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1. TIpoguxaMu peryIolThCsl TaKi IPOLLeCy POCIVH: (GOTOCUHTE3, TPAHCIIIPaLlisl, TPAHCIIOPT PO3YMHEHHUX Y BOJI

OpraHivYHUX i MiHEpaJIbHUX PEYOBUH, IPOHUKHEHHS [IaTOT€HiB. BUBUEHHS reHiB 6i0reHe3y POAUXIB J03BOJISIE

BUSIBUTU B32€MO3B'SI30K MK 3MiHaMH B HYKJIEOTUIHUX IIOCHiIOBHOCTSIX, MOPQOJIOTielo MPOAUXiB Ta ix

(OYHKLIOHYBaHHSM, 11O € BaroMuM (akTOPOM Y IiJBUIIEHH] TOJI€PAaHTHOCTI POCJIMH [I0 IOCYXU 1 MiTTPUMKU

IIPOJOBOJILYOI 6€3MeKH CBiTy. MeToo 6yJs10 AOCAIAUTH 0COBIUBOCTI MOpQoIOTii i1 (iziosorii NpoauX0oBOro anapary

I[IIEHUIb T CIIBCTABUTH iX 3 BiIMIHHOCTSIMY HYKJIEOTUAHUX IIOCJIiTOBHOCTEN reHiB 6ioreHesy nponuxis EPF1, EPEF2

ta MUTE. ¥ po60Ti BUKOPUCTAaHO TaKi METOJY: METO]], II0JIbOBOTO OCiAY, MOP(OJIOTiuHI, HUTOOTIYHi,

(isiosioriuHi, MOJIEKYJISIPHO-T€HETUYHI, 6i0iH(POPMATHYHI Ta CTATUCTUYHOIO aHaNi3y AaHuX. [I7151 BUBYEHHS

IIPOIMXOBOrO anapary copMoBaHa KoJeKLis i3 214 3pa3kiB MieHuIi, CiopifHeHUX BUAIB Ta ix ribpupis. [Ipoguxosi

IIi7TMHY Ha JINCTKOBIi1 MOBEPXHI € OJHUM IIJISIXiB IPOHMKHEHHS TPUOHUMU I1aTOreHAaMU, 30KpeMa TaKUX 5K



OOpOIIHMCTA POCca Ta CENTOpPio3 JUCTS NiueHuli. Cepen, NOCHiIKEeHUX 3pa3KiB HAaUBUIILY CTiMKICTb 70 30yAHUKIB
OOPOLIHMCTOI pOCH Ta CENTOPiO3y JIMCTS BUSBJIEHO Y POCJIVH, 1[0 [I0E€NHYIOTh MIIEHNYHO->KUTHI reHoMH (ABR,
ABDR) Ta maiots cyoreHomu AB (T.durum), a Takox y T.dicoccum (reHom AB) ta T.spelta (reHom ABD).
BioingopmaTtuunuii aHanis npomotopis rexis EPF1, EPF2 ta MUTE BUSIBUB OJHOHYKJIEOTUIHI 3aMiHU Ta

iHcepuii /menewii, SKi BIIMBAIOTh Ha CKJIAT, LUC-PETyIITOPHUX esleMeHTiB. Haiibinbue BinMiHHOCTEM
cIiocTepirasiocst y HocyifloBHOCTsIX TpomoTtopa reda EPF1 cyorenomy D. [IpoTe, MixK HyKJI€OTUIHUMU
IIOCJIiJOBHOCTSIMU NIPOMOTOPIB reHiB EPF2 cy6renomy A, EPF2 cy6renomy D i MUTE cy6renomy B
IIOCYXOTOJIEPATHOTO cOPTY ‘TlomoisiHKa' i NOCYyX04yTAMBOro copTy ‘Harasnka’ He 6yJ0 BUsIB/IeHO BigmiHHOCTe. Ha
OCHOBI BUSIBJIEHOTO NoJ1iMopdi3my Brepiue po3pobseHo Ta arrpobosaHo 5 JHK-MapkepiB 1151 BUBHAUEHHS
nosimopdizmy B npomortopax redis EPFl,0 EPF2. 3a nonomoroto JJHK-mMapkepiB, BU3Ha4Y€HO YaCTOTU 3yCTPiuaHHs
NoJiMOP(PHUX ajlesIiB y KOJEKLisx 371aKkoBuX. HaltuacTime 3ycTpidyaloTbes IBi OGHOHYKIeOTHIHI 3aminm AnG Ta AnC y
npomotopi rena EPF1 3 cy6renomy A. IHcepuis y npomoTtopi reHa EPF2 3 cybreHomy B Haiipiniie geTekTyeTbCs y
CIIiBpO/IMYIB MIIEHULIi Ta 30BCiM He BUSIBJISEThCS y 3pa3KiB Kosekuii CIMMYT. Ynepie BuBYeHO MOPQOJIOrito
npoauxis B pocyauH T. sinskajae, T. dicoccum ta T. sphaerococcum. CepeJ, 3pa3kiB poCuH NIIEHML M'SKOi
3HaeHo Mop@dOJIOTivyHO BiAMiHHI reHoTUNM. Tak, cenekiilidi jiHii 3 [TiBHiYHOI AMepuKku - «KapiukoBsa»,
«OcTucTa, KOpoTKocTe610Ba» Ta «KOPOTKOOCTUCTa» — CYTTEBO BiIpi3HSIOTHCS 32 OLHUM i3 MapameTpiB
IIPOAVXOBOrO anapary. Takox BUSIBJIEHO, 110 POCIMHU cOpTy 'KoJioHia' MalOTh MaKCUMaJIbHY KiJIBKICTb IIPOJUXIB Ha
000X IOBEPXHSIX JIMCTKA, TOL] K pOCIUHU cOpTy 'PedopM’ — MakCHMasbHY 3arajibHy IJIOLLY IPOAMXOBUX 1IiIJIMH HA
OVHMLIIO IO alakcianbHOI Ta abakciaabHOI TOBEPXOHD UCTKA. TakoX BU3Ha4eHO ¢iziosoriyHi mapameTpu
TpaHcripanii Ta GoTocuHTe3y 115 pisHUX BUiB pony Triticum 3a yMOB I'PYHTOBOI [TOCYXU ¥ OIITUMAJIbHOTO I10JIUBY;
BUSBJIEHI KOpeJISLiiiHi 3B's13KM MiXK MOPQOJIOTielo MPOAUXOBOro anapary Ta Horo QyHKUioHyBaHHSIM. BHacinok
CUJIBHOI HETaTUBHOI KOpeJIALii MK KiJIbKICTIO IPOAMXIB Ta iX po3mipamu, 6ijbili po3mipy 3aMuKalo4uux KmTuH y T.
spelta Ta T. aestivum HeraTMBHO KOPEJIIOIOTh 3 IHTEHCHBHICTIO ra3000MiHy 3a ONTHMAaIbHUX YMOB. 3a Iil
KOPOTKOYaCHOI I'PyHTOBOI IOCYXH 6ifbllia KiJIbKiCTh MEHIIMX 32 po3Mmipamu npoauxis y T. dicoccum aconitoBanacs
31 3HQUHMM 3HIDKEHHSIM IIPOAMXOBOI ITPOBIIHOCTI, ajle BOJHOYAC MiJIBULIEHHSIM €(EeKTUBHOCTI BUKOPUCTAHHS BOIU
Ta iIHTEHCUBHOCTI GOTOINXAHHS, SIKi € BaXXJIMBUMU B afianTalii 10 yMOB 0OMEXEHOTO BOJIOr03abe3rnedeHHsl.
JocninKeHo BIJIUB BifMiHHOCTE HyKJIeoTUIHUX rociigoBHocTel reHiB EPF1, EPF2 i MUTE Ha opmyBaHHS
CTPYKTYp IIPOJIMXOBOrO anapary NueHuli M'sKoi. BcTaHOBIEHO BUCOKMI B3a€MO3B'S130K [7151 OiIbLIOCTI
IOCJIiIKYBAaHUX MOJIIMOPQHUX ajlesliB 3 napameTpaMu Mopdosorii npoauxis. B Hinomy, cTtBopeHa miaargopma A
BMBYEHHSI [IPOAMXOBOrO anapary 3J1aKiB, sIKa BKJIIOYae 3i6paHy KoJiekiiio pociauH pony Triticum, meTonuku
Mop(oJIOridYHOro aHasi3y IPOAUXOBOr0O anapaTy, BUPiBHIOBAHHS i BUBHAUEHHSI N10J1iMOPQi3My HYKJIEOTUIHUX
nocifoBHOCTEN, po3pobiseni JHK-Mapkepy, CTaTUCTUYHI aJITOPUTMHU OOPOOKY AaHUX. 3aCTOCYBaHHS Liiei
1aT(GOPMHU L03BOIUIIO BUBUUTH MOP(OJIOTi0 Ta (PyHKLiIOHYBaHHS IPOAUXOBOTO anapary 3J1aKiB; BUSBUTU
nonimopdizm B mpomoTtopax reHiB EPF1, EPF2 i MUTE; BcTaHOBUTH KOpeJIsLito 0cobuBOCTEN MOPdoIorii
IIPOJIMXOBOrO anapary 3 Horo (pyHKLiOHYBaHHSIM i B3a€MO3B’I30K 3 I10J1iIMOP(HUMU aJlesIsIMU TeHiB 6ioreHe3y
IpOAUXiB. Pe3ysnbTaTy SOCIIIKEHb IPEACTABIISIOTh iHTepec 17151 6i0JI0riYHOi 11 arpapHoi raygysei, a TakoX
3a1ikaBJeHUX 6iOTEXHOJIOTIB, TeHETHKIB-CeJIeKI[iOHePiB, SKi 3aIy4eHi 0 CTBOPEHHS HOBUX COPTIB MIIEHUL| 3
NOJIINIIEHO0 (PYHKLIOHAIBbHICTIO [IPOAMXOBOTO arapary, TOJ€PaHTHUX [0 [TOCYXU Ta CTIMKUX A0 30yIHUKIB
OOPOLIHUCTOI POCH 1 CENTOPiO3y JIMCTA. BUsBIIEHI 11 aHOTOBaHI N0JIiIMOP(QHI JIOKYCH T'eHiB 6i0reHe3y MPOAUXIB
MO>XYTb OYTU MilI€HSIMU 115 LiJIeCTIPSIMOBAHOTO peJaryBaHHs y 6i0T€XHOJIOTIYHUX POOOTaX PyHAAMEHTAIBHOTO i

IIPUKJIAJHOTO XapaKTepy.

2. Stomata regulate the following plant processes: photosynthesis, transpiration, transport of water-soluble
organic and mineral substances, and pathogen penetration. The study of stomatal biogenesis genes allows us to
identify the relationship between changes in nucleotide sequences, stomatal morphology, and their functioning,
which is an important factor in increasing plant tolerance to drought and maintaining global food security. The aim
was to investigate the morphological and physiological characteristics of stomatal apparatus of wheat and
compare them with differences in the nucleotide sequences of stomatal biogenesis genes EPF1, EPF2, and MUTE.
The following methods were used in the study: field trial, morphological, cytological, physiological, molecular



genetic, bioinformatic, and statistical data analysis. To study stomatal apparatus, a collection of 214 samples of
wheat, related species, and their hybrids was formed. Stomatal pores on leaf surface are one of ways for fungal
pathogens to penetrate, in particular, powdery mildew and septoria leaf spot of wheat. Among samples studied, the
highest resistance to powdery mildew and leaf septoria pathogens was found in plants that combine wheat-rye
genomes (ABR, ABDR) and have AB subgenomes (T.durum), as well as in T. dicoccum (AB genome) and T. spelta
(ABD genome). Bioinformatic analysis of promoters of EPF1, EPF2, and MUTE genes revealed single nucleotide
substitutions and insertions/deletions that affect the composition of cis-regulatory elements. The greatest
differences were observed in the sequences of EPF1 gene promoter of subgenome D. However, no differences were
found between the nucleotide sequences of promoters of EPF2 gene of subgenome A, EPF2 of subgenome D, and
MUTE of subgenome B of the drought-tolerant variety ‘Podolyanka’ and the drought-sensitive variety ‘Natalka’.
Based on the detected polymorphism, five DNA markers were developed and tested for the first time to determine
polymorphism in promoters of EPF1 and EPF2 genes. Using DNA markers, frequencies of polymorphic alleles in
cereal collections were determined. The most common are two single nucleotide substitutions AoG and AoC in EPF1
gene promoter from subgenome A. The insertion in EPF2 gene promoter from subgenome B is least frequently
detected in wheat relatives and is not detected at all in samples from CIMMYT collection. The morphology of
stomata in T. sinskajae, T. dicoccum, and T. sphaerococcum plants was studied for the first time. Morphologically
distinct genotypes were found among soft wheat plant samples. Thus, breeding lines from North America -
“Dwarf,” “Spiny, short-stemmed,” and “Short-spined” - differ significantly in one of the parameters of stomatal
apparatus. It was also found that plants of the ‘Colonia’ variety have the maximum number of stomata on both leaf
surfaces, while plants of the ‘Reform’ variety have the maximum total area of stomatal openings per unit area of the
adaxial and abaxial leaf surfaces. The physiological parameters of transpiration and photosynthesis for different
species of the genus Triticum under conditions of soil drought and optimal irrigation were also determined;
correlations between the morphology of stomatal apparatus and its functioning were revealed. Due to the strong
negative correlation between the number of stomata and their size, the larger size of guard cells in T. spelta and T.
aestivum negatively correlates with the intensity of gas exchange under optimal conditions. Under short-term soil
drought, a larger number of smaller stomata in T. dicoccum was associated with a significant decrease in stomatal
conductance, but at the same time with an increase in water use efficiency and photorespiration intensity, which
are important for adaptation to conditions of limited water supply. The influence of differences in the nucleotide
sequences of EPF1, EPF2, and MUTE genes on formation of stomatal apparatus structures of soft wheat was
investigated. A high correlation was established for most of the studied polymorphic alleles with the parameters of
stomatal morphology. In general, a platform for studying stomatal apparatus of cereals has been developed, which
includes a collection of plants of the genus Triticum, methods for morphological analysis of stomatal apparatus,
alignment and determination of nucleotide sequence polymorphism, developed DNA markers, and statistical
algorithms for data processing. The use of this platform made it possible to study the morphology and functioning
of stomatal apparatus of cereals; to identify polymorphism in promoters of EPF1, EPF2, and MUTE genes; to
establish a correlation between the morphological features of stomatal apparatus and its functioning, as well as its
relationship with polymorphic alleles of stomatal biogenesis genes.
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