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1. Introduction

An important role in increasing the productivity of the 
dairy industry is played not only by modern technologies 
of cattle breeding and selection (Zhang  et  al., 2022; 
Behren  et  al., 2023; Bui  et  al., 2023) but also by the 
use of modern methods of infectious disease control 

(Runtuwene et al., 2022; Maurić Maljković et al., 2023). 
Mastitis is considered the most common disease, dangerous 
both for public health and production development 
(Mussynov et al., 2019). Mastitis is an inflammatory disease 
of the udder caused by infection with bacteria, which 
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several intracellular factors secreted by lactotrophic cells 
(autocrine regulation).

Studies related to the effect of PRL on mastitis resistance 
in cattle are a subject of scientific interest. For example, 
some polymorphisms in the PRL gene may be associated 
with changes in immune function and response to infection, 
including mastitis. This may mean that certain variants of 
the PRL gene may be associated with increased or decreased 
resistance to mastitis in cows.

Scientists have established a close coupling of the 
PRL gene with genes of class I and class II of the main 
histocompatibility complex. The maximal coupling occurs 
with BoLA-DRB3 (Lewin et al., 1992; van Eijk et al., 1995). 
The BoLA-DRB3 gene is responsible for the primary immune 
response, as alleles associated with resistance and sensitivity 
to diseases such as persistent lymphocytosis, bovine 
leukemia, and dermatophilosis are known. The relationship 
of this gene with signs of milk productivity, somatic cell 
content, and resistance to mastitis has also been studied.

The incidence of mastitis in animals is highest during 
the calving period, which is associated with increased 
production of PRL. In the research by M.G. Salgado-
Lora et al., and also in early studies by L. Lara-Zarate et al.,, 
it is suggested that PRL plays a role in the development of 
mastitis. They found that PRL promoted an inflammatory 
reaction in the epithelial cells of the mammary gland of 
cattle through the activity of NF-kB (Salgado-Lora et al., 
2020; Barajas-Mendiola et al., 2022).

The BLG (β-LG) gene refers to the gene encoding the 
beta-lactoglobulin protein, which is one of the main 
proteins in cow’s milk and is present in significant 
amounts. Beta-lactoglobulin plays an important role in the 
immune system of animals and may be associated with 
resistance to mastitis (Chaneton et al., 2011; Singh et al., 
2023; Tomanić et al., 2023). This protein is a source of 
biologically active peptides. Peptides, in turn, have a wide 
range of physiological activity, such as immunomodulatory 
properties, antimicrobial, antihypertensive properties, 
etc. The fragments obtained as a result of hydrolysis with 
alkalase, pepsin, or trypsin have bacteriostatic activity 
against E.coli, Bacillus, and S. aureus (Wong and Chai 2023).

Studies on the effect of the BLG gene on milk production 
and the risk of mastitis in animals were conducted to 
understand the genetic factors that may affect these 
parameters. These studies indicate a potential link 
between genetic variants of the BLG gene and the risk 
of mastitis in cows, especially in the Holstein breed 
(Zemanova et al., 2022). We should note the importance 
of this breed of cows for Kazakhstan. Studies collectively 
show that Holstein cows are raised in Kazakhstan because 
of their high milk productivity (Shamshidin et al., 2023; 
Uskenov  et  al., 2023), ability to adapt to local climatic 
conditions (Mylostyvyi et al., 2023), as well as the benefits 
that cows receive from the addition of mineral and 
vitamin premixes and food additives (Bayazitova et al., 
2023; Karynbayev et al., 2023). These factors make them 
a valuable asset for the dairy industry in Kazakhstan.

In this regard, the study aims to analyze the links 
between polymorphic variants of the PRL and BLG genes 
and the level of resistance or susceptibility to mastitis in 
Holstein cows.

results in a decrease in the quality and quantity of milk 
obtained from animals (Ulyanov et al., 2021; Kober et al., 
2022; Cattaneo et al., 2023).

Consumption of mastitis-affected milk can be harmful 
to humans since drug-resistant pathogens (Alessandri et al., 
2023; Mussynov et al., 2014) can be transmitted through 
contaminated unpasteurized milk (Suchshikh et al., 2023). 
Therefore, it is also a serious problem and a danger to public 
health (Pascu et al., 2022; Mussayeva et al., 2021). Losses 
occur in the dairy industry due to reduced milk yields, poor 
milk quality and discarded milk, the cost of treating sick 
animals (Zaitsev et al., 2024; Madenova et al., 2019), as 
well as a decrease in the fertility of cows (Detilleux et al., 
2015; Gomes and Henriques 2016; Côté-Gravel and 
Malouin 2019). On average, the total loss due to mastitis 
is estimated at $147 per cow per year, especially due to 
milk losses and animal culling, which is approximately 11 
to 18% of gross profit per cow per year (Hogeveen et al., 
2019; Popov et al., 2017).

Based on the focus of our study and to understand 
the relevance of the chosen research topic, it should be 
noted that livestock farming in Kazakhstan occupies about 
43% of the total gross agricultural output and is the main 
source of employment, nutrition, and income of the rural 
population. Its development is one of the main strategic 
economic objectives of Kazakhstan (Bokayev et al., 2023; 
Sarsekova et al., 2023). The dairy industry accounts for 
about 20% of the volume produced in Kazakhstan. The most 
common bacterial infectious cattle disease in Kazakhstan 
is mastitis, which has a direct impact on the development 
of the dairy industry.

2. Literature Review

Along with marker-associated breeding measures aimed 
at increasing the profitability of the industry by increasing 
the genetic potential of productivity of farm animals, the 
use of genetic markers of resistance to bacterial infections 
can affect the reduction of treatment costs and losses 
from mortality, abortions, and culling of sick animals 
(Baymenov et al., 2023; Mendybayeva et al., 2023).

An important aspect of cattle resistance is the immune 
system of animals (Khan et al., 2023; Powell et al., 2023). 
Animals with a strong immune system can effectively 
fight infectious diseases and recover quickly from stressful 
situations. In addition, genetic factors can influence 
individual predisposition to certain diseases. An integrated 
approach combining genetics, the immune system, hygiene, 
prevention, and herd management will help to increase 
the resistance of cattle to mastitis.

The prolactin gene (PRL) encodes the protein prolactin, 
which is a hormone that plays a key role in the regulation 
and maintenance of lactation in mammals. Prolactin, 
like growth hormone, belongs to the same family of 
protein hormones that are involved in the initiation and 
maintenance of lactation in mammals (Malintha et al., 
2023). Prolactin is also synthesized in various tissues, 
including endothelial cells, neurons, breast cells, etc. 
(Beishova  et  al., 2023). Prolactin secretion is regulated 
by pituitary cells (paracrine regulation), as well as by 
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The optimal PCR regime was selected by experimental 
methods: 94оC for 5 min, (94оC for 30 sec, 56оC for 30 sec, 
72оC for 30 sec) x 35 cycles. The density of the agarose 
gel should be increased to 3% for optimal visualization of 
restriction fragments.

The length of the amplified fragment of the PRL gene 
is 156 base pairs (bp).

3.2. Determination of cattle genotypes based on the НаеIII 
polymorphism of the BLG gene

The technique of PCR formulation for DNA typing of 
animals by the BLG gene was optimized. The optimization of 
animal genotyping techniques was carried out by selecting 
and standardizing PCR-RFLP conditions to a level suitable 
for organizing mass routine screening.

To amplify the polymorphic region of the BLG gene, 
we used oligonucleotide primers BLG1 and BLG2 with the 
following sequence (Medrano and Aguilar‐Cordova 1990):
BLG1: 5’ TGTGCTGGACACCGACTACAAAAAG 3’
BLG2: 5’ GCTCCCGGTATATGACCACCCTCT 3’

For DNA typing of Holstein animals using the BLG gene, 
the BLG-НаеIII polymorphism was selected, located in 
the coding region of the gene (exon IV) and leading to 
changes in the amino acid sequence of the protein. The 
composition of the reaction mixture was optimized for 
BLG-НаеIII polymorphism: H2O: up to 25 µl, 10x buffer: 
2.5 µl, MgCl2 (25 mM): 2 µl, dNTP (25 mM): 0.2 µl, direct 
primer (BLG-НаеIII-F): 1 µl, reverse primer (BLG-НаеIII-R): 
1 µl, Taq polymerase (5 a.u./µl): 0.25 µl.

Using experimental methods, the optimal temperature 
and annealing time of primers for genotyping according 
to the BLG-НаеIII polymorphism were selected, allowing 
for producing a pure amplification in an amount sufficient 
for electrophoretic detection as follows: 94оC: 5 min, 
(94оC: 30 sec, 60оC: 30 sec, 72оC: 30 sec) x 35 cycles. The 
number of PCR cycles was increased to 35, which made 
it possible to take 5 µl of amplification for restriction in 
a volume of 10 µl of the reaction mixture and thereby 
reduce the consumption of reagents for restriction by 2 
times. It was found that for optimal visualization of BLG-
НаеIII restriction fragments, the density of the agarose 
gel should be increased to 3%.

The length of the amplified fragment of the BLG gene 
is 247 bp. The length of the fragments after restriction is 
148, 99, and 74 bp. Fragment size variants with 148 and 
99 bp correspond to the BLG-HaeIIIAA genotype; 148, 99, 
and 74 bp correspond to the BLG-HaeIIIAB genotype; 99 and 
74 bp correspond to the BLG-HaeIIIBB genotype (Figure 1).

The genotypes of the studied populations were 
determined using PCR-RFLP by the following polymorphisms: 
BLG-HaeIIIAA, BLG-HaeIIIAB, and BLG-HaeIIIBB by the BLG gene. 
Among animals of the Holstein breed with an established 
diagnosis of mastitis by BLG-HaeIII polymorphism, the BLG-
HaeIIIBB genotype has the highest frequency of occurrence, 
followed by the BLG-HaeIIIAB genotype; the most rare is 
the BLG-HaeIIIAA genotype. Among healthy animals of the 
Holstein breed, by BLG-HaeIII polymorphism, the BLG-
HaeIIIAB genotype has the highest frequency of occurrence, 
followed by the BLG-HaeIIIAA genotype; the most rare is the 
BLG-HaeIIIBB genotype.

3. Materials and Methods

To achieve this goal, we conducted an experimental 
study in the farms of Kostanay region (Kazakhstan) in the 
period from 2022 to 2023.

The study was conducted in strict accordance with the 
principles set out in the Basel Declaration (2010), as well as 
standards and recommendations for animal experiments 
(ICLAS, 2024). All stages of the experiment were carried 
out considering ethical norms and rules for the welfare 
and protection of animals. The results of the study were 
obtained in compliance with all ethical principles and 
norms, and the principles of caring for the welfare of 
animals and respect for their rights were considered.

The material for the study included samples of 
biomaterial from 250 heads of Holstein cows aged 3 years 
with leveled conditions of keeping, feeding, and breeding. 
Of these, 150 heads had a confirmed diagnosis of mastitis 
(m), and an experimental group of 100 heads consisted of 
healthy (h) animals of the Holstein breed.

3.1. DNA typing of animals

Sampling and preparation of samples for analysis 
(carried out by employees of the farm providing samples).

DNA extraction from hair follicles was carried out using a 
commercial DNA Extran-2 kit (Syntol LLC, Moscow, Russia). 
The qualitative analysis of the isolated DNA was carried out 
using gel electrophoresis, and the DNA was characterized 
by good quality since there were no nonspecific fragments 
on the electrophoregram. The quantitative analysis was 
carried out by measuring the DNA concentration on an 
Agilent Cary 60 spectrophotometer. The average DNA 
concentration was 80 ng/ul. The A260/A280 ratio was 1.9.

The determination of the genotypes of the studied 
animals by BLG-НаеIII polymorphism was carried out 
using a technique optimized by selecting and standardizing 
polymerase chain reaction and restriction fragment length 
polymorphism (PCR-RFLP) conditions to a level suitable for 
organizing mass routine screening. The PCR-RFLP method 
for DNA typing of animals by DpnI polymorphism was 
developed within the framework of this project.

For DNA typing of Holstein breed animals by the PRL 
gene, the polymorphism rs211032652 was selected, 
accompanied by the substitution of the amino acid 
alanine for serine in the 13th position of the protein. 
DpnI restrictase was selected for the PCR-RFLP method. 
This restrictase can effectively recognize and cleave the 
GmATC sequence (where A is methylated) and cannot 
cleave the GATC sequence (where A is not methylated), 
since according to the latest available data, this mutation is 
associated with increased milk productivity in Romanian 
spotted and Romanian brown cattle (Ilie et al., 2023).

The amplification of the PRL gene fragment containing 
rs211032652 was performed using the following primers:
F: 5′GCTCCAGAAGTCGTTGTTTTC3′
R: 5′CGAGCTTATGAGCTTGATTCTT3′ (Cowan et al., 1989)

The composition of the reaction mixture was optimized: 
H2O up to 25 µl, 10x buffer to 2.5 µl, MgCl2 (25 mM) to 2 
µl, dNTP (25 mM) to 0.2 µl, direct primer F to 1 µl, reverse 
primer R to 1 µl, Taq polymerase (5 activity units (a.u.)/µl) 
to 0.25 µl.
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2 ( /)o e eH H H= ∑ −χ 	 (3)

where Ho is the observed frequencies of alleles, and He 
is the expected frequencies of alleles (Clarke and PLOS 
Biology Staff Editors 2022).

If the expected values of the number in at least one of 
the classes turn out to be less than five, then the calculation 
of χ2 was carried out with the Yates correction, Formula 4:

2 20(( ) ).5 /o e eH H H= ∑ − −χ 	 (4)

The correspondence of the actual and expected genotype 
distribution was checked using the chi-square method, 
Formula 5. The number of degrees of freedom was equal 
to the number of genotypes minus the number of alleles.

2 2) /( o e eH H H= ∑ −χ 	 (5)

where Ho is the observed frequencies of genotypes; He is 
the expected frequencies of genotypes: AA=p2; AB=2pq; 
BB=q2 (Clarke and PLOS Biology Staff Editors, 2022).

The acceptable value of χ2 for one degree of freedom 
and a 95% significance level was 3.84 (Clarke and PLOS 
Biology Staff Editors, 2022).

3.3. Statistical processing

The observed genotype frequencies were determined 
by direct counting.

The frequency of alleles was calculated using Formula 
1 (Haddrill, 2021):

( )
( )

 2   / 2

 2   / 2
A

B

P nAA nAB N

q nBB nAB N

= +

= +
	 (1)

where PA is the frequency of the A-allele; qB is the frequency 
of the B-allele; and N is the total number of alleles.

The statistical error of the relative frequencies of alleles 
was calculated using Formula 2:

( )( )1  / 2QS Q Q n= √ − 	 (2)

where Q is the relative frequency of the allele under study, 
and n is the sample size (Clarke and PLOS Biology Staff 
Editors, 2022).

The comparison of samples according to the frequency 
distribution of allelic variants of the studied genes was 
carried out using the χ2 criterion, Formula 3. The number of 
degrees of freedom was equal to the number of genotypes 
minus the number of alleles:

Figure 1. Electrophoregram of DNA polymorphism typing, BLG-HaeIII in 3% agarose gel. M is the O’range Ruler TM 50 bp DNA Ladder 
molecular mass marker, Fermentas, Lithuania; A is the amplification of 247 bp fragment of the BLG-HaeIII gene; h are the samples 
from healthy animals; m are the bands from animals with mastitis; bands 18h, 25h, 26h, 27h, 29h, 30h, 31h, and 32h are the restriction 
fragments with 148 and 99 bp corresponding to the BLG-HaeIIIAA genotype; bands 19h, 22h, 24h, 45m, 56m, 69m, 73m, 98m, and 166m 
are the restriction fragments with 99 and 74 bp corresponding to the BLG-HaeIIIBB genotype; bands 20h, 21h, 23h, 54m, 59m, and 97m 
are the restriction fragments with 148, 99, and 74 bp corresponding to the BLG-HaeIIIAB genotype. The position of specific stripes on 
the gel is indicated by arrows.
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According to the data shown in Table 3, the observed 
frequencies of the CC, CA, and AA genotypes in the group 
of animals suffering from mastitis were 138, 11, and 1, 
and in the control group, 92, 7, and 1, respectively. The 
expected frequencies according to the Hardy-Weinberg 
law should be 137, 13, and 0 in the mastitis group and 91, 
9, and 0 in the control group. The values of χ2 were 0.24 
in the group of cows with mastitis, and in healthy cows 
χ2=0.58, which indicates that the observed frequencies 
of genotypes correspond to the theoretically expected 
equilibrium frequencies in the group of sick animals.

The results of the analysis of the degree of excess of 
the observed frequencies of homozygous genotypes in a 
group of sick animals are shown in Table 4.

In the groups of animals diagnosed with mastitis, 
the relative frequencies of the CC, AC, and AA genotypes 
were 92.0, 7.3, and 0.7%, respectively. The proportions of 
these genotypes in the control group were 92.0, 7.0, and 
1.0%, respectively.

The results of the assessment of the correspondence of the 
observed frequencies of HaeIII-polymorphic variant genotypes 
of the bBLG gene to the theoretically expected equilibrium 
and the values of the χ2 criterion are shown in Table 5.

According to the data in Table 5, the observed frequencies 
of the bBLG-HaeIIIAA, bBLG-HaeIIIAB, and bBLG-HaeIIIBB 
genotypes in the group of animals suffering from mastitis 
were 42, 42, and 66, and in the control group 29, 54, and 
17, respectively. The expected frequencies according to the 
Hardy-Weinberg law should be 26, 73, and 51 in the mastitis 
group and 32, 49, and 19 in the control group. The deviation 
of the genotype distribution from the equilibrium in the 
group of animals suffering from mastitis was significant 
and χ2 amounted to 27.13. In healthy cows, the value of 
χ2=0.92, which indicates the significance of the deviation of 
the observed genotype frequencies from the theoretically 
expected equilibrium ones in the group of sick animals.

The results of the analysis of the degree of excess of 
the observed frequencies of homozygous genotypes in a 
group of sick animals are shown in Table 6.

4. Results

The genetic structure of samples of animals with mastitis 
and the control group for bPRL-DpnI polymorphism is 
shown in Table 1.

The frequency ratio of the bPRL-DpnIC and bPRL-DpnIA 
alleles in the group of animals suffering from mastitis was 
0.967±0.001 and 0.033±0.001, respectively. Among healthy 
animals, the frequency ratio of the bPRL-DpnIC and bPRL-
DpnIA alleles was 0.980±0.002 and 0.020±0.002, respectively.

The genetic structure of samples of animals suffering 
from mastitis and the control group for bBLG-HaeIII 
polymorphism is shown in Table 2.

The genetic structure of the studied livestock by the 
bBLG polymorphic gene is characterized by an almost 
identical distribution of alleles A and B in groups of both 
sick and healthy animals. The ratio of BLG-HaeIIIA and 
BLG-HaeIIIB alleles in animals suffering from mastitis is 
0.420±0.003 to 0.580±0.003. In the control group, this 
ratio is 0.560±0.005 to 0.440±0.005.

The association of polymorphic variants of the PRL 
gene with susceptibility/resistance to mastitis was 
studied by evaluating the correspondence of the nature 
of the observed genotype frequencies to the theoretically 
expected equilibrium by calculating the χ2 criterion, as well 
as by comparative analysis of the distribution of different 
genotypes in the group of animals suffering from mastitis 
and the control group of healthy cows.

The results of the assessment of the compliance of the 
observed frequencies of genotypes with the theoretically 
expected equilibrium and the values of the χ2 criterion 
are shown in Table 3.

Table 1. Distribution of relative frequencies of alleles of the 
studied b PRL gene.

Polymorphism Allele
Mastitis 
(n=150)

Healthy 
(n=100)

bPRL-DpnI bPRL-DpnIC 0.967±0.001 0.980±0.002

bPRL-DpnIA 0.033±0.001 0.020±0.002

Table 2. Distribution of relative frequencies of alleles of the 
studied bBLG gene.

Polymorphism Allele
Mastitis 
(n=150)

Healthy 
(n=100)

bBLG-HaeIII BLG-HaeIIIА 0.420±0.003 0.560±0.005

BLG-HaeIIIВ 0.580±0.003 0.440±0.005

Table 4. The proportion of genotypes of polymorphic bPRL genes 
in groups of healthy and sick animals (% of the surveyed livestock).

Gene Genotype
Mastitis, % Healthy, %

observed expected observed expected

PRL bPRL-DpnIСС 92.0 91.9 92.0 83.5

bPRL-DpnIАС 7.3 8.1 7.0 8.2

bPRL-DpnIAA 0.7 0.0 1.0 8.3

Table 5. Distribution of genotype frequencies for the polymorphic 
bBLG gene in groups of healthy and sick animals.

Genotype
Mastitis (n=150) Healthy (n=100)

nо nе χ2 nо nе χ2

bBLG-HaeIIIАА 42 26 27.13 29 32 0.92

bBLG-HaeIIIАВ 42 73 54 49

bBLG-HaeIIIВВ 66 51 17 19

Notes: 1. The value of χ2 for a significance level of 0.05 is 3.84.

Table 3. Distribution of genotype frequencies for the polymorphic 
bPRL gene in groups of healthy and sick animals.

Genotype
Mastitis (n=150)* Healthy (n=100)*

nо nе χ2 nо nе χ2

bPRL-DpnICC 138 137

0.24

92 91

0.58bPRL-DpnCA 11 13 7 9

bPRL-DpnAA 1 0 1 0

Notes: 1. The value of χ2 for a significance level of 0.05 is 3.84; 2. *The 
values of χ2 were calculated with the Yates correction.



Brazilian Journal of Biology, 2024, vol. 84, e2849616/9

Beishova, I. et al.

These studies indicate a potential link between genetic 
variants of the BLG gene and the risk of mastitis in cows, 
especially dairy breeds.

6. Conclusions

The developed method of PCR-RFLP DNA typing of cattle 
by the bPRL-DpnI rs211032652 polymorphism of the PRL 
gene, accompanied by the replacement of the amino acid 
alanine with serine in the 13th position of the protein, 
made it possible to identify the presence/absence of this 
single-nucleotide polymorphism (SNP) in Holstein cattle. 
The observed frequencies of CC, CA, and AA genotypes in 
the group of animals suffering from mastitis equaled 138, 
11, and 1, and in the control group, 92, 7, and 1, respectively.

The optimized PCR technique for conducting DNA typing 
of animals by the BLG gene made it possible to identify 42, 
42, and 66 cases of carrying the AA, AB, and BB genotypes 
in the group of animals suffering from mastitis and 29, 54, 
and 17 cases, respectively, in the control group.

The genetic structure of the samples of animals 
suffering from mastitis and the control group for bPRL-
DpnI polymorphism is consistent concerning the frequency 
distribution of the rare/frequent alleles; they practically 
do not differ from each other. The most common allele 
is bPRL-DpnIC with 0.967±0.001 and 0.980±0.002 in the 
group of animals with mastitis and the control group, 
respectively. The most rare is the bPRL-DpnIA allele 
(0.033±0.001 and 0.020±0.002 in the groups of sick and 
healthy animals, respectively).

The genetic structure of the samples of animals 
with mastitis and the control group for bBLG-HaeIII 
polymorphism is not consistent concerning the rare/
frequent allele distribution. In the group of animals 
with mastitis, the BLG-HaeIIIB allele is characterized by a 
predominant frequency (0.580±0.003), while in the control 
group of healthy animals, the frequency of the BLG-HaeIIIB 
allele is reduced to 0.440±0.005.

A study of the nature of the association of polymorphic 
variants of the PRL and BLG gene with resistance/increased 
risk of mastitis established a significant deviation from the 
theoretically expected distribution of bBLG-HaeIII genotypes 
in a group of animals with mastitis (the χ2 value was 0.24).

The bBLG-HaeIIIBB genotype can act as a marker of an 
increased risk of developing mastitis in Holstein cows. 
Its frequency in the group of sick animals exceeds the 
frequency in the control group by more than 2 times (44.0 
compared with 17.0%, respectively). The bBLG-HaeIIIAB 
genotype is significantly associated with mastitis resistance 
in Holstein cows; its frequency is 2 times lower than in 
the control group (28.0 compared to 54.0%).
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5. Discussion

In the group of mastitis cows, by the bBLG polymorphism, 
one can note a significant redistribution of the relative 
frequencies of genotypes towards an increase in the 
frequency of the BB genotype. Thus, the percentage ratio of 
bBLG-HaeIIIAA, bBLG-HaeIIIAB, and bBLG-HaeIIIBB genotypes 
in the group of sick animals was 28.0, 28.0, and 44.0%, 
respectively, and in the control group, 29.0, 54.0, and 
17.0%, respectively.

The distribution of bBLG-HaeIII genotypes is 
characterized by a significant increase in the frequency of 
bBLG-HaeIIIAA and bBLG-HaeIIIBB genotypes relative to the 
expected ones, 28.0 compared to 17.4% and 44.00 compared 
to 33.6% for bBLG-HaeIIIAA and bBLG-HaeIIIBB genotypes, 
respectively. The opposite, but statistically insignificant 
redistribution is observed in the control group. However, 
the observed frequency of occurrence of the bBLG-HaeIIIAA 
genotype in the group of mastitis cows is 28.0%, and in 
the control group, the number is almost the same (29.0%). 
However, heterozygous genotypes in the group of sick 
animals occur almost 2 times less often than in the control 
group (28.0 compared to 54.0%), and animals with the 
bBLG-HaeIIIBB genotype among mastitis cows occur more 
than 2 times more often than in the control group (44.0 
compared to 17.0%, respectively).

This observation suggests that the bBLG-HaeIIIAB 
genotype is significantly associated with mastitis resistance 
in Holstein cows, while animals carrying the bBLG-HaeIIIBB 
genotype can be included in the increased risk group.

The data we obtained partly confirms the information 
received by other authors. Thus, according to R. Luhar et al. 
(2006), there is an association between the BLG gene 
polymorphisms and somatic cell count (mastitis indicator). 
The results of the study showed that certain variants of 
the BLG gene were associated with a reduced somatic cell 
count, which is a good indicator of udder health.

According to U. Singh et al. (2015), a link was established 
between genetic polymorphisms of the BLG gene and 
subclinical mastitis in Frieswal (HF×Sahiwal) cows in 
India. The study found a statistically significant association 
between certain gene variants and the risk of developing 
subclinical mastitis.

A similar relationship was established in piebald (black-
white) cows in the studies by I.M. Kriventsov et al. (1975). 
They showed a connection between polymorphisms of 
the BLG gene and a predisposition to mastitis. The results 
showed that some gene variants were associated with an 
increased risk of developing mastitis.

Table 6. The proportion of genotypes of polymorphic bBLG genes 
in groups of healthy and sick animals (% of the surveyed livestock).

Gene Genotype
Mastitis, % Healthy, %

observed expected observed expected

bBLG bBLG-HaeIIIАА 28.0 17.4 29.0 31.3

bBLG-HaeIIIАВ 28.0 49.0 54.0 49.5

bBLG-HaeIIIВВ 44.0 33.6 17.0 19.2
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