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Momusayus u yenv. CeneklHs CENbCKOXO3SIMCTBEHHBIX YXKHBOTHBIX, OCHOBaHHAs Ha
WCTIONIb30BAaHUN  aCCOIMAIMK  aJUIeJIed OMPEJCNICHHBIX TeHOB C OJKOHOMHYECKH
3HAYMMBIMU KOJIMYECTBEHHBIMA M KaYeCTBEHHBIMH MpH3HAKaMu (OTOOp C MOMOIIBIO
mapkepoB — Marker-Assisted Selection, MAS), sBisercs omHuM 13 3()(GEKTUBHBIX
METOJIOB JIOCTHIKEHHSI BBICOKHX Pe3yJbTATOB B arpapHOM MPOW3BOJACTBe. TIOMCK U
WCCIIEIOBAHUE CIIEKTPOB I'EHOB, OTHOCSIIUXCS K TOTCHIUATBLHBIM (U3HONIOTHICCKUM U
nosuronHeiM  [IHK-mapkepam, npoBoguTcs ¢ KoHUa mpounuioro crosuerus [1].
JlOoCTUTHYTBI 3HAUUMBIE pe3yJIbTaThl. ONpPeeaeHbI CICKTPBI TEHOB, IPOYKThI KOTOPBIX
BOBJICYEHBI B (DOPMHUPOBAHKE ONPECTICHHBIX KOTUYECTBEHHBIX IPU3HAKOB MOJIOYHON U
MSICHOM MPOAYKTUBHOCTH KPYITHOTO poraToro ckota [2].

HecMmoTps Ha 3HAYMTENbHBIC PE3YJIbTAThI, JOCTUIHYTHIC B HAPABJICHUH TTOMCKa HOBBIX
Y MOJTyYCHHUS TAHHBIX JIJIS yKe n3BeCcTHbIX SNP-MapkepoB, ocTaeTcsi He COBCEM SICHBIM,
HACKOJIbKO YHHBEPCAJICH XapaKTep YCTAHOBICHHBIX aCCOIUANMN U BO3MOXHO JIH UX
MCIIOJIb30BAHKE B CEJICKIIMU BCEX MOPOJI HE3aBUCUMO OT HAIIPABJICHHS TPOTyKTUBHOCTH
3THX MOPOJI, UX MPOUCXOKICHHUS U JTOCTH)KEHUI paHee MpoBeAeHHON cenekuuu. [Tpu
3TOM HMEIOT 3HAUeHWE W YACTOTHBIC XapaKTEPUCTUKU pachpesielicHus Haubosee
LCHHBIX ajlIeJiell BO BHYTPUIIOPOIHBIX BEIOOPKAX KPYITHOTO POraToro CKOTa, KOTOphIe
JIOJDKHBI OBITh OIICHEHBI, KaK M T€HOTHIIUPOBAaHHE OBIKOB-IIPOM3BOAUTENCH, [0
MPOBEICHHS COOTBETCTBYIOIIETO OTOOpA.

Ienb0 HACTOAIIErO MCCICOBAHUS SBISUIOCh U3YUCHHE TCHETUYECKOW CTPYKTYPHI B
BBIOOpKaX KOCTPOMCKOW TIOpPOJBI KPYITHOTO pPOraTtoro CKoTa o0OMX TIOJOB C
ucnonb3oBanneM SNP psna renos-kangumaros (GH, GHR, DGATL, PRL, SCD,
RORC, Lep, LepR, CSNS) Y BBISBJICHHWE WX aCCOIHAIM C MPU3HAKAMH MOJIOYHOU
MPOJAYKTUBHOCTH JTIOUePeil UCCIICIOBAHHBIX OBIKOB.

Memoowvr u ancopummer: Tenotunmposanu 6bikoB (N = 75) u kopoB (N = 120)
KocTpoMckoii opobl 1o SNP psiza renos-kanauaaToB: ropmona pocra (GH, L127V)
u ero perenropa (GHR, S555G), mumammnrmunepon armnrpanchepassi (DGATL,
K232A), nponaktuna (PRL, g.35108342A>G) u kanmna-kazenna (CSN3, 11e136Thr u
Alal48Asp), creapomn-KoA-nmecarypassl (SCD, A293V) C-penenrtopa peTHHOEBOM
kuciotel (RORC, 9.3984A>G), creapomi-KoA-necatypassl (SCD, A293V), nentuna
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(Lep, Y7F) u ero penentopa LepR, T945M), kak ommcano [3—6]. TlomymsioHHO-
TeHETHYECKHI aHaJIM3 TPOBOAWIM C HUCIIONb30BaHmeM mporpamMm GenAlEX v.6.5 u
STRUCTURE 2.3.4. AcconuaTuBHBIN aHaN3 PU3HAKOB MOJIOYHOW MPOJTYKTUBHOCTH
(ymoit (xr), comepxanue (%) M BbIXOJ kupa (Kr)) Aodepeil oOuieil YMCICHHOCTBIO
0onee 950 BBIMOJHSIN B CBSA3M C FCHOTUIIAMH MX OTIIOB, OBIKOB-IIPOM3BOIUTENCH, B
mporpamme STATISTICA 10.

Pesynomamul: B wccienoBaHHBIX BBIOOPKAaX HE BBISBICHO 3HAYUMOTO OTKIOHCHHMS
pacnpenenieHus HaOJMIOJaeMbIX YacTOT T'C€HOTHUIIOB OT MX PACIpPECICHUsI COTIacHO
Xapnu—Baitn6epry. Ycranosiena muddepeHnuanis BBIOOPOK IPYyr OT JOpyra Iio
mapkepam reHoB CSN3, DGATI u LepR cormacHO NpHBEACHHBIM 3HAYCHHUSIM
BeposTHOCTU A 3HaueHud Gst (Tabn. 1) U ¢ ydeToMm MONMpaBKM HA MHOKECTBCHHBIC
cpaBHeHus bermkamuan—Xoxoepra [7].

Taoauua 1. 3naueHns koddduruenta Gsr 1 UX BEPOSTHOCTh

Locus| CSN3 | PRL | GH |DGATI| SCD |RORC(A)| GHR | Lep | LepR | Tot
Gst | 0.016 —0.002 —0.002 0.044 0007 -0.002 —0.002 0006 0.034 0011
P | 0006 0748 0627 0001 0039 0957 0.663 0.067 0.001 0.001

VpoBenp auddepeHnrani Ha OCHOBE KOMIUIEKCa MapKepOB C HCIIOJIb30BaHHEM
unnekca ¢ukcamun Paiira (Fst) 2.1 % (P < 0.05). O6a ucrnon»30BaHHBIX METOJA,
rnaBHbIX koopauHat (GenAlEx v.6.503) u knacrepublii ananu3 (STRUCTURE 2.3),
YKa3bIBAIOT Ha HECKOJIBKO OONBIIYI0 W3MEHYHBOCTH BRIOOPKH OBIKOB 10 CPAaBHEHHIO C
kopoBamu. [Ipu 5TOM Ha TiepBbIe TIaBHBIE OCH NPUXOIUTCA 35 % H3MEHYUBOCTH,
pacrpeneneHHOl TpuMepHO MopoBHY. KiacTepHbIli aHamu3 Mokazal HaJIMYMEe ABYX
OJIMHAKOBBIX KJIaCTEPOB B 00enX BBHIOOPKAX MPH 3HAYUTENbHON BbIpakeHHOCTH (70 %)
y OBIKOB KiacTepa, ¢ OONBIIMMH pa3NMu4MsIMA OcCOoOeH Jpyr OT Jpyra B
MPOTHBOIIOJIOKHOCTh KOPOBaM, Yy KOTOpBIX ero jnoist He Oonee 30 %. AHnamus
acconmanuii uccnenoBaHnHbIXx SNP OBIKOB C MPOXYKTHBHBIMHU IMpH3HAKAMHU J0Yepeit
obHapyxun noctoBepHble 3aBucuMoctr (P < 0.05) comepxkanus (%) u BeIxoma (Kr)
xwupa, ynos (kr) ot renotunoB rena SCD u conepkanust (%) xupa ot rena CSN3.
Buisoowi: OnpepenieHbl 4acTOTHBIE XapaKTEPUCTUKU wuccienaoBaHHbIX SNP  reHos
KaH/IU/IaTOB B BBIOOpKaX OOOMX MOJIOB KOCTPOMCKOW IOPOABI KPYIHOTO POTraToro
ckota. [Tockonbky B ceneknuu 3h(HEeKTUBHO MCIIONB30BaTh aJUIENIM C YacTOTOH Ooee
5 %, OTMETHM, YTO aJIeNH OONBITMHCTBA MAPKEPOB MPEOJI0JIEIH ITOT MOPOT, KpoMme T-
ayutenst reHa Lep (Y7F) y xopos (0.03), 4To He HCKITI0YaeT BOZMOXXHOCTH ITPUMEHEHHUS
3THX MapKepoB IIpH 0TOOPE Ha MPOAYKTHBHBIEC TPU3HAKH, IOCKOJIBKY Y OBIKOB YacTOTa
naHHoro amiens coctasnser 0.07. YV  KOCTPOMCKOM MOpOABI yCTaHOBIIEHHBIE
acconuatuBHble CBsi3u MapkepoB reroB SCD (A293V) u CSN3 (1lel36Thr u
Alal48Asp) ¢ KOJMYECTBEHHBIMH TPH3HAKAMH MOJOYHON MPOIYKTHBHOCTH JI0Yepei
WCCIIC/IOBAHHBIX OBIKOB MOKHO YYHTBHIBATH Hapsigy C METOAaMH TPaJUIMOHHON
CENIeKIIMU KaK TMPH HMCHOJB30BAaHHM CHEPMbI M3YYCHHBIX OBIKOB JUII OCEMEHEHHUS C
KOpOBaMH HEHM3BECTHOTO T'€HOTHUIIA, TaK M Uil (OPMHPOBAHUS Tap >KUBOTHBIX C
W3BECTHBIMH T'CHOTHUIIAMH MPH CKPEUIMBAHWHU JUIsl TOJNyYeHUs1 TIOTOMCTBAa ¢ OoJjee
BBIPQKEHHBIMH NIPU3HAKAMH.

Qunancuposanue:. ViccienoBanue NoJJIEPKAHO B paMKax pasjielia TOCyIapCTBEHHOTO
3aganus 2024 rona UBP PAH Ne 0088-2024-0011 u UDA PAH Ne 1023032600025-8-
6.1.1#5.
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Motivation and Aim: Selection of livestock animals based on the use of association of
alleles of certain genes with economically significant quantitative and qualitative traits
(marker-assisted selection, MAS) is one of the effective methods to achieve high results
in agricultural production. The search and investigation of gene spectra related to
potential physiological and positional DNA markers have been conducted since the end
of the last century [1]. Significant results have been achieved. Gene spectra have been
identified, the products of which are involved in the formation of certain quantitative
traits of dairy and beef productivity in cattle [2]. Despite significant results achieved in
the search for new and obtaining data for already known SNP markers, the universal
nature of the established associations and their potential use in the selection of all breeds,
regardless of the direction of productivity, origin, and achievements of previous
selection, remain somewhat unclear. In addition, the frequency characteristics of the
distribution of the most valuable alleles in within-breed samples of cattle are important
and should be evaluated, as well as the genotyping of sire bulls, prior to conducting the
corresponding selection. The aim of this study was to investigate the genetic structure in
samples of the Kostroma cattle breed of both sexes using SNP markers of candidate
genes (GH, GHR, DGAT1, PRL, SCD, RORC, Lep, LepR, CSN3) and to identify their
associations with milk productivity traits of the offspring of the studied bulls.

Methods and Algorithms: Genotyping was conducted on bulls (N = 75) and cows
(N = 120) of the Kostroma breed using SNP markers of candidate genes: growth
hormone (GH, L127V) and its receptor (GHR, S555G), diacylglycerol acyltransferase
(DGAT1, K232A), prolactin (PRL, ¢.35108342 A>G) and kappa-casein (CSN3,
11e136Thr and Alal48Asp), stearoyl-CoA desaturase (SCD, A293V) retinoic acid C-
receptor (RORC, ¢.3984A>G), stearoyl-CoA desaturase (SCD, A293V), leptin (Lep,
Y7F) and its receptor LepR, T945M) as described [3-6]. Population genetic analysis was
performed using GenAlEx v.6.5 and STRUCTURE 2.3.4 software. Associative analysis
of milk productivity traits (milk yield (kg), fat content (%), and fat yield (kg)) of
daughters, totaling over 950, was conducted in relation to the genotypes of their fathers,
the sire bulls, in STATISTICA 10 software.

Results: In the analyzed samples, no significant deviation was detected in the distribution
of observed genotype frequencies from their distribution according to Hardy—Weinberg
equilibrium. Differentiation of the samples from each other was identified for the
CSN3, DGATI and LepR gene markers based on the provided probability values for
Gsr values (Table 1) and considering the Benjamini—Hochberg correction for multiple
comparisons [7]. The level of differentiation based on a complex of markers using
Wright's fixation index (Fst) was 2.1 % (P < 0.05). Both methods used, principal
coordinate analysis (GenAlEx v.6.503) and cluster analysis (STRUCTURE 2.3),
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indicate slightly greater variability in the bull sample compared to the cows. The first
principal axes account for 35 % of the variability, distributed approximately equally.
Cluster analysis revealed the presence of two identical clusters in both samples, with a
significant predominance (70 %) in the bull cluster, exhibiting significant differences
among individuals, as opposed to cows, where its share is no more than 30 %. Analysis
of associations of the studied SNPs in bulls with productive traits of daughters revealed
significant dependencies (P < 0.05) of fat content (%) and fat yield (kg), milk yield (kg)
on genotypes of SCD gene and fat content (%) on CSN3 gene.

Table 1. Values of the Ggr coefficient and their probability

Locus| CSN3 | PRL | GH |DGATI| SCD |RORC(A)| GHR | Lep | LepR | Tot

Gst | 0.016 -0.002 -0.002 0.044 0.007 -0.002 -0.002 0.006 0.034 0.011
P | 0006 0.748 0.627 0.001 0.039 0.957 0.663 0.067 0.001 0.001

Conclusion: Frequency characteristics of the studied SNPs of candidate genes in samples
of both sexes of the Kostroma cattle breed were determined. Since it is effective in
selection to use alleles with frequency of more than 5 %, we note that alleles of the
majority of markers have exceeded this threshold, except for the T-allele of Lep (Y7F)
gene in cows (0.03), which does not exclude the possibility of using these markers in
selection for productive traits, as the frequency of this allele in bulls is 0.07. In the
Kostroma breed, the established associative relationships of markers of SCD (A293V)
and CSN3 (1le136Thr and Alal48Asp) genes with quantitative traits of milk productivity
of the daughters of the studied bulls can be taken into account along with the methods
of traditional breeding, both when using semen of the studied bulls for insemination with
cows of unknown genotype and for forming pairs of animals with known genotypes in
crossbreeding to obtain offspring with more pronounced traits.

Funding: The study is supported by Government program of basic research in Koltzov
Institute of Developmental Biology of the Russian Academy of Sciences No. 0088-2024-
0011 and Miklukho-Maklai Institute of Ethnology and Anthropology of the Russian
Academy of Sciences No. 1023032600025-8-6.1.1 # 5 in 2024.
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