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AnHotanust. OHIM U3 COBPEMEHHBIX U Haubosee 3 PeKTUBHBIX METOIOB TIOMCKA
MOJMMOP(GU3MOB ¥ T'€HOB, CBSI3aHHBIX C XO3SHCTBEHHO 3HAYMMBIMU NPH3HAKAMH, SIB-
JIAeTCs ToMHOreHoMHbI monck acconmarmii (GWAS Genome-Wide Association
Study). GWAS nomoraet onpeaenuTh Te FeHbl, Ha KOTOpbIE CleyeT 00paTUTh BHUMA-
HHE B JAJIbHEHIINX UCCIEJOBAHUAX U, B pe3YJIbTaTe, IOATBEPIUTD WU ONPOBEPTHYTH
UX BIMSHUE Ha NPOLYKTHUBHBIC KayeCTBa C MCIOIB30BaHUEM JPYIHX METonoB. B pa-
0oTe mpeacTaBieHbl JaHHbIe, MONy4YeHHbIe pu npoBeaeHnn GWAS st nokaszarenst
«rnybuHa rpyamn» y oBell CeBepoKaBKa3CKOM MsICO-IIePCTHOW moposl. ['eHoTuImpo-
BaHHE J)KUBOTHBIX NpoBe/icHO ¢ ucnonb3oBanueM JJHK-6uounmnor Ovine Infinium HD
BeadChip 600K. Konrpons kauectBa renorunuposanus 1 GWAS npoBeieHbI ¢ HOMO-
uipio nporpammuoro obecneyenust PLINK V.1.07. Buszyanu3zauus u nocrpoeHue rpa-
(MKOB BBIIIOJIHEHBI € HCIONB30BaHKEM nakera «QQmany Ha s3bIKe IPOrpaMMUpPOBa-
nust «R». B pesynbrare npozenaHHol paboThl BBISBICHO 14 OZHOHYKIICOTHIHBIX HO-
numopduzmoB (SNP Single Nucleotide Polymorphism), npeogoneBiinx mopor A0cTo-
BepHocTH — logio(p) = 5. OnuH U3 nonMMop(hU3MOB JIOKAJIM30BaH B 3K30HE, YETIPE — B HH-
TPOHAX, el OIMH B UPSIeam-00JIaCTH FeHOB, OCTAJIbHBIE CEMb — B MEKICHHBIX 00JIaCTsIX.
B pe3ynbrare npoBeaEHHBIX UCCAEIOBAHUI MBI MOXKEM MPEJIOKUTH 9 HOBBIX T€HOB-KaH-
JIM/IATOB, aCCOLIMUPOBAHHBIX ¢ riyouHoi rpymu oBell. Cpemu Hux 4 lincRNA rena ¢ moka
emé He u3BecTHBIMU (pyHKImsIME. OcTanbHbie 5 reHoB KoaupytoT Oenku: SSBP3, SATBI,
SLC44A43, ADGRVI n MS4A14. Ilpu 3tom reH SLC44A3 B paHee MPOBEICHHBIX UCCIEN0-
BaHMSIX YKA3bIBAJICA KaK aCCOLMMPOBAHHBIN C IPOIYKTHBHBIMY IIPU3HAKaMH y oBell. [Tpen-
JlaraeMble TeHbI-KaHAMAAThI BHIONHSIOT BaKHbIE (QYHKIIMH, OJJHAKO HYXKHBI JAJbHEHIINE
UCCIIEZIOBAHMS, KOTOPbIE MOIJIM OBl YCTAHOBHTB HMX BIIMSHHE HA MSCHYIO IIPOIYKTHBHOCTh
osell. OOHapyxeHHbIe HaMu SNP MOTyT OBITh HCIIONB30BaHbI KAk MOJICKYJISIPHBIC MapKepbl
IIPU TeHOTHITMPOBAHUN CCKBEHUPOBAHHUEM.
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Summary. Increasing the meat productivity of existing sheep breeds is one of the
most important tasks of sheep breeding. One of the modern and most effective methods
for searching for polymorphisms and genes associated with economically significant
traits is the Genome-Wide Association Study (GWAS). Sheep are characterized by ex-
tremely high ecological plasticity. As a result, genetic markers of productivity may dif-
fer between breeds, which is associated with the characteristics of the environmental
conditions where they were bred. In this regard, it is relevant to search for new candi-
date genes in sheep breeds adapted to local conditions. One of these breeds is the
Severocavcazskaya sheep breed, bred in the arid steppes of Southern Russia. For her
character, the meat productivity is quite high for her class. Thus, breeding rams have
an average weight of more than 100 kg, and bright ones - 60 kg. The dispersion of the
phenotype of meat forms among representatives of the breed indicates genetic diversity
and the possibility of further selection in the direction of increasing meat productivity.
One of the important parameters of meat productivity is depth of chest, which reflects
the degree of development of the chest. Thus, the purpose of this study was to search
for Single Nucleotide Polymorphism (SNP) and candidate genes associated with depth
of chest in Severocavcazskaya sheep breed.

The object of the study were rams (n = 50) of the Severocavcazskaya sheep breed
at the age of 12 months. The animals were clinically healthy, kept in optimal conditions
that met zootechnical standards and zoohygienic requirements, and were not shorn. Ge-
nomic DNA was obtained from blood samples collected aseptically from the jugular
vein using the Pure Link Genomic DNA MiniKit (Invitrogen Life Technologies, USA)
according to the manufacturer's protocol. Animal genotyping was carried out using
Ovine Infinium HD BeadChip 600K DNA biochips (Illumina Inc., California, USA) in
accordance with the manufacturer's protocol. Initial processing of genotyping results
was carried out using the Genome Studio 2.0 program (Illumina Inc., California, USA).
Quality control of genotyping was performed using the PLINK V.1.07 program. Sam-
ples with the number of detected SNPs (Call Rate) more than 0.95 were included in
data processing. Of the 606.006 SNPs, 562.549 polymorphisms were used for further
analysis. Genome-wide association study were performed using PLINK V.1.07 soft-
ware, function - assoc. Differences were considered significant when -logio(p) > 5. Vis-
ualization and plotting were carried out using the “QQman” package in the R program-
ming language. The search for the nearest candidate genes was performed in an area of
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250,000 bp. around SNPs that showed significant differences in occurrence among an-
imals of the studied groups. Mapping of single nucleotide substitutions was carried out
using the Oar_v3.1 genome assembly. Gene annotations were performed using the En-
semble Genome Browser (www.ensembl.org) and Genome Data Viewer
(www.ncbi.nlm.nih.gov).

As a result of a genome-wide association study, it was possible to identify poly-
morphisms associated with the “depth of chest” parameter. As a result, 14 SNPs were
found that passed the significance threshold of -log10(p) = 5 (See Fig. 1). These poly-
morphisms are found on chromosomes 1, 5, 9 and 15. SNPs with significant associa-
tions were selected for candidate gene searches. One of the polymorphisms is localized
in an exon, four in introns, another in the upsream region of genes, and the remaining
seven in intergenic regions (See Table I). On chromosomes 1 and 9, we identified 7 sub-
stitutions in intergenic regions (5 on chromosome 1, two on chromosome 9); the genes
closest to them belong to the lincRNA group (long non-coding intergenic RNA). At the
same time, the distance from genes to SNP varied from 13025 nucleotide pairs in
rs416093141 to 222747 in rs426975931. There are 4 such genes in total:
ENSOARG00000025606, ENSOARG00000025607, ENSOARG00000025510 and
ENSOARG00000026528. LincRNAs are involved in the regulation of gene expression,
epigenetic mechanisms, and cell differentiation, although they themselves do not en-
code any proteins. In sheep, the influence of this group of genes on lipid metabolism
and, most importantly, on muscle growth during embryonic development and in the
postembryonic period has been revealed. In addition to five substitutions in intergenic
regions on chromosome 1, 4 more SNPs were identified that were reliably associated
with the trait under study. Polymorphism rs401698065, which is located in the intron
of the SSBP3 gene. The SSBP3 expression product is capable of binding to DNA, par-
ticipating in the regulation of transcription. The closest gene to SNP rs408075804 is
SATBI. 1t is a homeobox gene involved in chromatin organization and transcription.
Two polymorphisms on chromosome 1 are associated with the SLC44A43 gene:
15421246568 is located in the upsream region of this gene, and rs414249944 is in the
intron. The protein encoded by SLC44A43 is presumably localized in the plasma mem-
brane of cells and is a transport protein. In previous studies, it was indicated as associ-
ated with important productive traits in sheep, such as slaughter weight, birth weight,
muscle eye width and some others. On chromosome 5, the rs414906974 substitution
was identified, located in the intron of the ADGRVI gene. The product of this gene is a
membrane receptor and, according to some researchers, is associated with the regula-
tion of autophagy. Two SNPs were identified on chromosome 15: rs409835265 and
rs421657104. Both polymorphisms are located in the MS4A414 gene in the intron and
exon, respectively. The MS44 gene group encodes membrane hydrophobic proteins.
MS4A414 in humans is expressed mainly in the testes and spleen. The exact function of
this gene has not yet been identified. As a result of our research, we can propose 9 new
candidate genes associated with sheep depth of chest. Among them are 4 lincRNA
genes with as yet unknown functions. The remaining 5 genes encode proteins: SSBP3,
SATBI, SLC44A3, ADGRV1 and MS4A14. The 14 SNPs we discovered can be used
as molecular markers in the selection of sheep of the Severocavcazskaya sheep breed.

The article contains 3 Figures, 2 Table, 35 References.

Keywords: sheep breeding, Severocavcazskaya sheep breed, genome wide associ-
ation study, single nucleotide polymorphism, GWAS, SNP, candidate genes
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BBenenne

B Hacrosimee BpeMst 13-3a BO3POCIIETo CIIpoca Ha OapaHNHY aKTHBHO Pa3BH-
BaeTCs MACHOE OBIEBOACTBO. 1103TOMY MOBBIMICHHE MSCHOW HMPOIYKTHBHOCTH
UMEIOIIIXCS TIOPOJ — 3TO OJHA W3 BaKHEWIIMX 3a/a¥ JKUBOTHOBoACTBA. [lep-
CHEKTUBHBIM TIOAXOIOM ISl €€ pelIeHHs B KOPOTKOE BPEMS SABIISICTCS UCIIOIB30-
BaHIE METOIOB MapKep-aCCOIMAPOBAHHON CEIEKIINH O aJIIEISIM I'€HOB, BITUSIO-
IIUX Ha MACHYIO IIPOAYKTHBHOCTH. PaHee mpoBeieHHBIE HCCTIeJOBAHUS BEISBIIIH
PSLI TEHOB, CBSI3aHHBIX C KOMMYECTBEHHBIMA 1 KaUECTBEHHBIMU MTPU3HAKAMH MSIC-
HOW MPOAYKTUBHOCTH oBell. 1o MSTN (myostatin) [1, 2], MYODI (myogenic
differentiation 1) [3], FST (follistatin) [4] u 1p. OHAKO U3BECTHO, YTO B Pa3BUTHH
MBIIICYHON TKaHU MPUHIMAET YIaCTHEe MHOXKECTBO OCIKOB M (pepMEHTOB, MHO-
T'He U3 KOTOPBIX Ha JaHHBII MOMEHT HE BBIBICHBI. CBSI3aHO 3TO C TE€M, UTO BIIH-
SIHUE OTICTHHBIX TEHOB HA KOJIMYECCTBEHHBIC TIPH3HAKA MOJKET OBITH HEBEIIHKO.
JIOTIOTHUTENBHYIO CIIOKHOCTD BHOCHT OOJIBINAs pONTb (PaKTOPOB BHEITHEN CpeIbl
Ha TTOKa3aTeIl MSICHOW TPOAYKTHBHOCTH [5].

OHHMM H3 COBPEMEHHBIX U HanbOoIee 3 (HhEKTUBHBIX METOIOB TTOMCKA TAHHBIX
T'CHOB SIBIISICTCS ITOJTHOT€HOMHBIH Tonck acconnanuii (GWAS Genome-Wide As-
sociation Study). OH ocHOBBEIBaeTcS Ha 00pabOTKe pe3yJIbTaTOB T€HOTHITHPOBA-
HUS JKUBOTHBIX, MPOBEAEHHOTO ¢ ucmonb3oBanueM JIHK-6uounmor [6, 7]. Pe-
3yIBTaTOM TaKHUX HCCIICIOBAHU SIBISICTCS BBISBICHHUE TEHOB-KaHINIATOB, KOTO-
PpBIE IPEATIONIOKUTENFHO MOTYT BIIHATH Ha MACHYIO POXYKTHBHOCTH KHBOTHBIX.
[Ipu 5TOM OmHM U3 MPEITIOKEHHBIX TEHOB MOTYT OBITH XOPOIIO W3YYEHBI U BHI-
MONHATh (HYHKIUH, TEOPETHUSCKH BIHUAIOMNE Ha IPOAYKTHBHOCTH, ()YHKITHH
JPYTUX MOTYT OBITh emIé He W3BECTHBI [8]. ITH pabOThI TOMOTAIOT OMPEACTUTh
T€ TeHbI, Ha KOTOpBIE CIEMyeT OOpaTUTh BHUMAaHHE B NATBHEUIINX HCCIIEIOBA-
HUSX, B pe3yJIbTaTe Yero MOATBEPIAUTh WM OMPOBEPTHYTH WX BIMSHHE Ha IPO-
IyKTHBHEIE KayecTBa C MCIIONB30BAaHUEM JPYTHX METOHOB. B mocnemnne romst
nccieoBanus ¢ npumeHeHneM GWAS y oBell HaOHparoT MOMYJSIPHOCTh. Tak, y
HCIIAaH/ICKUX OBEII BEISBIICHO 13 TeHOB-KaHANAATOB, aCCOLUUPOBAHHBIX C (POPMHU-
poBanHeM MbImI [8]. V (paHIly3cKHX TOMYJSAIUN OBEIl yIAI0Ch OOHAPYKUTh
7 TEHOB-KaHJM/IATOB, ACCOIMUPOBAHHBEIX C POCTOM W TeJocioxeHueM [9].
Y xaHbckux mopoy osell (Kutaii) Hannmm 4 reHa-KaHIUIaTa, KOTOPhIE CBS3aHbI C
0COOCHHOCTSAMU OTJIOXKEHUs skupa B XBocte [10]. AktrBHO npuMensiercss GWAS
B Pa3NMHYHBIX cTpaHax JIaTHHCKOH AMEpHKH U UCCICIOBAHUS MECTHBIX Kpe-
OJILCKHX TIOpPOL [5]. Yoke ompeneneHbl MHOTHE TEHOMHBIC PETHOHBI U TeHBI-KaH-
JUIATHI, aCCOIMMPOBAHHBIE C SKOHOMHYECKH BaXKHBIMU Tipu3Hakamu [11].

CTOHUT OTMETHUTB, YTO METOJI TCHOTUITUPOBAHUS C UCIIOJIb30BAHNEM ONOYHIIOB
MTO3BOJISICT UCCIIEOBATH JIMIIL HEOOIBIIYIO YacTh reHoMa (okoito 0,022% st re-
HOMa oBel). EcTecTBeHHO, YTO B 9TOM CiIy4ae BEpOATHOCTH BEISBUTH 3aMEHEI,
BIIHSTFOLIHE HA (hOPMUPOBAHUE MCCICIYEMOro IIpHu3HaKa, HeBennka. OIHaKo He-
KOTOpBIE U3 O0OHAPYKEHHBIX TAKHM METOJIOM ITOJIMMOP(HU3MOB MOTYT OBITH CIIETI-
JICHBI CO 3HAYNMBIMI MYTAIHSIMA B OJIDKAUIINX TeHAX WM PETYISATOPHBIX 00J1a-
CTSIX.
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OBIBI OTIMYAIOTCS YPE3BBIYAMHO BHICOKON 3KOJIOTUYECKON MIACTHIHOCTEIO.
B pe3ynpraTe renernyeckue MapKepbl MPOLYKTUBHOCTH MOT'YT OTJIMYAThCS Y pa3-
HBIX TIOPOII, YTO CBS3aHO C OCOOCHHOCTSIMH YCIIOBHI BHEUTHEH Cpebl, TIie OHU
ObUTH BBIBEIEHBI. B CBS3M ¢ 3THUM aKTyaJbHBIM SIBISICTCS TIOMCK HOBBIX TEHOB-
KaHAWIATOB Y TIOPOJT OBEIl, aIAITHPOBAHHBIX K MECTHBIM YCIOBUSIM [ 12].

Onnoti n3 Takux mopox siisieTcs: CeBepokaBKa3cKasi MsICO-IIIEPCTHAS, BBIBE-
JICHHAsI B YCIOBUSIX 3aCyNIIUBEIX cTenei tora Poccun. Jlns He€ xapakrepHa J0-
CTaTOYHO BBICOKAsl MsICHAsI MMPOXYKTUBHOCTH Ul CBOETo Kiacca. Tak, OapaHbI-
MIPOM3BOJIUTENIA UMEIOT Cpe/IHIOK0 Maccy Oosee 100 xr, a sspku — 60 kr. Jucnep-
cusl peHOTUIa MACHBIX (DOPM Y TIPEICTaBUTEINCH IMOPOBI YKa3hIBaeT HA TCHETH-
9YecKoe pa3sHooOpa3ue M BO3MOXKHOCTH JalbHEWIICH CENEKINH B HANPaBICHUH
TTOBBIIICHUS MSACHOM TpoXyKTUBHOCTH [13].

JUi pUKU3HEHHOM OLIEHKU MSCHOM IPOJYKTHBHOCTH OBEL[ HUCIIOJIb3YIOTCS
MIPOMEPEI, XapaKTEPU3YIOIIIE IKCTEPbEPHO-KOHCTHTYINOHAIBHBIE 0COOCHHOCTH
XHUBOTHBIX. OJTHIM U3 TaKAX IIPOMEPOB SBIIETCS TITyOHHA TPYAN, OTPaKarOIIast
CTETICHb Pa3BUTHA TPYIHON KIIETKH M CBSI3aHHAS C TOKa3aTesIMU BEIXoza Oapa-
HuHEI [14]. B cBsi3u ¢ 3TUM 1eNbl0 HACTOSIIETO WCCIEAOBAHMUS SIBISUICS TTOMCK
OTHOHYKJICOTHIHBIX moimMopdu3MoB (SNP Single Nucleotide Polymorphism) u
TeHOB-KaHANJATOB, aCCOIIMUPOBAHHBIX C TITyOHHOU Tpyau y oBerl CeBepoKaBKa3-
CKOH MSICO-IIIEPCTHOM MOPOABI. ITO TO3BOJIUT OMPEAEITUTh T€HBI, HA KOTOPHIE
ciexyer oOpaTHUTh BHUMaHWE B JANBHEHIINX WCCIENOBAHUSAX W, B PE3yIbTATE,
MOATBEPAUTH WJIM ONPOBEPTHYTh UX BIUSHUE HA INPOJYKTUBHBIE KaUecTBa C UC-
MI0JIb30BaHUEM JPYTHX METOIOB.

MarepuaJbl 1 METOAMKH HCCIET0BAHUS

HccnenoBanus BEIMONHEHHI Ha Oase mabopaTopuil Beepoccuiickoro HaydHo-
HCCIIEIOBATENIFCKOr0 HMHCTUTYTa OBIICBOICTBA M KO30BOACTBA — (primana
®I'BHY «CeBepo-KaBkasckuii (henepalbHblii HAyYHBIA arpapHbId LEHTPY» H
OI'bOY BO «CraBpononbCckuii roCyAapCTBEHHBIN arpapHbIil YHUBEPCUTET.

OOBeKToM HCCIenoBaHUS TOCTYX N Oapanbl CeBepOKaBKa3CKOH MsICO-
mepcTHO# nopoas! (n = 50) B Bo3pacte 12 mecsiieB, pazBoaumbie B CITK «Ilme-
MeHHO# 3aBoj1 BocTok» CremHoBckoro paitona CTaBpomobCcKoro kpast. Bee xxu-
BOTHBIC HA MOMEHT HCCIIEIOBAHUS OBLTH KIIMHIYESCKH 3I0POBBI M COACPIKANINCH B
ONITUMAITBHBIX YCIOBHX, OTBEUAIOMINX 300TEXHUIECKIM HOpMaM U 300THTHEHH-
YeCKHM TPeOOBaHMSIM, HE CTPUKEHHI [15].

Y GapaHOB IPOBOAUIICS 3a00p KPOBH U3 APEMHOM BEHBI B aCETITHYECKUX YCIIO-
BHsIX TIpu miomontu Habopa Pure Link Genomic DNA MiniKit (Invitrogen Life
Technologies, CILIA) corimacHo mpoToKoIy mpou3BomuTeliss. OOpasibl KpOBH HC-
moib30BaNUCh i Bbinenenus reHoMHod JIHK. JKuBoTHBIX reHOTHIIMpOBaH
mipu oMoy JIHK-6nouunos Ovine Infinium HD BeadChip 600K (Illuminalnc.,
Kamugopaust, CIIIA) B COOTBETCTBHH C MPOTOKOJIOM Mpou3BoauTens. [lepBuy-
Hasi 00paboTKa Pe3ylbTaTOB IPOBOAMIACH C IOMOINBIO MmporpamMMmbl (Genome
Studio 2.0 (Illuminalnc., Kanudopawus, CILA).
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[Tpu momoru mporpammer PLINK V.1.07 nmpoBoauicst KOHTPOJIs Ka4ecTBa Ire-
HOTHIIHPOBaHUS. B 00paboTKy TaHHBIX BKIIOYAINCH 00pa3Ibl C TOKa3aTesieM KO-
mudectBa oOHapyxeHHBIX SNP (Call Rate) 6omnee 0,95. U3 606 006 SNP mus
JAJTBHEHIIIEr0 aHaIN3a HCITONIb30BAIACH 562 549 momumMophu3MoB.

[TomHOreHOMHBIH TTOMCK ACCONMANIMN BHITTOTHSUIN C TTOMOIIIBIO TPOTPAMMHOTO
obecnieuenunss PLINK V.1.07, dynakmus — assoc [16]. JIocTOBEpHBIMH CUHUTAIH
pazmuuus npu —logio(p) > 5. [NocTtpoeHue rpadMKOB M BU3YaIH3AIHIO TIPOU3BO-
JIATH ¢ TIpUMEHeHneM maketa «QQmany Ha si3pIKe mporpamMmmupoBanust R.

KaprtupoBanrne OmHOHYKICOTHIHBIX ITOIMMOP(GU3MOB IIPOBOIAMIIOCH HAa
coopke TeHoma Oar v3.1 ¢ moMompb0 TEeHOMHOro Opay3epa Ensemble
(www.ensembl.org). ['enbI-kaHIUAATHI HcKaan B obmactu 250 000 m.H. BOKpYT
SNP, mokazaBmmx JOCTOBEPHBIE PA3TUYHS IO BCTPEUAEMOCTH CPEIH KUBOTHBIX
HCCIIeTyeMBIX TPyIIL. B mpenenax aToit 001acTi HyKICOTHIB HACIETYIOTCS BMe-
CTe C BEPOATHOCTHIO HE MeHee 99,5%. AHHOTAaK T€HOB BBHIMOIHSUIACH C TIOMO-
IIbI0 TeHOMHBIX Opay3epoB Ensemble (www.ensembl.org) u Genome Data
Viewer (www.ncbi.nlm.nih.gov).

Pe3yabTarhl HCCIEA0BAHMS U HX 00CYKIEHHE
[Mapamerp «rnyOHHA TPyAn» y UCCIEIOBAHHBIX )KHBOTHBIX HAXOMUJICS B TIpe-
nenax ot 32 1o 39 cM (puc. 1) ¢ MequaHHBIM 3HaUYCHHEM 36 cM.

16

14

Yucno ocobeit [Number of specimens]

31 32 33 34 35 36 37 38 39 40
I'my6unaa tpymn, cM [Depth of chest, cm]

Puc. 1. 'nybuna rpyau y uccieqoBaHHbIX 0co0ei
CeBepoKaBKa3CKON MsICO-IIEPCTHOM MOPOIbI
[Fig. 1. Depth of chest of studied specimens of the Severocavcazskaya sheep breed]

[IpoBenéHHOE IMOTHOrEHOMHOE ACCOIHMATHBHOE HCCICIOBAHHE ITO3BOIIMIIO
BEISIBUTH MTOJTMMOP(HU3MEI, aCCOITUHPOBAHHEIE C TTAPAMETPOM «TIIyOMHA TPYIN.
B pesynbprare obHapyxwuiock 14 SNP, mpeomoneBIuX Mopor JOCTOBEPHOCTH
—logio(p) =5 (puc. 2). Otn momumophu3Mbl HaxonsaTcs Ha 1, 5, 9 u 15-i xpoMocoMax.
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-logio(p)

st uccaenyembix SNP. T'opusoHTanbHas TUHUST 0003HAYAST MOPOT JOCTOBEPHOCTH Pa3iu-

Observed -logqo(p)

e
g
el .

2 3 4 5 6 7 8 9 10

Chromosome

| I I
12

.
°) oo

o
“.':-‘
)

(il

20 22 24

Puc. 2. Mauxatrenckuii rpaduk pesynsratoB GWAS ¢ Habopom 3naueHuit —logio(p)

Pe3ynbpTaThl OLIEHKH pacmpeneneHus] TOCTOBEPHOCTEH Pa3NHuuii OTMEUYECHBI
HAa ITOKa3aHHOM HIDKE KBaHTHIIB-KBAHTIUIL rpaduke. OTKIOHEHHE OT TEOPETHYE-
CKH OKHJIA€MOTO paclipelieNieHHsI B CIydae MOATBEPKICHUS HYJICBOH THITOTE3BI
HaOromaercs, HaurHas ¢ —logio(p) > 5 (puc. 3).

yuii npu 3HaueHnn —logio(p) =5
[Fig. 2. Manhattan plot of GWAS results with a set of -log;o(p) values for the SNPs of interest.
The horizontal line indicates the threshold for significance of differences at -log;o(p) = 5]

7

\ e

Expected -logso(p)

Puc. 3. Q-Q rpaduk ms BeposiTHOCTEH pacrpeiesieHus TOCTOBEPHOCTH OLIEHOK
OIHOHYKJICOTH/IHBIX TTOIUMOP(H3MOB
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SNP, nMeroniye 10CTOBEPHBIE aCCONUAIINH, ObLTH BRIOPAHBI 11 TIONCKOB T'e-
HOB-KaHMAaToB. OJIMH U3 TOTUMOP(HU3MOB JIOKaTH30BaH B 9K30HE, YETHIPE — B
HWHTPOHAX, €€ OJMH B Upsream-o0JIacTH T€HOB, OCTAIbHBIC — B MEKTCHHBIX 00-
nacTsx (tadu. 1).

Ta6numa 1 [Table 1]
XapakTepuCTHKH OIHOHYKJIEOTHAHBIX 3aMeH, ACCOLUUPOBAHHBIX € IVIYOUHOI rpyau
y oBeni CeBepOKaBKa3CKON MsICO-LIEPCTHOM MOPOIbI
[Characteristics of single nucleotide substitutions associated with chest depth in sheep
of the Severocavcazskaya sheep breed]

Xpomocoma/
[O3ULIUS Hacrora I'en/paccrosiHue 10 reHa
Ne| SNP | [Chromo- |/MMicmt| amiens P BILE
some/posi- [Allels] | [Allele fre- [Gene/distance to gene in bp]
tion] quency]

ENSOARG00000025606/25 833
1 |rs416093141 | 1206830255 | T/C 0.39 15652607 | E R s
2 [rs401698065| 1/28488420 G/A 0,52 2.877¢-06 SSBP3/intron
3 |rs417611882| 9/41678970 T/C 0,43 3.438e-06 | ENSOARG00000026528/222 665
4 |rs426975931| 9/41679052 G/A 0,38 3.438e-06 | ENSOARG00000026528/222 747
5 [minrsssaar| vavesarzes| TC | OB1 |5 gs5c.06] ENSOARGOOM2SaATs i
6 |rs414906974| 5/87740412 C/T 0,75 7.235e-06 ADGRV1/intron
7 |rs408075804| 1/273751395 T/C 0,66 8.773e-06 SATB1/151 283
8 [rs403781069| 1/13079581 C/T 0,40 9.251e-06 | ENSOARG00000025510/182 455
9 |rs426474854| 1/13081385 C/T 0,50 9.251e-06 | ENSOARG00000025510/184 259
10 |rs403233133| 1/13100830 C/T 0,57 9.417e-06 | ENSOARG00000025510/203 704
11 |rs421246568| 1/71108553 | G/A 0,52 9.759¢-06 SLC44A43/upsream
12 |rs414249944| 1/71191982 C/T 0,39 9.759¢-06 SLC44A3/intron
13 |rs409835265| 15/80188720 | A/G 0,37 9.759¢-06 MS4A14/intron
14 |rs421657104 | 15/80190148 | T/C 0,34 9.759¢-06 MS4A414/exon

Ilpumeuanue. .H. — napbl HyKJICOTHIOB.
[Note. bp - base pair].

Ha xpomocomax 1 11 9 HaMu OBIJIO BBISBIICHO 8 3aMEH B MEXKTCHHBIX 00JIACTSIX.
Jis 7 u3 Hux (5 Ha XpoMocome 1, 1Be Ha XxpoMocoMe 9) OIIMKANIIIMHU TeHaMHI
SIBJIAIOTCS TeHbl W3 rpymmbl lincRNA (1yMHHBIE HEKOIUPYIOIIAE MEXTeHHBIC
PHK). Ilpu atom paccrostaue ot reHoB 10 SNP BappupoBanock ot 13 025 map
HyKieotusoB y 15416093141 no 22 2747 y 1s426975931. Beero takux reHoB 4:
ENSOARG00000025606, ENSOARG00000025607, ENSOARG00000025510 n
ENSOARG00000026528. ®ynxuu lincRNA Ha qaHHBIA MOMEHT JI0 KOHIIA He-
W3BECTHBI, HO y4acTHe B (PH3MOIIOTMYECKHUX IIPOIleccaX HE BBI3BIBAET COMHEHUSI.
WnTepecHo, 9TOo psAIOM ¢ KOKIBIM U3 3THX TEHOB HAXOIUTCS 1O 2—3 BBHISBICHHBIX
SNP, 94T0 KOCBEHHO yKa3bIBACT HA CBS3b C BIMSHUEM Ha HCCIICTyEeMBIi TapaMeTp.

LincRNA miipoko pacrnpocTpaHEeHbl B TEHOME, MPOIYKTHI UX 3KCIPECCHH
BCTpEYAIOTCs B KIETOYHOM sape u nurToruiasMe. OHU yYacTBYIOT B PEryIISIIHH
SKCIIPECCHH T€HOB, B AIUTCHETHYCCKUX MEXaHU3MaX U KICTOUHOHN T QepeHITi-
POBKE, TIPA 3TOM CaMH OHU HHKakKuX OelkoB He koaupyrot [17]. anusie PHK
UTPAIOT BAXKHYIO POJIb B PETYIALUN Pa3BUTHUS PACTCHUI MOCPEIACTBOM METHIIH-
poBanus TeHoB [18]. Ha mpImax mokasaHo, yTo HekoTopble lincRNA oreuaror
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3a MOAYNIHPOBaHWE MMMYHHOTO OTBETa BO BpeMs ciepmarorenesa [19]. V osen
BBISIBJICHO BIIUSHHUE JTAHHOM I'PYIIITBI T€HOB Ha JMIUAIHBIN 00MeH [20] 1, 9TO 0Co-
OEHHO Ba)KHO, Ha POCT MBIIIII BO BPpeMs IMOPHOHAIEHOTO Pa3BUTHSI U B TIOCTIM-
OproHaANBHBIN TieproA [21]. YUuThIBas BbINIECKa3aHHOE, a TaKxke To, uTo SNP
1416093141 umeer Hambomee JOCTOBEPHYIO CBS3b C TapaMETpOM «TIyOHHa
TpyIm», MBI MOJKEM TIPEIUIOKHUTH JaHHBIC 4 TeHa KaK TeHbI-KaHAUJAThI, aCCOLH-
HWpPOBaHHBIC C UCCIEIYEMBIM ITpU3HAKOM. KpoMe Toro, akTyalsHBIM OyIeT BBISC-
HeHue QyHKIUI TpaHcKkpruOupyembIx lincRNA.

broxadimmm rerom st SNP rs408075804 ssnsiercss SATBI (special AT-rich
DNA-binding protein-1). 3To roMe0OOKCHBII T'€H, y4aCTBYIOIINN B OPraHU3aIIH
XpOMaTHHA W TPAHCKPHIIIHHU. Y OBEI SKCIPECCHPYETCS BO BCEX THUMAX TKAHEH
[22]. UszBectHO, 4Yro y uyenoBeka SATBI y4actByeT B (OPMHPOBAHHUH
T-mam¢onunToB [23] U pa3BUTUU OHKOJIOTMYECKUX 3aboieBanuii [24, 25]. Yuu-
TBHIBasI BAJKHYIO POJIb TAHHOTO T'€Ha, MBI MO’KEM CIUTATh €r0 TeHOM-KaHINAATOM,
aCCOLMMPOBAHHBIM C TITyOMHOU TPYIH Y OBEII.

[MomMumoO miecTH 3aMeH B MEXKI'CHHBIX 00JACTSIX Ha XpOMOCOME | BEISBIIEHO
em€ 4 SNP, mocToBepHO accOMUPOBAHHBIX C HCCIEAYEMBIM Mpu3HakoM. OuH
n3 HUX — noauMopdu3M 15401698065, KOTOpBI PacONOKEH B HHTPOHE T'eHA
SSBP3 (Single-stranded DNA-binding protein 3). [Ipoxykr 3kxcnpeccun SSBP3
criocobeH cps3piBaThes ¢ JIHK, ydactBys B perynmsanuu TpaHckpuriud. Ero
(YHKIIUH B OpraHA3Me OBEIl HE HCCIIeIOBAINCEH, HO Ha MBIIIAX MTOKa3aHa BayKHAS
POJIb ATOTO TeHa B METabO0IM3Me TITFOKO3bI ¥ MU (P epeHITNAN OeTa-KISTOK MO/~
KemyaouHoi xkenessl [26]. Hecmotps Ha To, uto SNP 15401698065 naxonutcs B
nHTpoHE TeHa SSBP3, 0OHa MOXKET BIHSTH Ha €T0 3KIPECCHIO HIIH CTPYKTYPY KO-
nupyemoro Oenka. B HacTosiee BpeMst H3BECTHO, YTO MyTallid B MHTPOHAX MO-
T'YT IPUBOANUTE K CEPhE3HBIM 3a00NeBaHUAM y denmoBeka. Panee cumraBmmecs
«MYCOpPHBIMI» WHTPOHHEIE ITOCIICIOBATENIFHOCTH, KaK ITOKAa3bIBAIOT COBPEMEH-
HBIE WCCIIENOBAHUS, BHITIONHSIOT BaKHBIE (DYHKIIUH: B HAX MOTYT HaXOIUTHCS
Hekoaupytonue PHK-renbr; oHM MOTyT B3anMOAEHCTBOBATh C DPHXAHCEPAMH Te-
HOB; BIIUATH HA CIUIAHCHHT, MPUIEM MYTAIIMH B HUX MOTYT MPUBOIUTH K BKIIFO-
yenuto B MPHK niceBnosx3on0B 1 T.1. [27]. Micxoast U3 3TOT0, MBI MOXEM TIpeI-
T0XUTHh SSBP3 Kak TeH-KaHI1IaT, aCCOIIMMPOBAHHBIN C TIIyOMHOMN Ipyad y OBell,
u cuntaem, uto SNP rs401698065 moxkeT cTaTh OMHUM U3 MapKEPOB JJISI TEHOM-
HOU CEJIEKITHH.

Jla monmumop¢usMa Ha XpoMocoMme 1 accomuupoBaHbl ¢ TeHOM SLC44A43
(solute carrier family 44 member 3): rs421246568 HaxoauTcs B upsream-o0JacTu
JaHHOTO TeHa, a 15414249944 — B uatpone. benok, komupyemsrit SLC44A3, npen-
MOJIOKUTEIBHO, JTOKAIM3YETCS B IIAa3MaTHIECKON MeMOpaHe KIETOK U SBIIACTCS
TPaHCIIOPTHEIM OeTKOM. Y delroBeKa JaHHBIN T'€H acCOIMIPOBAH C OHKOJIOTHYE-
CKUMU 3a0oneBaHusMU [28, 29] u nabapkToM muokapaa [30]. Y operr SLC44A3
paHee yKas3bIBaJCS KaK T'eH-KaHAWIAT, CBS3AHHBIA C TAaKUMH IIPH3HAKaMH, KaK
Macca Mpy POXICHHUH, YOOiHas Macca, MIHPHHA MBIIIEYHOTrO Ti1a3ka u ap. [5].
B cBs131 ¢ 3TUM MBI MOXKEM OTHECTH €ro K TeéHaM-KaHAWAaTaM, aCCOI[MHPOBaH-
HBIM C UCCIICTYEMBIM IPH3HAKOM.

Ha xpomocome 5 BeisiBneHa 3ameHa 1rs414906974, naxonsiasicss B UHTPOHE
rena ADGRVI (adhesion G protein-coupled receptor V1). [Ipoaykt naHHOrO reHa
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SIBIISICTCSI MEMOpaHHBIM PELIEITOPOM U, IO MHEHHIO HEKOTOPBIX HCCIIEIOBATEIEH,
CBsI3aH C peryisinuedd ayrodparuu [31]. BausiHre aHHOTO I'eHa Ha TIPOIyKTHBHBIE
KadecTBa OBEI[ paHee He U3ydalock. Y YeloBeKa W Mblmend myrtanun B ADGRV]
CBSI3aHBI C TIOTEpEH ciiyxa M aHomanmsiMu Mosra [32, 33], y k03 OH yKa3bIBaJICA
KaK TeH-KaH/IUJIaT, aCCOIMUPOBAHHBIN ¢ KauecTBOM miepcTy [34]. YuuTeiBas BbI-
[IecKa3anHoe, Mbl MOkeM cuuTtath ADGRVI reHOM-KaHIUIaTOM, acCOIMHUPO-
BaHHEBIM C TITyOWHOH TpyIH Y OBEI.

Ha xpomocome 15 BoisiBiieHOo 2 SNP: 15409835265 u rs421657104. O6a monu-
Mopdu3Ma pacronoxeHsl B reHe MS4A4 14 (membrane-spanning four-domains, sub-
family A 14) B UHTpPOHE 1 SK30HE COOTBETCTBEHHO. 15421657104 sBisieTcss MUCCEHC-
MyTallield W TPHBOJKUT K 3aMEHE CEpHHA Ha NMPOIHH B 296-U MO3UIUH B OCiKe.
I'pymma reHoB MS4A xomupyer MeMOpaHHbIe THIPohoOHbIe Oenkn. MS4414 y de-
JIOBEKa IKCIPECCUPYETCs, B OCHOBHOM, B ceMeHHHKax W cene3éHke [35]. Tounas
(YHKIMSI TAaHHOTO TeHa MOKa eIIé He n3BecTHa. MBI cunTaeM ero reHoM-KaHauaa-
TOM, aCCOLIMMPOBAHHBIM C TITyOHHOM Tpyau y oBell. Kpome Toro, akTyasHBIM OyaeT
BBISIBIICHUE (PYHKIIMHU JaHHOTO TeHa B JaTbHEHIIIX MCCIeIOBAHIISX.

CTOHUT OTMETHUTB, YTO TITyOMHA TPYIH CBS3aHA CO MHOTHIMHU IPYyTHMHA (EHOTH-
MUYECKIMHA TIPH3HAKAMHE, XapaKTePH3YIOMUMH MSCHYIO HPOXYKTHBHOCTH. MBI
MIPOBENH PACUET KOBAPHALIUHU U KOPPEJLIIHAU 3TOrO Hapamerpa ¢ APYTUMH, CBS-
3aHHBIMH C MSCHOH IPOAYKTHBHOCTBIO y HWCCIICAOBAHHBIX HAaMH >KHBOTHBIX
(Tabmn. 2). Kak MO>XHO 3aMeTHTb, TITyOWHA TPYIH MTOJIOKUTEIBHO KOPPEIUPYET CO
BCEMH TIpH3HAKAMH, KpOMe OOXBAaTOB IUIEYa W MpEAIuIedbs. JTO Hamboiee
CHUIFHO BBIPa)KEHO Y IIPOMEPOB KOPITyca: MINPHHON TPyI U MHPUHON CIIWHEL, a
TaKKe )KUBOU Maccoil. CrieioBaTeNIbHO, MBI MOKEM TIPEATION0KUTE, YTO MPEAIIO-
KCHHBIC TeHbI-KaHINIAThI, BO3MOKHO, TAK)KE BIUSIOT U HA 3TH MIPU3HAKH.

TabGnuua 2 [Table2]
KoBapnanus u koppeJsiuus riiyOUHBbI FPYIU ¢ APYrUMH GeHOTHIINYECKMMHU
napaMeTpaMu, CBAI3aHHbIMU ¢ MSICHOH MPOIYKTUBHOCTBHIO
[Covariance and correlation of breast depth with other phenotypic parameters associated
with meat production]

LWB[LW |[HW | HS | BW | CW | SG | FG | HG | MET |MEW| TAT
Kosaprauns| 55314 509|1.633(1,557|1,356|1.695|0.185|-0,103| 1,434/ 0,197|0,009| 0,128

[Covariance]

Koppersius 0,36 10,526(0,436|0,447|0,545)|0,636|—0,108 (0,041 0,42 |0,042|0,002|0,108

[Correlation]
Ipumeuanue. LWB — xxuBas macca npu poxxaenun, LW — xuBas macca B 12 mecsiueB, HW —
BbIcOTa B X0Jke, HS — BbIcoTa B kpectue, BW — mmpuna cniuasl, CW — mupuna rpyau, SG —
obxsar mie4da, FG — obxBar npenmedss, HG — ooxsar 6eapa, MET — ToniiuHa MbIILIeYHOTO
rnazka, MEW — mmpuna meimeusoro riaska, TAT — Tonmuna >kupoBoid TKaHH.

[Note. LWB - live weight at birth, LW - live weight at 12 months of age, HW - height at withers, HS -
height at the sacrum, BW - back width, CW - chest width, SG - shoulder girth, FG - forearm girth, HG -
hip girth, MET - muscle eye thickness, MEW - width of the muscle eye, TAT - adipose tissue thickness].

[IpennaraemMble HAMH TEHBI-KaHAWIATHI CBS3AHBI C PETYILIHECH TPaHCKPHII-
UM U KJIETOYHOH ard(depeHInPOBKH, OTHAKO HYKHBI JaJbHEUIINE UCCIenoBa-
HUSI, KOTOPBIE MOTJIH OBl yCTaHOBUTH MX BIIMSHHE HA MACHYIO TPONYKTHBHOCTH
oetl. O0Hapyx)eHHbIe HaMi SNP MOryT OBITh UCIIOIB30BaHbI KAaK MOJIEKYJISIPHBIE
MapKepBL.
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3akioueHne

B pe3ynbrare Hamero muccienoBaHus yAaIOCh BRISBUTH 14 OMHOHYKICOTHI-
HBIX 3aMEH, JIOCTOBEPHO aCCOIMMPOBAHHBIX C TIYOMHOH rpynu y oBerr CeBepo-
KaBKa3CKOW MSCO-IIIEPCTHOM MOPOJIbI. DTH MOTMMOP(OHU3MEBI JIOKAJIM30BaHbI Ha 1,
5, 9 u 15-if xpomocomax. Haubomnee BrICOKHE MTOKa3aTENN JOCTOBEPHOCTH acCO-
nuanmu y 3amess 15416093141, maxomsmeiicst Ha xpomocome 1. bramxaitmmmvn
K He#l reHamu okazanmuck ENSOARG00000025606 n ENSOARG00000025607,
komupyromue lincRNA. Takxke ObIJI0 BBISBICHO M€ 7 HOBBIX T'€HOB-KaHIHIa-
toB. Cpenmn HuX ectb emé aBa reHa lincRNA: ENSOARG00000026528 w
ENSOARG00000025510. OcranpHbie 5 TeHOB Oenok-komupyomue: SSBP3,
ADGRV1, SATBI, SLC44A3 u MS4A14. O6HapyxeHHbic HaMH SNP MoryT ObITH
HCIIOJIh30BaHBI B KAUECTBE MOJICKYJIIPHBIX MapKepOB IpH cenekmuu oBer Cese-
POKaBKa3CKOM MsICO-IIIEPCTHOM MOpoabl. Takke cieayeT OTMETHTb, YTO YaCTOThI
BBISIBJICHHBIX aJUIEJICH ITO3BOJISIOT MPOBOAUTH 110 HUM JaIbHEHIIINI 0TOOD.
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