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Momusayus u yenu. Pa3BuTHe TEXHOJOTWH CEKBEHHPOBAHHS HOBOTO ITOKOJEHHS
OTKpBIJIO HOBBIE BO3MOXKHOCTH JJisi TEHOTHUIHMPOBAHHS PAa3IMYHBIX OpPraHU3MOB,
BKJIFOYAsl pacTeHus. MeTol TeHOTHIUpPOBaHMsS MyTeM cekBeHupoBanus (GBS)
NpPUMEHSETCS JUIsI MACHTH()UKAIIMN TeHETHYECKOH M3MEHUYMBOCTH U OoJiee OBICTPOTO
TCHOTUITUPOBAHUS 00pa3IoB, a TaKKe SIBISETCS 0oee IKOHOMUYECKH dPQPEKTUBHBIM
METOZOM B  CpaBHGHMHM C  TOJHOTCHOMHBIM  cekBeHHpoBaHuem. GBS
HPOJEMOHCTPHPOBAJI CBOIO HAJIEKHOCTh M TMOKOCTH JJISI psifa BUAOB U IIOIYJISIINI
pacTeHuit. ITOT MeTOA OBUT MPUMEHEH ISl TEHETHYECKOTO KapTUPOBAHMUS, BBISBICHHS
MOJIEKYJSIPHBIX MapKepoB, T€HOMHOW CENeKIMH, B HCCICIOBAHUM TEHETUYECKOTO
pasHooOpa3usi, HACHTU(HUKAIUKN COPTOB, a TaKKe B HCCICAOBAHHAX B 0O0NACTH
OMOJIOTUN-OXPaHBI IPUPOIBI U SBOTIONUOHHOMN IKOJIOTHH.

GBS cymiecTBeHHO COKpalaer Kak CTOMMOCTh, TaK M BpeMs, HEOOXOAMMOE IS
CEKBCHHUPOBAHUS UCCIICAYEMBIX 00pa3IoB. DTO MPUBEIO K MOTPEOHOCTH B pa3paboTKe
Ka4eCTBEHHOT0 OMOMH(OPMATHYECKOTO aHANW3a Ul MOCTOSHHO PACIIUPSIOIIETOCS
KOJIYECTBA CEKBEHUPOBAHHBIX JJAHHBIX.

B nacrosiieit pabore Hamu Ob1 pa3paboran obnonHpopmarnieckuii kouseiiep GBS-DP
JUISL aHaJIM3a JTAaHHBIX, MMOJTy4eHHBIX MetogoM GBS. KonBeiiep npuMeHnM st TFOOBIX
BUJIOB OpraHm3MoB. KoHBeiiep MOJHOCTBIO aBTOMAaTH3MPOBAaH M  TO3BOJISIET
o0OpabatbiBaTh OoJbIIMe 00BeMBI TaHHBIX (0osee 400 0OpasioB).

Memoowt u aneopummor. KoHBeliep COCTOUT U3 TPEX OCHOBHBIX ATAIOB: Mpeao0padoTka
JaHHBIX, TIOMCK NOJIUMOP(GU3MOB, aHAJIM3 TeHETHYECKOr0 pazHooOpasus. Peanmzanms
KOHBeiiepa Ha miaatdpopme Shakemake mo3BosniIa TONMHOCTBIO aBTOMATH3WPOBATH
MpoIIecC pacyera U YCTaHOBKH HEOOXOAUMBIX MPOTrPaMMHBIX MakeToB. [1Jisi TECTOBOTO
npuMmeHeHus: kouseiiepa GBS-DP B HacTosmieit paboTe OBLT HCIIONB30BaH MPOEKT
PRJEB39633 u3 6as3el ganabix European Nucleotide Archive (ENA) [1], xotopsrii
conepxxut oudsmoreku GBS yist momy siiuy TYMEHSI.

Pesynomamur. KoHBeliep peJOCTaBIIET Pe3ysIbTaThl OLEHKN 0a30BBIX XapaKTEPUCTHK
CEKBEHUPOBAHHBIX OMONMOTEK: [UIMHA MPOYTEHHS IS KaXI0H OMOIMOTEKH, CpeHsIs
rIyOMHA MPOYTEHUsI, KOJMYECTBO MPOUYTCHUH, TPUXOISAIINXCS HA OJHY OHONMOTEKY,
CpeliHee MOKPBITUE KaK0M OMOIMOTEKU 1 BceX OUOJIMOTEK B IIEJIOM.

Takke KOHBeliep IpelOCTaBIseT pe3yIbTaThl MOMCKAa MOJIUMOPOU3IMOB MEXIY
uccrneayeMbiMu reHoTunamu. st 272 uccienyemMbix 00pa3ios BeisiBieHo 447409 SNP.
Oo6riee komuuecTBO uHaen 46557, Ilapamerp HepaBHOBecHs 10 creruieHuto (LD) (r2)
obu1 BeIOpaH paBubM 0.5. Ilocne mpumenenus: ¢unbrpa LD ocranocs 45402 nonu-
Mop¢HBIX U He3aBUCHUMBIX SNP.
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Komnseiiep npenocrasisieT pacnpeneneHue BoisiBiIeHHBIX SNP mo xpoMocoMam, aHan3
TJIaBHBIX KOMITOHEHT TEHOTHIIOB Ha oOcHoBe BbIsBIEHHBIX SNP u mocTtpoeHue
(UIIOreHeTUIeCKOro JiepeBa. Pe3ynbTaThl aHanHM3a TIIABHBIX KOMIIOHEHT Ha OCHOBE
45402 SNP moka3bpIBarOT, YTO BHYTPH HCCIICJIOBAHHON TOMYJISIMU Ha JHarpamMme
paccesHUsI B MPOCTPAHCTBE IBYX MEPBHIX KOMIIOHEHT YETKO BBIACISETCS HECKOIBKO
KJIaCTEPOB.

Buvisoowl: B HacTosmIe paboTe HaMu OBLT MpeToKeH OMonH(pOpMaTHIECKUI KOHBEHEp
GBS-DP, «xoropeiii mo3BONsIeT 00OpabaTbiBaTh JAaHHBIE —ITUPOKOMACIITaOHOTO
CEKBEHHpOBaHUs, mpoBeaeHHoro wmertongoM GBS. Pesynbratel aeMOHCTpUpYIOT
JIOCTaTOYHO BBICOKYIO CKOPOCTh pabOTHI KOHBEHEpa Kak /st OONBIINX NTaHHBIX (Oosee
400 6ubnmorek), Tak u 1 Manbix (30 6ubnuorek). Konseliep mpenocraBiseT Takxke
aHaJU3 BBISIBICHHBIX TOJUMOP(HHU3IMOB.

Qunancuposanue: Pabota BhIONHEHAa 3a c4eT (QuHAHCHpOoBaHUS KypuaToBCKOTO
resomaoro meHtpa OUI[ HIulT CO PAH, cornamenwe ¢ MUHHCTEPCTBOM
oOpa3oBanust U Hayku P®D No 075-15-2019-1662. BrruucieHUS TPOBOAUINCH C
ucnojins3oBanueM pecypcon LIKIT «buonndpopmaTukay.
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Motivation and Aim: The development of next-generation sequencing technologies has
opened up new opportunities for genotyping various organisms, including plants.
Genotyping by sequencing (GBS) is used to identify genetic variability and to genotype
samples more rapidly, and is more cost-effective than whole-genome sequencing. GBS
has demonstrated its reliability and flexibility for a number of plant species and
populations. The method has been applied to genetic mapping, molecular marker
detection, genomic selection, in genetic diversity studies, variety identification, and in
conservation biology and evolutionary ecology studies.

GBS significantly reduces both the cost and the time required for sequencing the samples
under study. This has led to the need to develop high-quality bioinformatics analysis for
the ever-expanding amount of sequenced data.

In the present work, we have developed the GBS-DP bioinformatics pipeline for
analyzing GBS-derived data. The pipeline is applicable to any species of organisms. The
pipeline is fully automated and allows processing large amounts of data (more than
400 samples).

Methods and Algorithms: The pipeline consists of three main stages: data preprocessing,
search for polymorphisms, and genetic diversity analysis. The implementation of the
pipeline on the Snakemake platform allowed us to fully automate the process of
calculation and installation of the necessary software packages. For the test application
of the GBS-DP pipeline in this work, we used the PRJEB39633 project from the
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European Nucleotide Archive (ENA) database [1], which contains GBS libraries for the
barley population.

Results: The pipeline provides results of evaluation of basic characteristics of sequenced
libraries: read length for each library, average read depth, number of reads per library,
average coverage of each library and all libraries in general.

The pipeline also provides the results of the search for polymorphisms between the
genotypes analyzed. For the 272 samples analyzed, 447,409 SNPs were identified. The
total number of indels is 46,557. The linkage disequilibrium (LD) parameter (r2) was
chosen to be 0.5. After applying the LD filter, 45,402 polymorphic and independent
SNPs remained.

The pipeline provides the distribution of the identified SNPs across chromosomes,
principal component analysis of genotypes based on the identified SNPs, and
construction of a phylogenetic tree. The results of principal component analysis based
on 45,402 SNPs show that within the studied population, several clusters are clearly
distinguished in the scatter diagram in the space of the first two components.
Conclusion: In the present work, we proposed the GBS-DP bioinformatics pipeline,
which allows us to process large-scale sequencing data performed by the GBS method.
The results demonstrate quite high speed of the pipeline for both large data (more than
400 libraries) and small data (30 libraries). The pipeline also provides analysis of
detected polymorphisms.

Funding: This work was funded by the Kurchatov Genomic Center of the Institute of
Cytology and Genetics of the Siberian Branch of the Russian Academy of Sciences,
agreement with the Ministry of Education and Science of the Russian Federation
No. 075-15-2019-1662. Calculations were performed using the resources of the
Bioinformatics Center.
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