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Momueayus u yenv: Tlmenuna sipisieTcsi HandoJiee PacpoOCTPAHEHHOH CeTbCKOXO3SUCTBEHHOM KYJIBTYPOH, IIMPOKO
KyJ'IBTHBPIpyeMOﬁ B pas3IMYHbIX PEruoHax IJIAHCTHI. CCHCKHI/IOHCPBI M HUCCJICAOBATCIIN U3 pa3HbIX CTPAH CTPEMATCA
YIaydlinuTh OECHHBIC C XO3AHCTBEHHOM TOYKH 3pCHUA NPHU3HAKU. OJIHI/IMI/I M3 3HAYUMBIX CEJIbCKOXO3SMCTBEHHBIX
MIPU3HAKOB SABJISIOTCA pa3Mep U (popma 3epHa MIIeHUITBI. Pa3zMepsl 3epHa KOPPENIUpyIOT ¢ YPOJKalfHOCTBIO KYJIBTYPBI, &
ero (hopma BIMSIET HA HATYPY, TO €CTh OTHOIIEHHE MACChl 3epHA K 3aHMMaeMoMy 00beMy. 3epHO C BBICOKOI HaTypoi
cuuTacTcs 0oee Ka4eCTBEHHBIM, MIOCKOIBKY JaeT OOJBIIUI BBIXOJ MyKH MPH moMolie. 1{enpro maHHoi# paboThl cTano
BBISIBJICHHE OHOHYKIICOTHIHBIX MoauMophu3MoB (SNP), ctarucTHuecky 3HaUMMO aCCOLMUPOBAHHBIX C ITPU3HAKAMHU
pa3mepa wik (GopMbI 3epHA 03MMOIl MATKOH MIIICHHUIIBL.

Memoowr u anecopummsl: B Xome JaHHOTO HCCIeOBaHMs ObUIa IMPOAHAIN3UPOBAHA KOJUICKIHS, BKIIHOYAOIIAs
169 06pa31ioB 03MMOI MATKOW MIIEHHUIIBI, TPEJOCTABICHHBIX BCepOCCHIICKMM HHCTUTYTOM TeHETHYECKUX PECYpCOB
nM. H.W. BaBuioBa. B nanHO KOJIJIEKIIMU MPEICTABICHBI KaK OTEUECTBEHHBIE COpPTA, TAK U 3apyOeKHbIe. AHAIU3
napamMeTpoB pa3Mepa u (OpMbI 3epHA MPOBOAMIICS TOCPEICTBOM BBICOKOIIPOM3BOIUTENHLHOIO (DEHOTUIHPOBAHMSI.
Paspaborannas B Ulul' CO PAH mnporpamma Seed Counter oneHHBaeT HM300pa)KeHHs 3€peH M IPOU3BOIMT
OLICHKY IIapaMeTpoB pa3Mepa (JUIMHA, HMIMPUHA, TUIOIA/b) WK (OPMBI (OTHOLICHUE JUIMHBL/IIUPUHBI, OKPYIJIOCTS,
KpPYrooOpa3HOCTb, IIETbHOCTh M U3PE3aHHOCTD).

I'enorunupoBanue 00pa3noB nposoauiocs kommnanued TraitGenetics (I'epmanust) nmpu momomm Mukpounna Illimina
Infinium 25 K Wheat Array. [IpenMyiiecTBOM JaHHOTO MHUKpPOYHMIIA SIBJSIETCS BHICOKOE KA4e€CTBO MOAO0OPaHHBIX
MapKepoB, Omaromaps 4emy YaaeTcs MOJY4YHTb Oosbiie uH(OpMANUU O (DYHKIIMOHAIBHBIX OJHOHYKJICOTHIHBIX
nonumopdusmax (SNP). [ToaHoreHOMHBIH aHATN3 accolMalii ObLT MPOBe/IeH ¢ ucrnoib3oBanueM nakera GAPIT 3.0
si3pIka porpammupoBanus R. [Ipu ananuse skcrnpeccuu reHoB Oblia ucnonb3oBaHa 0a3a nanubix Wheat Expression
(https://www.wheat-expression.com/).

Pesynomamer: B xone uccienoBaHusi KOJUIEKIIMM COPTOB O3UMOW MSTKOHM MieHuIbl Obuio BbIsiBIeHO 100 SNP-
MapKepoB, CTaTUCTUYCCKH 3HaYMMO (p-value<0.001) accOUMUpPOBAHHBIX C MPU3HAKAMH Pa3MEPOB U (OPMBI 3epHA.
Cemb MapkepoB ObUTH OJHOBPEMEHHO aCCOLMHMPOBAHBI C IBYMs NpPHU3HAKaMH, a OAMH C Tpems. [IprmMeuarenbHO,
YTO BCE MapKepbl ObLIM OJIHOBPEMEHHO aCCOLMHPOBAHBI JIMOO C MPU3HAKAMH Pa3MepoB 3epHa, JHOO ¢ ero popMoiu.
[To3uiyu BBISIBICHHBIX MapKepoOB ObLIM COMOCTABICHBI C PACIIOIIOKEHHEM IeHOB, paHee ONMHMCAHHBIX B JINTEPATypE.
Psin MapkepoB ObLI JIOKaJM30BaH B KOJIMPYIOIIUX OOJACTSX I'€HOB, JUIS KOTOPBIX paHee ObUIO OMHCAHO BIUSHUE HA
pasmep 3epHa, Hantpumep, Floury Endosperm 2, Grain Size 3, Grain Length 3, Grain Size 5, NAC-A18, Auxin response
factor 12, WAPO, Bril-like. B To »e BpeMsi 4acTb BBISBICHHBIX JIOKYCOB HE MepeceKaliaCh HU C OJHMM U3 paHee
OIIMCAaHHBIX I'€HOB.

Buwisoowi: Pazmep u (opma 3epHa MIIEHUIBI SBISIOTCS BRKHBIMH MPU3HAKAMH, CBSI3aHHBIMH C Kaue€CTBOM 3€pHA.
O6Hapy>keHHBIE MapKephl OBLIM COMOCTABJICHBI C paHee OMMCAHHBIMU B HAYYHOH JIUTEpaType TeHaMH, BIUSIOIINMHU
Ha pasMep U GopMy 3epHa MIICHUIBI. B HEKOTOPBIX Caydasx MPU3HAK, ¢ KOTOPHIM OBbLI acCOIMUPOBAH Mapkep, HE
COOTBETCTBOBAJ OMMCAHUIO CLIETVICHHOTO C HUM IeHa B HAYYHOM TUTEpaType. DTO MOXKET CBHICTEIILCTBOBATh O HATMUNHT
0oJiee KOMIUIEKCHOTO, YeM TIPE/IIoJIaraioch paHee, BIHSHU, KOTOPOE IaHHBIN I'eH OKa3bIBaeT Ha ONpeeeHUue popMbl
1 pa3Mepa 3epHa MIICHUIIBL.

Qunancuposanue: ViccnenoBanue BBIOIHEHO MPH MOAEP)KKe OromkeTHOro npoekta FWNR-2024-0009.
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Motivation and Objectives: Wheat is the most widespread agricultural crop cultivated in various regions of the planet.
Breeders and researchers from different countries strive to improve economically valuable traits. One of the significant
agronomic traits is the size and shape of wheat grain. Grain size correlates with crop yield, while its shape affects grain
density, i.e., the ratio of grain mass to occupied volume. Grain with high density is considered higher quality as it
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provides better flour yield during milling.

The objective of this work was to identify single-nucleotide polymorphisms (SNPs) statistically significantly associated
with grain size or shape traits in winter bread wheat.

Methods and Algorithms: This study analyzed a collection of 169 winter bread wheat samples provided by the N.I. Vavilov
Institute of Plant Genetic Resources. The collection includes both domestic and foreign varieties. The analysis of grain
size and shape parameters was conducted using high-throughput phenotyping. The Seed Counter program developed
at the Institute of Cytology and Genetics SB RAS evaluates grain images and assesses size parameters (length, width,
area) and shape parameters (length-to-width ratio, roundness, circularity, integrity, and incision).

Genotyping of samples was performed by TraitGenetics (Germany) using the Illumina Infinium 25K Wheat Array. The
advantage of this array is the high quality of selected markers, allowing obtaining more information about functional
single-nucleotide polymorphisms (SNPs).

Genome-wide association analysis was conducted using the GAPIT 3.0 package in R programming language. Gene
expression analysis utilized the Wheat Expression database (https://www.wheat-expression.com).

Results: The study of winter wheat varieties collection identified 100 SNP markers statistically significantly
(p-value<0.001) associated with grain size and shape traits. Seven markers were simultaneously associated with two
traits, and one with three. Notably, all markers were simultaneously associated either with grain size traits or grain
shape. The positions of identified markers were compared with location of the genes previously described in literature.
Several markers were localized in coding regions of genes previously described to influence grain size, such as Floury
Endosperm 2, Grain Size 3, Grain Length 3, Grain Size 5, NAC-A18, Auxin response factor 12, WAPO, Bril-like. At
the same time, some of the identified loci did not overlap with any previously described genes.

Conclusions:Wheat grain size and shape are important traits related to grain quality. The identified markers were
compared with genes previously described in scientific literature as affecting wheat grain size and shape. In some cases,
the trait associated with a marker did not correspond to the description of the linked gene in scientific literature. This
may indicate a more complex influence of these genes on wheat grain shape and size than previously assumed.
Funding:The study was supported by the budget project FWNR-2024-0009.
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