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Abstract. The article presents the results of genotyping of 156 Simmental 
cows for the genes of kappa casein (CSN3), beta-lactoglobulin (BLG), 
alpha-lactalbumin (LALBA) and leptin (LEP). Studies have shown that the 
population for all genes is in a state of equilibrium distribution of 
genotypes, which indicates the absence of factors that change allele 
frequencies. For the CSN3 gene, the frequency of genotypes A/A, A/B, and 
B/B is 0.583, 0.385, and 0.032; alleles A and B - 0.776 and 0.224. For the 
BLG gene, the frequency of the corresponding genotypes is 0.449, 0.455, 
and 0.096; alleles A and B - 0.676 and 0.324. The occurrence of the LALBA 
gene genotypes is as follows: A/A – 0.513, A/B – 0.429, B/B – 0.058; allele 
A – 0.728, allele B – 0.272. Distribution of genotypic classes of the LEP 
gene: C/C – 0.429, C/T – 0.481, T/T – 0.09; frequency of alleles C and T – 
0.67 and 0.33. The observed population structure with a low frequency of 
B/B genotypes for the CSN3 and BLG genes associated with protein-
milkability, but a relatively high level of heterozygosity, demonstrates a 
stable equilibrium of allele frequencies, which is possible in the case of 
selection in favor of heterozygotes.  

1 Introduction 
The diversity of organisms is the basis of microevolution processes in populations. 

Preserving the genetic diversity of breeds is one of the most discussed issues in modern 
animal husbandry [1]. Many papers have been devoted to the study of general intraspecific 
variability and DNA polymorphism in connection with different genetic productivity 
potential and adaptive capabilities of breeds. It is believed that a large number of 
polymorphic loci and heterozygosity increase the adaptive properties of the population 
[2,3]. Some studies have shown systematic selection of heterozygotes in the reproductive 
group as the most effective part of the population [4]. The mechanism of connection 
between heterozygosity and adaptive potential of animals is considered from the point of 
view of polymorphism of neutral loci [5], or interaction of expression products of strictly 
defined genes [2]. In natural populations, there are evolutionarily developed ways to 
preserve genetic diversity, such as migration of males from one subpopulation to another 
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[6, 7]. 
In dairy farming, the risk of reducing genetic diversity is significantly higher due to the 

use of seed from a small number of producers, linear breeding and absorption crossing. 
Large-scale holsteinization of dairy cattle has led to the disappearance of many native 
species. The genetically effective population size is reduced due to reduced viability and 
fertility, and the allele pool is depleted due to the loss of some alleles through random 
processes [6, 8]. In addition, unilateral selection by milk yield for the first 305 days of 
lactation [9, 10, 11] is practiced in animal breeding, which contributes to the fixation of the 
so-called polygenic complex of high milk productivity, which also reduces genetic 
diversity. Thus, the development of methods for controlling and preserving the genetic 
diversity of herds is an urgent problem.

Molecular genetic methods for controlling genetic diversity are currently the subject of 
scientific discussion [12, 13, 14]. The most informative method for monitoring 
heterozygosity has not yet been determined. A method for typing the polymorphism of 
microsatellite loci was proposed [15, 16, 17, 18]. However, as the authors note, this 
approach may not be informative enough due to the high mutability of satellite DNA, and 
in this case the probability of heterozygosity of each of the studied loci is quite high [2]. In 
addition, a number of studies have not found conclusive evidence of microsatellites 
involvement in the maintenance of adaptive function in animals [19]. Consequently, 
analysis of the genetic diversity of satellite DNA is of interest only as a tool for 
phylogenetic analysis. Another equally popular method is high- and medium-density SNP 
chipping [20]. The disadvantage of this method is the high cost of research. However, SNP 
chipping allows to study the polymorphism of various morphofunctional DNA fragments 
evenly distributed across the genome. Some of the methods involve only monitoring of the 
most mutable structural genes [21].

Studying single-nucleotide polymorphisms of structural genes by dispersing restriction 
fragments in a semiconductor electrophoretic gel can be an effective way to monitor genetic
diversity [22]. In cattle, SNP are widely studied in the genes of milk proteins - kappa-
casein, lactoalbumin, in the genes of the hormonal system - lactogenic hormone, 
progesterone, somatotropic hormone, and others. Research is mainly focused on the search 
for genetic markers of productivity. The object of our research was to study the genetic 
diversity of cattle breeds bred in the Western Siberia by the genes of kappa-casein (CSN3), 
beta-lactoglobulin (BLG), alpha-lactalbumin (LALBA) and leptin (LEP). The CSN3, BLG,
and LALBA genes control the synthesis of the corresponding milk proteins [23]. LEP is a 
member of the family of fat metabolism genes [24].  The article presents the results of 
evaluating the polymorphism of these loci in the Simmental breed population. 

2 Materials and methods
The blood of 156 Simmental cattle cows was used for molecular genetic studies. The 
average milk production per lactation is more than 8000 kg of milk, which indicates a high 
genetic potential of animals. Studies were conducted in the laboratory of biotechnology of 
the Siberian Scientific-Research and Design-Technological Institute of Animal Husbandry 
of the Siberian Federal Scientific Center of Agrobiotechnology of the RAS. DNA was 
isolated from the blood of canned EDTA KZ using a kit for extraction from the clinical 
material "Ampli Prime DNA-Sorb-B" according to the prescription of the manufacturer 
"NextBio" LLC. Detection of gene polymorphism was performed according to the 
description [25] using the C1000 "BioRad" amplifier. The results were identified using the 
gel documenting system E-Box-CX5.TS-20.

Statistical processing of the obtained data was carried out using computer programs R-
Studio and Microsoft Exel, as well as using generally accepted methods [26]. The 
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significance of differences in the frequencies of genotypes and alleles was assessed using 
the Student's t-test [27]. For multiple comparison of samples, the Student's t-test was 
calculated with the Bonferroni correction [28]. Verification of the correspondence of the 
actual frequency distribution of genotypes to the theoretically expected frequency 
distribution was performed using the χ2 (chi-square) criterion [29].

3 Research results
Molecular genetic studies of animals based on genes associated with indicators of milk 
productivity were aimed at finding the uniqueness and originality of the Simmental breed 
bred in the Western Siberia. The genotypic structure of the population sample was 
evaluated in comparison with other breeds, as well as to determine the prospects for using 
these genes as markers of genetic diversity in dairy cattle.

Each breed has its own phenotypic and genetic characteristics. The population-genetic 
structure is formed under conditions of a random combination of alleles and is maintained 
for generations in a state of gene balance.  Changes can occur under the influence of a 
number of factors, the most significant of which are the following: frequency of alleles and 
genotypes in progenitors; introduction from other populations; selection pressure; gene drift 
[6, 22, 30, 31].  In our study, the actual ratio of genotypes in the Simmental breed for all 
genes corresponded to the theoretically expected one according to the Hardy-Weinberg 
formula (tables 1-4), which indicates that there is no significant influence of these factors at 
the moment. Analysis of the genetic structure of Simmental cattle in comparison with other 
breeds revealed a similar genotypic distribution for the CSN3 gene. The similarity is shown 
in the low frequency of occurrence of homozygotes B/B, not exceeding 8% (table 1). It can 
be assumed that a similar genotypic structure could have been formed in breeds during 
long-term selection only by the milk yield of cows. Khayertdinov et al. [23] note that 
animals homozygous for the allele B of the CSN3 gene have a higher protein content in 
comparison with their peers, and the protein content negatively correlates with milk yield 
[11]. Hence, selection by milk yield could lead to a decrease in the protein content in milk 
due to the elimination of the B allele. In addition, if bulls with genotypes A/A and A/B as
higher-yielding participate mainly in the reproduction of the herd, then their descendants 
will have a low proportion of B/B homozygotes. This could be the conclusion, if you do not 
pay attention to the low frequency of occurrence of B/B homozygotes also in meat breeds: 
limuzinskaya and hereford [32]. Probably, the low frequency of this allele should be 
associated with the mutation process, as a result of which a new variant of the gene 
appeared from the ancestral form of the A allele.

Table 1. Genetic structure of cattle breeds by the CSN3 gene

Breed
n

Genotype frequency Allele frequency

χ2 Source
A/A A/B B/B A C

Simmental
(Western Siberia)

156
0.583±
0.039

0.385±
0.039

0.032±
0.014

0.776±
0.024

0.224±
0.024

0.011 OS

Russian Black Pied 

(Belarus)
289

0.651±
0.028

0.311±
0.027

0.038±
0.011

0.806±
0.023

0.194±
0.023

0.003 [33]

Russian Black Pied 

(Tatarstan)
345

0.590±
0.026

0.368±
0.026

0.046±
0.011

0.770±
0.023

0.230±
0.023

1.287 [34]

Holstein (Tatarstan) 1071
0.445±
0.015***

0.471±
0.015*

0.084±
0.008**

0.680±
0.014

0.320±
0.014

4.370 [35]
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Kholmogorskaya

(Tatarstan)
164

0.665±
0.037

0.317±
0.036

0.018±
0.010

0.823±
0.030

0.177±
0.030

1.301 [36]

OS – own study; *, **, ***the reliability of frequency differences in comparison with the Simmental 
breed is indicated

As in the case of the CSN3 gene, the most preferred by BLG gene is the B/B genotype, 
which is associated with an increase in their controlling proteins and better coagulation 
properties. The frequency of this genotype in Simmentals was also low and did not exceed 
10%. In comparison with black-and-white and Kholmogorsky cattle, it is 2 and 4 times 
smaller, respectively (table 3). A similar pattern was established for the LALBA (table. 4) 
and LEP (table 5) genes. Few B\B and T/T homozygotes were found in the structure of 
Simmentals, and the ratio of other genotypes is approximately the same. In comparison 
with the Kholmogorskaya breed, the B/B frequency for the LALBA gene in Simmentals is 
lower (Р˂0,001), and the proportion of A/A is higher (Р˂0,01) with equal occurrence of 
heterozygotes. The LEP gene shows a similar pattern. In black-and-white cattle, 
heterozygotes for the BLG and LALBA genes predominate, in contrast to Simmentals. 

Table 2. Genetic structure of cattle breeds by the BLG gene

Breed n
Genotype frequency Allele frequency

χ2 Source
A/A A/B B/B A C

Simmental
(Western Siberia)

156
0.449±
0.040

0.455±
0.040

0.096±
0.024

0.676±
0.026

0.324±
0.026

0.002 OS

Russian Black Pied

(Belarus)
289

0.246±
0.025***

0.481±
0.029

0.273±
0.025***

0.486±
0.029***

0.514±
0.029*** 0.400 [33]

Kholmogorskaya

(Tatarstan)
164

0.122±
0.026***

0.482±
0.0.39

0.396±
0.038***

0.363±
0.038***

0.637±
0.038*** 0.287 [36]

Table 3. Genetic structure of cattle breeds by the LALBA gene

Breed n
Genotype frequency Allele frequency

χ2 Source
A/A A/B B/B A C

Simmental
(Western Siberia)

156
0.513±

0.04
0.429±

0.04
0.058±
0.019

0.728±
0.025

0.272±
0.025

0.006 OS

Russian Black Pied 

(Belarus)
289

0.353±
0.028**

0.512±
0.029

0.135±
0.020**

0.609±
0.028**

0.391±
0.028** 1.600 [33]

Kholmogorskaya

(Tatarstan)
164

0.390±
0.038**

0.433±
0.038

0.177±
0.030***

0.607±
0.038**

0.393±
0.038** 1.414 [36]

Table 4. Genetic structure of cattle breeds by the LEP gene

Breed n
Genotype frequency Allele frequency

χ2 Source
С/С С/Т Т/Т С Т

Simmental 
(Western Siberia)

156
0.429±

0.04
0.481±

0.04
0.090±
0.023

0.670±
0.027

0.330±
0.027

0.007 OS

Holstein
(Tatarstan)

228
0.325±
0.031*

0.491±
0.033

0.184±
0.025*

0.570±
0.033*

0.430±
0.033* 0.001 [37]
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Kholmogorskaya
(Tatarstan)

164
0.250±
0.034***

0.555±
0.039

0.195±
0.031**

0.570±
0.039*

0.430±
0.039* 4.324 [36]

4 Discussion
With the introduction of molecular genetic technologies in breeding programs for animals, 
it becomes possible to study the genetic structure of different breeds at the present stage of 
existence. Highly productive animals are a good object for studying the stability of the 
dynamic equilibrium of allele frequencies for genes associated with productivity traits. 
Long-term selection of animals only for milk productivity has already led to the 
transformation of the population's genetic system, as a result, life expectancy has decreased, 
and reproduction has decreased. The search and analysis of DNA polymorphism associated 
with various quantitative and qualitative characteristics of the phenotype is extremely 
necessary from the point of view of preserving and using the genetic resource of existing 
animal breeds.

Molecular genetic testing of Simmental cows bred in the Western Siberia using the 
studied genes showed that the population sampling is in a state of genetic equilibrium and 
does not experience significant influence of factors that can change its genetic structure. It 
is likely that the established structure for these genes was formed without the participation 
of selection pressure, mainly due to the use of random genotypes of breeding animals, 
mainly breeding bulls. However, given that bulls were not previously genotyped by these 
loci, and allele variants in gametes may be equally likely to be present, their contribution to 
the genotype distribution is stochastic.  It is possible that the studied allele variants of genes 
are weakly affected by the pressure of natural selection and represent selectively neutral 
loci.  The results of our own research and literature data show a low frequency of B/B
homozygous genotypes associated with cow protein content in the kappa-casein and beta-
lactoglobulin genes, which is probably not due to selection against carriers of the B allele, 
but to its later appearance as a result of the mutation process. As for the selective advantage 
of carriers of allele A, due to the prolonged selection of animals to increase milk yield, it is, 
in our opinion, impossible in the absence of lethality or reduced fertility of carriers of allele 
B. Given that alternative alleles of these genes are associated by some researchers with milk 
content and protein content in milk, which are negatively correlated with each other, it is 
necessary to search for complex genotypes that combine favorable combinations by 
different loci. Such selection will allow to identify first of all bulls-carriers of desirable 
alleles, and then to form the population structure and preserve genetic diversity not only in 
terms of general heterozygosity, but also in terms of the composition of homozygous 
variants of different selection-significant loci. At the same time, taking into account the 
complex polygenic nature of inheritance of productivity traits, it is important to maintain 
the quality of milk at high milk yields. 

The frequency distribution of alleles in different breeds demonstrates some features of 
the Simmental breed's genetic structure, which are most noticeable by the BLG gene. 
However, given that previously there was no selection in relation to the studied alleles and 
genotypes, the population structure of breeds was formed randomly. And when one of the 
alleles is rare in the population, this allele will be distributed mainly among heterozygotes, 
which we observe. Therefore, the presence of a sufficiently large proportion of
heterozygotes for the kappa-casein (CSN3), beta-lactoglobulin (BLG), alpha-lactalbumin 
(LALBA) and leptin (LEP) genes indicates the genetic variability of the population and 
provides a basis for monitoring genetic diversity.
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5 Conclusions
1. The genetic structure of the population of the Simmental breed bred in the Western 
Siberia by the kappa-casein (CSN3), beta-lactoglobulin (BLG), alpha-lactalbumin (LALBA)
and leptin (LEP) genes is in a state of gene equilibrium and corresponds to the theoretically 
expected distribution of genotypic frequencies according to the Hardy-Weinberg formula. 
At a given point in time, allele frequencies are not subject to change as a result of selection, 
migration, or mutational pressure.
2. Among three genotypic classes in each locus, the lowest frequency of occurrence was 
found in the B/B genotypes (CSN3, BLG, LALBA) and T/T (LEP), the level of which did not 
exceed 10%. Low frequency of these homozygotes and corresponding alleles is noted in 
other breeds of cattle.
3. The Simmental breed is dominated by A/A homozygotes of CSN3 gene (58.3%), the ratio 
of homozygotes and heterozygotes is approximately the same for the other genes. A high 
level of heterozygosity (40-50 %) indicates that the genotypic structure of the population 
will change very little if there is no targeted selection in favor of the desired alleles. 
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