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Momusayusa u yeau: MoppomeTpruecKre XapaKTepUCTUKHU KOJI0CA MIIEHHULIBI SIBIISIOTCS
OTHUMH U3 HauOojee BaXKHBIX JUIS TEHETHKOB U CEJIEKIMOHEPOB, MOCKOIBKY TECHO
CBSI3aHBl C TAKMMH XO3SHCTBEHHO IIEHHBIMHU KauecTBaMH, KaK NPOAYKTUBHOCTb,
OTCYTCTBHE JIOMKOCTH KOJOCa M JIETKOCTh 0OMOnoTa. [lyis BBISIBICHUS TEHOB,
KOHTPOJIUPYIONIUX JIaHHBIC MPU3HAKU, HCIIOJIL3YIOTCS cTaTUcTUYeckue MeTosl (QTL,
GWAS), nns ycmemHoCTH NpPHMEHEHHsT KOTOPBIX HEO0OXOAWMBI cOOp W aHaiu3
00JbIIOTO KOJIn4ecTBa (PEHOTUIINYECKUX AaHHBIX. B HacTosmee Bpems B OOJIBIIMHCTBE
UCCIEOBaHUH  (DEHOTHNHPOBAHME BBIIONHACTCS 3KCIEPTaMH HAa  OCHOBAaHHUHU
BU3YaJIbHOTO aHaJIM3a KOJIOca U U3MEPEHHI BPYUHYIO, UTO SBIISIETCS TPYA03aTPATHBIM.
s nosbimeHus 3 ¢eKTUBHOCTH (HEHOTHIINPOBAHMS KOJIOCHEB HEOOXOIUMBI METO/IBL,
OCHOBaHHBIC Ha aBTOMAaTHYECKOM aHAJIN3€ U300paKeHNH.

Memoowvr u aneopummut: J1nsi (EHOTHITUPOBAHUSI KOJIOCHEB TMIICHHUIBI B HAIIEM
KOJIJICKTHBE ObUTH pa3paboTaHbl METOJIb HA OCHOBE aHAITN3a ABYMEPHBIX H300pasKEHHH.
OTU METOABl MCIOJIB3YIOT KaK METOJbl KOMIIBIOTEPHOTO 3PEHHS, TaK U TIIyOOKOTro
MAIIMHHOTO OOY4YeHHs ¥ TO3BOJIAIOT BBIACTATH Ha M300paKeHUH OOJAaCTH KOJloca M
ocTeil, BBIIENSATh KOHTYp Tella KOJIOca, OMPEeNsATh €ro TeOMETPUIEeCKUE MapaMeTphl,
MOJCUMTHIBATh YHUCIO KOJOCKOB B KOJIOCE, OLIEHMBAaTh IBET KOJOcCa M OCTEM,
MPOM3BOJUTE KJIACCU(HUKALMIO KOJIOCHEB IO OMNYIIEHHIO YeIlyd W IUIOMJHOCTH
pacTeHwusl.

Pesynomamei:  PazpaboTanHble METONBI OBUTM  HWCIIOJB30BaHBI  JJIST  OICHKU
XapaKTEPUCTUK KOJIOCHEB PasHbIX BUAOB muieHup! u3 koekuun H.II1. T'onuaposa n
Kosuekuuu markoi nmenuns CuoHUHMPC.

Bvigoowvi:  Vcnionp3oBaHWEe  METOJOB  aBTOMATHYECKOrO  aHaium3a  H(POBBIX
n300paKeHUH KOJOCHEB IMO3BOJISIET NPOBOAUTH MACCOBBIM aHAM3 XapaKTEePUCTUK
KOJIOCHEB MILIEHHLIBI C BHICOKOW MPOU3BOAUTEILHOCTHIO U TOYHOCTHIO.
Qunancuposanue: Pabora BeimonHena npu nojiepxkke PH®, mpoext Ne 23-14-00150.
Brruucnenus npoBoauiuck ¢ ucnonb3oBanueM pecypcos LIKIT «buonngpopmarnkay.

1032 BGRS/SB-2024



Morphometry of wheat spikes based on digital image analysis
and deep machine learning methods

Afonnikov D.A.L23* Genaev M.A.> 2, Komyshev E.G., Artemenko N.V.3,
Busov 1.D.3, Epifanov R.Yu.3, Kruchinina Yu.V.%2, Koval V.S.1:2, Piskarev V.V.4,

Goncharov N.P.}

Lnstitute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

2 Kurchatov Genomic Center of the Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia

3 Novosibirsk State University, Novosibirsk, Russia

4 Siberian Research Institute of Plant Production and Breeding — Branch of the Institute of Cytology
and Genetics, SB RAS, Novosibirsk, Russia

* ada@bionet.nsc.ru

Key words: wheat; spike; phenotyping; digital image analysis; deep machine learning

Motivation and Aim: The morphometric characteristics of a wheat spike are among the
most important for geneticists and breeders, since they are closely related to such
economically valuable qualities as productivity, lack of fragility of the ear and ease of
threshing. Statistical methods (QTL, GWAS) are used to identify the genes that control
these traits, for the success of which it is necessary to collect and analyze a large amount
of phenotypic data. Currently, in most studies, phenotyping is performed by experts
based on visual analysis of the ear and manual measurements, which is labor-intensive.
To increase the efficiency of ear phenotyping, methods based on automatic image
analysis are needed.

Methods and Algorithms: For the phenotyping of wheat spike, we developed methods
based on the analysis of two-dimensional images. These methods use both computer
vision and deep machine learning methods and allow to determine the areas of the spike
and awns in the image, determine the contour of the ear body, determine its geometric
parameters, count the number of spikelets in the spike, evaluate the color of the spike
and awns, classify spikes according to the glume pubescence and ploidy of the plant.
Results: The developed methods were used to evaluate the characteristics of ears of
different types of wheat from the collection of N.P. Goncharov and the collection of
bread wheat from SibRIPP&B.

Conclusion: The use of methods for automatic analysis of digital images of wheat spikes
allows for a mass analysis of their characteristics with high productivity and accuracy.
Funding: The work was carried out with the support of the RSF, project No. 23-14-
00150. The data analysis was carried out using the resources of the Joint Computational
Center “Bioinformatics”.
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