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FeHoTHIIIPOBaHUE C IOMOIIBI0 cekBeHnpoBaHusa (GBS) — sTo meron, pazpaboranuslii Elshire et
al. (2011), xoropelii wucHoIb3yeT BO3MOXKHOCTH NGS i BBIABIEHUSA OJHOHYKJIEOTHUIHBIX
oIUMOp¢hU3MOB B OOJIBIINX MOMYJIANUAX PACTEHUN U JKUBOTHBIX. B OCHOBE KOHIIENIITUY METO/IA JIEKUT
dparmenTanua reHoMa crenu@UIECKUMU PeCTPUKIIMOHHBIMU 3HJIOHYKJIea3aMu U 0TOOp ¢parMeHTOB,
pasMepnl KOTOPBIX COIOCTAaBUMBI C KOPOTKUMHU uTeHHAMHU IutaTdopmbl lllumina. JJanHbll momxon
II03BOJIsIeT CeKBeHHUPOBaTh 70 3 % reHoma B BHJle (PparMeHTOB, PABHOMEPHO ITOKPBIBAIOIIUX T'€HOM.
[Tocsie 06pabOTKYU pe3yJIbTaTOB CEKBEHUPOBAHUA U BHIPABHUBAHUA KOPOTKUX YTEHUU MOXKHO MOJIYIUTD
HeCKOJIbKO ThicAu SNPS jna  gaspHelnlero u3ydeHHsA pas3HooOpasusi U KapTHPOBAHUA
npusHakoB/mpoBenenuss GWAS. CHukeHHe  KOMIUIEKCHOCTH TakuM  o0pa3oM  II03BOJISET
TeHOTUIIUPOBATh HECKOJIBKO COTeH 00OpasIoB OAHOBpPeMeHHO. UTOOBI MaKCHMAJIBHO HCIIOJIb30BaTh
npeuMyiiectTBa GBS B maHe KoJn4yecTBa M KadecTBa MoyydeHHBIX SNP, He06X0IMMO HCIIOIb30BAHHE
a¢pdexTrBHOrO NMporokosa. IbGPeKTUBHOCTh MPOTOKOJIA BO MHOTOM 3aBUCUT OT BbIOOpA IIPAaBUJIBHOU
peCTpUKTAa3HbI.

Xwmens (Humulus lupulus L.) — MHoroseTHee BYyZJOMHOe pacreHue ceMmelicrBa Cannabaceae.
HecmoTpss Ha IIMPOKOE HCIOJB30BAHHE U OOJIBIIYI0O BAa)KHOCTh, STOT BHJI PACTEHHU KpailHe Majo
HCCJIEZIOBAH HA T€eHETUYECKOM YPOBHE, U OO0JIBIIIAs YACTh €r0 pa3HOOOPA3Hs, JJOCTYITHOTO CeJIEKITNOHEPAM,
MaJIo U3y4yeHa.

Hamu 6b11 paspaboran sddextuBHbIi GBS mpoTokos mis xmesns. Ha mepBom srame ObLT
mpoBesieH in silico mouck Hanbosiee 3¢ dekTUBHBIX pecTpuKTas. lanee depMeHTH! peCTPUKIHNHN ObLIH
IIPOTECTHPOBAHKI iN Vitro, 1 6bUTH BEIOpaHbI 1Ba HauboJsee 3¢ GeKTUBHBIX BapruaHTa, a uMeHHO ApeKl| u
HindlIl. Isa mporokosa GBS, ocHOBaHHBIE Ha 3TUX (epMeHTax, ObLIM MUCIOJIb30BaHbI ISl CO3/IaHUSA
reHOMHBIX Oubanorek xmess. [Iporokosn Ha ocHoBe Hindlll mo3Bosrt mosyduts 6UGINOTEKY JIYUIIETO
KauecTBa. Pe3ysibTaThl CEKBEHMPOBAHUSA TAKKe MOKa3aIn O0JIblilee KOJIMYeCTBO mpouTeHui u SNPS 14
6ubsmoreku Ha ocHoBe Hindlll, xotsa nokpeiTie reHoMa 6110 BhIie s ApeKl. KauectBo SNP 65110
COIIOCTaBUMO JiIs1 00enx 6ubanoTek. C mOMOIIBIO pa3pabOTaHHBIX HAMU MAUIIJIAWHOB OBLJIO PACCYUTAHO
HeOoOXO0ZIUMOe KOJIMYeCTBO IPOUYTeHHN Ha ocHOBe mporokosna Hindlll aia mosydyeHus moCTaTOYHOTO
kosinyectBa SNP 11 masibHEHINNX UCCIeJOBaHUH.

Ha Bropom sTane mbl ucnosibzoBaiu Meros Hindl i1 n3ydyeHus reHeTHUECKOTO pa3HOOOpas3us
okoso 350 copTOB XMessd U3 KOJUIEKIMM UyBallICKOTO CEJIbCKOXO3AMCTBEHHOTO HWHCTUTYTA (T.
Uebokcapsl), BKIOUAs MUPOBbIE COPTa XMeJisA, IUKOPACTYIe pacTeHus xMesis u3 Poccuu u My»Kckue
pacreHus. KosnuecTBo MOIyYeHHBIX JAHHBIX 10 KaXKOMY COPTY OBLJIO COTIOCTaBUMO C IPOTHO3UPYEMBIM.

Pabora OJIJIeprKaHa Poccutickum Hayuupim doHIOM (rpauT 24-26-00165,
https://rscf.ru/project/24-26-00165/).
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GBS, or genotyping-by-sequencing, is a technique first introduced for maize in 2011 by Elshire et
al. which utilizes the power of new generation sequencing to reveal single nucleotide polymorphisms in
large plant and animal populations. The method is based on genome complexity reduction by means of
whole genome digest by specific restriction nuclease/nucleases and selection of fragments with the sizes
comparable with short Illumina reads. This allows extracting up to 3% of the genome in fragments which
would evenly cover the genome. After processing sequencing results and aligning the short reads, several
thousands of SNPs can be obtained for further diversity and trait mapping/GWAS studies. Complexity
reduction allows genotyping several hundreds of samples simultaneously. Introducing GBS in plants
pushed forward the understanding of the genetic control of many important agricultural traits and enabled
the practical use of genomic selection in plants.

To make the most of GBS for a new species in terms of the number and quality of SNPs obtained,
an efficient protocol should be applied. The efficiency of the protocol depends, to a large extent, on the
choice of the right restriction enzyme.

Hops (Humulus lupulus L.) is a perennial dioecious plant in the Cannabaceae family. Hops are an
important agricultural crop with the cones produced by female plants being an indispensable material for
the beer brewing industry. Despite its broad use, this plant species is highly understudied at the genetic
level, with much of its diversity available to breeders poorly understood.

We have developed an efficient protocol for GBS in hop. At the first stage, an in silico search for
best-performing restriction enzymes was carried out, which allowed choosing a number of restriction
enzymes for empirical testing. Restriction enzymes were further tested through whole genome restriction,
and two best-performing variants were selected, namely, classical ApeKI and Hindlll. Two GBS protocols
based on these enzymes were used to produce hop genome libraries for NGS. The Hindlll-based protocol
made it possible to obtain a better quality library based on first electrophoretic assessment and QC. NGS
results also showed more generated reads, sequencing tags, and SNPs for the Hindl11 library, although the
sequencing coverage was higher for ApeKIl. SNP quality was comparable for both libraries.

In silico predictions using the own pipelines allowed calculating the required number of reads
based on the HindlI 1l protocol required to get the sufficient number of reads for further diversity studies.

At the second stage, we used the Hindll1 method to study the genetic diversity in about 350 hop
accessions from the collection of the Chuvash Agricultural Institute (Cheboksary, Chuvash republic),
including the worldwide hop cultivars, wild plants from Russia, and male plants. The amount of data
obtained for each accession was comparable with the predicted.

The work was supported by the Russian Scientific Foundation (grant no. 24-26-00165,
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