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ABSTRACT: The purpose of this study was to obtain information on the genotyping of cows of Ukrainian dairy
breeds for the presented loci capa-casein gene (CSN3), thyroglobulin (TG-5) gene, leptin (LEP), pituitary-
specific transcription factor (Pit-1), and beta-lactoglobulin (BLG) by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) and to test their association with milk production. The influence of
the genotype on milk yield, fat and protein content in the milk of cows of Ukrainian selection has been
established. The highest levels of milk productivity traits were expected from animals with the CT genotype
for the LEP gene, AA for the CSN3 gene, CC for the TG5 gene, and AA and BB for the Pit-1 gene. But at the
same time, milk obtained from cows with CSN3 BB genotype were characterized by the best cheese
suitability. The effect of the homo- or heterozygous state of BLG on the signs of milk production was less
noticeable, and the homozygous TT genotype for the TG5 gene was not found in any of the studied breeds.
The results obtained can be used in the practical work of breeding farms along with traditional methods of
selection, control and preservation of the genetic diversity of specific herds at an optimal level.

220z ‘0T AelA :peni9day

220z ‘€ 1oqwialdas :paydasoy
¢c0c 0c JQqUJQldQS PISINSY
ZT-T¥0002TT0..822TS :lid
370114V HOYV3IS3Y

Keywords: Capa-casein, Marker genes, Polymorphism, Thyroglobulin, Leptin, Pituitary transcription Factor,
Beta-lactoglobulin

INTRODUCTION

In recent decades, advances in DNA-based marker technology have been able to identify regions of the genome (namely,
quantitative trait loci, QTLs) underlying complex traits such as milk yield. Instead of traditional animal breeding programs
based solely on phenotype and pedigree information, the application of identified QTLs to genetic evaluation provides
great potential to improve selection accuracy, thereby could accelerate genetic improvement in animal productivity (Jiang
et al., 2010; Kumar, 2017; Kramarenko et al., 2019).

The introduction of the molecular genetic methods in animal husbandry is associated with the development of PCR
technology, made it possible to conduct a quick analysis of the connection between allelic variants of genes with
productivity. With the development of DNA-based marker technology, it has become possible to identify regions of the
genome (i.e., loci of quantitative traits, QTLs) that are associated with complex traits. The inclusion of the detected QTLs
in the genetic evaluation allows a clear increase in selection accuracy, thereby accelerating the genetic improvement of
the productive qualities of the animals. Numerous studies have been published in recent decades to identify QTLs for
signs of dairy livestock dairy productivity. Advances in the detection of causal genes for complex such are slow, as
association mapping results in large confidence intervals. In particular, the region in which QTL is mapped may contain a
large number of possible candidate genes (Wang et al., 2014; Kusza et al., 2015). Genome-wide association studies
(GWAS), based on high-throughput single nucleotide polymorphisms (SNPs) genotyping technologies, open up ample
opportunities to study genes associated with signs of livestock dairy productivity, as confirmed by a number of domestic
and foreign scientific studies (Arora and Bhatia, 2004; Soltani-Ghombavani et al., 2013; Zhou et al., 2019).

Breeding farm animals is an integral part of a complex breeding system. When evaluating animals of dairy breeds,
not only a high level of milk productivity, but also quality indicators of milk are of great importance. Increasing yield, fat
content in milk, live weight of cows is considered the classic direction of work of genetic scientists. But at the same time,
there are few works, especially domestic ones, devoted to the study of marker genes associated with the protein content
in milk. Although the protein content and amount in milk, its structure is of great economic importance to the processing
industry. Since the consumption of raw materials, time and energy resources for the production of dairy products depend
on the fat content in milk, in addition, the protein content indicator largely determines the quality of finished products
(Yurnalis et al., 2013; Lu et al., 2021).

The association of polymorphism in the 3 'region of the oxidized low density lipoprotein receptor 1 (OLR1) gene with
milk fat and protein in active Holstein cows of Irish selection was studied by Soltani-Ghombavani et al. (2013). Thus,
scientists have found that the OLR1 is the main receptor on the cell surface for the oxidized low-density lipoprotein,
actively participates in the metabolism of lipoproteins and affects the protein content in milk. According to the authors,
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the OLR1 gene may be a marker gene that is associated with the production of protein content in milk. Because the
genetic linkage phase can be different across breeds and populations, the use of previously identified markers to conduct
marker selection is problematic, especially when marker density was low during discoveries. Consequently, high-density
SNP GWASs are essential for understanding the genetic architecture of important and complex traits in cattle breeds.

A genome-wide association of milk research was carried out by Chinese scientists in Xinjiang Brown cattle of a
combined direction of productivity. In their studies, the scientists evaluated five milk productivity measures: milk yield
(MY), fat yield (FY), protein yield (PY), fat percentage (FP) and protein percentage (PP) in Chinese cattle breed Xinjiang
Brown. The authors found two very significant SNPs associated with milk composition characteristics. One SNP is
associated with a percentage of fat and is located in the cadherin-2 (CDH2) gene at 29.1 Mbp on BTA 24. The cadherin-2
is a protein coding gene and is involved in adipogenesis. Depressing the CDH2 to block the epithelial-mesenchymal
reaction can weaken the production of fat content in milk. Another milk-related SNP that the authors identified was
significantly associated with protein content in milk and mapped at 75.8 Mbp on Bos taurus (BTA 7), which is in a gene
called the Gamma2 receptor gamma-aminobutyric acid type A subunit (GABRG2). GABRG2 primarily promotes the
activity of the gamma-aminobutyric acid-controlled chloride ion channel (GABA) and is involved in the activity of the
GABA-A receptor and promotes the production of the amount of protein in milk (Zhou et al., 2019; Zhang et al., 2022).
Scientific research on the assessment of annual genetic progress and economic efficiency becomes the basis for the
development of methods for optimizing long-term breeding programs for dairy cattle, while improving methodological
approaches to solving this problem. Wang et al. (2014) established a significant association between SNPs in the histidine
ammonia-lyse gene (HAL) gene and signs of cow dairy productivity of the Chinese Holstein breed, indicating the potential
role of HAL variants in these signs. These identified SNPs may be genetic markers used in genomic selection schemes to
accelerate the genetic growth of dairy livestock productivity traits.

Thus, domestic and foreign experience shows that the effectiveness of selection depends on many genetic,
paratypical and economic factors (Ng-Kwai-Hang et al., 1984; Lund et al., 2011; Kramarenko et al., 2019; Lu et al., 2021;
Pedrosa et al., 2021). The possibility of purposefully creating a highly productive animal population is significantly
correlated with the presence of information about genes that control signs of productivity. In this regard, the task of
identifying and using marker genes responsible for the manifestation of economically valuable signs becomes urgent.

The composition of milk is an important breeding characteristic of dairy breeds of cattle, especially in the conditions
of modern animal husbandry; therefore, the task arises to analyze the influence of polymorphism of protein and lipid
metabolism genes on the formation of milk productivity indicators in cows of the dairy direction of domestic breeding
productivity.

MATERIALS AND METHODS

Materials

To conduct the study, experimental groups were formed from breeding cattle of the dairy direction of productivity -
Ukrainian Red Dairy (URD, n = 32 heads), Ukrainian Black-speckled Dairy (UBSD, n = 32 heads), Ukrainian Red-speckled
Dairy (URSD, n = 28 heads) breeds of the leading enterprise in the south of Ukraine PSP “Kolos-2011” Ochakov region.

Ethical regulation

The rules for handling animals in experiments comply with European legislation on the protection and comfort of
animals kept on farms (Directive No. 95/58 EU "On the Protection of Farm Animals" of the Council of the EU of
20.07.1998, as amended by EU Regulation No. 806 / 203 of 14.04.2003, No. 91/630 EU "Minimum standards for the
protection of pigs" of 19.11.1991, as amended by the EU Regulation. Pilot study protocol for blood sampling in cows
approved by the local commission on bioethics of the National University of Life and Environmental Sciences Ukraine on
Good Clinical Practice (GCP) for the protection and humane treatment of experimental animals.

Methods

The characterization of the polymorphism of the genes studied was determined by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) (Grodzicker et al, 1974; Alexander et al., 1988; Pedrosa et al.,
2021). Genomic DNA was isolated from the peripheral blood of animals according to the method of Kostyunina et al.
(2020) and using the standard commercial kit "DNA Sorb B" manufactured by Amplissens (Russia), according to the
manufacturer's recommendations (Pedrosa et al., 2021). The DNA concentration was tested by electrophoresis in a 2%
agarose gel. To carry out the polymerase chain reaction, a reaction mixture of 10 uL was used in operation: dH20 - 4.3 pL,
PCR buffer 5 (15 mMg-1.0 mL) - 2.0 uL; Deoxynucleotide triphosphates (dNTP) mixture of 10 (2 mM each) - 0.8 uL; two
primers (70 ng each) - 0.8 yl; Taq polymerase (1 mi/1000 U) - 0.1 yL; DNA 50-100 ng - 2.0 ul.

Restriction products were separated by electrophoresis in 2% agarose gel followed by staining in ethidium bromide
solution. Visualization was carried out on a transciluminator in UV light, followed by electropherogram photography by a
digital camera. The size differentiation of amplicons was carried out using the molecular weight marker Gene Ruler TM 50
bp DNA Ladder, SM0378 (Fermentas®, Lithuania; Oztabak et al., 2008). The temperature regime and the number of PCR
amplification cycles for each gene were determined separately. For the analysis of the polymorphism of the structural loci
k-Cn, BLG, TG, Pit-1, and LEP, restriction enzymes matched for each locus were used; typed immediately after PCR
analysis (Grobet et al., 1998).
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Statistical analysis
Statistical data processing was carried out in the standard package Microsoft Excel-2013.

RESULTS AND DISCUSSION

Identification of selection signatures allows a better understanding of the evolutionary processes, functions and
organization of genes in the genome. Of particular note are genes, certain allelic variants of which are associated with the
quality of raw materials. In cattle, genes whose polymorphism is associated with dairy productivity are known and
investigated by us (Figure 1).
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Figure 1 - Distribution of allelic variants frequencies by loci in cows. A: Capa-casein gene (CSN3); B: Beta-lactoglobulin (BLG);

C: Leptin (LEP); D: pituitary-specific transcription factor (Pit-1); E: TG5 thyroglobulin (TG-5) gene. Ukrainian Red Dairy (URD): n=16,
Ukrainian Black-speckled Dairy (UBSD): n=15; Ukrainian Red-speckled Dairy (URSD): n=15.

The studied genes are divided into several groups: A) milk protein genes, which affect the protein content in milk, its
technological properties, quality and yield of protein-containing products; B) lipid metabolism genes synthesized in
adipocytes, are responsible for regulating the body weight of the animal, its consumption of feed and its fat deposits, and
are also involved in the synthesis of milk fats and genes of regulatory systems, which generally affect the productive
performance of the body and serve as a somatic regulator of animal growth (Khatib et al., 2007; Miluchova et al., 2018).

That’s how, capa-casein (CSN3) is connected with milk protein and its coagulation characteristics, including the role
of a stabilizing factor in the formation of micelles, blocking their aggregation. And when it is dissolved, milk coagulates,
casein precipitate formation and clot formation and affects the mass share of fat in milk, the volume of milk yield. Beta-
lactoglobulin (BLG) is associated with a higher concentration of fat and protein in milk and has a significant effect on the
creation of active immunity in calves. Meanwhile, as a pituitary-specific transcription factor (Pit-1) is known for the
function of increasing milk yield and fat yield. Leptin provides formation of fat deposits and increases productivity in

304
Gritsienko Y, Gill M, and Karatieieva O (2022). Connection between gene markers with milk production traits of Ukrainian dairy cows. Online J. Anim. Feed
Res., 12(5): 302-313. DOI: https://dx.doi.org/10.51227/0jafr.2022.41


























https://doi.org/10.1002/jhrc.1240110128
https://doi.org/10.1016/j.smallrumres.2003.11.015
http://www.thejaps.org.pk/docs/v-23-5/11.pdf
https://doi.org/10.1007/s10528-021-10153-9

Cardona SJC, Cadavid HC, Corrales JD, Munilla S, Cantet RJ, and Rogberg-Munoz A (2016). Longitudinal data analysis of
polymorphisms in the k-casein and B-lactoglobulin genes shows differential effects along the trajectory of the lactation
curve in tropical dairy goats. Journal of dairy science, 99(9): 7299-7307. DOI: https://doi.org/10.3168/jds.2016-
10954

Dubey PK, Goyal S, Mishra SK, Yadav AK, Kathiravan P, Arora R, and Kataria RS (2015). Association analysis of
polymorphism in thyroglobulin gene promoter with milk production traits in riverine buffalo (Bubalus bubalis). Meta
gene, 5: 157-161. DOI: https://doi.org/10.1016/j.mgene.2015.07.005

Edriss MA, Edriss VAHID, and Rahmani HR (2009). Association of PIT-1 gene polymorphism with birth weight, milk and
reproduction traits in Isfahan Holstein cows (Brief Report). Archives Animal Breeding, 52(4): 445-447.
DOI: https://doi.org/10.5194/aab-52-445-2009

Grobet L, Poncelet D, Royo LJ, Brouwers B, Pirottin D, Michaux C, and Georges M (1998). Molecular definition of an allelic
series of mutations disrupting the myostatin function and causing double-muscling in cattle. Mammalian
genome, 9(3): 210-213. DOI: https://doi.org/10.1038/ng0997-71

Grodzicker T, Williams J, Sharp P, and Sambrook J (1974). Physical mapping of temperature-sensitive mutations of
adenoviruses. In Cold Spring Harbor symposia on quantitative biology, 39: 439-446. Cold Spring Harbor Laboratory
Press. DOI: https://doi.org/10.1101/S0QB.1974.039.01.056

Jiang L, Liu J, Sun D, Ma P, Ding X, Yu Y, and Zhang Q (2010). Genome wide association studies for milk production traits in
Chinese Holstein population. PloS one, 5(10): e13661. DOI: https://doi.org/10.1371/journal.pone.0013661

Khatib H, Zaitoun I, Chang YM, Maltecca C, and Boettcher P (2007). Evaluation of association between polymorphism
within the thyroglobulin gene and milk production traits in dairy cattle. Journal of Animal Breeding and
Genetics, 124(1): 26-28. DOI: https://doi.org/10.1111/j.1439-0388.2007.00634.x

Kononoff PJ, Deobald HM, Stewart EL, Laycock AD, and Marquess FLS (2005). The effect of a leptin single nucleotide
polymorphism on quality grade, yield grade, and carcass weight of beef cattle. Journal of Animal Science, 83(4): 927-
932. DOI: https://doi.org/10.2527/2005.834927x

Kostyunina OV, Abdel'manova AS, Martynova EU, Zinovieva NA (2020). Search for genomic regions carrying the lethal
genetic variants in the Duroc pigs. Sel'skokhozyaistvennaya biologiya [Agricultural Biology], 55(2):275-284.
http://www.agrobiology.ru/articles/2-2020kostyunina-eng.pdf

Kumar V (2017). Genetic and breeding aspects of lactation. In Trends and Advances in Veterinary Genetics. Intech Open.
DOI: https://doi.org/10.5772/66179

Kusza S, Sziszkosz N, Nagy K, Masala A, Kukovics S, and Andras J (2015). Preliminary result of a genetic polymorphism of
B-lactoglobulin gene and the phylogenetic study of ten balkan and central european indigenous sheep breeds. Acta
Biochimica Polonica, 62(1): 109-12. DOI: https://doi.org/10.18388/abp.2014_846

Kramarenko AS, Karatieieva Ol, Lykhach AV, Lugovoy SI, Lykhach VY, Pidpala TV, and Kramarenko SS (2019). Assessing
genomic taurine/zebuine admixture in the southern meat cattle based on microsatellite markers. Ukrainian Journal of
Ecology, 9(1): 251-261. https://www.researchgate.net/publication/332819579

Li J, Zhang S, Shen C, Niu Z, Yang H, Zhang K, et al. (2021). Indel mutations within the bovine HSD17B3 gene are
significantly associated with ovary morphological traits and mature follicle number. The Journal of Steroid
Biochemistry and Molecular Biology, 209:105833. DOI: https://doi.org/10.1016/j.jsbmb.2021.105833

Liefers SC, Veerkamp RF, Te Pas MFW, Chilliard Y, and Van der Lende T (2005). Genetics and physiology of leptin in
periparturient dairy COows. Domestic Animal Endocrinology, 29(1): 227-238. DOI:
https://doi.org/10.1016/j.domaniend.2005.02.009

Lu X, Abdalla IM, Nazar M, Fan Y, Zhang Z, Wu X, and Yang Z (2021). Genome-Wide Association Study on Reproduction-
Related Body-Shape Traits of Chinese Holstein Cows. Animals, 11(7): 1927. DOI:
https://doi.org/10.3390/ani11071927

Lund MS, de Roos AP, de Vries AG, Druet T, Ducrocq V, Fritz S, and Su G (2011). A common reference population from four
European Holstein populations increases reliability of genomic predictions. Genetics Selection Evolution, 43(1): 1-8.
DOI: https://doi.org/10.1186/1297-9686-43-43

Machulnyi VV (2018). Productivity of cows of Ukrainian black-and-white and red-and-white dairy breeds. Animal Breeding
and Genetics, 51: 112-118. DOI: https://doi.org/10.31073/abg.51.15

Mattos KKD, Del Lama SN, Martinez ML, and Freitas AF (2004). Association of bGH and Pit-1 gene variants with milk
production traits in dairy Gyr bulls. Pesquisa Agropecuaria Brasileira, 39(2): 147-150.
DOI: https://doi.org/10.1590/S0100-204X2004000200007

Miluchova M, Gabor M, Candrak J, Trakovicka A, and Candrakova K (2018). Association of Hindlll-polymorphism in kappa-
casein gene with milk, fat and protein yield in holstein cattle. Acta Biochimica Polonica, 65(3): 403-407.
DOI: https://doi.org/10.18388/abp.2017 2313

Morkiiniené K, Baltrénaité L, PuiSyté A, BiZiené R, Peciulaitiené N, Makstutiené N, and Kerziené S (2016). Association of
kappa casein polymorphism with milk yield and milk protein genomic values in cows reared in Lithuania. Veterinarija
ir Zootechnika, 74(96): 27-32. https://vetzoo.lsmuni.lt/data/vols/2016/74/pdf/morkuniene.pdf

Hartati H, Anwar S, and Soewandi BDP (2018). Genetic polymorphism of Pit-1| Hinfl gene in Grati-Ongole Grade cattle at
Indonesian Beef Cattle Research Station. Journal of the Indonesian Tropical Animal Agriculture, 43(4): 315-322.
DOI: https://doi.org/10.14710/jitaa.43.4.315-322

Ng-Kwai-Hang KF, Hayes JF, Moxley JE, and Monardes HG (1984). Association of genetic variants of casein and milk serum
proteins with milk, fat, and protein production by dairy cattle. Journal of dairy science, 67(4): 835-840.
DOI: https://doi.org/10.3168/jds.S0022-0302(84)81374-0

312
Gritsienko Y, Gill M, and Karatieieva O (2022). Connection between gene markers with milk production traits of ukrainian dairy cows. Online J. Anim. Feed
Res., 12(5): 302-313. DOI: https://dx.doi.org/10.51227/0jafr.2022.41


https://doi.org/10.3168/jds.2016-10954
https://doi.org/10.3168/jds.2016-10954
doi: https://doi.org/10.1016/j.mgene.2015.07.005
https://doi.org/10.1038/ng0997-71
https://doi.org/10.1101/SQB.1974.039.01.056
https://doi.org/10.1371/journal.pone.0013661
https://doi.org/10.1111/j.1439-0388.2007.00634.x
https://doi.org/10.2527/2005.834927x
http://www.agrobiology.ru/articles/2-2020kostyunina-eng.pdf
https://doi.org/10.5772/66179
https://doi.org/10.18388/abp.2014_846
https://www.researchgate.net/publication/332819579
https://doi.org/10.1016/j.jsbmb.2021.105833
https://doi.org/10.1016/j.domaniend.2005.02.009
https://doi.org/10.1016/j.domaniend.2005.02.009
https://doi.org/10.3390/ani11071927
https://doi.org/10.1186/1297-9686-43-43
https://doi.org/10.31073/abg.51.15
https://doi.org/10.1590/S0100-204X2004000200007
https://doi.org/10.1590/S0100-204X2004000200007
https://doi.org/10.18388/abp.2017_2313
https://vetzoo.lsmuni.lt/data/vols/2016/74/pdf/morkuniene.pdf
https://doi.org/10.14710/jitaa.43.4.315-322
https://doi.org/10.3168/jds.S0022-0302(84)81374-0
https://doi.org/10.3168/jds.S0022-0302(84)81374-0

Ozdemir M, Kopuzlu S, Topal M, and Bilgin OC (2018). Relationships between milk protein polymorphisms and production
traits in cattle: a systematic review and meta-analysis. Archives Animal Breeding, 61(2): 197-206.
DOI: https://doi.org/10.5194/aab-61-197-2018

Oztabak K, Un C, Tesfaye D, Akis |, and Mengi A (2008). Genetic polymorphisms of osteopontin (OPN), prolactin (PRL) and
pituitary-specific transcript factor-1 (PIT-1) in South Anatolian and East Anatolian Red cattle. Acta Agriculturae Scand
Section, 58(2): 109-112. DOI: https://doi.org/10.1080/09064700802357771

Pedrosa VB, Schenkel FS, Chen SY, Oliveira HR, Casey TM, Melka MG, and Brito LF (2021). Genomewide Association
Analyses of Lactation Persistency and Milk Production Traits in Holstein Cattle Based on Imputed Whole-Genome
Sequence Data. Genes, 12(11): 1830. _https://doi.org/10.3390/genes12111830

Putra WPB, Anwar S, Said S, Indarto RAA, and Wulandari P (2019). Genetic characterization of thyroglobulin and leptin
genes in Pasundan cattle at West Java. Buletin Peternakan, 43(1): 1-7.
DOI: https://doi.org/10.21059/buletinpeternak.v43i1.38227

Seo D, Lee DH, Jin S, Won JI, Lim D, Park M, et al (2022). Long-term artificial selection of Hanwoo (Korean) cattle left
genetic signatures for the breeding traits and has altered the genomic structure. Scientific reports, 12: 6438.
DOI: https://doi.org/10.1038/s41598-022-09425-0

Soltani-Ghombavani M, Ansari-Mahyari S, and Edriss MA (2013). Association of a polymorphism in the 3'untranslated
region of the OLR1 gene with milk fat and protein in dairy cows. Archives Animal Breeding, 56(1): 328-334.
DOI: https://doi.org/10.7482/0003-9438-56-032

Wang H, Jiang L, Wang W, Zhang S, Yin Z, Zhang Q, and Liu JF (2014). Associations between variants of the HAL gene and
milk production traits in Chinese Holstein cows. BMC genetics, 15(1): 1-9.
DOI: https://doi.org/10.1371/journal.pone.0168316

Yurnalis Y, Sarbaini S, Arnim A, Jamsari J, and Nellen W (2013). Identification of single nucleotide polymorphism of growth
hormone gene exon 4 and intron 4 in Pesisir cattle, local cattle breeds in West Sumatera Province of
Indonesia. African Journal of Biotechnology, 12(3): 249-252. DOI: https://doi.org/10.5897/AJB12.2690

Zhang M, Luo H, Xu L, Shi Y, Zhou J, Wang D, and Wang Y (2022). Genomic Selection for Milk Production Traits in Xinjiang
Brown Cattle. Animals, 12(2): 136. DOI: _https://doi.org/10.3390/ani12020136

Zhou J, Liu L, Chen CJ, Zhang M, Lu X, Zhang Z, and Shi Y (2019). Genome-wide association study of milk and reproductive
traits in dual-purpose Xinjiang Brown cattle. BMC genomics, 20(1): 1-11. DOI: https://doi.org/10.1186/s12864-019-
6224-x

313
Gritsienko Y, Gill M, and Karatieieva O (2022). Connection between gene markers with milk production traits of ukrainian dairy cows. Online J. Anim. Feed
Res., 12(5): 302-313. DOI: https://dx.doi.org/10.51227/0jafr.2022.41


https://doi.org/10.5194/aab-61-197-2018
doi: https://doi.org/10.1080/09064700802357771
https://doi.org/10.3390/genes12111830
https://doi.org/10.21059/buletinpeternak.v43i1.38227
https://doi.org/10.21059/buletinpeternak.v43i1.38227
https://doi.org/10.1038/s41598-022-09425-0
https://doi.org/10.7482/0003-9438-56-032
https://doi.org/10.1371/journal.pone.0168316
https://doi.org/10.1371/journal.pone.0168316
https://doi.org/10.5897/AJB12.2690
https://doi.org/10.3390/ani12020136
https://dx.doi.org/10.1186%2Fs12864-019-6224-x
https://dx.doi.org/10.1186%2Fs12864-019-6224-x

	ABSTRACT:
	Keywords
	INTRODUCTION 
	MATERIALS AND METHODS 
	Materials 
	Ethical regulation 
	Methods 
	Statistical analysis 

	RESULTS AND DISCUSSION 
	Figure 1 - Distribution of allelic variants frequencies by loci in cows. 
	Table 1 - Association of LEP gene SNPs with signs of dairy productivity of cows 
	Table 2 - Association of CSN3 gene SNPs with signs of dairy productivity of cows 
	Table 3 - Association of TG5 gene SNPs with signs of dairy productivity of cows 
	Table 4 - Association of BLG gene SNPs with signs of cow dairy productivity 
	Table 5 - Association of Pit-1 gene SNPs with signs of dairy productivity of cows 

	CONCLUSION 
	DECLARATIONS 
	Corresponding author 
	Authors’ contribution 
	Conflict of interests 
	Acknowledgements 
	Data availability statement 

	REFERENCES 

