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Productivity and immune reactivity of small
cattle with different genotypes

ABSTRACT

Modern methods of breed formation in animal husbandry underscore the importance of
studying the influence of genetic factors on the productive qualities of farm animals. This
research analyzes the association between candidate gene polymorphisms and meat
productivity indicators and immune status in sheep. Genotyping of the GH, GDF9, and CAST
loci was performed using the PCR-RFLP method in a sample of Dagestan Mountain sheep.
Statistically significant associations were established between the genetic variants and
the traits under study. Animals with the GH/Haelll AB and GDF9/AsplEl AA genotypes were
characterized by an increased level of CD4+ lymphocytes and a reduced content of CD8+
cells, resulting in higher values of the immunoregulatory index compared to carriers of the
GH/Haelll AA and GDF9/AsplEl GG genotypes. Analysis of productive qualities revealed the
advantage of the CAST MM genotype over CAST MN in terms of live weight. A similar pattern
was established for the GH AA genotype compared to GH AB. The obtained data demonstrate
the promise of using molecular genetic markers in breeding programs for the simultaneous
improvement of both productive characteristics and the immune status of sheep.
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npop,yKTVIBHOCTb N UMMYHHas peakKTUuBHOCTb
MEJIKOro poratoro CKota pa3HbIX reHOTUunoB

PE3IOME

CoBpemeHHble MeTObI TOPOA006Pa30BaHMS B XMBOTHOBOACTBE akTyann3upytoT 3afadvy ns-
YYEHUS BIMSIHUS FTEHETUYECKUX PAKTOPOB HAa NPOLYKTVBHbIE KAYECTBA CENbCKOXO3AACTBEH-
HbIX XMBOTHbIX. B pamkax HacToSLLEro NCCnefoBaHNS NPOBEAEH aHan3 B3aMOCBS3U Mo-
nMMopdun3Ma reHoB-KaHAMAATOB C MOKA3aTensaMy MACHOW MPOAYKTUBHOCTA U UMMYHHOTO
cTatyca y oseu. Metogom MUP-MAP® ocywecTeneHo reHoTMnMpoBaHue no nokycam GH,
GDF9 1 CAST B BLIOOPKE rOPHbIX AareCTaHCKUX OBELL. YCTAHOBNEHbI CTaTUCTUHECKN 3HAYM-
Mbl€ accoumaLmm MexXay reHeTU4ECKMMI BapraHTaMm 1 n3y4aemMbiMu npusHakamu. XXUBOT-
Hble ¢ reHoTunamu GH/Haelll AB n GDF9/AsplEIAA xapakTeprn3oBanmch NOBbILLEHHLIM YPOB-
Hem CD4+-nMmMbOLMTOB U CHUXEHHBIM cofepxaHnem CD8+-kneTok, uto o6ycnosuno 6onee
BbICOKME 3HAYEHNS UMMYHOPETYNSITOPHOIO MHAEKCA NO CPABHEHMIO C HOCUTENSIMU FEHOTU-
noB GH/Haelll AA n GDF9/AsplEIGG. B xoae aHann3a NnpoayKTVBHbIX KQ4eCTB BbISIBNEHO Npe-
nmyuwectso reHotuna CASTMM Hag CASTMN no nokasatensiM XmMBO Macchbl. AHanormyHas
3aKOHOMEPHOCTb ycTaHoBneHa ans reHotuna GHAA B cpaBHeHun ¢ GHAB. Monyy4eHHble AaH-
Hble EMOHCTPUPYIOT NEPCMNEKTUBHOCTD MCMOb30BAHUS MONIEKYISPHO-TEHETUYECKMX Map-
KEpOB B CENEKLIMOHHbBIX MPOrpaMmMax aJis OGHOBPEMEHHOrO YNyULIEHUS NPOAYKTUBHbBIX Xa-
PaKTEPUCTUK M YKPENNEHNS MIMMYHHOIO CTaTyca OBeL,.

Knio4yeBble cnoBa: cenekuyst MapkepoB, reHOTUNMPOBAHNE, MENKWIA POraTbii CKOT, UM-
MYHHas PEaKTUBHOCTb, NPOAYKTUBHOCTb

Ana untuposanns: O3nemnpos A.A., Akaesa P.A., l'yceltHosa 3.M., Anmesa [1.0. Mpoayk-
TUBHOCTb M MMMYHOPEAKTUBHOCTb MENIKOTO POraToro CKOTa PasHbIX FreHOTUMNOB. ArpapHas
Hayka. 2025; 401(12): 85-92 (in English).
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Introduction/BBepneHune

In sheep breeding, a key priority is the assessment
and improvement of productivity, which depends
on both genetic and environmental factors [1-5].
Breeding approaches that account for these factors
are widely used in agricultural production and have
contributed to better meat quality [6-9]. In practice,
slaughter evaluation provides core indicators such as
dressing percentage and carcass weight, which can
correlate with specific genotypes [10-14]. Combining
traditional methods with molecular tools, including
genetic markers, enables systematic analysis
of genetic resources and accelerates breeding
programs' [15, 16]. Because many economically
important traits are complex, results across breeds
can be heterogeneous; continued study is needed to
refine gene—trait links, manage genetic diversity, and
improve prediction of productivity [17-21].

Maintaining diversity is also essential to avoid
inbreeding depression under intensive selection
schemes [22, 23]. For effective use of selection
tools, the genetic structure of local populations must
be described [24]. Identifying associations between
gene variants and meat-production traits enables
development of assays and, ultimately, genomic
selection pipelines [25-28].

The Dagestan Mountain (DM) sheep and several
other regionalized breeds remain understudied in this
respect [29-31]. Marker-assisted selection (MAS)
in sheep increasingly relies on well-characterized
candidate genes. Polymorphisms in GH, CAST
(calpastatin), and GDF9 (growth differentiation fac-
tor 9) have been extensively studied across breeds,
with reported associations to growth, carcass/ten-
derness, and reproductive traits (GH [31-34],
CAST [35-37], GDF9 [38-40]).

Building on this evidence, our study quantifies
allele/genotype frequencies in [population] and
tests genotype-phenotype associations relevant
for selection. Improving economically important
traits in DM sheep while conserving breed specificity
is expected to raise meat quality and sustain
adaptability to harsh local environments. Introducing
validated DNA markers into selection schemes for
DM sheep and relevant crossbreds can increase
selection efficiency and positively impact production
metrics [41, 42].

Despite extensive evidence for GH, CAST and
GDF9, data for Dagestan Mountain sheep and regional
crosses are lacking. Given the breed’s economic
role and the need for rapid on-farm decisions, locally
validated marker-trait associations are required to de-
risk selection and improve prediction of growth and
carcass outcomes. Therefore, we aimed to validate

polymorphisms in GH, CAST, and GDF9 in DM sheep
and crosses, quantify their associations with growth,
carcass, and immune traits, and derive selection-ready
recommendations for marker-assisted decisions
under farm conditions.

Materials and methods /

Ma'repuanbl n MetToabl UCcnenoBsaHus

The study was conducted at Agrofirma “Sogratl”,
Gunibsky District, Republic of Dagestan, Russia,
during 2022-2023 under lowland and mountainous
grazing. The cohort comprised 114 crossbred sheep
(Dagestan Mountain x Russian Meat Merino; 85 ewes,
29 rams) maintained under comparable feeding and
housing.

Observational design to evaluate genotype-
phenotype associations relevant for selection. Primary
factor (fixed effect): genotype at candidate loci (GH,
CAST, GDF9); levels used in analyses: GH (AA, AB),
CAST (MM, MN), GDF9 (AA, AG, GG). Covariates: sex;
age or measurement stage (where applicable).

Primary outcomes: longitudinal live weight; carcass
traits (slaughter subset); immune cell subsets with
immune-regulatory index (IRl = CD4*/CD8*). Reporting
of genetic associations aligns with STREGA. Jugular
venous blood (5-10 ml) was collected aseptically into
heparinized vacutainers (25 U/ml). Samples were
stored at 4 °C for up to 24 h or frozen at — 20 °C
until DNA extraction. Genomic DNA was isolated with
DIAtom™ DNAPrep (lsoGeneLab, Moscow); typical
yield 3-5 ug/100 ul, A260/280 = 1.6-2.0. Three loci
were genotyped by PCR-RFLP: GH (Haelll), CAST
(Mspl), GDF9 (BstHHI).

Primer pairs/annealing temperatures and expected
amplicons are summarized in Table 1. PCRs were
performed in 20-25 ulreactions (1 x buffer, 1.5-2.0 mM
MgCl,, 0.2 mM each dNTP, 0.4 uM each primer,
1 U Taq polymerase) with cycling 95 °C 3 min; 35 cycles
of 95 °C 30 s, annealing 60-63 °C 30 s, 72 °C 30 s;
final 72 °C 5 min. Amplicons were digested with the
specified endonucleases and resolved on 2-3%
agarose; two independent readers called genotypes
from fragment patterns [34].

The samples were stored at 4 °C for up to 24 hours
or frozen at — 20 °C until DNA extraction for PCR-
RFLP genotyping of GH, GDF9, and CAST genes
Table 1.

The experiment was conducted in compliance with
the requirements set out in Directive of the European
Parliament and of the Council of the European Union
of 22 September 2010 No.. 2010/63/EU on the
protection of animals used for scientific purposes and
the principles? of treatment of animals in accordance
with Article 4 of Federal Law No. 498-FZ43.

" OueHkKa M3MEHUYMBOCTY Fr€HOB, aCCOLMMPOBAHHLIX C XWBOW MaCCOW W LLePCTHOM NPOAYKTUBHOCTLIO OBELL: HAYy4HO-METOAMYEeCKMEe peKOMeHaa-
umn / .M. TonyapeHko, T.H. Xamupyes, C.M. JawmHnumaes v gp. Yuta: MHCTUTYT pa3suTtrs obpasosaHus 3abaikansckoro kpasi. 2024; 35.

ISBN 978-5-6045472-6-7, EDN WJGWSL

2 Directive of the European Parliament and of the Council the European Union On the protection of animals used for scientific purposes.
https://ruslasa.ru/wp-content/uploads/2017/06/Directive_201063_rus.pdf

3 ®epepanbHblii 3akoH 0T 20.12.2018 Ne 498-03 (pea. ot 24.07.2023) <06 0TBETCTBEHHOM 06paLLEHUN

C XVBOTHbIMU 1 O BHECEHUWN U3MEHEHWI B OTAeNbHbIE 3aKOHOAATE IbHbIE aKThbl Poccuiickon d)ep,epauvm».
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| Table 1. Primers and PCR-RFLP conditions for candidate loci

g ®
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Gene Nucleotide sequences & S 3 §
—_ (=]
et § O
-
CAST F:5’-tggggcccaatgacgccatcgatg-3’ 62 422 Mspl MM/MN

R:5’-ggtggagcacttctgatcacc-3’

GH F:5’-ggaggcaggaagggatgaa-3’
R:5’-ccaagggagggagagacaga-3’

GDF9 F:5’-gaagactggtatggggaaatg-3’
R:5’-ccaatctgctcctacacacct-3’

60 277 Haelll AA/AB/BB

63 462 BstHHI AA/AG/GG

Cellular immunity was assessed in carriers of
selected GH and GDF9 genotypes by flow cytometry.
Whole blood (EDTA) was stained with fluorochrome-
conjugated monoclonal antibodies to CD3, CD4,
CD8, and CD21 with appropriate isotype controls;
erythrocytes were lysed with a commercial kit. Data
were acquired on an Attune™ NxT Acoustic Focusing
Flow Cytometer (Thermo Fisher Scientific, USA),
a benchtop analyzer that uses acoustic-focusing
fluidics; the system supports configurations with four
lasers (405/488/561/637 nm) and up to 14 colors,
and runs Attune Cytometric Software for acquisition
and analysis.

Individual live weight was recorded at predefined
stages birth, pre-transhumance, arrival on mountain
pastures, weaning, pre-winter, arrival on winter
pastures) using low-profile platform livestock scales
Promves-PL-VZh (Promvesoborudovanie LLC, Yeka-
terinburg, Russia) — a non-automatic weighing
instrument, OIML R 76 Class lll, configured for static
weighing with strain-gauge load cells. The model
series is listed in the Russian State Register of
Measuring Instruments (entry No. 87205-22; valid
until 24 Oct 2027; inter-verification interval 1 year).

The farm configuration provided capacity
600-2000 kg (series options up to 40 000 kg),
graduation 0.1-0.2 kg, and a 1000 x 2000 mm
platform. Before each weighing session,
the scale was checked with certified
standard weights; two consecutive readings

ZO0TECHNICS I

weight (repeated measures) was analysed with a
linear mixed model weight — genotype + stage +
+ genotype: stage + sex + (1|animal); we report
estimated marginal means (EMMs) with Tukey
multiplicity adjustment for within-factor contrasts,
effects (B), 95% Cls and two-sided P. Immunology
traits were modelled as trait — genotype + sex + age +
+ (1|batch); normality and homoscedasticity were
checked on residuals, with log-transform or a GLMM
alternative if assumptions were violated; EMMs are
reported with multiplicity control.

Carcass traits were analysed with linear (or
mixed) models trait — genotype + sex; given the
small slaughter subset, we emphasised effect sizes
with 95% Cls and used robust / permution-based
checks if normality was untenable. For genotypes,
allele/genotype frequencies were computed and
HWE was assessed per locus using the exact test
(Hardy — Weinberg — HWExact) with a y? sensitivity
check; rare, unobserved levels (e. g., CAST NN) are
explicitly documented. Across families of outcomes
we additionally controlled the false-discovery rate
(BH-FDR, g < 0.05). Factor coding and reference
levels are specified in the Results/Supplement.
Reporting of design, sample size, and statistics
follows ARRIVE 2.0 and STREGA recommendations.

Results and discussion /

Pe3ynbTaTthl n 06CyXaeHue

The importance of the immune system for growth
and development is especially relevant during the
growth period of lambs, since it is during this period
that the immune status is established.

The study of the levels of T — and B-lymphocytes
in the blood of lambs of different genotypes made it
possible to assess theirimmune potential Table 2.

ltwas found, thatthe Dagestan Mountain lambs with
the genotypes GH/Haelll AB and GDF9/AsplEIAA had
a higher level of T-helpers and lower T-suppressors,

| Table 2. Indicators of immune reactivity of lambs of different genotypes

Indicator

were averaged (difference < 0.2 kg). Ge“g;‘,’,';?"y Immune reactivity, 10°/1 Rl

Measurements adhered to the principles T-cells B-cells  T-suppressors T-helpers

for non-automatic weighing instruments Dagestan mountain breed of sheep (n = 30)

in OIML R 76; for national practice we also GH* 0.60+£0.09 0.52+0.06 0.34+0.04 0.23+0.16 0.68

reference GOST 25955-83* (methods for GH*® 0.69+0.12 053+0.08 0.26+0.15 0.29+0.06 1.1

determining sheep productivity parameters)_ GDF9¢¢ 0.59 £0.08 0.35+0.1 0.40%£0.14 0.28+0.14 0.7

All animals were clinically healthy, and the GDF9* 0.66 £0.15 0.40£0.14  03%0.1  0.35+0.16 1.2

conditions of their maintenance complied GDF9* 061£0.08 0.35%0.12 0.38+0.12 0.26%0.14 0.68

with zootechnical standards and zoohygienic ~ Crossbred lambs (n =20)

requirementss. GH/Haell®  057+0.08 0.42+0.06 0.36%0.14 0.37£0.05 1.03
Analyses were performed in R (v4.x) using GH/Maell’® 062014 050:0.12 042%0.08 038+0.14 0.9

Ime4 for mixed models and emmeans for GDF9/AsplEI®® 05%0.06 0.42%0.16 0.3+0.04 0.37+0.04 1.23

estimated marginal means; HardyWeinberg GDFY/ASplEI# 0.65:0.12 0.47+0.16 0.32%0.06 0.3+0.02 0.94

GDF9/AsplEI*¢  0.54+0.14 0.46+0.06 0.34%0.06 0.35%0.02 1.03

was used for Hardy — Weinberg tests. Live

4TOCT 25955-83 CenbCkox035MCTBEHHAs MIEMEHHas NPOAYKTMBHOCTb. MeToabl onpeaeneHus nokasatenei npoaykTueHocTv oeell. M.: Uapa-

TenbCTBO cTaHzapTos. 1983; 13.

5TOCT 34088-2017 PykoBOACTBO MO Pa3MELLEHUIO U yxoay 3a 1abopaTopHLIMU XMBOTHLIMU. MpaBuna coaepXaHns 1 yxoaa 3a CeNlbCKOX03sii-
CTBEHHbIMY XMBOTHbIMU. M.: MeXrocyaapcTBEHHbI COBET MO CTaHAapTM3aLmmn, MeTposiorum u ceptudrkaumm. 2018; 36.
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which affected on the immunoregulatory

Fig. 1. Live weight indicators of Dagestan Mountain ewe lambs of different

. . s enotypes
index (IRI), making it higher, compared to genotyp
the lambs of the genotypes GH/Haelll AA 120
and GDF9/AsplEIGG. 100 - -
Crossbred lambs also had a higher 80 -

number of B — and T-lymphocytes with 60
genotypes GH/Haelll AB and GDF9/ " I N - -
AsplEIAA. The studies show, that the 2 B . - -
body’s reactivity on negative environmental -
influences is specific for each genotype before AV wponarrivalin | | PIOTC VI8 | oon arriva at

. . At birth R the mountains 8 8 winter pastures
and is apparently determined by an mountalt-:]s)(zs (30 months) | (43 months) pasturet;(;a.s (6.0 months)
. . . months, months
innate genetic program. This program  Lc.. 32 138 142 4 266 %61
allows to increase production of T — and GHAA 34 14.4 14.8 2.8 282 28

m CASTMN 3 135 13.7 22 25.9 25.5

B-lymphocytes, as well as T-helpers, but
decrease the number of T-suppressors.
Such regulation helps to correct and
strengthen ofthe adaptationand compensation systems
in the body on various stages of its development.

With the development of molecular genetics,
new opportunities are opening up for optimizing of
breeding selection and increasing of the efficiency of
livestock farms.

A key aspect is the identification of genotypes, that
can improve the productive characteristics of animals.
Particular attention is paid to genes, that affect on
productive qualities, including the growth hormone
gene (GH) and calipain (CAST).

In the context of studying of the effect of genetic
markers on the weight of Dagestan Mountain lambs,
their weight was measured on various stages of life.

This made it possible to evaluate the relationship
between various forms of the CAST and GH genes
and changes of live weight (Fig. 1).

Analysis of the sheep weight showed, that the
greatest increase of weight was observed before
the period of grazing on summer pastures, when the
average gain was 14.6 kg. Also, a significant gain
23.0 kg was recorded in the time of separation of
mothers from lambs. At the same time, the lowest
weight indicators were noted during the period of
movement between winter and summer pastures,
while their average weight was 27.1 kg.

During the study of various stages of development
of experimental individuals, it was revealed, that
the highest rates of weight gain were observed
in individuals with certain genetic markers. Thus,
individuals, carrying a combination of MM on the
CAST gene and AA on the GH gene, demonstrated the
best results in body weight gain and daily weight gain.
It is noted, that the sample of analysis did not include
individuals with the CASTNN and GHBB genotypes,
which excludes the possibility of their assessment
within the framework of the study. The study showed,
that animals with the CASTMM genotype have a larger
mass on average, compared to their relatives with the
CASTMN genotype.

Observations in different periods revealed the
following differences in mass: before being taken to
pasture, the difference was 4.9%, and when the cattle
reached the mountain pastures — 5.5%. After the
summer period, during weaning, the gap decreased

H CASTMM

3.2 14.2 14.5 22.7 27.8 273

to 3.1%. However, before being sent to wintering and
upon arrival there, the difference increased to 6.9 and
6.6% respectively.

In relation to the GH gene, differences in weight
gain were also observed between carriers of the
GHAA and GHAB genotypes.

Thus, when grazing on summer pastures, animals
with the GHAA genotype had a 4.2% weight advan-
tage. When the cattle reached summer pastures,
the weight difference was — 4.8%. The difference
between carriers of the AA and AB alleles increased
before being sent to wintering and upon arrival there,
and amounted to 5.7 and 6.8%, respectively.

The study showed, that certain genotypes, namely
GHAA and CASTMM, demonstrate better results in
live weight and weight gain, compared to GHAB and
CASTMN. The observed differences in productivity
become especially noticeable during key periods of
cattle breeding, such as the transfer of animals to
summer and winter pastures. At critical moments,
such as before the cattle are driven to the mountains
and back, as well as during of the change of seasonal
pastures, the advantage of the GHAA and CASTMM
genotypes becomes obvious.

To analyze the quality characteristics of meat of
different sheep genotypes, including its composition
and nutritional value, control slaughters are carried
out. During the study, crossbred rams with the
CASTMM and CASTMN genotypes were weighed
individually. This allowed us to select animals with
similar weights for slaughter. Before the slaughter
procedure, specialists examined the sheep to ensure
their health and readiness for slaughter.

The study of different genotypes of CASTMM and
CASTMN sheep showed interesting differences in
their parameters before and after slaughter.

Animals with the CASTMM genotype (Fig. 2)
demonstrated better results on number of indicators.

When evaluating of the carcass after slaughter,
the difference was also noticeable: CASTMM ewes
surpassed CASTMN on 7.0% in terms of fresh carcass
weight. While in terms of internal fat content, ewes
with the CASTMN and CASTMN genotypes showed
equal values. The percentage of carcass weight to live
weight was on 10.9% higher in CASTMM, indicating

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 401 (12) = 2025



Fig. 2. Results of control slaughter of crossbred rams with genotypes CASTMM

and CASTMN

e e __
ressaer e e e _

80% 90%

Carcass yield, %

Mass of internal fat, kg

Weight of fresh carcass, kg

0% 10% 20% 30% 40% 50% 60% 70%

B CASTMM  m CASTMN

on their more favorable slaughter qualities. In general,
compared to CASTMN, the slaughter weight in ewes
with the CASTMM genotype was almost on 15.4%
higher, which can play a significant role in commercial
breeding.

Bce aBTOpbI HECYT OTBETCTBEHHOCTb 3@ PabOTy U NPEeACTaBEHHbIe
[NaHHble. Bce aBTOpbLI BHEC/N PaBHbI BKNaf B paboTy.

ABTOpPbI B PABHOV CTENEHN NPUHUMAN Y4acTMe B HaNMcaHWn
PYKOMMCU 1 HECYT PaBHYIO OTBETCTBEHHOCTb 3a Nnarunar.

ABTOpPbI 06BABMN 06 OTCYTCTBUM KOHGDINKTA MHTEPECOB.
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Conclusions/BbiBoAabl

Based on the study results, the
CASTMM genotype demonstrates
statistically significant advantages
for carcass-related traits under
the evaluated farm conditions. The
GHAA genotype shows a consistent
association with pre-weaning growth
performance in lambs.

The confirmed marker-trait rela-
tionships support the practical appli-
cation of GH and CAST markers in
marker-assisted selection programs
for Dagestan Mountain sheep and their
crossbred populations.

To enhance the generalizability and
reliability of these estimates, further validation
across larger and more diverse multi-farm cohorts
is recommended. These findings provide valuable
insights for breeding programs aimed at improving
meat productivity traits in sheep populations.

100%

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear
the equal responsibility for plagiarism.

The authors declare no conflict of interest.

DPUHAHCUPOBAHUE

CraTbsi NOArOTOBNEHA B PaMKax BbIMONHEHNS TEMbI
rocyznapcteeHHoro 3agaHus GreHY «DepepanbHblii arpapHbiii
Hay4HbIiA LeHTp Pecnybnvku JarecTtaH “CoBepLIEHCTBOBAHME
NNEMEHHBIX N MPOAYKTUBHBIX KA4ECTB PaioOHNPOBaHHbIX MOPOL,
MOJIOYHOIO M MSICHOTO CKOTa, OBELL, Ha OCHOBE METOL0B FrEHOMHOW
cenekumn”» Ne @HMH-2023-0012.

BUBJINOrPAGUYECKUIA CNIUCOK

1. Rani C. et al. Genetic variation in host immune response to major
infectious diseases in bovines and its application in animal breeding:
a review. Exploratory Animal and Medical Research. 2023; 13(2):
146-157.

https://doi.org/10.52635/eamr/13.2.146-157

2. Kocumos M.A., lOnpaw6baes tO.A., Kocumos A.M., MorocsaH [A.,
Mamepos A.A.ornbl. TeHAEeHUMM Pa3BUTMS OBLEBOACTBA B MUPE.
OBLbl, KO3bl, LEepcTIHoe geno. 2025; (1): 3-5.
https://doi.org/10.26897/2074-0840-2025-1-3-5

3. YepHobaii E.H., PeayH H.A., OnuneHko O.H., Mcmannos U.C.
CoBpeMeHHOE COCTOSIHNE Y METOAbI NOBbILLEHUS MPOAYKTUBHOCTM
oBeL. [eHoMuka n BMOTEXHOIOMMM B CEJIbCKOM X035IiCTBE: COOPHUK
Hay4HbIX CTaTesi no Matepuanam nieHapHoro 3aceaaHuns

88-11 Hay4HO-npakT4eckoi kKoHpepeHumun Gr60Y BO
«CraBpornosnbckuii [AY» «ArpapHasi Hayka — CeBepo-KaBka3ckomy
¢denepansHomy okpyry». CtaBponosnb: CTaBpononbCKuii
roCyLapCTBEHHbIN arpapHbii yHuBepcuTeT. 2023; 48-52.
https://elibrary.ru/crjwgj

4. Camycenko J1.[., Mamaes A.B., Xumunyesa C.H., PoguHa H.A.,
Cepreesa E.l0. Monenb 61M0aHepreTnieckoi oLeHKu 1
NPOrHO3MPOBaHWS LIEPCTHOW NPOAYKTUBHOCTM B OBLEEBOACTBE.
ArpapHas Hayka. 2025; (9): 54-61.
https://doi.org/10.32634/0869-8155-2025-398-09-54-61

5. lOnpawo6aes tO.A., KopHeeHko-Xunsiesa C.A., MNaxomosa E.B.,
HaymeHko W.B. MNepcnekTuBbl pa3suTna MACHOIO 1 MOIOYHOMO OBLLE-
BOJCTBA. 300TexHM4ecKasi v BeTepuHapHasi Hayka — 0CHOBa MHHOBA-
LIMOHHOIO Pa3BUTUSI XMBOTHOBOACTBA Poccumn. COOpHUK cTaTeli no
marepuanam Bcepoccuiickor Hay4HO-NpakTNYeCcKo KOHpepeHUmnmn
C MexayHapoAHbIM y4acTieM, nocasiieHHov 90-neTuio co AHs obpa-
30BaHusi IHCTuTyTa 300TexHum 1 6uonorum PTAY-MCXA

um. KA. Tummpsasesa. M.: POCCUACKUIA rOCYAapCTBEHHBIN arpapHbIin
yHuBepcuteT — MCXA nm. K.A. Tumnpnaszesa. 2024; 128-133.
https://elibrary.ru/nggphm

6. Eusebi P.G., Martinez A., Cortes O. Genomic Tools for Effective
Conservation of Livestock Breed Diversity. Diversity. 2019; 12(1): 8.
https://doi.org/10.3390/d12010008

401(12) ® 2025 | Agrarian science | Arpapras Hayka | ISSN 0869-8155 (print) | ISSN 2686-701X (online)



https://doi.org/10.3390/d12010008

90

7. Galanova E.S., Bobryshov S.S., Karpova E.D. Current trends
and prospects for the development of sheep breeding productivity
by crossing domestically selected ewes with imported rams.
Promising developments of young scientists in the field of
veterinary medicine, production and processing of agricultural
products. Stavropol: Stavropol State Agrarian University. 2024;
103-108 (in Russian).

https://elibrary.ru/tdvohv

8. Golaev Sh.Kh., Galanova E.S., Bondar A.V., Filipenkova V.A.
Prospects for linear breeding in sheep breeding. Promising
developments of young scientists in the field of veterinary medicine,
production and processing of agricultural products. Stavropol:
Stavropol State Agrarian University. 2024; 48-51 (in Russian).
https://elibrary.ru/bcssvx

9. Abdurasulov A.Kh., Kalandarov M.A., Rebezov M.B., Kosilov V.I. Live
weight and body features of Ala-Too sheep. Agrarian science. 2025;
(10): 71-80 (in Russian).
https://doi.org/10.32634/0869-8155-2025-399-10-71-80

10. Baranova N.S., Furaeva N.S., Zvereva E.A., Korolev A.A.,
Vorobyeva S.S. Determination of optimal blood parameters for the
Brown Swiss breed when improving Kostroma breed cattle. Dairy and
Beef Cattle Farming. 2024; (4): 13—18 (in Russian).
https://doi.org/10.33943/MMS.2024.51.19.003

11. Andrienko D.A., Traisov B.B., Rebezov M.B., Galieva Z.A.
Morphological composition of carcasses of young Stavropol sheep
in the Southern Urals. Science and Education. 2020; 3—-1(60): 20-25
(in Russian).

https://elibrary.ru/gpvhdc

12. Dnekeshev A.K., Musa R.K. Ratio of hot carcass and by-products
to live weight at different ages of castration of rams. Modern problems
and technologies in animal husbandry. Collection of works based

on the results of the All-Russian ( national) scientific and practical
conference dedicated to the 95" anniversary of the birth of the
Honored Scientist of the Russian Federation, Honorary Worker of
the Higher Professional Education of the Russian Federation, Head
of the Department of Breeding Farm Animals (from 1981 to 1991),
Doctor of Agricultural Sciences, Professor of the Nizhny Novgorod
State Agricultural Academy L.P. Prakhov. Nizhny Novgorod: Nizhny
Novgorod State Agrotechnological University named after

L.Ya. Florentyev. 2024; 112-118 (in Russian).
https://elibrary.ru/xheltc

13. Belookova O.V., Rebezov M.B., Lennikova M.G., Zyablitseva M.A.
Influence of zoohygienic parameters on meat productivity of pigs.
Bulletin of Osh State University. Agriculture: agronomy, veterinary
science and animal husbandry. 2024; 4(9): 52-64 (in Russian).
https://doi.org/10.52754/16948696_2024_4(9)_8

14. Gritsenko S.A., Belookov A.A., Ermolov S.M., Rebezov M.B.,
Gritsenko M.D. Exterior indicators of maternal breed pigs at different
stages of ontogenesis. Agrarian science. 2025; (9): 45-53

(in Russian).
https://doi.org/10.32634/0869-8155-2025-398-09-45-53

15. Sahib M.R., AL-Jaryan I.L., Al-Thuwaini .M. GDF9 gene

c. 260G > A mutation and sheep litter size: a meta-analysis. Journal
of the Hellenic Veterinary Medical Society. 2024; 75(2): 7493-7500.
https://doi.org/10.12681/jhvms.35128

16. Guseinova Z.M. New candidate genes associated with meat
productivity traits in sheep. Current problems and prospects for
the development of the agro-industrial complex of the Republic
of Dagestan. Proceedings of the regional scientific and practical
conference. Makhachkala: Individual entrepreneur

S.A. Magomedaliev. 2024; 70-74 (in Russian).
https://elibrary.ru/tivhgm

17. Krivoruchko A.Yu., Skokova A.V., Yatsyk O.A., Kanibolotskaya A.A.
Modern approaches to the genetic identification of farm animal
breeds (review). Agricultural Science Euro-North-East. 2021; 22(3):
317-328 (in Russian).
https://doi.org/10.30766/2072-9081.2021.22.3.317-328

18. Alieva P.O. A new approach to the selection of candidate genes in
sheep breeding. Actual problems and prospects for the development
of the agro-industrial complex of the Republic of Dagestan:
Proceedings of the regional scientific and practical conference.
Makhachkala: Individual entrepreneur S.A. Magomedaliev. 2024;
34-39 (in Russian).

https://elibrary.ru/pnaswe

19. Nikonova E.A. et al. Efficiency of growing purebred and
crossbred rams. Journal of Osh State University. Agriculture:
agronomy, veterinary and zootechnics. 2023; (4): 164-170
(in Russian).
https://doi.org/10.52754/16948696_2023_4 24

7. TananoBa E.C., bobpsiwos C.C., Kapnosa E.[l. CoBpeMeHHbIE
TEHZEHLMM N NEPCMNEKTUBLI PA3BUTKS NPOLYKTVBHOCTM OBLEBOACTBA
Npwv CKpeLLMBaH1M MaToK 0TE4ECTBEHHOM cenekumm ¢ GapaHamu
VMMOPTHbIX NMOPOA,. [lepcrexTuBHbIe Pa3paboTKu MOIOAbIX

YYeHbIX B 061aCTV BETEPUHAPUK, MPOU3BOACTBA U epepaboTku
cesbckoxo3sicTBeHHoV npoaykumy. CtaBpononb: CTaBponosbCKumii
roCyAapCTBEHHbIN arpapHbli yHuBepeunTeT. 2024; 103-108.
https://elibrary.ru/tdvohv

8. lonaes LU.X., fanatosa E.C., Bonaapb A.B., dunvneHkosa B.A. Mep-
CMEKTVBbI JIMHENHOrO pa3BefeHUst B OBLEBOACTBE. [lepcriekTuBHbIE
pa3paboTKv MOMIOAbIX Y4EHbIX B 0011aCTV BETEPUHAPUM, NPOU3BOACTBA U
nepepaboTku cesbCKoxo3sicTBeHHON npoaykumy. Ctasponons: Ctas-
POMONbCKUIA FOCYAAPCTBEHHDIV arpapHbIf yHueepcuTeT. 2024; 48-51.
https://elibrary.ru/bcssvx

9. A6oypacynos A.X., Kanangapos M.A., Pe6e3os M.B., Kocunos B.U.
XuBasi Macca 1 0COBEHHOCTY TENOCIOXEHWS OBEL, MOPOLibl a1a-TOO.
ArpapHas Hayka. 2025; (10): 71-80.
https://doi.org/10.32634/0869-8155-2025-399-10-71-80

10. bapaHosa H.C., ®ypaesa H.C., 3sepesa E.A., Kopones A.A.,
Bopo6besa C.C. OnpeaeneHune onTuMasibHbIX NapaMeTpoB
KPOBHOCTM Mo 6YpOi1 LBMLIKOI NOPOAE NPY COBEPLUEHCTBOBAHNN
cKoTa KOCTPOMCKOW nopoabl. Mos104Hoe 1 MSICHOE CKOTOBOACTBO.
2024; (4): 13-18.
https://doi.org/10.33943/MMS.2024.51.19.003

11. AHgpuenko [.A., Tpaucos B.6., Pe6e3os M.b., lanvesa 3.A.
Mopdonornyeckumii cCocTas Tyl MOSIOAHSIKA OBEL, CTAaBPOMNOJIbCKOM
nopozbl Ha kOxHom Ypane. Hayka v o6pa3oBarue. 2020; 3—-1(60):
20-25.

https://elibrary.ru/gpvhdc

12. OHekewes A.K., Myca PK. CooTHOLLEHME NapHO TyLm 1 cybnpo-
[LYKTOB K XXMBOW Macce npu pasHblx BO3pacTax kactpauum 6apaHun-
KOB. COBpeMeHHbIe MPOOaEMbI M TEXHOIOMMN B XMBOTHOBOACTBE.
C6opHuK TPYAOB 1o uToram Becepoccuiickoi (HaumoHanbHouk) Hayy-
HO-1PaKTNYECKOM KOHGEPEHLMM, NOCBSLLEHHOI 95-neTnio co AHS
POX/IeHWs 3aCITyXEHHOro AesiTens Hayku P®, noyeTHoro paboTHuka
BI10 P®, 3aBeayioLLero kagenposi pa3seneHus CesibCKOX035ACTBEH-
HbIX XnBOTHbIX (¢ 1981 no 1991 r.) g-pa c.-x. Hayk, npogeccopa Hu-
XKEropoAcKov rocyaapCTBEHHO CE/IbCKOX03SCTBEHHOU akaaemmm
J1.1. MNMpaxosa. HuxHuii Horopon: H1xeropoackuin rocyfapcTeeH-
HbIli arPOTEXHONIOTMYECKMIA YHBEPCUTET UM. J1.9. DnopeHTbEBA.
2024; 112-118.

https://elibrary.ru/xheltc

13. Benookosa 0.B., Pe6e3oB M.B., llenHnkosa M., 3a6nuuesa M.A.
BnusgHue 300rurmeHnyeckrnx NnapaMeTpoB Ha MSICHYIO MPOAYKTMBHOCTb
CBUHeln. BecTHyK OLICKOro rocyaapcTBeHHOro yHuBepcuTeTa. Cesbckoe
XO039KCTBO; arpoHOMUs, BeTepuHapms n 300TexHnst. 2024; 4(9): 52-64.
https://doi.org/10.52754/16948696_2024_4(9)_8

14. T'puuenko C.A., BenookoB A.A., Epmonog C.M., Pe6e3os M.B.,
IpnueHko M.J. Moka3aTenn akcTepbepa CBUHOK MaTEPUHCKOM
NopoAbl HAa Pa3NINYHbIX 3Tanax OHToreHe3a. ArpapHas Hayka. 2025;
(9): 45-53.
https://doi.org/10.32634/0869-8155-2025-398-09-45-53

15. Sahib M.R., AL-Jaryan I.L., Al-Thuwaini T.M. GDF9 gene

¢. 260G > A mutation and sheep litter size: a meta-analysis. Journal of
the Hellenic Veterinary Medical Society. 2024; 75(2): 7493-7500.
https://doi.org/10.12681/jhvms.35128

16. l'yceinHoBa 3.M. HoBble reHbl — KaHAMAaThl, CBA3aHHbIE C
npuaHaKkamu MsiCHOM NPOAYKTUBHOCTM OBeLL. AKTyaslbHble npobieMb!
n nepcrekTuBbl pa3sutus AlK Pecriybnvku JarectaH. Marepuassi
PErvioHaabHOM Hay4HO-MPaKTUHEeCKo KoOHpepeHUmn. Maxadkana:
C.A. Maromepanues. 2024; 70-74.

https://elibrary.ru/tivhgm

17. Kpmeopyuko A.10., Ckokosa A.B., Aubik O.A., KaHnbonoukas A.A.
CoBpeMEeHHbIE MOAX0Abl FEHETUHECKOW AEHTUhUKALMN MOPOAHOM
NPUHAANEXHOCTYU CENbCKOXO3ANCTBEHHBIX XXMBOTHBIX (0630p).
ArpapHasi Hayka EBpo-CeBepo-BocTtoka. 2021; 22(3): 317-328.
https://doi.org/10.30766/2072-9081.2021.22.3.317-328

18. Anuesa IN.0. HoBbIfl noaxon k noabopy reHoB-KaHAMAAToB B
OBLIEBOACTBE. AKTyasIbHbIE MPO6IEMbI 1 NEPCEeKTUBLI Pa3BUTUS
ATIK Pecnybnvkn [arectaH. Marepuasibi PermoHaabHOM Hay4HO-
npakTuyeckoii koHgepeHumn. Maxadkana: C.A. Maromepanuves.
2024; 34-39.

https://elibrary.ru/pnaswe

19. HukoHoBa E.A. 11 4p. b deKTUBHOCTL BhIpaLLMBAHNS
UMCTOMOPOLHBIX U MOMECHBIX 6apaHunKoB. BecTHuk OLuckoro
rocyAapcTBeHHOro yHuepcuteta. CenbCkoe X039/MCTBO: arpOHOMMUS,
BeTepuHapusi v 300TexHust. 2023; (4): 164-170.
https://doi.org/10.52754/16948696_2023_4 24

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 401 (12) = 2025


https://doi.org/10.32634/0869-8155-2025-399-10-71-80
https://doi.org/10.52754/16948696_2023_4_24
https://elibrary.ru/gpvhdc
https://doi.org/10.52754/16948696_2023_4_24

20. Gerasimova T.G., Rebezov M.B., Lukin E.V. Wool productivity

of sheep of different genotypes. Actual problems of intensive
development of animal husbandry. Collection of papers based on
the materials of the national scientific and practical conference with
international participation, dedicated to the memory of the Honored
Worker of Higher Education of the Russian Federation, Honorary
Worker of Higher professional education of the Russian Federation,
honorary citizen of the Bryansk region, Doctor of Biology, Professor
E.P. Vashchekin. Bryansk: Bryansk State Agrarian University. 2022;
300-303 (in Russian).

https://elibrary.ru/fkpdfx

21. Kosilov V.I. et al. The effect of the genotype of young sheep on the
nitrogen balance. Agrarian science. 2025; (4): 81-87 (in Russian).
https://doi.org/10.32634,/0869-8155-2025-393-04-81-87

22. Milchevsky V.D., Dvalishvili V.G., Zhiryakov A.M. On inbreeding
and rotations in pair selection in sheep flocks. Sheep, goats, wool
business. 2017; (2): 4-7 (in Russian).

https://elibrary.ru/yrrkuv

23. Lakota E.A., Vorontsova O.A. Exterior-productive indicators of
Stavropol breed sheep aged 13-14 months with inbreeding selection.
Agrarian science. 2023; (8): 65-71 (in Russian).
https://doi.org/10.32634/0869-8155-2023-373-8-65-71

24. Dzhatdoev Kh.M., Erkenov T.A. Polymorphism of non-coding
sequences in Karachai sheep. Agrarian science. 2024; (12): 109-112
(in Russian).
https://doi.org/10.32634/0869-8155-2024-389-12-109-112

25. Daveteeva M.A. Modern methods of genotyping in animal
husbandry. A modern view on the development of the fishing industry
complex. Proceedings of the All-Russian scientific and practical
conference (within the framework of the "Priority 2030” program).
Makhachkala: Dagestan State Agrarian University named after M.M.
Dzhambulatov. 2024; 286-297 (in Russian).

https://elibrary.ru/iwyrso

26. Zabelina M.V., Amiyan A.A. Evaluation of the slaughter indicators
of the Edilbaevsky sheep breed depending on the milk productivity of
sheep. Agrarian science. 2024; (8): 112-117 (in Russian).
https://doi.org/10.32634/0869-8155-2024-385-8-112-117

27. Moroz V.A., Chernobai E.N., Novgorodova N.A., Serdyukov I.G.
Live weight and exterior characteristics of sheep from homogeneous
and heterogeneous selection. Bulletin of the Kurgan State Agricultural
Academy. 2017; 2(22): 51-53 (in Russian).

28. Lakota E.A. The influence of parental age on the productive
qualities of offspring sheep. Agrarian science. 2025; (7): 57-61
(in Russian).
https://doi.org/10.32634/0869-8155-2025-396-07-57-61

29. Zinovieva N.A. et al. Genome-wide SNP analysis clearly
distinguished the Belarusian Red cattle from other European cattle
breeds. Animal Genetics. 2021; 52(5): 720-724.
https://doi.org/10.1111/age. 13102

30. Petherbridge G. et al. Verkhnee Gakvari: The contribution of adat,
religious beliefs and public education to collective environmental
management in an agro-pastoral community in the Dagestan high
Caucasus. South of Russia: ecology, development. 2021; 16(3):
142-179.

https://doi.org/10.18470/1992-1098-2021-3-142-179

31. Prozherin V.P,, Yaluga V.L. Kholmogorskaya breed. Dairy and Beef
Cattle Farming. 2020; (7): 10 (in Russian).
https://elibrary.ru/brmwde

32. Pelmus R.S., Grosu H., Rotar M.C., Gras M.A., Lazar C., Popa F.
The Genetic Influence on Sheep Meat Quality, Growth and Body
Weight: A Review. Asian Journal of Dairy and Food Research. 2020;
39(3): 225-231.

https://doi.org/10.18805/ajdfr.DR-176

33. El-Mansy S.A. et al. The growth hormone gene polymorphism
and its relationship to performance and carcass features in Egyptian
Awassi lambs. Heliyon. 2023; 9(3): e14194.
https://doi.org/10.1016/j.heliyon.2023.e 14194

34. Tanig A.N., Keskin I. Association between growth hormone gene
polymorphism and some growth traits in Akkaraman and Anatolian
Merino sheep. Molecular Biology Reports. 2024; 52: 54.
https://doi.org/10.1007/s11033-024-10126-2

35. Dagdelen U., Esenbuga N. Association of GH/Haelll polymorphism
with growth and developmental traits of Morkaraman sheep. Archives
Animal Breeding. 2025; 68(3): 575-587.
https://doi.org/10.5194/aab-68-575-2025

36. Greguta-Kania M., Gruszecki T.M., Junkuszew A.,
Juszczuk-Kubiak E., Florek M. Association of CAST gene
polymorphism with carcass value and meat quality in two synthetic
lines of sheep. Meat Science. 2019; 154: 69-74.
https://doi.org/10.1016/j.meatsci.2019.04.007

37. Jawasreh K.1., Al-Amareen A.H., Aad PY. Relationships between
Hha1 Calpastatin Gene Polymorphism, Growth Performance, and
Meat Characteristics of Awassi Sheep. Animals. 2019; 9(9): 667.
https://doi.org/10.3390/ani9090667

ZO0TECHNICS I

20. lepacumosa T.I., Pebesos M.B., JlykuH E.B. LLiepcTHas
NPOLYKTMBHOCTb OBEL, PA3HOr0 reHoTUNa. AKTyaslbHbIe NPoBeMbI
WHTEHCUBHOI0 Pa3BuTusl XnBoTHOBOACTBA. COOPHYMK TPYLOB N0
marepuvanam HauMOHaIbHON Hay4HO-NPaKTNHECKOM KOHEpeHLmm ¢
MeXAYHaPOAHbLIM y4aCTUEM, MOCBSLLUEHHO NaMsITv 3aCaYXEHHOro
paboTHuKa BbicLueii Wwkosbl PO, no4eTHOro paboTHMKa BbICLLErO
npogeccrnoHanbHoro obpa3oBaHus P, moyeTHoro rpaxaaHnHa
BpsiHCkoi 0bnacTu A-pa 6uos. Hayk, npogeccopa E.[1. BauyekuHa.
BpsiHck: BpsiHCKUIA rocyAapCTBEHHbIN arpapHbiin yHuBepcuTeT. 2022;
300-308.

https://elibrary.ru/fkpdfx

21. Kocunos B.U. 1 ap. BnngHne reHotuna MonogHsika oBew, Ha
6anaHc a3ota. ArpapHas Hayka. 2025; (4): 81-87.
https://doi.org/10.32634/0869-8155-2025-393-04-81-87

22. Munbyesckuii B. 4., Oganuwsunm B.T., XXupsikos A.M.

06 nHGpuanHre 1 potaumsx npu noadope nap B ctagax osel. OBLbI,
ko3bl, WepcTsiHoe geno. 2017; (2): 4-7.

https://elibrary.ru/yrrkuv

23. Nlakota E.A., BopoHuosa O.A. SkCcTepbepHO-NPOLYKTUBHbIE
nokasaresniv OBeL, CTaBPONO/bLCKOM nopoasl B Bo3pacte 13-14
MECSILLEB NPU BHYTPUNOPOAHOM 0TOOPE. ArpapHas Hayka. 2023; (8):
65-71.

https://doi.org/10.32634/0869-8155-2023-373-8-65-71

24. Nxatnoes X.M., 9pkeHoB T.A. MNoamMopdunam HeKoaANPYOLLMX
nocnenoBaTenbHOCTEN Y OBEL, KapayaeBCKOW Nopoasl. ArpapHas
Hayka. 2024; (12): 109-112.
https://doi.org/10.32634/0869-8155-2024-389-12-109-112

25. NlaBeTeesa M.A. CoBpeMeHHbIE METObI FEHOTUNMMPOBAHUS

B XVWBOTHOBOACTBE. COBPEMEHHBIN B354 HA Pa3BUTHe
PbI6ONPOMBILLIIEHHOrO KoMnekca. Matepuassl Bcepoccurickoii
Hay4YHO-MPaKTUYECKO KOHPEPEeHLMM (B pamKkax nporpamMmms|
«[MpnoputeT-2030»). Maxaukana: [lareCTaHCKWi rocyAapCTBEHHBII
arpapHblii yHusepeuteT uM. M.M. IxxambynatoBa. 2024; 286-297.
https://elibrary.ru/iwyrso

26. 3abenuHa M.B., AmusiH A.A. OueHka nokasarenein y6os
6apaHurKoB 3a1Nb6AEBCKO NOPOLbl B 33aBUCUMOCTY OT MOJIOYHO
NPOAYKTMBHOCTU OBLEMATOK. ArpapHasi Hayka. 2024; (8): 112-117.
https://doi.org/10.32634/0869-8155-2024-385-8-112-117

27. Mopo3 B.A., YepHo6aii E.H., Hosropomosa H.A., CepatokoB W.T.
XviBasi Macca 1 aKcTepbepHble 0COBEHHOCTM OBEL, OT OAHOPOLHOIO
1 pasHopoaHoro nopbopa. BectHuk KypraHckoi FCXA. 2017; 2(22):
51-53.

28. NakoTa E.A. BnusHue Bo3pacTa poautenei Ha npoayKTUBHbIE
KayecTBa NOTOMCTBA Y OBeL,. ArpapHas Hayka. 2025; (7): 57-61.
https://doi.org/10.32634/0869-8155-2025-396-07-57-61

29. Zinovieva N.A. et al. Genome-wide SNP analysis clearly
distinguished the Belarusian Red cattle from other European cattle
breeds. Animal Genetics. 2021; 52(5): 720-724.
https://doi.org/10.1111/age. 13102

30. NeTepbpumx I. v aAp. BepxHee MakBapw: Bknag agata,
PeNUrno3Hbix yoexxaeHuii 1 HapoAHOro 06Pa30BaHNs B KONIEKTUBHOE
yrnpaBfieHre OKpyXaloLLel Cpefoit B arponacTblpCKOM COoBLLecTBe
[HarectaHckoi yactv bonbworo Kaskasa. fOr Poccuu: akonorus,
passutune. 2021; 16(3): 142-179 (Ha aHrm. 93.).
https://doi.org/10.18470/1992-1098-2021-3-142-179

31. MpoxepwuH B.M., Anyra B.J1. Xonmoropckas nopoga. MonoyHoe n
msicHoe ckoTtoBoacTBo. 2020; (7): 10.
https://elibrary.ru/brmwde

32. Pelmus R.S., Grosu H., Rotar M.C., Gras M.A,, Lazar C., Popa F.
The Genetic Influence on Sheep Meat Quality, Growth and Body
Weight: A Review. Asian Journal of Dairy and Food Research. 2020;
39(3): 225-231.

https://doi.org/10.18805/ajdfr.DR-176

33. El-Mansy S.A. et al. The growth hormone gene polymorphism
and its relationship to performance and carcass features in Egyptian
Awassi lambs. Heliyon. 2023; 9(3): e14194.
https://doi.org/10.1016/j.heliyon.2023.e 14194

34. Tanig A.N., Keskin I. Association between growth hormone gene
polymorphism and some growth traits in Akkaraman and Anatolian
Merino sheep. Molecular Biology Reports. 2024; 52: 54.
https://doi.org/10.1007/s11033-024-10126-2

35. Dagdelen U., Esenbuga N. Association of GH/Haelll polymorphism
with growth and developmental traits of Morkaraman sheep. Archives
Animal Breeding. 2025; 68(3): 575-587.
https://doi.org/10.5194/aab-68-575-2025

36. Greguta-Kania M., Gruszecki T.M., Junkuszew A.,
Juszczuk-Kubiak E., Florek M. Association of CAST gene
polymorphism with carcass value and meat quality in two synthetic
lines of sheep. Meat Science. 2019; 154: 69-74.
https://doi.org/10.1016/j.meatsci.2019.04.007

37. Jawasreh K.I., Al-Amareen A.H., Aad PY. Relationships between
Hha1 Calpastatin Gene Polymorphism, Growth Performance, and
Meat Characteristics of Awassi Sheep. Animals. 2019; 9(9): 667.
https://doi.org/10.3390/ani9090667

401 (12) = 2025 | Agrarian science | ArpapHas Hayka | ISSN 0869-8155 (print) | ISSN 2686-701X (online)



https://elibrary.ru/fkpdfx
https://doi.org/10.32634/0869-8155-2023-373-8-65-71
https://doi.org/10.5194/aab-68-575-2025
https://doi.org/10.1016/j.meatsci.2019.04.007
https://doi.org/10.3390/ani9090667
https://elibrary.ru/fkpdfx
https://doi.org/10.32634/0869-8155-2024-389-12-109-112
https://doi.org/10.32634/0869-8155-2025-396-07-57-61

92

38. Daldaban F., Karakus F., Arslan K., Cinar M.U., Akyuz B. The Role
of DGAT1-Alul and CAST-Mspl Polymorphisms in Early Growth Traits
of Morkaraman Lambs. Veterinary Medicine and Science. 2025;
11(3): €70395.

https://doi.org/10.1002/vms3.70395

39. Zhang Y. et al. Association of BMP15 and GDF9 Gene
Polymorphisms with Litter Size in Hu Sheep. Genes. 2025; 16(2): 168.
https://doi.org/10.3390/genes16020168

40. Budiyanto A., Hartanto S., Widayanti R., Setyawan E.M.N.,
Wardono H.P,, Gustari S. The relationship between G1 (c. 260 G > A)
and G4 (c. 721 G > A) polymorphisms in the GDF9 gene and the litter
size of sheep: A meta-analysis study. Journal of Advanced Veterinary
and Animal Research. 2023; 10(4): 599-607. http://doi.org/10.5455/
javar.2023.j715

41, Ozdemirov A.A., Chizhova L.N., Khozhokov A.A., Surzhikova E.S.,
Dogeev G.D., Abdulmagomedov S.Sh. Polymorphism of genes CAST,
GH, GDF9 of sheep of the Dagestan mountain breed. South of Russia:
ecology, development. 202116(2): 39-44 (in Russian).
https://doi.org/10.18470/1992-1098-2021-2-39-44

42. Volkova V.V. et al. Investigation of the Genetic Diversity of Dagestan
Mountain Cattle Using STR-Markers. Diversity. 2022; 14(7): 569.
https://doi.org/10.3390/d14070569

ABOUT THE AUTHORS

Alimsoltan Akhmedovich Ozdemirov

Candidate of Biological Sciences, Head of the Laboratory
of Genomic Research, Selection and Breeding
alim72@mail.ru

https://orcid.org/0000-0003-2150-2192

Rabiyat Alibulatovna Akayeva
Research Associate
akaevall1r@gmail.com
https://orcid.org/0000-0002-5682-6712

Zukhra Magomedovna Huseynova
Research Associate
makki-2016@yandex.ru
https://orcid.org/0000-0003-1728-2844

Patimat Omarovna Alieva

Research Associate
alieve.patimat.2018@mail.ru
https://orcid.org/0000-0002-1482-417X

Federal Agrarian Scientific Center of the Republic
of Dagestan,
30 Abdurazak Shakhbanov Str., Makhachkala, 367014, Russia

38. Daldaban F., Karakus F., Arslan K., Cinar M.U., Akyuz B. The Role
of DGAT1-Alul and CAST-Mspl Polymorphisms in Early Growth Traits
of Morkaraman Lambs. Veterinary Medicine and Science. 2025;
11(3): €70395.

https://doi.org/10.1002/vms3.70395

39. Zhang Y. et al. Association of BMP15 and GDF9 Gene
Polymorphisms with Litter Size in Hu Sheep. Genes. 2025; 16(2): 168.
https://doi.org/10.3390/genes16020168

40. Budiyanto A., Hartanto S., Widayanti R., Setyawan E.M.N.,
Wardono H.P, Gustari S. The relationship between G1 (c. 260 G > A)
and G4 (c. 721 G > A) polymorphisms in the GDF9 gene and the litter
size of sheep: A meta-analysis study. Journal of Advanced Veterinary
and Animal Research. 2023; 10(4): 599-607. http://doi.org/10.5455/
javar.2023.j715

41. O3pemupoB A.A., Ymxosa J1.H., Xoxokos A.A., Cypxukosa E.C.,
Lorees 4., Aboynmaromenos C.LU. Noammopduam reHos CAST, GH,
GDF9 oBeL, garectaHckol ropHoii nopoasl. KOr Poccun: akonorus,
passutue. 2021; 16(2): 39-44.
https://doi.org/10.18470/1992-1098-2021-2-39-44

42. Volkova V.V. et al. Investigation of the Genetic Diversity of Dagestan
Mountain Cattle Using STR-Markers. Diversity. 2022; 14(7): 569.
https://doi.org/10.3390/d14070569

OB ABTOPAX

Annmcontad AxmepgoBuy OsgeMmupos

KaHauaaT 61oNornyeckux Hayk, aaeeayowmin nabopartopuei
r€HOMHbIX MCCNeI0BaHWiI, CENeKLIMN 1 NIEMEHHOro aena
alim72@mail.ru

https://orcid.org/0000-0003-2150-2192

Pa6usaTt AnubynatoeHa AkaeBa
Hay4HbIN COTPYAHMK
akaevall1r@gmail.com
https://orcid.org/0000-0002-5682-6712

3yxpa MaromepoBHa lNyceiiHoBa
Hay4HbIN COTPYAHMK
makki-2016@yandex.ru
https://orcid.org/0000-0003-1728-2844

MatumaTt OmapoBHa AnueBa

Hay4HbIN COTPYAHMK
alieve.patimat.2018@mail.ru
https://orcid.org/0000-0002-1482-417X

(depneparnbHblii arpapHbIid Hay4HbIl LeHTp Pecnybnvkim
JarecTaH,
yn. Abaypasaka LLlax6aHoBa, 30, Maxaukana, 367014, Poccust

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 401 (12) = 2025


https://doi.org/10.3390/genes16020168
mailto:alim72@mail.ru
https://orcid.org/0000-0003-2150-2192
mailto:alim72@mail.ru
https://orcid.org/0000-0003-2150-2192
mailto:akaeva111r@gmail.com
https://orcid.org/0000-0002-5682-6712
mailto:akaeva111r@gmail.com
https://orcid.org/0000-0002-5682-6712
mailto:makki-2016@yandex.ru
https://orcid.org/0000-0003-1728-2844
mailto:makki-2016@yandex.ru
https://orcid.org/0000-0003-1728-2844
mailto:alieve.patimat.2018@mail.ru
https://orcid.org/0000-0002-1482-417X
mailto:alieve.patimat.2018@mail.ru
https://orcid.org/0000-0002-1482-417X

	_GoBack
	_Hlk211242669
	_Hlk211243403
	_Hlk198726704

