJIIJIEHHSI OUIKIB 13 3€pHa Ta X ()EPMEHTATUBHOTO PO3ILEIUICHHS; METOIU Teopli
rpadiB (MS Excel) miist 06poOku pe3ynbTatiB AOCTIIHKEHb.

HaykoBa HOBH3HA OTpUMAaHHUX pe3yJbTaTiB. Y guceptaiii enepuie
oJiep>kKaHl Takl HAyKOB1 pe3yJbTaTu:

- BIIKPHUTO MOTIMOP(]Pi3M HYKJICOTUTHUX TTOCIIITIOBHOCTEN TPAaHCKPHUTITIIAHOTO
dakropy TaWRKY?2 Ta renis 6iorene3y npoauxis EPF1, EPF2 ta MUTE 3 tprox
CyOre€HOMIB MIECTH COPTIB MIICHHII YKPaiHCHKOI CEJIeKIli Ta 0XapaKTepHU30BAHO
BIUIMB BUWSBJICHHUX BIAMIHHOCTEM Ha aMIHOKHCJIOTHMM CKJaJ BIJIOBIIHUX
MOIIIECITHIIB,

- po3p00JIeHO G10TEXHOJOTIYHI MAXOAM OLIHKH MOJIiMOp(I3My MIISHMIII 32

renamu TaWRKY2, EPF1, EPF2 ta MUTE Ha ocHoBi MoaudikoBaHOTO METOMY



[IJIP 3a BuKOpuUCTaHHSIM 16-TM OpPUTIHAIBHUX CKOHCTPYHOBAHMUX CHEIU(IUHUX
cuctem JIHK-mapkepiB, 1110 J03BOJISIIOTH PO3PI3HATH ajlelll BUIlIE3a3HAYEHUX TC€HIB,;

- TIpY POBE/ICHH1 OLIHKY T€HETUYHOI PI3HOMAHITHOCTI BUOIPKH BITUM3HSHUX
Ta 3apyOikHMUX copTiB 3a reHamu 1aWRKY2, EPF1, EPF2 ta MUTE BusiBiieno, 1o
YKpaiHChKI COPTH MILIEHUIIl MPOAEMOHCTPYBaIM OILIbII PI3HOMAHITHI CHEKTPH
¢parmentis ITIJIP Ta BcTaHOBIEHO, MO PO3POOICHUN MIAXIA T03BOJISE
JUCKPUMIHYBAaTH TEHETHMYHHH MaTepian, KOTpUM MICTUTh y cBoemy ckiami D
CyOreHOM MIIIECHHII],

- po3po0eHO  OIOTEXHOJOTIYHWUW  MiAX1J  OIHKA  JudepeHiiiHo-
CKCIIPECOBAaHUX  3allaCHUX OUIKIB 3€pHA MINEHUIl 32 BHUKOPUCTAHHAM
ynockonenennx 2DE-LC/MS ta GF-LC/MS, mo mokpanpuio igeHTudikamio Ha
20,4%;

- YIOCKOHaJIEHO iAeHTu(IKalio AudepeHIIMHO-eKCIPECOBAaHUX OILIKIB B
2DE-LC/MS anamizi po3mICIJICHHSIM TphoMa (GEpMEHTAMU — XiIMOTPHUIICHHOM,
TPUIICUHOM, a TOTIM TEPMOJI3MHOM, IO MOKpaIuiIo iaeHTHdikamio OIKIB Ha
16,6%;

- IOPIBHAHO OITKOBI CKJIaau 3epHa JBOX cydacHux copTiB (IlanHa Ta
CoTHulsl) 3 ICTOPUYHUM COPTOM YKpaiHKa Ta BCTAHOBJIEHO, IO HaWBHILE
HAKOIMWYEHHS alIepreHHUX/TOKCUYHUX OUIKIB Y TpaauI[iiHOMY COpTI YKpaiHka, a
copT CoTHHUIISI BUPI3HABCA SIK HAMOUIBIN MiIXOASIIMNA TOHOP 3apOJKOBOI IUIa3MH
JUTSI HOBUX COPTIB Xap4yOBOTO HAIIPSIMKY.

IIpakTuyHe 3HAYEHHS1 OJep:KaAaHUX pe3yabTarTiB. [IpakTuuHe 3HAYCHHS
JTUCcepTaIiitHOl poOOTH TOJsITaE y BUPIMICHHI MPOOJeMH OIIHKKA Ta JOoOUpaHHS
JIOHOPIB 3apOJAKOBOI TUIa3MH TMIICHMIN 32 TeHAMH AJalTUBHOCTI /0 TOCYXH Ta
XapyoBO1 SKOCTI 3aIMmacHUX O1IKIB 3epHA.

BusiBnenuii Ta oxapakTtepu3oBaHHI MoniMop(di3M TEHIB aJanTUBHOCTI J0
nocyxu TaWRKY2, EPF1, EPF2 ta MUTE € miarpyHTsM 1ist pyH/IaMEHTaIbHOTO
BUBUYEHHS €(QEKTUBHOCTI (YHKIIOHYBaHHA NPOAYKTIB KOXXHOTO  ajellko.
BcTranoBneHi paiioHadbHI TTapaMeTpy NPOBEACHHS OI[IHKM MIIEHUIN 3a TeHaMUu

aIalITUBHOCTI JI0 TIOCYXH JTO3BOJISIFOTh €(DEKTHUBHO XapaKkTepHu3yBaTu NOJIIMOp(hi3m



ToCHiAHUX  3paskiB.  Po3poOneHo  OIOTEXHOJOTIYHMM  MiAXiJ  BUBYEHHS
nrdepeHIiiHOro HaKOIMMYEHHS 3allaCHUX O1IKIB 3e€pHa IMIIIEHUI]I Ha OCHOBI METO/I1B
MPOTEOMIKH, SKHH JO3BOJISIE TIOAOJATH OOMEXKEHHS METOAIB TEeHOMIKH Ta
TPAHCKPUNTOMIKM 1  JeTaJbHO  OIIHUTH  BIAMIHHOCTI B OIOCHHTE31
aJIepreHHUX/TOKCUIHHUX O1JIKIB.

Po3po6reni G10TeXHOJOTIYHI MIAXOAW MOXYTh OYyTH BUKOPHUCTaHI IJis
IJIaHYBaHHSI T€HETUKO-CEJIEKIIMHUX CXEeM CXpElLlyBaHHS, T€HOTHUIIYBaHHS COPTIB,
BUPIIICHHS TUTAaHHS TMOXO/KEeHHs (danbcudikailii) coproBoro Marepiany. lle
JI03BOJIsIE THTEHCU(IKYBATH CTBOPEHHS HOBHX CIICI1aII30BaHUX 32 BUKOPUCTAHHSIM
COPTIB M’SIKO1 MIIICHUII].

Po3poOsieHi  O10TEXHOJIOTIYHI —~ MiAXOAM  OyJauM  BIOPOBAKEHI IS
XapaKTePUCTUKH HAUOIBII MOITUPEHUX Ta HOBUX COPTIB IIIIEHHUII M’ SIKOi CEeNeKITii
Incturyty diziosmorii pocaun 1 reHetuku HAH VYkpainu Ha HasBHICTH
nosiMopdizmy rena tpanckpumniiiiiHoro ¢akropy TaWRKY2 Tta reniB 6iorenesy
npoauxiB EPF1, EPF2 ta MUTE Ta Bukopucrani [OPT" HAH Vkpainu mis anamizy
CEJICKUIMHUX JIIHIM M’SKOI MIIEHUL, BIAOOPY OakKaHUX T€HOTHUIIIB Ta IPOBEICHHS
cenekiiiaux nporpam (AT BrpoBamkenHs Nel06/27 Bix 28.01.2021). PesynsTaTn
JOCIIPKEHb  BIPOBA/PKEHO y HaBYaJbHUM Mpolec MAroTOBKM  (haxiBIliB
cnemiaabHocTi 162 «bloTexHonorii Ta OloiHxkeHepis» B HarionaibHoMy
TEXHIYHOMY YHiBepcuteTi Ykpainu «KuiBChbKHUI MONITEXHIYHUN 1HCTUTYT IMEHI
Irops Cikopcbkoro» (Axt BrnpoBamxeHHs Bix 01.02.2021). 3go0yBauem Oyno
OTPMMAHO TPAHTU Ha TMPEJCTABICHHS HOBITHIX PpE3yJbTaTiB HA MIXKHAPOJIHHUX
Bopkiom (ReHOPE; bonrapis; nomimopdizm TaWRKY2-D1 rena) ta kondepentrii
(INPPO2016; Itamis; gociipKeHHs] TPOTEOMIB 3€pHa CydyaCHUX Ta TPaIUIIMHOTO
COpTIB).

Ocoluctuii BHecOK aucepraHTa. Pe3ynbratu poOOTH, SKi BUKIAIEHO B
JYcepTalii, ofep)kaHi aBTOpOM OCOOMCTO abo 3a ioro Oe3nocepeaHbOl y4acTi.
[InanyBanHss poOOTH Ta OOTOBOPEHHS PE3YNbTaTiB MPOBOIAWIN CIIIBHO 13

HAyKOBHUMHU KEPIBHUKAMH.



ABTOpPOM 0COOHUCTO 3/1HiCHEHO O101H(OpMALIIMHUN aHaTI3 HYKJICOTHAHUX Ta
aMIHOKHMCJIOTHHX TIIOCIIIJIOBHOCTEH 3 0a3 maHux, BuALIeHHS 3arainbHOoi JJHK
MIIICHUI]; BU3HAYEHO O10TEXHOJIOTIUHI MIAXOAM IS BUSBICHHS MOIIMOP(i3zMy
IIJIbOBUX TEHIB; CKOHCTPYMOBAaHO CHUCTEMHM IIpaiiMepiB, MiAiOpaHO pallioHaIbHI
ymoBu [IJIP Ta mpoBemeno IIJIP mmst BuOipku 3pa3kiB MIIEHUIb, MPOBEICHO
BUMIPIOBaHHSA BIHOCHOI €KCIpecii TeHiB; MPOBEACHO eKCTparyBaHHS OLUIKIB
NIIEHUII, iX PO3IIICHHS METOAOM eJeKTpo(dope3y Ta po3iersieHHs: GepMeHTaMu;
PpO3p00JIEHO MpoIleCyalbHI CXEMH MTPOBEJACHHS OLIIHKH MIIEHUIIl 32 PO3POOICHUMU
010TEXHOJIOTTYHUMHM MIAX0AaMH; 0(OPMIIEHO TPEICTABIIECHI Y POOOTI pe3ybTaTu.
ABTOPOM 0COOMCTO BiZIOpaHO 1 KPUTUYHO NPOAHATI30BAHO BEIMKHI oO0cCAT
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The current climate change trend in the direction of decreasing precipitation
and rising temperatures challenges modern agriculture and affects the productivity
of crops, in particular wheat. Modern selection have to respond quickly to this
challenge and originate new varieties to changing growing conditions. The use of
biotechnological approaches based on molecular markers can significantly
accelerate the process of selection of germplasm for further use in breeding
programs.

In 2012 and 2018, groups of scientists paid attention to the transcription factor
of wheat TaWRKY?2, but its diversity has not been sufficiently described. In
addition, the stomatal biogenesis genes EPF1, EPF2 and MUTE are important
determinants for efficient water conservation and use. The development of
biotechnological methods based on PCR analysis of genes of interest with the
participation of functional DNA markers will provide a unique opportunity to screen
large collections of germplasm to verify diversity in a short period of time and high
accuracy.

On the other hand, water deficiency in wheat cultivation affects the
technological properties of grain due to diversified protein expression — increasing
the proportion of proteins that can cause food intolerance or allergies in susceptible
people. Today, the growing demand of mankind is products with reduced
allergenicity/toxicity. Proteomics allows to realistically estimate the amount of
specific grain storage proteins, overcoming the limitations of molecular methods of
genomics and transcriptomics. The study of the diversity of expressed allergic/toxic
wheat grain proteins among the samples of modern and historical varieties will
reveal molecular markers for further effective selection of germplasm donors in

order to create new less allergenic/toxic varieties.



Thus, the development of biotechnological approaches for wheat assessment
in terms of grain protein quality and adaptability to water scarcity is a promising task
of modern biotechnology in the current realities of climate change and the growing
issues of reducing allergenicity/toxicity of wheat.

It was established that under the conditions of soil drought the varieties of
winter wheat Astarta, Odeska 267 and Podolianka were tolerant, because they
differed in their ability to adapt to adverse conditions. It was found that grain
productivity under the action of soil drought depends on the regulation of the
aperture of the stomata on the abaxial side of the leaf.

It was found that the nucleotide sequences of homologous TaWRKY2 genes
from six contrasting wheat varieties are characterized by different levels of
polymorphism: 7 SNP for TaWRKY2-A1, 12 SNP and 1 insertion for TaWRKY2-B1,
1 deletion for TaWRKY2-D1 of which 11 polypeptides; and 3 insertions, 3 deletions,
and 20 SNPs for the TaWRKY2-D1 promoter region, of which 3 SNPs potentially
affect regulatory elements of expression. The functional dependence of the change
in the level of expression of TaWRKY2 genes on the water regime of plant cultivation
was revealed. Two drought-resistant varieties Poliska 90 and Natalka showed a rapid
and strong increase in the expression of TaWRKY2 genes during the simulation of
drought conditions in the flag leaf. Among drought-resistant varieties, only the
Odeska 267 variety showed increased expression of TaWRKY2 genes and only the
variety Podolianka showed an increase in relative expression in the ear among
drought-resistant varieties.

36 SNPs, 3 insertions and 1 deletion in the sequences of wheat stomatal
biogenesis genes EPF1, EPF2 and MUTE from three subgenomes of six contrasting
varieties were shown and characterized. However, only 15 polymorphisms cause
changes in the polypeptide chain. It has been studied that the genes EPF1, EPF2 and
MUTE are expressed at a high level only in the young leaves that are formed.

The biotechnological approach for wheat evaluation based on a modified PCR
method using 9 reproducible primer systems for drought-mediated transcription
factor genes TaWRKY2-Al (PAl), TaWRKY2-B1 (PB1, PB2 and PB3) and



TaWRKY2-D1 (PD1, PD2, PD5, PD4) and 7 systems to the stomatal biogenesis
genes EPF1-Al (E1A1), EPF1-B1 (E1B1 and E1B2), EPF1-D1 (E1D1 and E1D2),
EPF2-Al (E2Al) and MUTE-D1 (MD1). For each of the systems, rational chemical
conditions, temperature and PCR modes for enzymatic replication were selected in
order to obtain products in the form of amplified DNA. It is shown for the samples
of varieties, wild wheat and hybrids that the developed technology can be effectively
used for genotyping of varieties, for phylogenetic studies of wheat, characteristics
of germplasm donors for crossings, discrimination of genetic material derived from
wheat subgenome D.

The biotechnological approach for estimatimation the proteomic composition
of wheat grain based on single-stage protein extraction and complementary 2DE-
LC/MS and GF-LC/MS was developed, which in the complex produced 20.4% more
protein identifications than the use of 2DE-LC/MS. Rationalized enzymatic
cleavage of differentially expressed proteins by three enzymes in the 2DE-LC/MS
approach increased the number of identifications from 57.6% to 74.2%.

It is shown that the majority of differentially expressed grain proteins belong
to the group of metabolic proteins — 27 proteins, 44%; then gliadins - 20 proteins,
33%; and the least glutenins — 14 proteins, 23%. In contrast, among allergenic/toxic
proteins, glutenins with 14 proteins showed the greatest diversity, 48%; gliadins
included 13 proteins, 45%; and the non-gluten group consisted of only two proteins,
7%. The highest coefficient of accumulation of allergenic/toxic proteins in the
traditional variety Ukrainka (48.7% of detected proteins) was revealed, which is
explained by genetic heterogeneity. The modern variety Sotnytsia was characterized
by 4 of 39 allergenic/toxic proteins (10.3%) and was identified as a suitable
germplasm donor for new less toxic varieties.

The procedural schemes for wheat assessment of grain protein quality and
drought adaptability have been developed. Biotechnological approaches for wheat
assesment in terms of quality and adaptability involve obtaining DNA fragments and

protein identifications.



Purpose and tasks of the study. The purpose of the work is to develop
biotechnological approaches for wheat assesment in terms of grain storage protein
quality and polymorphism of genes of drought adaptability.

To achieve this goal it was necessary to solve the following tasks:

1. To determine the physiological and biochemical properties of six
contrasting varieties of wheat under drought conditions.

2. To investigate the structure of nucleotide sequences of the drought-
mediated gene of the transcription factor TaWRKY2 for six wheat varieties and to
characterize the expression patterns under conditions of limited water regime.

3. To investigate the structure and functional characterization of nucleotide
sequences of stomatal biogenesis genes EPF1, EPF2 and MUTE for six wheat
varieties.

4. To develop biotechnological approaches for polymorphism assessment of
drought adaptability genes (TaWRKY2, EPF1, EPF2 and MUTE) of wheat on the
basis of a modified PCR method and to conduct test on samples.

5. To develop biotechnological approach for evaluation of differentially
expressed wheat grain proteins on the basis of modified LC/MS methods.

6. To establish differentially expressed allergenic/toxic proteins in grain of
modern and historical varieties using an advanced biotechnological approach.

7. To develop procedural schemes for wheat assessment in terms of grain
protein composition and drought adaptability.

The object of research is biotechnological approaches for wheat assessment
in terms of grain storage protein quality and plants drought adaptability.

The subject of research is the rational parameters of biotechnological
approaches of wheat assessment in terms of grain storage protein quality and drought
adaptability.

Research methods. To perform the tasks in the study process used:
physiological methods to characterize the contrasting varieties of wheat;
bioinformatics methods for searching and comparing DNA and protein sequences in

databases; molecular genetic methods for isolation and analysis of nucleotide



sequences (nucleic acid isolation, polymerase chain reaction, sequencing,
electrophoresis of nucleic acids and proteins); biophysical methods (microscopy,
spectrophotometry to determine the concentration of DNA and proteins, liquid
chromatography, mass spectrometry); biochemical methods for isolation of proteins
from grain and their enzymatic cleavage; methods of graph theory (MS Excel) for
processing research results.

Scientific novelty of the obtained results. For the first time the following
scientific results were presented in the thesis:

- polymorphism of nucleotide sequences of transcription factor TaWRKY2
and genes of stomatal biogenesis EPF1, EPF2 and MUTE from three subgenomes
of six wheat varieties of Ukrainian breeding was discovered and the influence of the
detected differences on the amino acid composition of the respective polypeptides
was characterized;

- the biotechnological approaches for wheat polymorphism assessment by
genes TaWRKY2, EPF1, EPF2 and MUTE based on a modified PCR method using
16 original designed specific systems of DNA markers was developed that allow to
distinguish alleles of the genes;

- when assessing the genetic diversity of domestic and foreign varieties by
TaWRKY2, EPF1, EPF2 and MUTE genes, it was found that Ukrainian wheat
varieties showed more diverse spectra of PCR fragments and the developed
approach allows to discriminate genetic material with wheat subgenome D;

- the biotechnological approach for evaluation of differentially expressed
proteins of wheat grain using advanced 2DE-LC/MS and GF-LC/MS with improved
identification by 20,4% has been developed;

- identification of differentially expressed proteins in 2DE-LC/MS analysis
was improved by cleavage by three enzymes - chymotrypsin, trypsin, and then
thermolysin, which improved the identification of proteins by 16.6%;

- the protein composition of grain of two modern varieties (Panna and
Sotnytsia) was compared with the historical variety Ukrainka and the highest

accumulation of allergenic/toxic proteins was established in traditional variety



Ukrainka and the variety Sotnytsia stood out as the most suitable germplasm donor
for new food varieties.

The practical significance of the obtained results. The practical
significance of the dissertation is to solve the problem of evaluation and selection of
donors of wheat germplasm with genes of drought adaptability and nutritional
quality of grain storage proteins.

The developed biotechnological approaches can be used for planning of
genetic-selection schemes of crossing, genotyping, solution of issues of an origin
(falsification) of varietal material. This allows us to intensify the creation of new
specialized varieties of bread wheat.

The developed biotechnological approaches were implemented for
characteristics of the most common and new varieties of bread wheat of the breeding
of the Institute of Plant Physiology and Genetics of NAS of Ukraine for
polymorphism of transcription factor gene TaWRKY2 and stomatal biogenesis genes
EPF1, EPF2 and MUTE and used for bread wheat lines selection, selection of
desired genotypes and conducting breeding programs at the IPPG of NAS of Ukraine
(Act of implementation Ne106/27, 28.01.2021).

The results of the research were introduced into the educational process of
training specialists in the specialty 162 "Biotechnology and Bioengineering"
(Implementation Act of 01.02.2021).

Grants were received for the presentation of the latest results at the
international workshop (ReHOPE; Bulgaria; TaWRKY2-D1 gene polymorphism)
and conference (INPPO2016; Italy; study of grain proteomes of modern and
traditional varieties).

Personal contribution of the applicant. The results of the work presented in
the dissertation are obtained by the author personally or with her direct participation.
Work planning and discussion of the results was carried out jointly with supervisors.
The author personally performed bioinformation analysis of nucleotide and protein
sequences from databases, isolation of total wheat DNA,; identified biotechnological

approaches to detect the polymorphism of target genes; primer systems construction,



selection of rational PCR conditions and performed PCRs for set of wheat samples;
the measurement of relative gene expression was performed; wheat proteins were
extracted, separated by electrophoresis and digested with enzymes; the results
presented in the work were prepared. The author personally selected and critically
analyzed a large amount of modern foreign and Ukrainian literature on the topic of
the research.

On the topic of the dissertation published 13 scientific papers, including: 2
scientific articles, of which 1 article in the scientific professional publication of
Ukraine, which is part of scientometric databases, 1 article in the periodical scientific
professional publication of the state, which is part of the Organization for Economic
Cooperation and Development and European Union (Switzerland), and assigned to
the Quartile 1 (Q1) according to the classification SCImago Journal and Country
Rank (equated to two publications, which are credited in accordance with the first
paragraph of paragraph 11 of resolution of the Cabinet of Ministers of Ukraine from
March 6, 2019 Ne 167); 1 patent of Ukraine for a utility model; 10 abstracts at
national and international conferences.
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