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OpraHiuHUX i MiHEpaJIbHUX PEYOBUH, IPOHUKHEHHS [1aTOTreHiB. BUBUEeHHS reHiB 6ioreHe3y IPOUXIB J03BOJIsIE

BUSIBUTH B32€MO3B'S130K MK 3MiHaMU B HYKJIEOTUIHUX IIOCJiIOBHOCTSIX, MOPQOJIOTi€l0 MPOAUXIB Ta iX

(PYHKIIIOHYBaHHSIM, 110 € BaroMuM (akTOPOM Y MiIBULIEHH] TOJIEPAHTHOCTI POCJIMH [0 OCYXU i MiATPUMKU

IIPOJIOBOJIbYOI 6e3IeKy CBiTy. MeToo 6ys10 JoCHiguTy 0co6auBOCTI Mopdosorii i ¢isiosorii mpoauxoBoro anapary

IIIEeHUIb TA CHIBCTABUTH iX 3 BiMIHHOCTSIMU HYKJIEOTUAHUX I1OCJIiOBHOCTEN reHiB 6ioreHesy npoauxis EPF1, EPF2

ta MUTE. ¥ po60Ti BUKOPUCTAHO TaKi METOIU: METOJ, TI0OJIbOBOTO [OCJiy, MOP(MOJIOTiYHi, IUTOJIOTIYHI,



¢isiosioriyHi, MOJIEKYJISIPHO-T€HETUYHi, 610iHpOPMATUYHI Ta CTATUCTUYHOTO aHaMi3y JaHuX. /17151 BUBYEHHS
IIPOMXOBOrO anapary chopMoBaHa KoJeKLis i3 214 3pa3kiB MieHuli, CopifHeHUX BUAIB Ta ix ribpupis. [Ipoguxosi
IIiZIMHY Ha JINCTKOBIi1 NOBEPXHI € OJHUM IIJISIXiB IPOHUKHEHHS] TPUOHUMU [1aTOr€HAMU, 30KpEMa TaKUX 51K
OOPOILIHKCTA POca Ta CENTOPio3 nucTd nmenui. Cepen, TOCiI>)KeHUX 3pa3KiB HaWBUIY CTIMKICTb N0 30yIHUKIB
OOPOIIHMCTOI POCH Ta CENTOPiO3Y JIUCTS BUSBJIEHO Y POCJIMH, IO NOENHYIOTh MIIEHNYHO->KUTHI reHoMU (ABR,
ABDR) ta maiots cyoreHomu AB (T.durum), a Takox y T.dicoccum (reHom AB) ta T.spelta (reHom ABD).
BioingopmaTtuunuii aHanis npomotopis redis EPF1, EPF2 ta MUTE BUSIBUB OJHOHYKJIEOTUHi 3aMiHU Ta
iHcepuii/penewii, sSIKi BIVIMBAIOTh HA CKJIAJ, LUC-PETYIITOPHUX eJleMeHTiB. Haiibinbue BigMiHHOCTEN
CIlocTepirasocs y moclifoBHOCTSIX TpomoTtopa reHa EPF1 cybrenomy D. [IpoTe, MixK HyKJI€OTUIHUMUA
IIOCJIiIOBHOCTSIMU ITpoMOTOPIB reHis EPF2 cy6renomy A, EPF2 cy6renomy D i MUTE cy6renomy B
IIOCYXOTOJIEpPaTHOTO cOpTy ‘TlofoisHKa' i MOCYXO4yTIMBOro copTy ‘Harasnka’ He 6yJio BUsBIE€HO BinMiHHOCTe. Ha
OCHOBI BUSIBJIEHOTO 1ToJ1iMopdi3My Briepiue po3pobseHo Ta anrpoboBaHo 5 [JHK-MapkepiB 17151 BUBHaY€HHS
nosnimop@dizmy B npomoTtopax redis EPFl,0 EPF2. 3a nonomoroto [JHK-MapkepiB, BU3Ha4€HO YaCTOTU 3yCTPiuaHHs
noJiMop(pHUX ajesiB y KoJeKLisix 371akoBux. Haluacrime 3ycTpivaloTbcs JBi OGHOHYKI€OTHIHI 3aMiny AnG Ta AnC y
npomotopi rena EPF1 3 cy6reHomy A. IHcepuis y npomoTtopi reHa EPF2 3 cy6renomy B Haiipiniie geTeKTyeTbCs y
CIIiBpOIMYIB MIIEHULIi Ta 30BCiM He BUSBJISIEThCS y 3pa3KiB Kosekuii CIMMYT. Vnepie BuBYeHO MOPQOJIOriio
npoauxis B pocyauH T. sinskajae, T. dicoccum ta T. sphaerococcum. CepeJ, 3pa3kiB poCuH MIIEHMLi M'SIKOi
3HaieHo MopdOoJIoTiyHO BiAMiHHI reHoTUNM. Tak, cenekiilidi idii 3 [TiBHiYHOI AMepuKku - «KapiukoBay,
«OcTHcTa, KOPOTKOCTE610Ba» Ta «KOPOTKOOCTUCTA» — CYTTEBO BiIPi3HSIOTHCS 33 OJHUM i3 MapaMeTpiB
IIPOAVXOBOro anapary. TakoX BUSIBJIEHO, 10 POCIMHU cOpTy 'KoJIoHia' MalOTh MaKCUMaJIbHY KiJIbKICTb IPOUXIB Ha
000X IIOBEPXHSIX JIMCTKA, TOA] IK pOCIUHU copTy 'PedopMm’ — MakCHMasIbHY 3arajibHy IJIOLLY IPOAMXOBUX 1IiIJIMH Ha
OJIMHULIO IJIONi afakciasbHOI Ta a6aKciambHOI NOBEPXOHb JIMCTKA. TakoxK BU3HAYeHO (i3iosIoriyHi napameTpu
TpaHcripanii Ta GoTocuHTe3y s pisHUX BUiB pony Triticum 32 yMOB I'PYHTOBOI [TOCYXU 1 OIITUMAJIbHOTO I10JIUBY;
BUSIBJIEHI KOpeJIsLiiiHi 3B's13KM MiXK MOpQoJIOrieo MPOAUXOBOro anapary Ta oro QyHKIioHyBaHHSM. BHacinok
CHJIBHOI HETaTUBHOI KOpeJIALii MK KiJIbKiCTIO IPOAMXIB Ta iX po3mipamuy, 6isbili po3mipy 3aMuKalouux KmTuH y T.
spelta ta T. aestivum HeraTuBHO KOPEJIIOIOTh 3 iIHTEHCUBHICTIO ra3000MiHy 33 ONITUMAJIbHUX YMOB. 3a [ii
KOPOTKOYaCHOI I'PyHTOBOI IIOCYyXH Oifbllia KiJIbKiCTb MEHIIMX 32 po3Mmipamu nponuxis y T. dicoccum acornitoBanacs
31 3HQUHMUM 3HIDKEHHSIM IIPOAMXOBOI ITPOBIIHOCTI, ajle BOJHOYAC MiJiBULIEHHSIM €(EeKTUBHOCTI BUKOPUCTAHHS BOJU
Ta iIHTEHCUBHOCTI GOTOIMXAHHS, SIKi € BaXXJIMBUMU B a/1anTalii 10 yMOB 0OMEXEHOTO BOJIOT03a6e3eYeHHsl.
JocimKeHo BIVIUB BifMIHHOCTE HYyKJIeoTUIHUX rociigoBHocTel reHiB EPF1, EPF2 i MUTE nHa opmyBaHHS
CTPYKTYp IIPOJIMXOBOrO anapary NnuleHuli M'skoi. BcTaHOBIEHO BUCOKMI B3a€MO3B's130K 7151 Oi/IbIIOCTi
IOCJIiIKYBaHUX MOJIIMOPQHUX ajiesiiB 3 napameTpaMu Mopdosorii mpoauxis. B Linomy, cTBopeHa miatgopma A
BUBYEHHSI [TPOJIMXOBOTO anapary 3J1aKiB, sIKa BKJIIOYae 3i6paHy KoJekio pocauH poay Triticum, MeToanku
MOPQOJIOTIYHOr0 aHai3y IPOUXOBOro anapary, BUPiBHIOBaHHS i BUSHaY€HHS [10J1iMOpQi3zMy HyKI€OTUIHUX
nocifoBHocCTe, po3pobiseHi JHK-Mapkepy, CTaTUCTUYHI aJITOPUTMHU OOPOOKY AaHMX. 3aCTOCYBaHHS 1iiei
n71aTGOPMHU LO3BOJIUIIO BUBYUTU MOP(QOJIOTiIo Ta PYHKLIOHYBaHHS IPOJUXOBOTO allapary 3J/1aKiB; BUSIBUTU
nosimopdizm B mpomortopax reHiB EPF1, EPF2 i MUTE; BcTaHOBUTHU KOpeJisLilo ocobiruBocTelr Mopdoorii
IIPOJIMXOBOrO anapary 3 Horo (pyHKLiOHYBaHHSM i B3aEMO3B’I30K 3 I10J1iIMOPQHUMU ajlesIsIMU TeHiB 6ioreHesy
IpoAuXiB. Pe3ysnbTaTy JOCHIIKEHb IPEACTABIISIIOTh iHTepec 17151 6i0JI0riYHOi 11 arpapHoi ramyseit, a TakoX
3alliKaBJIeHUX 6i0TE€XHOJIOrIB, FeHETUKIB-CeJIeKLiOHEPIB, SIKi 3a/Iy4eHi 4O CTBOPEHHS HOBUX COPTIB MIIEHUL 3
NOJIiNIIeHO0 PYHKLIOHATIBHICTIO IPOAMXOBOTO arnapary, TOJ€PaHTHUX [0 [TOCYXU Ta CTIMKUX [0 30yIHUKIB
OOPOLIHUCTOI pOCH 11 CENTOPio3y JIMCTA. BUsBIEHi i1 aHOTOBaHI N0JIiIMOP(QHI JIOKYCH T'eHiB 6i0reHe3y MPOAUXIB
MOXYTb OyTH MiILIEHSIMU 17151 LIiJIECIIPSIMOBAHOTO PeAAryBaHHs y 6i0TEXHOJIOTIYHUX Po60Tax QyHIAMEHTAIBHOTO i

[IPUKJIATHOTO 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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