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Merton Genotyping-by-sequencing (GBS) nmpumensiercs ans uneHTH(OUKAINA TeHETHYECKON
W3MEHYMBOCTH M Oosiee OBICTPOro TIeHOTHIIUPOBaHHMA 0Opa3loB, a Takke SBIsieTcs Oolee
HKOHOMHYECKH 3()(HEKTHBHBIM METOJIOM B CPaBHEHHMHU C MOJHOTEHOMHBIM aHanmu3oM. GBS wacto
MPUMEHSIOT B HCCIIEIOBAHUAX TEHOMOB CEJIBCKOX03HCTBEHHBIX pacTeHui. [Ipu ToM, 4To pe3ynbrat
TCHOTUIIMPOBAHUS KaK MPABHJIO JaeT OKOJO COTHU THICSY T€HOMHBIX BapHaIlMid, a COBPEMEHHBIC
IKCIIEPUMEHTHl  TPeOYIOT T'E€HOTUIIMPOBaTh COTHH OOpa3lOB, BO3HUKACT HEOOXOJUMOCTb
WCTOJIB30BaHUs OMOMH(OPMATHYECKHX METO/IOB, OPHEHTHPOBAHHBIX Ha CBEPXOOJbIIHE 00BEMBI
JaHHBIX. B paboTe mpeanokeH BRIUMCINTENBHBIN KOHBEHep U1t OMOnH(pOpMaTHIecKoi 00paboTKu
pe3yabpTaToB skcnepuMeHToB GBS. C ero nomoisio npoBeeH aHanu3 Poccuiickux copToB siAMEHst
u3 xosuexkuuu 'enArpo Mul" CO PAH.

B pabore ncnonp3oBanucy MaHHBIE dKcnepuMeHTa GBS mist copToB M NMHMNA SUMEHS U3
kosuteknuu ['enArpo Uul” CO PAH (195 obpasioB Poccuiickux copToB u 24 3apyOeKHBIX ), BCETO
noiy4deHo 219 6ubanorek. Konseiiep OnonHpopMaTHIeCKOr0 aHATH3a BKII0Ya HECKOJIBKO 3TATIOB!
1. IlpensapurenpHast 00paboTka nanHbIX. 2. [Touck SNP. 3. AHanu3 Bapuaiuii Ha OCHOBE CpaBHEHUS
noiauMopdu3MoB. B kadecTBe pedepeHCHOT0 reHoMa UCTI0NIb30BaHa OCIeIoBaTebHOCTE Hordeum
vulgare (IBSC v2).

ITpenBapuTenbHbIi aHanu3 OMOIMOTEK OKA3aJl, YTO CPEIHAS ITyOnHa IPOUYTEHUs 00pa3LoB
— 9.7. B cpennem Ha oOpasen mpuxomutcs 250 Teicsa MapkepoB SNP wm 13 TBICSY WHIEIOB.
Knacrepnzanus metogom riaBHbIX kKoMmoHeHT (PCA) mpoBenennas Ha ocHoBe SNP, BeIsiBHiIa 2
KJlacTepa, KoTopble BKIOYaloT 64 u 134 rermotumos, 21 oOpaser; He OTHOCUTCA HU K OJHOMY U3
YKa3aHHBIX KJIacTepoB. AHaNIM3 pacIpOCTPaHEHHs TEHOTUIIOB IO KJIMMaTH4YecKuM 30HaMm Poccum
MoKasall, 4To B 1 KiacTepe npeobiaaiaioT 00pasiibl U3 CeBEPHBIX pailoHoB Poccunm Bo 2 kiacrepe u3
10kHBIX. HexoTopble o0pasipl, HE MPUHAAJISKAIINE KIacTepaM, MPEeJCTaBICHb MHOTOPSIHBIMU
TOJIO3EPHBIMU BHIAaMH, TOTZa KakK 0Opaslbl, OTHOCALIMECS K JIBYM YKa3aHHBIM KiacTepaMm B
OCHOBHOM JBYpsAHbIe. DUIOrCHETHYECKOE IEPEBO MOATBEPANIO CTPYKTYPY MOIMYJISLNHU, KOTOpast
ObLTa mosrydeHa MerogoM PCA.

PazpaboTaH BeMMCINTENBHBINH KOHBEHED 1J1s1 ONOMH(POPMATHYECKOTO aHAIN3a PE3YJIbTaTOB
skcnepumenTta GBS. B pesynprarte aHanmmza 219 6nbimorek s;taMeHs, B TeHOMax 00pa3IioB BBISBICHO
13.668.021 SNP mapkepoB u 845.413 mHIENOB B CpaBHEHUH C peepeHCHBIM T€HOMOM SYMEHS.
[Homyuennsre 2 kmactepa (Meron PCA) meMOHCTPHPYIOT YETKOE pa3srpaHnIeHHe TEHOTHITOB STYMEHS
0 KJIMMaTU4eCcKUM 30HaMm Poccun.
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Genotyping-by-sequencing (GBS) method is used for identification of genetic variability and
faster genotyping of samples, and is a more cost-effective method compared to whole genome
analysis. GBS is often used in studies of agricultural plant genomes. While the result of genotyping
usually yields about hundreds of thousands of genomic variations, and modern experiments require
genotyping hundreds of samples, there is a need to use bioinformatic methods focused on extremely
large volumes of data. In this work we proposed a computational pipeline for bioinformatic
processing of the results of GBS experiments. It was used to analyze Russian barley varieties from
the GenAgro collection of ICG SB RAS.

GBS experiment data for barley varieties and lines from the GenAgro collection of ICG SB
RAS (195 samples of Russian varieties and 24 foreign ones) were used, in total 219 libraries were
obtained. The bioinformatic analysis pipeline included several stages: 1. Data pre-processing. 2. SNP
search. 3. Analysis of variation based on polymorphism comparison. The Hordeum vulgare sequence
(IBSC_v2) was used as a reference genome.

Preliminary analysis of the libraries showed that the average reading depth of the samples is
9.7. On average, there are 250 thousand SNP markers and 13 thousand indels per sample. Principal
component analysis (PCA) clustering based on SNPs revealed 2 clusters including 64 and 134
genotypes, 21 samples did not belong to any of these clusters. Analysis of the distribution of
genotypes by climatic zones of Russia showed that in the 1st cluster samples from the northern regions
of Russia prevail in the 2nd cluster from the southern regions of Russia. Some specimens not
belonging to the clusters are represented by multiserial holosere species, while the specimens
belonging to the two mentioned clusters are mainly biserial. The phylogenetic tree confirmed the
population structure, which was obtained by the PCA method.

A computational pipeline for bioinformatic analysis of the GBS experiment results was
developed. As a result of the analysis of 219 barley libraries, 13,668,021 SNP markers and 845,413
indels were identified in the genomes of the samples compared with the reference barley genome.
The obtained 2 clusters (PCA method) demonstrate a clear distinction of barley genotypes by climatic
zones of Russia.
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