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ABSTRACT

The aim of our research was to study the dependence of Kholmogorsk breed
dairy cows’ productivity on polymorphism of kappa-casein (CSN3), beta-
lactoglobulin (LGB), prolactin (PRL), somatotropin (GH), thyroglobulin
(TG5) genes. It was found that B allele (BB genotype) of PRL gene caused
maximum increase in milk production (19.7%). Maximum increase in milk
productivity (15.0%, P <0.001), was found at L allele (LL genotype) of GH
gene. Significant increases in the presence of A and B alleles with AA
(14.3%) and BB (12.7%) genotypes of CSN3 and LGB genes were detected.
The maximum increase in fat mass fraction (0.22%) in milk was found at
ABL homozygous genotype of PRL gene, while significant increase of fat
content was detected at C allele (CC genotype) of TGS gene (0.15%, P
<0.05). The maximum increase of protein mass fraction at B allele (BB
genotype) of PRL gene (0.11%) was detected. The maximum increase in
milk protein was found at B and L alleles (BB and LL genotypes) of LGB
and GH genes (0.06% with P <0.01 and P <0.001, respectively). Analysis of
milk energy value showed that A and B alleles and AA (2.80 MJ / kg) and
BB (2.80 MJ / kg) genotypes of CSN3 gene and BB genotype of LGB (2, 82
MJ / kg) and PRL genes (2.93 MJ / kg), as well as the T allele and TT
genotype for the TGS gene (3.17 MJ / kg) are associated with this indicator.

1.Introduction

All over the world, cow farming mainly targets
milk production. The average milk production level
of cows differs between regions, partly due to
different cow genetics (Perisi¢ et al, 2011). Cow
genetics basically determines the potential of their
milk production, in fact - the amount of milk
received from animals. It is known that the level of
milk productivity is a polygenic trait controlled by
various genetic loci (Dybus et al, 2004; Singh et al,
2014), some of which are already known (Singh et
al, 2014; Khatami et al, 2005), and some are only
classified as candidate genes (Viale et al, 2017).
Based on literature data, the following
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economically valuable traits gene loci were
selected for our work: kappa-casein (CSN3)
(Chasovshchikova et al, 2017), beta-lactoglobulin
(LGB) (D1 Gregorio et al, 2017), prolactin (PRL)
(Chasovshchikova et al, 2017), somatotropin (GH)
(Akyuz et al, 2015; Metin Kiyici et al, 2019),
thyroglobulin (TG5) (Zhang et al, 2015).

On the other hand, realization of a dairy cow as
its genetically determined potential for milk
production depends on the technology of keeping
and growing, as well as the feeding programs used.
In general, the increase in the economic efficiency
of livestock production is closely related to the
intensity of livestock reproduction and the terms of
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the productive use of animals, which largely
depends on the level of milk productivity
(Turenkova &  Vasilieva, 2014). So, the
fundamental factor ensuring stable and profitable
dairy cattle breeding is the introduction of
technological innovations that reduce losses by
improving the health and productivity of the herd.
Therefore, there is an acute issue of reassessing the
available genetic resources of dairy cattle breeding,
both of individual breeding animals, and of breeds,
and types in general. The severity of the problem is
due to the fact that all the work carried out by
livestock breeders on Holsteinization is associated
with an increase in the amount of milk received
from animals, and it is not carried out in isolation,
but against the background of changing in
technology as a whole and of introduction of
various innovations in feed production and feeding
(Furaeva, 2013).

It is well known and repeatedly proven that the
composition of milk depends on the technology of
feeding in general, which can be used to control the
content of the mass fraction of fat in milk and the
fatty acid composition of milk fat itself. In addition,
feed strategies have been developed to regulate the
content of the mass fraction of protein in milk
(Chilliard et al, 2007).

The insufficient production of high-quality feed
and their inefficient use leads to a decrease in milk
productivity and high feed costs per unit of
production and, ultimately, has a negative impact
on the economy of the entire production
(Giniyatullin, 2016).

As world experience shows, the achievement of
success in animal husbandry in general and in
increasing the milk production of animals and
reducing the cost of production of animal products
in particular, only 30 .. 35% determined by
achievements in breeding and genetics, but on 50 ...
60% they depends on feeding. The organization of
a balanced feeding of dairy cows in different
physiological periods determines their high milk
productivity, and, consequently, an increase in the
production of livestock products. In addition, the
balanced feeding of animals is one of the main
factors ensuring the effectiveness of breeding, and
acts as a fundamental element of a set of measures
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to increase the milk productivity of animals,
improve existing breeds and types (Maslyuk &
Tokareva, 2018).

So, the aim of our work was to study changes in
the productive qualities of dairy cows depending on
the polymorphism of responsible for the phenotypic
manifestation of economically valuable traits
genes. To solve this problem we established
genotypes of dairy cows at the loci of genes studied
and we analyzed the dynamics of cow’s milk
productivity and mass fractions of fat and protein in
milk obtained from them and calculation of the
energy value of milk from different genotypes.
Also we have determined dependences of milk
productivity, the content of the mass fraction of fat
and protein in milk and the energy value of milk at
these genotypes.

2.Materials and methods

Population studied, sample size and animal
feeding

All studies were performed using dairy cows of
the Tatarstan type of Kholmogorsk breed.
Experimental animals were kept on a leash. For the
formation of one miniature herd of 81 experimental
animals, animals were allocated to the group, which
is an independent production unit. The composition
of this group was a reduced copy of the herd on
which the study was conducted. When forming the
miniature herd, the age of the animal and the level
of their productivity were taken into account. The
relative heterogeneity of the miniature herd allowed
us to assess the influence of the studied factors
under conditions, approximated to production.

The main diet of all dairy cows consisted of
roughage (1.5 kg of alfalfa hay), succulent feed (8.0
kg of alfalfa haylage; 9.0 kg of grass mix haylage;
12.0 kg of corn silage) and concentrated feed (6, 0
kg of mixed feed for dairy cows; 2.0 kg of corn
grain; 1.0 kg of beer dry draff; 1.0 kg of oilseed
rape; 0.5 kg of steamed oats). In addition, a
complex feed supplement was introduced into the
animal feeding ration (0.7 kg per day), which was
consists of grain fermentation products, peat, waste
from food production and micronutrients.

The average milk productivity of experimental
animals at the beginning of experiment was 28.6
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kg. The average age of dairy at the beginning of
experiment was 5 years. The average number of
days of milking cows at the start of the experiment
was 178 days.

The milk production of each animal was
individually assessed during control milking using
“DeLaval” milking equipment.

The treatment of experimental animals was
carried out in accordance with the European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other
Scientific Purposes (European Treaty Series - No.
123).

Milk Quality and Composition

Individual milk samples were analyzed for fat
and protein contents using “Lactan 1-4“ milk
quality analyzer (“Sibagropribor”, Russia). For
milk samples preparation volume of 25 cm?® was
heated in a water bath to a temperature of (45 + 5)
° C and thoroughly mixed by transfusion from
vessel to vessel (at least 3 times). Then the sample
was cooled to a temperature of (22 + 4) ° C. The
prepared sample was placed in device. After 2.5-3.5
minutes, results were read from the device
indicator. After each measurement, the device was
washed with water and detergent according to the
instructions that came with the device.

Calculation of the energy value of milk
obtained from animals was made on the basis of the
“Guidelines for hygienic nutrition control in
organized groups” (approved by the USSR
Ministry of Health on December 29, 1986 No.
4237-86).The energy value of milk was determined
by multiplying the content of proteins, fats and
carbohydrates (g/kg) by the corresponding
coefficients of their energy value, which were equal
to: for proteins - 4 kcal/g, for fats - 9 kcal / g, for
carbohydrates - 4 kcal / g. Carbohydrate (lactose)
content in milk was determined using infrared
analyzer in accordance with GOST 32255-2013
“Milk and dairy products. An express instrumental
method for determining the physicochemical
identification indicators using an infrared analyzer
(with Change No. 1)” at JSC “Elit GPP” in
Vysokogorsky Municipal District of Tatarstan
Republic.
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Calculation of energy value was carried out
according to the following formula:

E=(4x P)+9x (F)+4x(C)) x 4184) /
1000000,

where:
E - energy value of a milk dish, MJ/kg;

P, F, C - the amount of proteins, fats and
carbohydrates in milk, respectively, g;

4; 9 and 4 are the energy value coefficients of
proteins, fats and carbohydrates, respectively,
kcal/g;

4184 - the number of J per 1 kcal;

1000000 - conversion rate J to MJ.
DNA isolation

DNA was extracted from animal blood taken
from vena coccygea using a reagent kit "DNA-
Sorb-B" (NextBio, Russia) for DNA extraction
from the clinical material in accordance with the
manufactures recommendation.
Genotyping

Animal genotypes were determined by the of
economically valuable traits genes loci: kappa-
casein (CSN3), beta-lactoglobulin (LGB), prolactin
(PRL), somatotropin (GH), thyroglobulin (TGS).
The establishment of animal genotypes was carried
out by polymerase chain reaction (PCR), followed
by hydrolysis of PCR products. The reaction
composition for PCR, consisting of template DNA,
dNTPs, Taq polymerase with supplied buffer, was
prepared with a total volume of 20 pl.

For the analysis of the CSN3 gene locus, a set
of primers with the following nucleotide sequence

was used: F: 5'-
ATCATTTATGGCCATTCCACCAAAG-3 '(25
n.); R: 5'-
GCCCATTTCGCCTTCTCTFTAACAGA-3 '(26

n.). To analyze the LGB gene locus, a set of primers
with the following nucleotide sequence was used:
F: 5-GTCCTTGTGCTGGACACCGACTACA-3
'(25 n.); R: 5'-
CAGGACACCGGCTCCCGGTATATGA-3 '(25
n.). To analyze the PRL gene locus, a set of primers
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with the following nucleotide sequence was used:
F: 5-CGAGTCCTTATGAGCTTGATTCTT-3 ',
(24 n); R: 5'-
GCCTTCCAGAAGTCGTTTGTTTTC-3 '(24 n.).
For the analysis of the GH gene locus, a set of
primers with the following nucleotide sequence
was used: F: 5'-GCTGCTCCTGAGGGCCCTTC-3
'(20 n.); R: 5'-
CATGACCCTCAGGTACGTCTCCG-3 '(23 n.).
To analyze the TGS gene locus, a set of primers
with the following nucleotide sequence was used:
F: 5'-GGGGATGACTACGAGTATGACTG-3
'(23 n.); R: 5'-
GTGAAAATCTTGTGGAGGCTGTA-3 '(23 n).

Amplification was performed under optimal
temperature and time conditions for each individual
set of oligonucleotide primers on a MyCycler T100
programmable  thermal  cycler  (Bio-Rad
Laboratories, USA). The amplification products
obtained were digested with restriction enzymes
Hinf'I, Haelll, Rsa I, Alul at 37 ° C for 16 h for the
CSN3, LGB, PRL, GH, and BstX2I genes and at 60
° C for the TGS gene, respectively.

20,0
18,0
16,0
14,0
12,0

10,0

% & kg

8,0
6.0
4,0
2.0

0.0

BB AB TT TC CC LL

Note: **- P <0.01; ***- P <0.001

Genotyping was evaluated by running a small
aliquot of PCR-RFLP product on 2.6% agarose gel
in the presence of ethidium bromide in IxTBE
buffer at 20 V/cm for 30 min. Visualization and
results’ fixation was carried out using UV
transilluminator and Gel Doc documentation
system.

Statistical Analysis

Results are expressed as means + standard
deviation. The results obtained were processed
using mathematical and statistical methods using
the Microsoft Excel program.

3.Results and discussions

The data obtained shows that changes in milk
productivity of dairy cows which were on balanced
feeding diet recommended by us depended on the
animal’s genotype. The maximum increase in
cows’ productivity in terms of mass fractions of
both fat and protein in milk (Figure 1) was 19.7%
(or 6.9 kg) and was characteristic to animals with
the BB genotype of the PRL gene.

BE BB AB LV AA AA VV AB
(m=6) (n=16) (n=1) (h=30(n=500n=38)(n=64) (n=5) (=22} (1=4N(n=2Tn=5N(n=15)n=16)n=12)

PRL PRL TGS TGS TGS GH CSN3CSN3 LGB LGB GH PRL LGB GH CSN3
Genes & Genotypes

% —— kg

Figure 1. Changes in milk production of dairy cows in terms of the basis fat and protein mass fraction in milk.
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As to TGS gene, this change was most
pronounced in the dairy cow with TT genotype -
15.7% (or 6.4 kg), and slightly smaller but
statistically significant - in animals with LL
genotype of GH gene - 15.0% (or 4,5 kg, P <0.001).
It is necessary to note that in animals with the AA
genotype of CSN3 gene milk production (14.3% or
4.7 kg) was also 0.7% lower, and these changes in
productivity dynamics were statistically significant
(P <0.001). As to LGB gene, the highest increase in
milk productivity was found in animals with the
genotype BB, which was 12.7% (or 4.2 kg, P
<0.01).

Along with the dynamics of milk productivity,
differences due to the influence of genotypes on
mass fraction of fat and protein in cow's milk have
been established. For example, the largest mass
fraction of fat in milk of dairy cows was found in
cows with the AA genotype of CSN3 gene (3.73%).
Similar influence of the LGB gene was detected in
animals with a homozygous BB genotype (3.79%).
Also, the maximum content of the mass fraction of
fat in milk depends on PRL gene in animals with
the same genotype was found (4.03%), while for
GH gene maximum of the mass fraction of fat in

milk was found in animals with the heterozygous
LV genotype (3.92%). The highest content of fat
mass fraction in milk was characteristic to animals
with a homozygous genotype for the TGS gene
(4.59%).

Analysis of the content of the mass fraction of
protein in the milk of experimental animals
dependent on alleles of genes studied showed that
in animals with a homozygous AA genotype for the
CSN3 gene, the protein content in milk was 3.31%.
In dairy cows with homo and heterozygous
genotypes AA and AB, respectively, of LGB gene,
the content of protein mass fraction in milk was
3.27%, as well as in animals with LL and VV
genotypes of GH gene. It should be noted that in
animals with TT and BB genotypes for TG5 and
PRL genes, the content of the protein mass fraction
in milk were found to be the highest - 3.35% and
3.30% respectively, which repeats the trend in the
content of the fat mass fraction in milk.

Data about dynamics of the content of fat mass
fraction in milk of dairy cows (Figure 2) shows that,
the maximum increase of fat content in milk of
animals with the heterozygous genotype AB of
PRL gene was observed (0.22%).

0,25
+0,22
0,20 +0.19
+0,15%
0,15 +0,14
+0,12
+0,11
® 010
+0.08
+0,07
+0,05
0,05 +0.04 +0.04
+0,03
I I I +0,01 +0,01
0,00 O B -001
AB BB CC TC BB VV AA LL AB BB AB LV AA AA
(n=16) (n=6) (n=50)(n=30) (n=35) (n=16)(n=64)(n=38)(n=44)(n=22)(n=12)(n=27)(n=15)(n=59) (n=1)
0.05 PRL PRL TGS TGS CSN3 GH CSN3 GH LGB LGB CSN3 GH LGB PRL TGS
o Genes & Genotypes

Note: * - P <0.05

Figure 2. Change in the fat mass fraction in milk of dairy cows.
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As to TGS gene, a significant increase in the
content of fat mass fraction in milk was detected in
homozygous animals with the CC genotype, which
was 0.15% (P <0.05). In cows with a homozygous
BB genotype for the CSN3 gene, the fat content in
milk increased by 0.12%, in homozygous animals
with a VV genotype of GH gene it increased by
0.11%, and in heterozygous animals with AB
genotype of LGB gene it increased by 0.05%.

0,08

H),06**+H) 06,06 ***

BE BB AA LL

® 0,06

0,0

o

0,0

[ 3%]

0,00

Ly TT
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However, other than described above significant
changes have not been found.

Analyzing the changes in content of the protein
mass fraction in milk of dairy cows (Figure 3) it
was found that the most significant increase in this
indicator was in animals with the homozygous BB
genotype of PRL gene, which increased by 0.11%,
however, this change was not statistically
significant.

H,05 +0,05+H,05*%0,05* +H,05 +,05

+1,04 +),04 +),04

+0,03
I +0,02
¥¥ CC TC BB AB

(n=6) (n=22)(n=39) (n=38)(n=27) (n=1) (n=64)(n=12) (n=15)(n=44)(n=16) (n=50)(n=30) (n=5) (n=16)

PRL LGB PRL GH GH TG5 CSN3 CSN3 LGB LGB GH TG5 TG5 CSN3 PRL
Genes & Genotypes

Note: * - P <0.05; ** - P <0.01; *** - P <0.001

Figure 3. Change in the protein mass fraction in milk of dairy cows.

A significant increase in milk yield was
observed in cows with homozygous BB and LL
genotypes of LGB and GH genes too, which were
up to 0.06% with P <0.01 and P <0.001,
respectively. In animals with genotypes AA and
AB of CSN3 gene, an increase in protein mass
fraction in milk was 0.05% with P <0.01 and P
<0.05, respectively. The protein content in the milk
of cows with a homozygous TT genotype of TG5 g
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gene changed to a similar value, however, the
obtained increase was not significant.

In general, it should be noted that there was a
positive dynamics in the content of fat and protein
mass fractions in milk of dairy cows during
research period, which was largely determined by
the genotype of particular genes.

Obviously, changes in the content of such
important indicators as the fat and protein mass
fraction in the milk have to affect its energy value
(Figure 4).
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Figure 4. The energy value of milk from dairy cows

In the context of genes studied, as to CSN3
gene, the highest energy value was at milk obtained
from animals with homozygous genotypes AA and
BB (2.80 MJ/kg). As to LGB and PRL genes, the
highest energy value was found in milk of
homozygous cows with BB genotypes (2.82 and
2.93 MJ / kg). As to GH gene, the highest energy
value was detected at milk obtained from animals
with the heterozygous LV genotype (2.88 MJ/kg),
and as to TG5 gene — at animals with the TT
homozygous genotype (3.17 MJ / kg).

3.1.Discussion

We found that the highest increase in milk
productivity is in dairy cows with a homozygous
AA genotype of CSN3 gene and it is in accordance
with data obtained by Chasovshchikova with
coauthors (Chasovshchikova et al, 2017) in their
studies. However, in a population of dairy cows in
Hungary, Vagi and Baranyi ((Vagi & Baranyi,
2000) revealed that animals with heterozygous
genotype AB show the highest rate in milk
production. We suppose that this fact depends on
the fact that they used first lactation animals in their
studies and it affected on the results obtained (Vagi
& Baranyi, 2000).
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Also, our data which shows that the presence of
the BB genotype of PRL gene in dairy cows
determined the highest level of milk productivity in
animals that confirms previously obtained data by
Nekrasov with coauthors (Nekrasov et al, 2017).

It is necessary to note that Di Gregorio with
coauthors (Di Gregorio et al, 2017) associate allele
B of the LGB gene in general and the BB genotype
in particular with the highest values of milk yield,
which is fully in accordance with our results with
the same level of reliability(P <0.01). Metin Kiyici
with coauthors (Metin Kiyici et al, 2019) considers
GH gene as one of the promising candidates for
assessing the potential milk production of dairy
cow. In addition, according to Molee with
coauthors (Molee et al, 2015), the LGB + GH gene
model may be the most suitable for breeding to
improve the milk production of cows. Sabour and
Lin (Sabour & Lin, 1996), in turn, found that the V
allele of the GH gene was preferable in terms of
increasing the milk yield obtained from cows. On
the contrary, Shariflou with coauthors (Shariflou et
al, 2000) showed greater contribution of L allele to
increase of milk yield in cows. Lucy with coauthors
(Lucy et al, 1993) came to the same opinion in
relation to the milk productivity of Holstein in
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USA, while the influence of the V allele was most
pronounced in the Jersey cattle breed.

Some other studies showed an increase in milk
yield in cows with the LL genotype of the GH gene,
but only in animals with the first lactation (Akyuz
et al, 2015). On the other hand, Kovacs with
coauthors (Kovécs et al, 2006) and Balogh with
coauthors (Balogh et al, 2008) reported a greater
contribution of the LV genotype in formation of
milk productivity level. It should be noted that the
absence of any connection between the genotype
and the level of milk productivity was indicated by
Hradecka with coauthors (Hradecka et al, 2008),
while in our studies, the highest increase in milk
productivity was found in animals with the LL
genotype of GH gene.

It is interesting to note that, according to
Zinnatova and Zinnatov (Zinnatova et al, 2014), the
highest milk productivity was detected in animals
with the CC genotype of TG5 gene. In our studies,
the most increase in milk productivity was
characteristic to animals with the TT genotype.
However, due to the low frequency of its genotype,
these data require additional refinement in further
studies.

On the one hand, in a number of articles it was
shown that different genotypes of CSN3 and LGB
genes have a pronounced effect on the
physicochemical milk composition (Schennink et
al, 2008; Ozdemir et al, 2018; Neamt et al, 2017).
On the other hand, Duifthuis-Rivera with coauthors
(Duifhuis-Rivera et al, 2014) and Dogru (Dogru et
al, 2015) were unable to confirm the presence of
any of correlations mentioned above. At the same
time a number of authors (Ozdemir et al, 2018; Van
den Berg et al, 1992; Boland, & Hill, 2001;
Wedholm et al, 2006; Heck et al, 2009) found that
the B allele of CSN3 and LGB genes is associated
with a higher protein mass fraction in cow milk.
However, in our studies, as was reported above,
animals with A allele of CSN3 gene (homozygous
genotype AA) and LGB gene (homozygous
genotype AA and heterozygous genotype AB) has
the largest protein mass fraction in milk.

In addition, the presence of the A allele of
CSN3 gene (homozygous AA and heterozygous
AB genotypes) caused the maximum increase in
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protein mass fraction in milk during the study
period, while for the LGB gene the most
pronounced dynamics of this indicator was found
in animals with B allele (homozygous genotype
BB). Ambiguous data on the effect of PRL alleles
on milk composition were obtained by Staiger with
coauthors (Staiger et al, 2010), although our data
showed that animal carriers of B allele showed not
only the maximum protein content in milk, but also
its most pronounced increase throughout entire
research period. The influence of GH gene
genotype on the protein content in cow's milk was
reported by Chung with coauthors (Chung et al,
1996) and Dybus (Dybus, 2002). Moreover,
according to their data, animals with homozygous
LL genotype were higher in this indicator. We have
confirmed the patterns they obtained, but it is it is
necessary to note that animals with this genotype
were characterized not only by the highest protein
content, but also its most pronounced increase
during the experiment. In addition, in our studies,
dairy cows with VV homozygous genotype were
characterized by high protein content. By the
opinion of Zinnatova and Zinnatov (Zinnatova et al,
2014), individuals with the CC homozygous
genotype of TGS gene are characterized by higher
milk protein production, which contradicts the our
data, however, taking into account the low
frequency of occurrence of animals with TT
homozygous genotype, the results presented by
them seemed to be most convincing.

According to results of Neamt with coauthors
(Neamt et al, 2017) and Gurses with coauthors
(Gurses et al, 2018), dairy cows with the AA
genotype of CSN3 gene are characterized by the
highest milk fat yield. In our studies, this pattern
was confirmed, but, at the same time, we found the
greatest influence of the homozygous BB genotype
on the intensity of changes in the content of fat
mass fraction in milk. In addition, Neamt with
coauthors (Neamt et al, 2017) showed that the
presence of AB heterozygous genotype of LGB
gene in animals causes the highest fat content in
milk of dairy cows, but we found that this genotype
mainly affects the intensity of changes in milk fat
content, while the highest milk fat content is more
characteristic to animals with the homozygous BB
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genotype. According to Patel and Chauhan (Patel &
Chauhan, 2017), the presence of B alleles of PRL
gene in animals can determine their highest milk fat
content. In general, our results confirm this
statement, however, if the maximum milk fat
content was more typical for animals with the
homozygous BB genotype, the most pronounced
change in level of fat content in milk was for
animals with the AB genotype.

The presence of a significant relationship
between the fat content in cow's milk and the
genotype of GH gene was reported by Hradecka
with coauthors (Hradecka et al, 2008) and Khatami
with coauthors (Khatami et al, 2005). We clarified
that LV genotype determines only the content of the
fat mass fraction in milk and VV genotype
determines the intensity of changes in fat mass
fraction in it. The homozygous TT genotype of
TGS gene according to Zinnatov with coauthors
(Zinnatov et al, 2017) determines the highest milk
production of dairy cows, which fact is also
confirmed by us. At the same time in animals with
CC homozygous genotype dynamics of fat mass
fraction level in milk was found to be more
pronounced.

Changes in the energy value of milk as a result
of various feed products using and changes in the
diet structure were reported in studies of Gafner
with coauthors (Gafner et al, 2017). Our data on
milk energy value are in accordance with values of
this indicator established by these authors in
general. Changes in the milk energy value in the
context of polymorphism of genes of economically
valuable traits was reported in a study by Safina
(Safina, 2018), however, currently it is not possible
to evaluate results obtained because of the
difference in the set of marker genes studied, so
additional study of this issue is required.

4.Conclusions

So, based on the data obtained we can conclude
that the dynamics of milk production of dairy cows
is for the most part determined by the alleles of the
genes of economically valuable traits. The presence
of B allele and especially BB homozygous
genotype of PRL gene in studied population caused
a maximum increase in their milk productivity up

112

to 19.7%, however, this result was not reliable, and
therefore it requires further investigation. The
maximum statistically significant increase in dairy
cows’ productivity was found (15.0%, P <0.001)
was found in the presence of the L allele of GH
gene and at homozygous LL genotype with
balanced feeding. Statistically significant increase
in milk productivity were also observed in animal
which have alleles A and B with homozygous
genotypes AA and BB for the CSN3 and LGB
genes, respectively.

The maximum increase in the fat mass fraction
in milk (0.22%) was found in animals with the AB
genotype for the PRL gene, while the statistically
significant increase in milk fat content depends on
the presence of the C allele and the CC homozygous
genotype of TGS gene (0.15%, P <0.05). The
maximum increase in the protein mass fraction in
milk in animals with the B allele and the BB
homozygous genotype for the PRL gene was
observed, which was to 0.11%. However, this
change was not statistically significant. The
maximum statistically significant increase in milk
yield was found in dairy cows with B and L alleles
and homozygous BB and LL genotypes for LGB
and GH genes, which were up to 0.06% with P
<0.01 and P <0.001, respectively.

Analysis of milks’ energy value showed that A
and B alleles and homozygous genotypes AA and
BB of CSN3 gene and homozygous BB genotypes
of LGB and PRL genes, as well as the T allele and
TT homozygous genotype of TGS gene, are
associated with milk production with highest
energy value, while as to GH gene it was found that
this indicator was the highest in animals with
heterozygous LV genotype. However, due to the
lack of statistically significant changes in the
energy value of milk, the data obtained required
further clarification.
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