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Bceepoccutickutl hayuno-uccied08amenbCKull UHCMumynt 084e600Cmed U KO30600CMEd —
Gunuan @edepanbHozo 20cy0apcmeeHH020 OI00HCEMHO20 HAYUHO2O YUPeHCOeHUs
«Cegepo-Kaskaszckuil pedepanvrulii Hayunwlil azpapusiii yewmpy, Cmasponons, Poccus

MOJJHOTEHOMHBI MONCK ACCOLIMALIN (GWAS) C TPOIYKTUBHOCTBIO
Y OBELl POMAHOBCKOI ITOPOJIBI

AHHoTanus: Vcnonb3oBaHne TeHETHIECKNX TEXHOIOTHH B CENEKIINH MEIIKOT0 POTaToOro CKOTa TpeOyeT MONCKa HOBBIX
MOJICKYJISIPHBIX MapKepOB MPOAYKTUBHBIX KauecTB. Hanbomnee 3)ekTUBHBIM IS 3TOTO SBISETCS ITOJHOTCHOMHBIH MOMCK
acconuanuii (GWAS) onHOHYKICOTHAHBIX TOTuMOpdu3MoB (SNP) ¢ X035HCTBEHHO IIEHHBIMU MPU3HaKaMu. B crathe mpu-
BEJICHBI PE3yJIbTAaThl UCCICAOBAHMS ACCOIMANNN YaCTOTHl OJHOHYKJICOTUIHBIX MOJTHMMOP()HU3MOB C PAHTOBOH OLEHKOH IO
KOMIIIIEKCY MPOyKTUBHBIX IPH3HAKOB ((CYTIEP-3JIMTA») y OBEI] POMAaHOBCKOI mopoxas! pu nomornn JTHK-6nounmnos Ovine
Infinium HD BeadChip 600K. O6HapyxeHo onuHHAANIATh SNP, IMEIOUINX JOCTOBEPHYIO CBS3b C MPHHAJICKHOCTHIO JKH-
BOTHBIX K TPYIIIE «Cynep-3auTay». [I9Th 3aMeH HaXoAATCsl B MHTPOHAX I'€HOB, MIECTh OTHOCSTCA K MEKT'€HHBIM MOTUMOPHH3-
Mam. Hau6omnpimas JJoCTOBEPHOCTh ACCOMMUAIMY C TIPOAYKTHBHOCTBIO Habonanack y 3amMensl rs410516628 (p = 3,14-10°°),
Haxopnslelcs Ha 3-if xpomocome. 3amena rs422028000 Ha 2-if XpoMocoMe OTIMYAETCA TE€M, UTO B TPYIIE «CyHNep-IUT-
HBIX» JKUBOTHBIX OHa oOHapyxmuBanach B 90 % ramnorunos. [Tomumopdusmsr 15411162754 (1-s1 xpomocoma) u rs417281100
(10-s xpoMocoma) B HaIleM HCCIEIOBAHHH OKa3aJUCh CAMBIMU PEIKHMHU — TOJBKO B TPYIINE «CYMEP-dITUTHBIX» 0coOei
Y TOJIBKO B YETBEPTH TalIOTHIIOB. | €HbI, HAXOASIIUECS PATOM C BBISIBICHHBIMU SNP, MPeUMyIIIeCTBEHHO CBSA3aHbl C 0OMEH-
HBIMU M PEryJISITOPHBIMU Nporieccamu. Hare vccenoBanne BBISIBHIIO HECKOIBKO HOBBIX '€HOB-KaHUIATOB, OTUMOPHHU3M
KOTOPBIX MOJKET OBITH CBSI3aH C PAHTOBOH OIEHKOM 110 ITOKA3aTeNsIM IIPOIYKTHBHOCTH Y OBELl pOMaHOBCKOM mopoxasl: LTBPI,
KCNHS, LMXIB, ZBTB43, MSRA, CHPF, PID1, DNER. Tlomy4eHHbIE pe3yIbTaThl CO3/IaI0T TCOPETUICCKYIO 0a3y IS Nalb-
HEWIIero u3y4eHns reHoB-KaHANaToB, BIUSIONINX Ha PeaTn3anuio GeHOTHIUYECKUX IPH3HAKOB Y OBEIl POMAaHOBCKOH T10-
pozbl. BeisiBIeHHbIE TOTMMOP(U3MBIL, ACCOLMUPOBAHHBIE C TPOJYKTUBHBIMH Ka4eCTBAMHU OBELl, MOTYT ObITh HCIIOJIb30BaHBbI
B IIPAKTUYECKOH CEJICKIIMH KaK MOJICKYJIS PHO-T€HETHUECKHE MapKephl sl OA00pa POAUTEIBCKHX Tap.

KuioueBble c10Ba: OBIEBOACTBO, OBIA, OapaHUNKH, POMAHOBCKAs IIOPOJa, MPOAYKTUBHOCTD, CEJIEKIIHOHHAs pabo-
Ta, TCHOMHAs CEJEKI[Ns, TallJIOTUIIEl, TeHETHISCKNEe MapKepPhl, MOJTHOTCHOMHBIN ITOMCK acCOIMANNN, TeHbI-KaHINaTHI,
GWAS, SNP
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GENOME-WIDE ASSOCIATION STUDY (GWAS) WITH PRODUCTIVITY IN ROMANOV SHEEP BREED

Abstract: Genetic technologies used in breeding of small ruminants requires searching for new molecular markers of
productive traits. The most effective for this is genome-wide association study (GWAS) of single nucleotide polymorphisms
(SNP) with economically valuable traits. The paper presents results of study of associations of the frequency of single nu-
cleotide polymorphisms with a rank assessment according to complex of productive traits (super-elite) in Romanov sheep
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using DNA biochips Ovine Infinium HD BeadChip 600K. Eleven SNPs have been found having significant correlation
with the animals belonging to the “super-elite” group. Five substitutions are located in the genes introns, six are related to
intergenic polymorphisms. The highest reliability of association with productivity was observed in substitution rs410516628
(p = 3,14-107) located on the 3rd chromosome. Substitution rs422028000 on 2nd chromosome differs with the fact that in
the “super-elite” group it was found in 90 % of haplotypes. Polymorphisms rs411162754 (1st chromosome) and rs417281100
(10™ chromosome) in our study turned out to be the rarest — only in “super-elite” group and only in a quarter of haplotypes.
The genes located near the identified SNPs are mainly associated with metabolic and regulatory processes. Our study has
identified several new candidate genes with polymorphism probably associated with the ranking in terms of productivity in
Romanov sheep: LTBP1, KCNHS, LMX1B, ZBTB43, MSRA, CHPF, PIDI and DNER. The results obtained create a theoreti-
cal basis for further study of candidate genes affecting implementation of phenotypic traits in Romanov sheep. The revealed
polymorphisms associated with the productive traits of sheep can be used in practical breeding as molecular and genetic
markers for selection of parental pairs.

Keywords: sheep breeding, sheep, rams, Romanov breed, productivity, breeding work, genomic selection, haplotypes,
genetic markers genome-wide associations search, candidate genes, GWAS, SNP
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Beenenue. IIpumeHeHre COBpEeMEHHBIX T'€HOMHBIX TEXHOJIOTHH IJIs MPOTHO3MPOBAHUS MPOAYK-
THUBHBIX Ka4eCTB CEIIbCKOXO3SHCTBEHHBIX JKMBOTHBIX M BBIBEIEHUS HOBBIX TOPOJ SIBISETCS OIHUM
Y3 BROXHEHIIMX HAMpPAaBIICHUH B KUBOTHOBOACTBE [1]. Jlyist 3TOro MpOBOIUTCS IOCTATOUHO OOJIBIIOE
KOJIMYECTBO MCCIIEIOBAHUN MO OOHAPYIKEHUIO HOBBIX TCHOB, BIHUSIONIMX HA ITOKa3aTeNd MPOTyKTHB-
HOCTH Y Pa3JIMYHBIX TOPOJ KUBOTHBIX [2]. OueHKy mapamMeTpoB I€HOTHIIA, KaK MPaBUIIO0, TTPOBOIAT
M0 COBOKYIHOCTH OJHOHYKJICOTHAHBIX MOJUMOPPH3MOB HYKJIEHMHOBBIX KHCHOT (single nucleotide
polymorphism, SNP), koTopsle Takke MOXKHO MPUMEHSITh KaK MOJEKYJISIPHO-TEHETHIECKHE MapKephl
JUTS BEIOOpA Tap )KUBOTHBIX IPU CKPEUIMBaHUH B IIpoIiecce CeJIeKITMOHHOM paboThI [3].

JUist BBISIBJICHHSI HOBBIX TE€HOB-KAaHIMAATOB, CBSI3aHHBIX C XO3SHUCTBEHHO LEHHBIMU IpU3HAKa-
MH y JKHBOTHBIX, HCIIOJB3YIOT TEXHOJOTHIO IOJIHOTEHOMHOTO TIOMCKa accounanuii (genome-wide
association study, GWAS) na ocuoBe JIHK-un1oB, mo3Bosisitoniiux 0JlHOBPEMEHHO BbISBIISITh COTHH ThI-
csia SNP [4, 5]. B kauecTBe ucciienyemMoro npu3Haka B 3TOM CJIydae UCIOJIb3yeTCs WM HAPSIMYIO U3-
MEepeHHas BeJTUYNHa (BEC, BRICOTA B XOJKE), MJIM HA OCHOBE MHOXXECTBA MOJOOHBIX BETUYUH CTPOUTCA
MaTeMaTH4ecKas MOJIeJIb, CHUKAIOIAsl BO3ACHCTBIE HA OLCHKY MPOJYKTUBHOCTH CIydYaiiHBIX (hakTo-
poB [6, 7]. O0a >TUX BapraHTa HE BCET/Ia a/IEKBATHO OLIEHUBAIOT XO31ICTBEHHYIO IIEHHOCTH )KUBOTHBIX,
MOATOMY aKTyaJIbHBIM SIBIISIETCS Pa3padoTKa HOBBIX METOJIOB MOJATOTOBKH HH()OpMAIIWH JIJIsl TPOBEIe-
nus GWAS [8].

OnuH W3 TaKuX IMOIXOI0B MOXKET OBITH pea30BaH Ha OCHOBAaHUHW TOTO, UTO CPEIH MOPOIUCTHIX
KUBOTHBIX B JIIOOOM CTajJic MMEETCS ONpeIeieHHast JUCICPCHs 10 TOKA3aTeNsIM MPOIYKTUBHOCTH.
Ha ocHOBaHMH 3TOr0 MOXXKHO BBIJICJIUTH KaK OCOOEH C OTHOCHUTENBHO HU3KHMH IMOKAa3aTEJSIMH IPO-
TyKTUBHOCTH, TaK M MPEACTaBUTENEH C MCKIIOUYATEIHFHO BBICOKMMH JIJIS TAHHOW TOPOJHOM TPYIIIBI
napamMeTrpaMu. TakuX KUBOTHBIX OTHOCAT K KJIACCY «CYMEP-3ITUTHBIX» U JEMOHCTPHUPYIOT Ha BHICTAB-
KaxX CEJICKLIMOHHBIX JOCTHKEHUH. DTHUX 0cO0ei, KaKk MpaBUIiIo, OUYCHb HEOOIBIIOE KOINYECTBO, HO OHH
SIBJISTFOTCSI HAMOOJIee IEHHBIMI B CEJICKIIMOHHON paboTe 1o yIyUIIeHUIO KadecTB mopoasl. K coxane-
HUI0, IPOLIECC TOSBJICHUS JKUBOTHBIX C HAWBBICHIMMH MOKA3aTEIISIMH SIBISIETCS B OOJIBIIMHCTBE CBOEM
CIIy4alHBIM U cJIa00 MPOTHO3UPYEMBIM, a UX MMOTOMCTBO JaJIeKO HE BCETJa HAaCleAyeT POIUTEIThCKUN
YPOBEHb MOKa3aTelNeil MpoAyKTUBHOCTH. VICXO/1s M3 ATOr0 CTAaHOBUTCS MOHATHBIM, YTO YHCTO (heHOTH-
MUYecKasi OLCHKA B CEJICKI[UHU YK€ HE OTBEYAET COBPEMEHHBIM TPEOOBAHUSIM K CEJIEKIIUOHHOMY IIpPO-
neccy. Ecnm ke MOTONHUTH ee MCCiIeJOBaHNEeM COBOKYITHOCTH M3 HECKOJIBKHX COTEH THICSY JIOKYCOB
B F€HOME, YTO BIIOJIHE BO3MOKHO Ha CETOAHSIIHEM YPOBHE Pa3BUTHS MOJIEKYISPHO-T€HETUUECKHUX Me-
TOJOB, C TOYKH 3PEHUSI TCHETUKH MOKHO OOBSICHUTD MOSABJICHHE BBIAAIOIIUXCS MIPEICTaBUTENEH B 1O-
pome u pa3paboTaTh METOA IMPOTHO3UPOBAHUS JJIs1 HAIIPABICHHOTO TOTYyJYCHUS TaKUX KHBOTHBIX [9].
Haubonee nepcreKTHBHBIM B TOM OTHOIICHUH KaK pa3 U SIBISETCS TEXHOJOT S MMOJTHOTCHOMHOTO CKa-
HUPOBAHUS MO NapaMeTpaM OJHOHYKJICOTHAHBIX noauMopdu3MoB B npouecce GWAS, yacTb U3 KoTO-
PBIX y’Ke CBsA3aHa C JIOKyCaMH KOJMYEeCTBEHHBIX MPHU3HAKOB (quantitative trait loci, QTL), a octanbHbIe
MOKa3ajH JOCTaTOYHBI YPOBEHb YACTOTHI BCTPEYaEMOCTH B peepEeHCHBIX BEIOOPKAX >KMBOTHBIX IS
oOHapy »KEeHHs CIBUTOB IO 1aBlieHueM oToopa [10].
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Cpenn cenbCKOXO3SIIICTBEHHBIX KUBOTHBIX HAaMOOIbIIEe KOJWYECTBO CKAaHHPOBAHHWM T€éHOMa IO
SNP mpoBeneHo 1151 MOJIOYHBIX TOPOJ] KPYITHOTO poratoro ckota. Haxkorenue 60b10# 6a3bl TaHHBIX
TEHOTHIIHPOBAHUS MTO3BOJIUIIO TOBBICHTH 3(D(hEeKTUBHOCTH MPOTHO3UPOBAHUS MPOTYKTHBHBIX Ka4eCTB
0b1k0B 10 70 %. VMcnonb3ys 3T pe3ynbTarhl, B psiie CTpaH ¢ BHICOKUM YPOBHEM Pa3BUTHS KHUBOTHO-
BOJICTBA CTaJ0 BO3MOXKHBIM BKIJIFOUUTH TEHOMHYIO OIICHKY B CITUCOK 00s3aTeNbHBIX MapaMeTpOB TIjie-
MEHHOH IIEHHOCTH MOJIOYHBIX ITOPOJ KPYITHOT'O poraroro ckota [11].

OnHako TEHOMHasl CENEKIHs He SBISIETCS PACIpPOCTPAHEHHOW Cpeau CEJEKIIMOHHBIX MPHEMOB
y OBell. DTO CBS3aHO KaK C HAaJM4HUEM OOJIBIIOr0 KOJIMYECTBA MOPOJ, 10 CPABHEHHUIO C KPYITHBIM pora-
TBIM CKOTOM, TJIE CPEJIM MOJIOYHBIX ITOPO]] IOMHUHHUPYET TONIITUHCKAS, TaK U C OOJIBIIION 3aBHCUMOCTHIO
MPOAYKTUBHBIX Ka4eCTB OBEIl OT COCTOSTHUS MAcTOMI, HA KOTOPBIX OHHU MOYTH KPYTJIIOTOJUYHO TTUTA-
10Tcsl. M3 reHeTHYeCKUX MPUEMOB, UCTIONB3YEMBIX Ha OBLAX, MPE00JIaAalonINM SBISIETCSI MapKep-acco-
[IMMPOBAHHAS CEJEKIIHS, OCHOBAaHHAS HAa N3YUYCHHUH MOTUMOP(HHU3MOB, JOCTOBEPHO CBSI3aHHBIX C MSCHOM
MPOAYKTUBHOCTBIO, HAIPUMEP, B T'€éHAX MHUOCTAaTUHA U KanbmnactatuHa [12, 13]. Mcnonb3ytoTcs TECThb
IUUTST OTICHKH 3THX MOJMMOPGU3MOB 1 B HAYIHBIX HCCICIOBAHUSIX, U B IPAKTUUSCKOM OBIIEBONICTBE [14].
Ho co BpemeHeM ceneKIusi ;KUBOTHBIX MO 3TUM TOJIMMOP(QH3MaM CTaHOBUTCS Bce MeHee 3(h(heKTHBHOM,
TaK KaK B pe3yJIbTaTe NCKYCCTBEHHOTO 0TOOpa B OOJBIIMHCTBE TIOPOJT OBEI] ITPOM3OIILIO 3aKPETICHHE 110~
JIOKUTENBHBIX aJIJIeIbHBIX BAPHAHTOB B BUE ToMo3urort [15]. s ganpHeiero mporpecca B UCMIOb-
30BaHUU T€HETUKH JIJIsl CEJISKIIMH OBEIl HeOOXOUMO BBISIBIICHHE HOBBIX T'€HOB-KaHAMIATOB, (DYHKIINS
KOTOPBIX OYJeT CBsi3aHA C MPOAYKTUBHBIMH KaueCTBAMH >KMBOTHBIX. [e7bI0 CTAHOBUTCS TIOMCK B HUX
MOTUMOP(HU3MOB JIJISI OIIEHKH aJIIENFHBIX BAPUAHTOB, 10 KOTOPBIM OY/IeT OCYIIeCTBIATHCS 0TOOp [16].

Bonbiioil nHTEpEC B OTHOIIEHUHU TOMCKA HOBBIX I'€HOB-KAaH]IUIATOB MPEACTABIISIIOT TIOPOABI OBEII
C YHUKaJIbHBIMH CBOHCTBaMH, OJTHOM U3 KOTOPKIX SIBJsETCS poMaHoBcKas. OHa BeiBeneHa Oomnee 300 set
Hazaja Ha Tepputopun LleHTpansHOil Poccnu. YHUKaIBHOCTE €€ 3aKIII0YaeTcsl MPexk e BCEro B TOIH-
SCTPUYHOCTH U BBICOKOHU MIIOAOBUTOCTH — Oosee 270 sirasat Ha 100 MaTok. Y 0oBell BBICOKO OLIEHUBACTCS
Ka4ecTBO MOJTyYaeMOi OBUMHBI, HO ITPH 3TOM MSICHas TPOAYKTUBHOCTH TIOPOIBI HAXOAUTCS HA CPEeIHEM
ypoBHe. Macca OapaHoB cocTaBisieT B cpepHeM 70 kr, Matok — 50 KI. YOOUHHBIN BBIXOJ OOBIYHO HE
npesbimaet 50 %. M3 HemocTaTkoB MOPOIBI CIENYET OTMETHTH ClIa0yl0 YCTOWYHUBOCTH K PA3HOTO pojia
uHpekusam [17, 18].

Lens nccienoBanms — MPOBEACHNE TIOJTHOT€HOMHOT'O TIOMCKA acCCOIUAIIAN Y OBEIl POMaHOBCKOH I10-
pOnBI A1 BBISIBICHUS] HOBBIX TCHOB-KaHIUIATOB MPOAYKTUBHBIX KAUeCTB.

Marepuajabl 1 MeTOABI HccaeqoBaHuA. VccnenoBanus mpoBoawiIn Ha Oase maboparopuii Bee-
POCCHICKOT0 Hay4YHO-HUCCIIE0BATEIBCKOTO MHCTUTYTa OBLIEBO/ICTBA U Ko30BozcTBa (BHMUOK) — dhu-
nuana GI'BHY «Cesepo-KaBkazckuit denepanbHblil Hay4HbIH arpapHbli HEHTp», CKOJIKOBCKOIO MH-
CTUTYTa HayKH M TexHOIOrni «CxonTex», HaydHO-THarHOCTHYECKOro M JIe4eOHOTO0 BETEPHHAPHOTO
nenTpa @PI'bOY BO «CraBpomnonbckuil rocyAapcTBEHHBIN arpapHbiil yHuBepcute™» B 2019 1.

W3 270 GapaHYMKOB, MOTYYEHHBIX OT MATOK CEIEKIIHOHHOTO A/1pa, 0 HTOraM KOMIUIEKCHOH OLEHKH
MPU3HAKOB MPOAYKTUBHOCTH B CEJICKIIMOHHYIO I'PYIITY ObLIM 0TOOpaHbl 60 OapaHYMKOB POMaHOBCKOM
MOPOJBI B Bo3pacTe 12 mMec, KOTOphIe SIBUIUCh OOBEKTOM HCCIeAoBaHUs. KpuTepusiMn KOMIUIEKCHOM
otieHKY (OOHUTUPOBKHM) OapaHUYMKOB SIBUIUCH: TYCTOTA, AJIMHA, TOHUHA IIEPCTH, €€ HACTPUT B YUCTOM
BOJIOKHE, Ka4eCTBO KXUPOIIOTa, IKCTEPbEp, KUBast Macca. [10 COBOKYITHOCTH MX BBIPaKEHHOCTH M 00-
el GaIbHOM OIIEHKH >KMBOTHBIM TpUCBaWBalIcs Kiacc — I, anuta, «cynep-onutay. [lo pesynbraTam
MpoBeJIeHHON OoHMTHPOBKH 50 OapaHUYMKOB OBLIM OTHECEHHI K Kiaccy anuTa, 10 — K Kiaccy «cymep-
anutay. [locnennue, Kak BbIJAOIIKAECS OCOOH, COCTABIISIIN T'PYTIITY BEICTABOUHBIX KHBOTHBIX. Bee Oa-
paHYMKH OBIITN KIMHUYECKU 3/I0POBBIMHU.

Tenomunuposanue. T'enomuyto JJHK Bbiensiin u3 oOpas3ioB LENbHONW KPOBH, B3SITOW B acenTH-
YECKUX YCIOBUSIX M3 SPEMHOU BEHBI, C UCHOIb30BaHMEeM Habopa Pure Link Genomic DNA MiniKit
(Invitrogen Life Technologies, CIIIA) B cOOTBETCTBHHU C MPOTOKOJIOM MPOU3BOAUTENSA. [ eHOTHTINPO-
BaHHE XUBOTHBIX BBINIONHSUIH ¢ ucnoiib3oBanue Ovine Infinium HD BeadChip 600K (Illumina, USA)
COTJIACHO MPOTOKOIY mpou3BoauTens. [lepBruanyro 06paboTKy pe3yabTaToB T€HOTHITUPOBAHUS BBITION-
HSUJTU € UCIIONIb30BaHKeM porpaMMmHoro obecnedenns Genome Studio 2.0 (Illumina, USA).

Koumponv kauecmea eenomunuposanusi. KOHTpOIJIb KauecTBa TEHOTUITUPOBAHUS TTPOBOIUIIN C HC-
noJjib30BaHueM nporpammHuoro ooecrnedenuss PLINK V.1.07 [19]. B 00paboTKy HaHHBIX ObLIHM BKJIIOYE-
HBI 00pa3Ibl ¢ mokasareneM konmdecTBa BeIsiBIeHHBIX SNP (Call Rate) 6ombrre 0,95. 13 ananu3a Obutn
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nckmodeHsl SNP, He uMerone XpoOMOCOMHON Wi (PU3UYIECKON JIOKATU3aIlud, ¢ YaCTOTOH MEHOP-
HBIX ajutened (minor allele frequency, MAF) mensbme 0,01, yacTOTON NOTEPSIHHBIX TEHOTHIIOB (Missing
genotype) O6omnpmre 0,1. B xadecTBe moporoBoro 3HaueHus 1o kpureputo Xapau-Baiin6epra (Hardy—
Weinberg equilibrium) meTogom ®wuriepa ucnonb3oaiu 3HaueHue p = 0,00001. C mo0KUTETbHBIM
pe3yJIbTaTOM KOHTPOJIb Ka4eCTBa F'€HOTUITMPOBAHUS MTpouuty 42 o0pasiia U3 TPYIIibl STUTHBIX KUBOT-
HbIX 1 10 00pa3moB «cymnep-3muTHeIX». M3 606006 SNP mis nansHeimero ananusa mocie GuiIsTpa-
LUK JAaHHBIX ObLTH UCIOIb30BaHbI 481 883 monmumopdusma.

T'enemuueckuu u cmamucmuyeckutl anaau3s. I10OJTHOr€HOMHBI NOUCK AaCCOLMAIMN BBITOJIHSIN
¢ uCIoJib30BaHueM nporpamMmmHoro ooecrneuerus PLINK V.1.07, dpynkuus — assoc [19] Ha ocHOBE OlieH-
KU 3HauYuMOCTH BIUsHUS SNP Ha W3MEHYMBOCTH (PEHOTHUIA MIEPCTHON M MSCHOW MPONYKTHBHOCTH
ocobeit. [1yist MoATBEPkKACHUS JOCTOBEPHOCTH PA3TMUNN TIPU MHOKECTBECHHBIX CPABHEHUSIX HCIOIH30-
BaJIM OLIEHKY «p» ¢ monpaBkod bordepponu. Busyanuzamuio u nocrpoeHue rpagukoB MpOU3BOIIIH
¢ mpuMeHeHHeM maketa «QQmany» Ha s3pIke mporpammupoBanns R. [lowck Ommkaimnx reHoB-KaH-
nunatoB BeImoNHsUM B 00macTu 250000 n.H. Bokpyr SNP, moka3aBminx JOCTOBEPHBIC Pa3IudHs IO
BCTPEYAEMOCTH CPEIH JKUBOTHBIX HCCIETYyeMbIX rpymil. JlJis KapTHpOBaHWS HCIOIb30BaIU COOPKY
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difference significance at the value -log10(p) = 5, the red line
indicates the difference significance threshold at the value

-loglO(p) =7
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Puc. 2. Q-Q rpadux i BEpOSTHOCTEH pacmpeneneHus
noctoBepHocTH oueHok SNP mo Bcemy renomy. Toukamu
obo3HaueHbl 3HaueHUs —log,(p) ans otaenbHBIX SNP.
Jluans o6o3HAYAET OXKUAAEMble 3HAYCHUS IPU MOATBEPIK-
JICHUU HYJIEBOI T'MIIOTE3bI 00 OTCYTCTBHHU aCcCOIMANN

Fig. 2. Q-Q diagram for probability of SNP estimates
significance distribution across the genome. The dots
indicate the -logl0(p) values for individual SNPs. The line
indicates the expected values when confirming the null
hypothesis about absence of associations

reaoma OviAri 3.1. AHHOTUpOBaHHE T'€HOB BbI-
NOJHSUIM C MCHOJBb30BAaHWEM T'€HOMHBIX Opayse-
poB UCSC (www.genome.ucsc.edu) m Ensemble
(www.ensembl.org), a Takke 6a3 nanHbIx National
Center for Biotechnology Information (NCBI)
(www.ncbi.nlm.nih.gov).

Pesyabrarel uccaegoBanmsa. Ilo pesyns-
TaTaMm BBIIIOJHEHUS IIOJIHOTCHOMHOTO TIOMCKa
accolMalii MeXAy NPUHAAJICSKHOCTBIO OBEIl
POMaHOBCKOW MOPOABI K «CYNEP-3IUTHON» rpyl-
Me U 4acTOTOW BCTPEUaeMOCTH OTIENBbHBIX SNP
OBITIO OOHApY’)KEHO OTHOCHTENIHHO HEOOJBINOE
KOJINYECTBO OAHOHYKJICOTHIHBIX 3aME€H C ITOKa-
3areneM —log (p), MPEBHIMIAIOLINM TOPOTOBOE
3Ha4YeHUE, paBHOE 5 (CHHSS JIMHUAS HA MAHXATTCH-
rpaduxke, puc. 1).

IlpoBeneHHBIN aHaNU3 pacnpeneiaeHus Jo-
CTOBEPHOCTEN pa3jInuMil Ha KBAaHTUJIb-KBAHTUIIb
rpaduke (puc. 2) mokazasl HEKOTOPOe OTKIOHEHNE
OT TEOPETHYECKH O)KHJIAEMOr0 pacIpeleIeHUs
B clydae MOATBEPIKACHUS HYJIEBOW THIOTE3bI
Ha ydJacTke 3HadeHuid —log,(p), Oompme 3, ox-
HaKO B paiioHe —log,(p) ~ 4 pacxoxJeHHUE yxKe
MpaKkTHYeCKH HE Habmomanock. M TOmbKo mpu
3HaueHHsX —log,(p) BhIle 5 Ha rpaduKe UMeeT-
Csl HECKOJBKO TOYEK, UMEIOIINX CYIIEeCTBEHHOE
OTKJIOHEHHE OT TIOKa3aTeNsl HYJIEBOW THIIOTE3bI
C MaKCHMyMOM, COOTBETCTBYIOMMM p = 3,14 - 10,

Bonee crTporas mpoBepka HYJIEBOW THUIIOTE-
3bl C HCIOJIB30BAHUEM IIPU pacueTax IMOMpPaBKH
BoH(epporn ycraHaBIMBaeT IMOPOT JIOCTOBEP-
HOCTH p Ha yposHe 1,037-107 (BEIYMCIsAETCS KAk
otHoueHue p = 0,05 xk konuuectBy SNP, ncrosns-
30BaHHBIX ISl TIOJTHOT€HOMHOTO TIOWCKA, paB-
HoMy 481883). IIpu TakoM BapuaHTE MOPOT JI0-
CTOBEPHOCTH TIPEOIOJIEBA€T BCETO OJIHA 3aMeHa
15410516628 co 3Hauennem —log,,(3,14-10°°), pac-
TIOJIOKEeHHAsI Ha 3-i XpoMocoMe (cM. puc. 1).
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Bbonee mogpoOHEIi aHATN3 pe3yIbTaTOB OIICH- 10 1
KM JIOCTOBEpHOCTEH pasnuuuil yactor SNP Ha 8 :
3-if XxpomMocoMme MoOKa3aj, 4YTO KpoOMe 3aMeHbl < 6 :
C BBICOKOW J0cTOBepHOCTHIO 15410516628 Ha Heilt ? 4
MMeeTCs ele JIBe 3aMeHBI, TIoKa3aTenb —log,(p) 5
JUTSE KOTOPBIX O0bIme S (puc. 3). 0
Hecmotpst Ha To, 4TO 5TH JBE 3aMEHBI HaXo- 0.0e+00  5.0e+07  1.0e+08  1.56+08  2.0e+08

JATCA HHIXKE Iopora, OInpeACICHHOTO HMCIIOJIb30-
BaHHMEM IONPaBKU BOHpEppOHH, OHU SBISIOTCS
4acThIO JIOKYCA, BKJIIOYAIOMIET0 HECKOIBKO 3aMeH Puc. 3. MaHXST”feHCKI/lﬁ rpadux pesyisraroB GWAS c Ha-
C TOCTETCHHO BO3PACTAIOMICH IOCTOBEPHOCTHIO 6opom 3Haq6HHH:10g10(p) ANA MCCIENyeMBIX SvNR JIOKaJHu-
N 3 s 30BaHHBIX Ha 3-ii xpomocome. CuHeil nuHHEH 0003HAYCH
pazmumuuii ot —log,(1-107) mo —log,,(1-107). Uc- IOPOT pasIUYMil ¢ OXKHIAEMOIl JIOCTOBEPHOCTBIO PA3IIH-
XOAs U3 3TOr'0 MBI COYJIM BO3MOKHBIM BKIIFOYUTDL  yuii npu 3HaueHuu —log, (p) = 5, KpacHO# JTUHUEH — TOpOr
3aMeHsI 15413678705 n rs403066131, a Takxke eme JOCTOBEPHOCTH pasnuunii mpu 3uavennn —logl0(p) =7
Heckoiibko SNP, nokazarens —log,(p) mis koro-  Fig. 3. Manhattan diagram of GWAS results with a set
PBIX GOINBIIE 5, B IPYIIy TOTAMOP(H3MOB, Map- of -logl0(p) values for the studied SNPs localized on the

KUDVIOMNX MOTCHINANBHLIC TeHbI-KAHIIIATEI 3rd chromosome. The blue line indicates the difference
PYIOHL 1 AU > threshold with the expected difference significance at the

CBASAHHBIC € NPOAYKTHBHOCTBIO OBCL POMAHOB-  value -logl0(p) = 5, the red line indicates the difference
CKOH IOPOAHI. significance threshold at the value -logl0(p) =7

Bcero B paccmarpuBaemyro rpymmy SNP
MoTa Tl ONWHHAIATE 3aMeH (Tabu. 1), JacToTa BCTPEYaeMOCTH KOTOPBIX ObIla JOCTOBEPHO BHITIE
B «CYTEP-IUTHONY TpyIIIe OapaHIUKOB.

Kaxk ysxe ObIJI0 MMOKa3aHO, HAMOOJBITUI ITOKa3aTeIb TOCTOBEPHOCTH Pa3audnid ObLT BRISBIICH Y 3a-
MeHBI Ha 3-i1 xpomocome. OHa IPUCYTCTBOBAJIA B MOJOBUHE TAILNIOTUIIOB Y TPYIIIBl «CYHEP-3TUTHBIX)
JKHBOTHBIX W HE BBISBJICHA HHU Y OHOM M3 AIMUTHEIX ocoOeil. Eme getsipe SNP He o0HapyKHBaIUCh
B MYTaHTHOM BapUaHTE y AJIUTHOMU I'PYIIBI, OJJHAKO YaCTOTA UX BCTPEUAEMOCTH Y «CYHEP-IIUTHBIX)
JKHBOTHBIX OBLITa MEHBIIE, 4eM y 3aMeHBI 15410516628 Ha 3-it XpomMocome.

3amena rs422028000 Ha 2-i1 XpOMOCOME OTIMYACTCS TEM, YTO B TPYIIE «CYNEP-2IIUTHBIX)» OapaH-
YUKOB OHa OOHapykuBasack B 90 % ramioTHUIoB, OAHAKO W B TPYTITIE IUTHBIX )KUBOTHBIX OHAa BCTpe-
yaetcs yaime Apyrux usydaembix SNP. Camoe OonblIoe COOTHOIICHHE MO BCTPEYAEMOCTH MEKIY
TPYIIIIaM# JKUBOTHBIX CPEIH 3aMEH C HaJu4YueM MmoluMopdu3ma B 00enx IpyIlax Imokas3aja 3aMeHa
rs413678705 na 3-it xpomocome — 80 % raminotumnos npoTus 13 %.

Chromosome 3 position

Taonummoa 1. Xapakrepucruka SNP ¢ HAauGO0JbIIHMHI NOKA3ATEIAMHU T0CTOBEPHOCTH ACCOLHALUH
€ «CyNep-3JIMTHOW» IrpyNnnoi ;KUBOTHBIX NpH npoBefeHnd GWAS. LIeHTp K0/1JIeKTHBHOI0 10JIb30BAHUS B 00J1aCTH
reHomukn (IIKII renomuxn), CKkoJKOBCKUII HHCTUTYT HAYKH M TexXHoJ0ruii, 2019 r.

Table 1. Characteristics of the SNPs with the highest significance of association with super-elite group
of animals during GWAS. Genomic Core Facility, Skolkovo Institute of Science and Technology, 2019

Ne SNP Xpomocoma/mo3uius Al A2 F A F U P I'en/paccrosiHue 10 resa
1 15410516628 3/90506946 A | G| 040 0 3.14E-9 |LTBP1-201/untpon 31-32
2 15404234664 1/275084799 A G | 0,30 0 3.36E-7 | KCNHS8/184350 1.H.
3 15399844929 1/275086189 G| A | 030 0 3.36E-7 | KCNH8/185740 m.H.
4 rs413678705 3/9387400 A | G |08 | 013 | 6.34E-7 |LMX1B-201/unTpon 3-4
5 15403066131 3/9286107 C| A | 080 | 0115 | 3.64E-6 |ZBTB43-201/49977 n.n.
6 rs408953719 2/103267305 G| A | 050 | 004 | 431E-6 | MSRA-201/unTpoH 6-7
7 rs422028000 2/220445291 A | G |09 | 021 | 589E-6 |CHPF-201/untpon 1-2
8 rs411162754 1/12677364 G| A| 025 0 6.07E-6 |UTP11/138661 mutp.H.
9 rs417281100 10/83854312 Al G| 025 0 6.07E-6 |lincRNA/37601 m.h.
10 |rs406660727 2/230004848 A | C | 070 | 0,12 | 6.42E-6 |PID1/91500 m.H.
11 |rs401057552 2/230553755 A | G| 060 | 008 | 7.67E-6 |DNER/unaTpon 15-16

YcnoBHBE 000O3HAaYeHUS ILH —IIapa HYKICOTUAOB; Al — MUHOPHBIH aymienb; A2 — ITTaBHBIN anjiesb;
F_A —gacToTa MHHOPHOTO aJuIeNsl B TPYIIIE )KUBOTHBIX cynep-amuta; F_U — yacToTa MUHOPHOTO aJuiesist B SIUTHOH IpyIIIe.
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[Momamopdusmer rs411162754 (1-1 xpomocoma) u rs417281100 (10-1 XxpomocoMa) B HaIeM HCCe-
JIOBAHMM OKa3aJUCh CAMBIMHM PEIKHUMHU — TOJBKO B TPYIIE «CYNEP-dIUTHBIX» OapaHUYMKOB U TOJBKO
B YETBEPTH TaIlJIOTUIIOB.

Jnst SNP ¢ HauOonbIIMMK TIOKA3aTEJISIMU JJOCTOBEPHOCTH ACCOLMAIIMKM MEX]y 4acTOTOH BCTpe-
YaeMOCTH M XO3SHCTBCHHOLIEHHBIMU IMPHU3HAKAMHU y OBELl POMAHOBCKOW IMOPOAbI OBLIO MPOBEICHO
M3y4YeHHE WX PaCIONIOKEHUS B TEHOME JIJIsl BBISBICHUS MPEATIONaraéMbIX reHOB-KaHauaaToB. Cpenn
oAMHHaIUATH BEIOpaHHBIX SNP MsITh momanu B MHTPOHBI T€HOB, OCTAJBHBIE IIECTh HAXOASTCS Ha pas-
JINYHOM PACCTOSTHUU OT Te€HOB. B dK30HaX W MpoOMOTEpax T€HOB MOIUMOP(HU3MOB C JTOCTOBEPHBIMHU
pa3IMUMsIMHU B YaCTOTE BCTPEYAEMOCTH He BbIsiBIeHO. Hanbosnee 61IM3K0 OT 1eNeBOro reHa, Koaupyro-
mero O0enok, Haxonutes 3ameHa 15403066131 Ha 3-if xpomocome. [lanbire Bcex yaaneHsl 1s399844929
u 15404234664 — moutu 200 000 m.1. 3amena rs417281100 HaxonuTcs 6IU3KO K TeHY TIWHHON HE KOIU-
pyroueit PHK, Gronornveckas posib KOTOPOil Ha CErOAHSIIHUN IeHb HE BBISICHEHA.

O06cy:kaeHue pe3yJbTaToOB HccaeqoBaHus. Hanbomee BRICOKHME MTOKA3aTEIH TOCTOBEPHOCTH Pas3-
JIN4Yui ObLITM OOHAPYKEeHBI JJIs1 3aMeHbl 1410516628, pacnonoKeHHOM Ha TPEeThel XpoMocoMe B 00Jia-
CTH MHTPOHA T'e€Ha, KOJUPYIOIIETO JIATEHTHBIN CBA3BIBAIOIIUN TPOTEUH | TpaHC(HOPMHUPYIOIIEro pOCTO-
Boro ¢akropa 6era (LTBPI). DTOT OENoK SIBISICTCS BaKHEHIIMM KOMIIOHEHTOM JKCTPAIICILIIONS PHOTO
MaTpUKCa, OH B3aUMOJEHCTBYeT ¢ (pubprimmHoM MUKpoduOpuii. M3odopma nporenHa HoMep OauH
y4acTBYeT B aKTHBAIIMU TPaHC(HOPMHUPYIOMIET0 pocTOBOrO (pakTopa 6eTa MHTErpUHAMH, a TAKKE Pery-
JUpPYeT akTUBAIMIO psiga npoTeas [20]. Bricokas skcnpeccus reHa B OONBIIMHCTBE KIETOK OpraHu3Ma
YKa3bIBaeT Ha ero OONBIIYIO PONIh B PETYNSIUN pa3BUTHA TkaHeH [21]. Ha ocHoBaHWM MpUBEAEHHBIX
JMAHHBIX MBI cuuTaeM TeH LTBPI nepCreKTUBHBIM I'eHOM-KaHIUIaTOM, BIUSIONIAM Ha TTPOIYyKTHUBHBIC
KayecTBa y POMaHOBCKOH ITOPOJIBI OBEIl.

3amensl 15404234664 n 1s399844929 pacnonararoTcst Ha MEPBOH XPOMOCOME, PACCTOSHHUE MEXKIY
HUMH cocTaBasgeT okoio 1500 mu. OHu oTHOCATCS K MeXreHHbIM SNP, Onmmkaiimuii reH HaXOTUTCs
JOCTATOYHO Najieko oT HuX — okoyo 185000 m.uH. Oto rer KCNHS, konupyromuii 0elI0K U3 TPYTIBI
BOJIBTa)K-3aBHCUMBIX KaJIUEBBIX KaHaJoB. OCHOBHAs (PYHKIIMSI ATHX KaHAJIOB — PEryJnpyeMoe Ipormy-
CKaHWE MOHOB KaJius 4epe3 KIJIETOYHYIO CTEHKY B 3aBUCHMOCTH OT TPaHCMEMOPaHHOTO MOTEHIIHAA,
YTO UMEET KJIFOUEBOC 3HAYCHUE JUIsd (YHKIUHU JIFOOOH KJIeTKH opraHu3mMa [22]. YuuTheiBas CTOJIb BaX-
HYy10 Qu3nonornueckyto poiab rena KCNHS, Mbl cunTaeM HEOOXOIMMBIM BKJIIOUYUTH €r0 B CIHCOK re-
HOB-KaHAMIATOB TIOKa3aTenel (peHoTHNa y NCCIIeIOBAaHHBIX )KHBOTHBIX IS TIOCIIEAYIOMIET0 U3yYeHHU S
0COOEHHOCTEH €ro CTPYKTYPHI.

B unTpOHE Tena LMXIB, Kogupyromero TpaHCKPUIIIIUOHHEIH (akTop 1 6eTa romeobokca LIM, pac-
nosokeHa 3amena rs413678705. TOT TpaHCKPHUITIIMOHHBIH (haKTOP SBISACTCS OJHUM U3 BaXKHEHIIINX KOM-
[IOHEHTOB CUCTEMBI PETYJIALNN 3aKJIaIKN U Pa3BUTHS KOHEYHOCTEH Yy MIIEKOMUTAIOIMX HAaYMHAs CO CTa-
nun dMOproHa [23]. Mcxonms u3 moka3aHHOTO ydacTws rera LMXIB B popMupoBaHund GEHOTUITHISCKAX
0COOCHHOCTEH )KMBOTHBIX MBI OTHOCHM €r'0 K TeHaM-KaHAuaTaM MpOAyKTHBHBIX ITOKa3aTeiei y oBell.

3amena rs403066131 mHaxoguTcs HA HEOOJBIIOM PACCTOSHUM OT TeHa ZBTB43. OH pacmnoiokeH Ha
TpeTbel XpoMocoMe, KOAUPYET OAUH U3 JTOMEHOB «IIMHKOBoro nanbia» u BTB. K aToii rpynne otHo-
csTCsl OCNKH, UMEIOIUE pa3IuvHble QYHKIMH: PETYISIUS TUHAMHUKU [UTOCKeNeTa, COOpKa MOHHBIX
KaHaJIOB, PETYISAIUS TPAHCKPUIINHU | T.1. [24]. VicXons u3 3TOro mpencTaBiseTcs BaXXHBIM H3yUHUTh
POJIb ATOTO T'€HA B PA3BUTHUU MPOAYKTHUBHBIX PU3HAKOB Y POMAaHOBCKHUX OBEIl.

Ha 2-ii xpoMocoMe HaxoasiTCs JIB€ 3aMEHbI C BHICOKMMM TOKa3aTeJISIMU JIOCTOBEPHOCTH Pas3IMuMil
MEXJly TPYNIaMH JUTHBIX U «CYNep-3IUTHBIX» )KUBOTHBIX. OnHa n3 HUX (rs408953719) nokanuzoBana
B MHTpOHE reHa MSRA, konupyromero MeTHOHHHCY b oKcuapenykrazy A. @yHknus 3Toro 6enka co-
CTOUT B JIMKBHUJIAIIUU HETATUBHBIX TIOCJIEACTBUI OKCHIATUBHOTO CTPECCa M 3aIIUTE KIETOK OT aKTHBHBIX
¢dopm kucaopoza [25]. Y oBel, Kak u y IpyTHX MICKOMUTAIOLUINX, OKCHIATHBHBIN CTPECC CBA3aH C LEIbIM
PSAAOM TIOKa3aTesei 3M0pOBhs M pa3BUTHS OpraHn3Ma. TakKe ero akTHBHOCTH CKa3bIBACTCS HA KAaueCTBE
nojydaemMoro msica npu yooe [26, 27]. [loatomy MbI curtaeM reH-kanauaat MSR A nepcrieK THBHBIM J11sI
TIOWCKA MTOTUMOP(PHU3MOB, HAPSMYIO CBSI3aHHBIX C TIPOJTyKTUBHOCTBIO Y OBEI] POMAaHOBCKOH TTOPO/IBL.

Eme oxna 3amena Ha 2-if xpomocome (rs422028000) maxonutcst B muHTpoHe rena CHPF. Ero 6enko-
BBIM ITPOAYKTOM SIBIISIETCS (DAKTOP MOJIMMEPHU3ALNH XOHAPOUTHHA. XOHAPOUTHH CyIb(ar npeacTaBis-
eT co00H OIMH M3 CAMBIX PACIIPOCTPAHEHHBIX BU/IOB INTUKO3aMIHOTIIMKAHOB ¥ IOMUMO (DOPMHUPOBaHUS
MEKKJIETOUHOTO MaTPUKCA yUacTBYET B OOJIBIIOM KOJMYECTBE OMOIOrHYECKUX MPOIECCOB Mo odecrie-
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YEeHUIO QYHKIIUH PEIETITOPOB, POCTOBBIX (DAKTOPOB U APYTHX MaKpoMoyeKkys [28]. MbI canTaeMm rex
CHPF mnepcneKTHBHBIM T€HOM-KaH/IM/1aTOM, BIUSIONINM Ha MPOyKTHBHBIE Ka4ecTBa OBEIl.

3amensl 15411162754 u 15417281100 x0Ts 1 OKa3adu NOCTATOUHBIH yPOBEHB TIOCTOBEPHOCTH Pa3-
JUYUN MEXIY HCCIEAYEMBIMU T'PYINIAMU XHUBOTHBIX, HO MMEIOT HU3KYIO YacTOTy BCTPEYAEMOCTH
B I'pyIIE «CYNep-auUTHRIX». [loaToMy pacnonoxeHHbIH psiaoM ¢ onHol u3 HuX red UTPII (konupyet
MaJyio CyObeqUHHUIlY KOMIIOHEHTA MPOIIECCOMBI) U TeH JUTHHHON He konupytomeid PHK psgom ¢ npy-
TOif MBI HE CIUTAEM IeJIeCO00Pa3HBIM BKJIIOYATH B IEPEUCHb T'€HOB-KAH/IH/IaTOB.

Eme naBe paccmaTrpuBaemble HaMM 3aMEHbl HaxXoAsATCSs Ha BTOpod Xxpomocome. llepBas
(rs406660727) pacnonoxkena onuke 100 ThICSY M.H. K TeHY JOMEHa pacno3HaBaHus (HocPOTUpO3UHA
PIDI. Ero Ouosnoruueckas pojib COCTOUT B TIepeiaue MEKKJIETOUHBIX CUI'HAJIOB B IpoLecce mpoiude-
pauu, nuddepeHnnpoBKY, TOABMIKHOCTH KJIETOK U armonTto3a [29]. [lo HameMy MHEHUIO, €r0 CTOUT
paccMaTpuBaTh B KadecTBE T'€Ha-KaHIHWJAaTa MPOAYKTHBHOCTH y OBEIl POMaHOBCKOW MOpojsl. Bro-
pas 3amena (rs401057552) nokanuzoBaHa B uHTpoHe reHa DNER — delta/notch-momo6noro nuranna.
Ero ¢yHKIUS MOTHOCTHIO HE U3yYeHA, OAHAKO MOKa3aHO, YTO B OTIUYHUE OT KJIACCHYECKHX JIUTaH 0B
curnanpHoro mytu Notch oH He mpenorBpamaer TudpdepeHInpOBKY MHOOIAcTOB B KynbType [30].
DTO MO3BOJAET MPEAIONOKUTh €r0 CBSI3b C PA3BUTUEM MBIIICUHONM TKAaHU U BKIIOUUTH TeH DNER
B CITMCOK TIOTEHIIHAJIbHBIX T€HOB-KaH U IATOB.

BoiBoabl. B xone mpopenaHHON paOOTHI MPOBEACH IMOJTHOICHOMHBIN IMOMCK aCCOIHAIIUMA ¢ TPO-
TYKTHBHOCTBIO Y OBEIl POMAHOBCKOW IOPOJIbI. BBISBICHBI accomManuy MEXIY MPUHAIIEKHOCTHIO
JKUBOTHBIX K KJIACCY «CYMNep-3INTa» W 4acTOTOH BCTpPEUaeMOCTH OAMHHAJALATH OJHOHYKJIEOTHIHBIX
NOJTMMOP(U3MOB, PACTIONOKEHHBIX Ha 1-i, 2-i, 3-if u 10-ii xpomocomax. Hanbompias 10CTOBEPHOCTD
acconuanuu Habiroaanack s 3amensl rs410516628 (p = 3,14+ 10’9), pacIoyioKeHHOH Ha 3-if XpoMOCo-
Me B obnactu uHTpoHa rena LTBP1. B pe3ynbrare paGoThl IpesIOKEeHO § HOBBIX T€HOB-KaHIM/IaTOB
nponyktuBHbIX mpusHakoB osell: LTBP1, KCNHS, LMXI1B, ZBTB43, MSRA, CHPF, PIDI, DNER.
IIpennoxeHHble TEHBI B TOH MJIM MHOM CTENEHM CBSI3aHBI C PETYJIAIUEH pocTa U pa3BUTUsS TKaHEH, OJl-
HAKO HEOOXOIWMBI JaJIbHEHIITNE WCCIe0OBaHUs, HAMIPABJICHHBIE HA TOJTBEPIKJICHUE BIHSHUS TEpe-
YUCJIEHHBIX TE€HOB Ha ()OPMUPOBAHHE IKCTEPHEPHBIX OCOOEHHOCTEH M MPOAYKTHBHBIE KauyecTBa OBEIl,
a Tak)Ke Ha OIpe/IeJIeHNe TOYHBIX MEXaHU3MOB pealln3alii 3TOro BIUSHUS. [lepCeKTHBHBIM C TOYKH
3pEHHS] MAPKEPHOU CENIEKIIUH SBIISICTCS] HCTIOJIB30BaHNE O0OHAPYKEHHBIX 3aMEH JJIsI BBISIBICHUS )KUBOT-
HBIX C BBICOKUM I'€HETHUYECKUM MMOTEHLIUAJIOM, a TAK)Ke (POPMHUPOBAHUS POAUTEIBCKUX Hap JJIsl YBEIH-
YEHUS KOTMYECTBA BHICOKOMTPOAYKTHUBHBIX 0CO0OEH B MOMYJIAIIIME POMaHOBCKHX OBEIl.
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