ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY
OPUTUHANBHBIE CTATbY | BETEPUHAPHAA MUKPOBIOTOT A

M) Check forupdates| [ (cc)

https://doi.org/10.29326/2304-196X-2025-14-1-76-81

Polymorphisms in TLR4 gene associated
with risks of bovine mastitis development
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ABSTRACT

Introduction. Inflammatory mammary diseases in cows remain the most common challenge in dairy industry, notwithstanding the improved preventive measures
and treatment schemes. One of the methods to prevent mastitis in dairy cows is the genetic selection of the most disease-resistant individuals. Toll-like recep-
tor 4 (TLR4) plays a central role in the innate immune response. There are publications about TLR4 significance for mastitis development, its genetic polymorphisms
associated with somatic cell counts.

Objective. Determination of genetic diversity and association with the development of clinical mastitis for three polymorphic loci of TLR4.

Materials and methods. To achieve the objective cattle health history (n = 421) was used, subclinical mastitis was diagnosed using rapid test for somatic cell
counting in milk, TagMan real-time polymerase chain reaction was used for genotyping of cattle for rs8193046, rs8193060, rs29017188 polymorphisms.
Results. Association studies established that rs8193046 and rs29017188 polymorphisms are the most promising candidates to be used in selection programs aimed
at mastitis risk mitigation in the Ural populations. For rs8193060 no reliable results of association tests are obtained, though risk of mastitis in GCG haplotype-animals
(for SNP rs8193046, rs8193060, rs29017188 alleles) is statistically lower.

Conclusion. It is noted that the abovementioned polymorphisms can be used for marker-assisted selection of cattle to prevent risks of mastitis in the populations
inthe Ural.
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Accoumauuu nonumoppu3moB reHa TLR4
C PUCKOM pa3BUTUA MACTUTA KPYMHOMO POraToro CKoTa

M. B. bbiToB, 10. A. Ocunoa, Y. P. l0cynosa, B. [l. 3y6apesa
OTBHY «Ypanbckuit denepanbHbIil arpapHblii HayuHO-1CCIeS0BaTeNbCKNIA LieHTP Ypanbckoro oTaeneqna Poccuitckoii akagemmun Hayk» (OTBHY YpOAHILL YpO PAH),
yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccua

PE3IOME

BBepenue. BocnanutenbHble 3a60neBaH1A MONOYHOI Xene3bl KOPOB 0CTAIOTCA HanboNee pacnpocTpaHeHHol Npobaemoli MoIOYHOT0 CKOTOBOACTBA, HECMOTPA
Ha onTUMU3Mpyemble NPodUNaKTIYeCK1e Mepbl 1 CxeMbl ieyeHna. OBHUM U3 Cnoco60B Npeaynpex AeHuA Pa3BUTIAA MACTUTa Y KOPOB MONOYHOTO HaNpaBReHusA
MpOAYKTUBHOCTI ABNAETCA FeHeTUUeCKaA CeneKLya Hanbonee ycToiiumBblx K 3abonesanuto ocobeir. Tonn-nosobHblii peuentop 4 (TLR4) urpaer kntouesyio ponb
BO BPOXLEHHOM MMYHWTETE, B IUTEPATYpPe UMETCA AaHHbIE 0 ero 3HAUNMOM BAUAHUN HA Pa3BUTIE MACTUTA, ONMCAHbI ACCOLMALIMN FeHETNYECKUX NOANMOp-
GU3MOB reHa TLR4 co 3HaUEHNAMM UHAEKCA COMATUYECKMX KNETOK.

Lienb nccnepoBanusa. Onpeenenue reHeTMYeCkoro pasHoo6pasua 1 CTeneHm accoumaLy ¢ pa3BuUTHEM KMHUYECKOro MacTUTa A4 3 NoNMMOPGHDBIX 10KYCOB,
pacnonoxeHHbix B rexe TLR4.

Marepuanbl u MeTofbl. [ JOCTUXEHNA NOCTaBNEHHO Lienu NCMoNb30BaHbI AaHHbIe aHaMHe3a KpyNHOro poraToro ckota (1 =421), npoBezieHa AarHocTinka
CyOKNMHMYECKOro MacTITa NPy NOMOLLMN IKCMPeCC-TecTa ANA ONpeseneHna KONMYeCTBa COMaTUUECKINX KNETOK B MOJIOKe, PY FeHOTUNUPOBAHINM KPYMHOTO pora-
TOr0 CKoTa No nonumopduamam rs8193046, rs8193060, rs29017188 npumeHeHa noanuMepasHas LienHas peakuus B peanbHOM BpemeHI no TexHonorun TagMan.
Pe3ynbrartbl. [Tpy npoBeaeHnN accoLMaTUBHbIX TECTOB YCTaHOBNEHO, uTo nonumopduambl rs8193046 n rs29017188 asnaioTca Hanbonee nepcnekTUBHLIMY
KaHANAATaMK ANA UCNOAb30BAHUA B CeNEKLIMOHHBIX MPOrpaMMaXx AA CHIDKEHNA pucka 3a60neBaemMocTv MacTUToM B nomynALMAX Ypanbckoro perioua. fina
rs8193060 0TZENbHO AOCTOBEPHDIX PE3y/bTaToB aCCOLMATUBHBIX TECTOB HE BbIABNEHO, 0iHAKO XMBOTHble ¢ rannotunom GCG (ana anneneit SNP rs8193046,
rs8193060, rs29017188) MMetT CTaTUCTIYECKV 3HAUMMBIIT 60ee HU3KMIl PUCK Pa3BUTIA MaCcTWTa.
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3akntoueHue. 0TMeYeHo, uTo AaHHble I'|OJ'II4M0p¢VI3MbI MOXHO UCNoNb30BaThb ANA MapKep-OpVIeHTVIpOBaHHOVI CeNeKunn KpynHoro poraToro Ckota Ana npo-

(I)I/IﬂaKTI/IKI/I pucKa pa3BuUTUA MmactTuTa B nonynAauuax ypaanKoro pernoHa.

KntoueBbie cnoBa: TLR4, MacTuT, KpymHblii poraTblii CKOT, pucK pa3BuTHs 3aboneBaHins, accoLuaTuBHbIe TecTbl

bnaropapHocTu: Pabota BbinonHeHa B pamkax rocyAapcTBeHHoro 3aaanua MunobpHayku Poccum no Teme N2 0532-2022-0001 «Pa3pabotka TexHonorun ans
MapKep-0p1eHTUPOBAHHOI CeNeKLM KpYNHOTO POraToro cKoTa no reHam, accoLMMpoBaHHbIM C YCTORYMBOCTbIO K 3a60MeBaHUAMY.
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INTRODUCTION

Inflammation of a mammary gland (mastitis) is one
of the costliest diseases in cattle. Preventive measures
and treatment regimens are being optimized, including
in order to save labor and expenses. Such measures in-
clude preventive vaccination and administration of vari-
ous antimicrobial drugs [1, 2, 3]. An alternative to reduce
mastitis incidence in farms is genetic selection. Long-term
selection of dairy cattle for high milk flow, preferred due
to machine milking, resulted in weakening of the mamma-
ry streak canal sphincter that represents a physical barrier
for pathogen entry [4]. Susceptibility to mastitis is based
on a number of factors, both external (nutrition, keeping
practices, stress factors, milking techniques) and internal
(immune mechanisms, important to be understood in or-
der to increase the resistance of animals) [5].

The immune response plays a key role in the disease
pathogenesis. Toll-like receptor 4 (TLR4), as an intrinsic
immune receptor, exhibits widespread in vivo expression
and its dysregulation significantly contributes to the on-
set of various diseases, encompassing cardiovascular
disorders, neoplastic conditions, and inflammatory ail-
ments [6]. The search for associations with colibacillosis
risks revealed that TLR4 (rs8193046) gene polymorphism
G* allele frequency was higher in diarrheic calves than in
control animals [7]. In a study of the association of single
nucleotide polymorphism (SNP) with the risk of paratuber-
culosis caused by Mycobacterium avium, it was shown that
A/G heterozygotes produced a higher risk of this infectious
disease [8]. An experiment aimed to find polymorphism
haplotypes in TLR4 gene and conducted in different cattle
populations revealed that the A*allele is present in all hap-
lotypes and might negatively effect on milk somatic cells.
The C*allele also has a negative effect on this value and the
G* allele might positively effect on milk somatic cells [9].
It is worth noting that in this study, no corrections for mul-
tiple comparisons were made in the search for statistically
significant haplotypes. At the same time, in a study of the
some SNP associations with risks of subclinical mastitis, it
was shown that individuals with G/G genotype had higher
average somatic cell counts [10].

In the case of rs8193060, indications were obtained for
the association with reproductive traits: incidence of cys-
tic ovaries, early reproductive disorders, calving ease, and

production longevity [11]. There is evidence of the gene-
tic association of polymorphisms with paratuberculosis
infection, moreover it was established that the C/T geno-
type might be beneficial [12]. The study aimed to find
polymorphism haplotypes in the TLR4 gene for rs8193060
produced ambiguous results: the C* allele might confer
both positive and negative effects [9]. The analysis of
rs8193060 associations with somatic cell counts showed
that T/T genotype is not beneficial [10].

The rs29017188 polymorphism has the highest pleio-
tropic effect based on full-genome studies. There is evi-
dence of its effect on the calving interval [13], lactation
persistence [14] and milk composition [15].

Unfortunately, to date, no mechanisms have been iden-
tified for how exactly TLR4 gene polymorphisms affect
the body’s immune functions. Bhat R. R. et al. described
the supposed mechanism of SNPs falling in TLR4 promo-
ter and 5'untranslated region. Researchers have found ab-
sence of heterozygous condition in these loci in individu-
als with susceptibility to mastitis, which is most likely due
to transcriptional factor binding profile, which ultimately
changes the expression of this gene [16].

Based on the above, the aim of the study was to analyze
the genetic diversity and to search for associations of TRL4
polymorphisms with the risks of mastitis in cattle.

MATERIALS AND METHODS

For genotyping of 421 cattle for rs8193046, rs8193060,
rs29017188, the protocol previously described by
A. Q. de Mesquita et al. [10] with a change in oligonucle-
otides for rs8193046 was used (Table 1). Herewith all ani-
mals were genotyped for rs8193060 and rs29017188, and
387 out of them for rs8193046. Animals from five farms of
the Ural region were used.

The criterion for inclusion an animal into a risk group
was clinical and subclinical mastitis in the disease histo-
ry. Rapid tests measuring somatic cell counts were used
to diagnose subclinical mastitis. If no mastitis had been
recorded in the animal during three lactation periods,
and the rapid test showed a negative result, the animal
was considered resistant to mastitis. Blood was collec-
ted from the tail vein of all animals into vacutainer tubes
containing EDTA (ethylenediaminetetraacetic acid) as
an anticoagulant.
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Table 1
Oligonucleotide sequences

SNP Oligonucleotide sequence
F, GAGAGGAGAGTTGCTTGGAAGTCT
R,GCTCCATGCACTGGTAACTAATGT

P1, [HEXICAGGAAGACACCGCA[BHQT]

P2, [ROX]CAGGAAGACACCACA[BHQ2]

158193046

Amplicon length, bp

107

F, CCACTCGCTCCGGATCCT
R,CCTTGGCAAATTCTGTAGTTCTTG

P1, [HEXJACTGCAGTTTCAACCGTATC[BHQ1]
P2, [ROXJACTGCAGCTTCAACCGTA[BHQ2]

1s8193060

79

F, CCAGCTTCCTCTTGTTGTTACTTCA
R,(GGGAGGAGAGGAAGTGAGA

1529017188
P1, [HEX]TATTTATCTCCTCTGCCACCGGA[BHQT]

P2, [ROX]TTATCTCCTCTGCCACCCGAG[BHQ2]

150
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Fig. 1. Linkage disequilibrium (R?) plot of the studied SNPs

Table 2
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The genotype distribution was analyzed for compliance
with Hardy — Weinberg principle; linkage disequilibrium
and the Shannon diversity index were calculated using
GenAlEx package (version 6.5) for Microsoft Excel [17].
Linkage disequilibrium graphs were constructed using
SRplot web tool [18].

Association tests for each SNP individually, the search
for the most common haplotypes and their associations
with mastitis risks were performed by SNPassoc R package
(version 2.1.0) [19].

RESULTS AND DISCUSSION

The allelic diversity and genotype distribution are shown
in Table 2. When calculating the Hardy — Weinberg propor-
tion, 1 degree of freedom was used. Based on the analysis
results, a statistically significant deviation from equilibrium
allele distribution was revealed for rs8193046 polymor-
phism. Such deviations can occur for a number of reasons:
selective pressure, genotyping errors, inbreeding. The most
likely explanation is the pressure of artificial selection.

Based on the linkage disequilibrium analysis, it can be
concluded that the pairs of rs8193046 and rs8193060 al-
leles, as well as rs29017188 and rs8193060 demonstrate
linkage disequilibrium: R? = 0.2 and R? = 0.4, respectively
(Fig. 1).

The genetic diversity of the studied cattle popula-
tions was also evaluated by TLR4 gene polymorphisms.
The Shannon diversity index approaching 1 reflects a high
diversity level. Thanks to the analysis, it was found that
the diversity between populationsis low (D'=0.015). How-
ever, on average, a higher diversity index value (D’= 0.403)
can be observed within populations, from which it can
be concluded that they are genetically stable (Fig. 2). Since
there are no differences in the diversity for these polymor-
phisms between the studied populations, further tests
were performed jointly.

Association tests were performed individually for each
of the TLR4 gene polymorphisms to identify associations
with mastitis risks. A summary of the results is presented
in Table 3:rs29017188 SNP showed the largest number
of statistically significant inheritance models, including
taking into account the Bonferroni correction, while
the recessive inheritance of mastitis risk was significant
for rs8193046 and rs29017188. The recessive inheritance
for rs8193046 also has the lowest Akaike information cri-
terion (AIC) value, and the odds ratio (OR) suggests that
animals with A/A genotype have a higher risk of mastitis.

Genotype distribution, allele frequency, and p-value of Hardy — Weinberg equilibrium

Genotypic

: . Pl
Genotype Number of animals frequency, % Alleles Allelic frequency X* (p-value)

AA 89 3.0 .

’5861 9:246 G 145 375 ’é* f’éﬁ 20,397 (< 0.0001)
6/G 153 395
o 184 37 .

“8;9:?60 or 191 454 g ;gg 0.116 (0.734)
T 46 10.9
o 75 17.8 .

’522°l7g 8 6 M 50.4 g igé 0.314(0.575)
6/G 134 318
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Fig. 2. Shannon diversity index for intra- and interpopulation assessment:

D’ - diversity index; O’ - overlap index

For rs29017188, the recessive inheritance model also had
the lowest AIC value, OR for the C/C genotype was 2.30,
this means the risk of mastitis is presumably more than
2 times higher in individuals of the studied populations.

The results of the haplotype search showed that
ACC, GCG, and GTG (for the rs8193046, rs8193060,
and rs29017188 SNP alleles, respectively) are the most
common, accounting for more than 85% of the total
sample (Table 4).

Animals with the GCG haplotype have a statistical-
ly significant lower risk of mastitis (for SNPs rs8193046,
rs8193060, rs29017188). We assume that an increase in
the proportion of individuals with this haplotype in farms
where mastitis in dairy cows is challenging may have
a positive effect on the disease occurrence. The results of
the search for associations of haplotypes with phenotypes
coincide with the results of the identification of individual
polymorphism associations and are more consistent with
the data obtained by P. Wang et al. [9].

Table 3
Results of association tests for each of the SNPs for five inheritance models

CONCLUSION

In the course of the study, the genetic diversity of the Ural
dairy cattle populations was analyzed. The rs8193046 poly-
morphism of the TRL4 gene revealed deviation from the
Hardy — Weinberg equilibrium, which is most likely due to
the influence of artificial selection pressure.

Based on the results of association tests, it was assumed
that SNP rs8193046 and rs29017188 are the most prom-
ising candidates for use in breeding programs to reduce
the risk of mastitis in the studied populations. It is worth
noting the low effectiveness of genomic estimate ex-
trapolation even among populations of the same breed;
however, the results obtained during the study coincide
with the previously published data [9]. The GCG haplotype
for rs8193046, rs8193060, and rs29017188 was found to
be statistically significant based on the association tests.
This haplotype can be probably used for positive selec-
tion to reduce the risk of clinical mastitis in dairy cattle
populations.

Codominant Dominant Recessive Overdominant log-additive
158193046 0.04887* 0.17175 0.01478* 0.47568 0.02935%
158193060 0.51985 0.34612 0.73568 0.25287 0.58147
1529017188 0.00671* 0.06545 0.00248* 0.57736 0.00368*

* p-value < 0.05; in bold — p-value < 0.016 (Bonferroni correction).

Table 4
Haplotypes and their associations with mastitis risks

158193046, rs8193060,

1529017188 Frequency 95% confidence interval
ACC 0.3491 1.00 reference haplotype -
G(C 0.0643 0.86 0.45-1.64 0.6515
G(G 0.2145 0.53 0.36-0.80 0.0022*
GTG 0.3020 0.74 0.52-1.05 0.0894
Other rare haplotypes 0.0701 0.60 0.33-1.12 0.1083

* p-value < 0.05; in bold — p-value < 0.016 (Bonferroni correction).

VETERINARY SCIENCE TODAY. 2025; 14 (1): 76—81 | BETEPUHAPUA CETOQHA. 2025; 14 (1): 76-81

79



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIIKPOBUONOT WA

REFERENCES

1.Isakova M. N., Ryaposova M. V., Oparina O. Yu. Changes
in the indices of general resistance of the organism of cows
on the background of the use of anti-mastitis vaccines. Bul-
letin of Veterinary Pharmacology. 2019; (1): 91-95. https://doi.
0rg/10.17238/issn2541-8203.2019.1.91 (in Russ.)

2. Isakova M. N., Lysova Ya. Yu. The effect of the nisin-
based pharmaceutical formulation used in the treatment
plan for cows with subclinical mastitis on the milk micro-
biota. Veterinary Science Today. 2024; 13 (3): 261-268.
https://doi.org/10.29326/2304-196X-2024-13-3-261-268

3. Drozdova L. I., Barkova A. S., Isakova M. N., Lario-
nov L. P, Permikin V. V., Starikov N. M., Khonina T. G. Evalu-
ating wound-healing effect of silicon-zinc-boron-contain-
ing glycerohydrogel and its effect on mammary glands
of high producing dairy cows. Veterinary Science Today.
2023; 12 (4): 322-330. https://doi.org/10.29326/2304-
196X-2023-12-4-322-330

4. Brajnik Z., Ogorevc J. Candidate genes for mastitis
resistance in dairy cattle: a data integration approach.
Journal of Animal Science and Biotechnology. 2023; 14:10.
https://doi.org/10.1186/s40104-022-00821-0

5. Zemanova M., Langova L., Novotna I, Dvorakova P,
Vrtkova I., Havlicek Z. Immune mechanisms, resistance
genes, and their roles in the prevention of mastitis in dairy
cows. Archives Animal Breeding. 2022; 65 (4): 371-384.
https://doi.org/10.5194/aab-65-371-2022

6. Wei J., Zhang Y., Li H.,Wang F.,Yao S. Toll-like recep-
tor 4: A potential therapeutic target for multiple human di-
seases. Biomedicine & Pharmacotherapy.2023; 166:115338.
https://doi.org/10.1016/j.biopha.2023.115338

7. Judi H., Judi R., Sagban A.-K. Molecular study of coli-
bacillosis susceptibility in calves and lambs. Nano Biomedi-
cine and Engineering. 2020; 12 (2): 153-159. https://doi.
org/10.5101/nbe.v12i2.p153-159

8. Gopi B, Singh R. V., Kumar S., Kumar S., Chauhan A,
Kumar A., Singh S. V. Single-nucleotide polymorphisms in
CLEC7A, CD209 and TLR4 gene and their association with
susceptibility to paratuberculosis in Indian cattle. Journal
of Genetics. 2020; 99:14. https://doi.org/10.1007/s12041-
019-1172-4

9.Wang X. P, Luoreng Z. M., Gao S. X,, Guo D. S, Li J.Y,,
Gao X, et al. Haplotype analysis of TLR4 gene and its ef-
fects on milk somatic cell score in Chinese commercial
cattle. Molecular Biology Reports. 2014; 41 (4): 2345-2351.
https://doi.org/10.1007/s11033-014-3088-7

10. De Mesquita A. Q., e Rezende C. S. M., de Mesqui-
taA.J, Jardim E. A.G,, Kipnis A. P. J. Association of TLR4 poly-
morphisms with subclinical mastitis in Brazilian holsteins.
Brazilian Journal of Microbiology. 2012; 43 (2): 692-697.
https://doi.org/10.1590/51517-83822012000200034

11. Novak K., Val¢ikova T., Samaké K., Bjelka M. Associ-
ation of variants in innate immune genes TLR4 and TLR5
with reproductive and milk production traits in Czech
Simmental cattle. Genes. 2024; 15 (1):24. https://doi.
org/10.3390/genes15010024

12.Kumar S, Kumar S, Singh R.V., Chauhan A, KumarA.,
Sulabh S., et al. Genetic association of polymorphisms
in bovine TLR2 and TLR4 genes with Mycobacterium avium
subspecies paratuberculosis infection in Indian cattle po-
pulation. Veterinary Research Communications. 2019; 43 (2):
105-114. https://doi.org/10.1007/s11259-019-09750-2

13. Jecminkova K., Miiller U., Kyselova J., Sztankoova Z.,
Zavadilova L., Stipkova M., Majzlik I. Association of leptin,
toll-like receptor 4, and chemokine receptor of interleu-
kin 8 C-X-C motif single nucleotide polymorphisms with
fertility traits in Czech Fleckvieh cattle. Asian-Austral-
asian Journal of Animal Sciences. 2018; 31 (11): 1721-1728.
https://doi.org/10.5713/ajas.17.0900

14.SharmaB.S., Leyva |., Schenkel F., Karrow N. A. Asso-
ciation of toll-like receptor 4 polymorphisms with somatic
cell score and lactation persistency in Holstein bulls. Jour-
nal of Dairy Science. 2006; 89 (9): 3626-3635. https://doi.
0rg/10.3168/jds.50022-0302(06)72402-X

15. Wang M., Song H., Zhu X., Xing S., Zhang M.,
Zhang H., et al. Toll-like receptor 4 gene polymorphisms
influence milk production traits in Chinese Holstein cows.
Journal of Dairy Research. 2018; 85 (4): 407-411. https://doi.
org/10.1017/50022029918000535

16. Bhat R. R., Bhat N. N., Shabir A., Mir M. U. R., Ah-
mad S. B., Hussain |, et al. SNP analysis of TLR4 promoter
and its transcriptional factor binding profile in relevance
to bovine subclinical mastitis. Biochemical Genetics. 2024;
62 (5): 3605-3623. https://doi.org/10.1007/510528-023-
10578-4

17. Peakall R., Smouse P. E. GENALEX 6: genetic analy-
sis in Excel. Population genetic software for teaching and
research. Molecular Ecology Notes. 2006; 6 (1): 288-295.
https://doi.org/10.1111/j.1471-8286.2005.01155.x

18. Tang D., Chen M., Huang X., Zhang G., Zeng L.,
Zhang G,, et al. SRplot: A free online platform for data visu-
alization and graphing. PLoS ONE. 2023; 18 (11):20294236.
https://doi.org/10.1371/journal.pone.0294236

19. Gonzélez J. R., Armengol L., Solé X., Guin¢ E., Mer-
cader J. M., Estivill X., Moreno V. SNPassoc: an R package
to perform whole genome association studies. Bioinfor-
matics. 2007; 23 (5): 644-645. https://doi.org/10.1093/
bioinformatics/btm025

Received 23.10.2024
Revised 10.12.2024
Accepted 16.01.2025

INFORMATION ABOUT THE AUTHORS / UHOOPMALINA 06 ABTOPAX

Maksim V. Bytov, Postgraduate Student, Junior Researcher,
Department of Animal Genomics and Selection, Ural Federal
Agrarian Scientific Research Center, Ural Branch of the Russian
Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0002-3622-3770, bytovmaks@mail.ru

Yulia A. Osipova, Student, Laboratory Assistant, Department of
Animal Genomics and Selection, Ural Federal Agrarian Scientific
Research Center, Ural Branch of the Russian Academy of Sciences,
Ekaterinburg, Russia; https://orcid.org/0009-0009-8373-6921,
osipova.j2003@gmail.com

BbiToB Makcum BnagumupoBuy, acnnpaHT, MAaaLWwmnn HayYHbli
COTPYAHWK OTAEeNna reHOMHbIX WUCCNefoBaHU 1 cenekuuu
XnBOTHbIX, OTBHY Yp®AHWLL YpO PAH, r. EkatepunHbypr, Poccus;
https://orcid.org/0000-0002-3622-3770, bytovmaks@mail.ru

Ocunosa lOnna AnekceeBHa, CTyaeHT, nabopaHT
OoTAena reHOMHbIX UCCNeAOBaHUN M CenekUunn >KUBOTHbIX,
®OreHY Yp®AHUL YpO PAH, r. EkatepuHbypr, Poccus;
https.//orcid.org/0009-0009-8373-6921, osipova.j2003@gmail.com

VETERINARY SCIENCE TODAY. 2025; 14 (1): 76—81 | BETEPUHAPUA CETOZIHA. 2025; 14 (1): 76-81



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIIKPOBUONOT WA

Chulpan R. Yusupova, Dr. Sci. (Biology), Senior Researcher,
Department of Animal Genomics and Selection, Ural Federal
Agrarian Scientific Research Center, Ural Branch of the Russian
Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0003-2970-6528, chulpan-galina@mail.ru

Vladlena D. Zubareva, Junior Researcher, Department of Animal
Genomics and Selection, Ural Federal Agrarian Scientific Research
Center, Ural Branch of the Russian Academy of Sciences,
Ekaterinburg, Russia; https://orcid.org/0000-0003-0284-0276,
zzub97@mail.ru

tOcynoea Yynnax PudoBHa, a-p 61on. HayK, CTapLunin HayYHbliA
COTPYAHUK OTAeNnla reHOMHbIX WCCNefoBaHui U cenekumm
XunBoTHbIX, DFBHY YpOAHWL YpO PAH, r. Ekatepun6ypr, Poccus;
https://orcid.org/0000-0003-2970-6528, chulpan-galina@mail.ru

3y6apesa BnapgneHa [MuTpuieBHa, MNaAWMNNA HayYHbIN
COTPYAHUK OTAeNla TeHOMHbIX MCCNefoBaHuii U cenekummn
XunBoTHbIX OTBHY Yp®AHUL| YpO PAH, r. Ekatepunbypr, Poccus;
https://orcid.org/0000-0003-0284-0276, zzub97@mail.ru

Contribution of the authors: Bytov M. V. - association tests and PCR, literature searches, text preparation, literature analysis and
synthesis; Osipova Yu. A. - association tests and PCR; Yusupova Ch. R. - administration, editing, literature searches; Zubareva V. D. - PCR,

text preparation.

Bknap aBTopoB: bbiToB M. B. - npoBefieHne accouunaTrBHbIX TecToB, [NLP-nccnegosaHmin, pabota c nuTepaTypoil, MOLrOTOBKA TEKCTA,
aHanu3 n 06o6weHmne; Ocunosa tO. A. — npoBefeHie accoumaTBHbIX TecTos, MUP-uccneposanmi; KOcynosa Y. P.— agMruHUCTprpoBaHme,
pepakTUpoBaHue TeKkcTa, paboTa c nuTepaTypois; 3ybapesa B. [l. - nposefeHue MLP-nccnefoBaHmil, NOAroToBKa TeKCTa.

VETERINARY SCIENCE TODAY. 2025; 14 (1): 76—81 | BETEPUHAPUA CETOQHA. 2025; 14 (1): 76-81

81



