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Abstract. A preliminary evaluation towards a breeding value of the Holstein breeding bulls with different
genotypes of somatotropin cascade genes is presented: pituitary transcription factor or growth hormone
factor (PIT1), prolactin (PRL), somatotropin (GH), somatotropin releasing hormone (GHRH), insulin-like
(IGF-1) in the conditions of the Republic of Tatarstan. The research studies the signs (indices) of milk
productivity (milk yield and fat in milk) of the closest female ancestors of bulls with different genotypes of
somatotropin cascade genes. Studies and analysis have shown that the bulls with the mixed genotypes
ABAALLBBAA (10269 kg), AAAALLBBAB (4.13 %) and BBAALLABBB (9402 kg and 4.06 %) had the
highest and optimum evaluation by origin, judging by the bulls' pedigree (geneological) index. The
frequency to meet bulls with the desired mixed genotypes was low and amounted to 4.28–5.71 %.

1 Introduction
At present, molecular genetics acts as the most diverse
approaches and methods to be applied in animal
husbandry, including testing breeding animals, their
selection that depends on the genetic variants of
productivity, diagnosis of hereditary diseases, research
on the diversity and genetic structure of a herd, editing
the genome and more [1–6].
Studies show that PIT1 gene (hypophisic
transcription factor or growth hormone factor) is actively
involved in animals development and also affects
various physiological processes, including a hypophisic
and mammary gland growth and development,
expression of milk protein and milk secretion. Most
researchers consider PIT1 gene to be responsible for the
regulation of growth and development of breed cattle
[7–10].
Significant differences in daily milk yield (P<0.05)
of the Holstein breeding cows in favor of animals with
AA genotype of PIT1 gene were revealed compared to
the analogues of AB and BB genotypes. The results of
studies showing off the genotypes association of PIT1
gene with indicators of milk productivity, conducted on
the Holstein breeding cows in Vietnam, are similar to the
results of other studies [11]. The same tendency (AA>
AB>BB) in daily milk yield was found among cows of
the local breed of Iraqi cattle with different genotypes of
PIT1 gene [12].
The research results showed that there is a significant
interaction between AA, AB, BB genotypes of PIT1
gene and a body weight of the local Iraqi and crossbreeding cows. AA genotype of PIT1 gene in cows led
to an increase in an animal body weight [13].
*

Examining the effect of PRL gene (prolactin) on milk
productivity of cows showed that A allele of this gene in
cows of the Schwyz breed of American breeding, the
Holstein breed of Turkish origin and the Gir and Kankrej
of Indian origin (B. indicus) was associated with a higher
milk yield compared to the analogues of BB genotype
[15–17]. However, animals of the Gir and Kankrej
breeds with BB genotype had a higher percentage of fat
in milk compared to their peers with AA and AB
genotypes of PRL gene [17].
The data obtained indicate the need to study PRL
gene as a candidate, which affects the intensity and
growth energy of cattle [18–19]. These data now can be
used for early prediction of milk productivity. So in our
earlier studies there was concluded that by the age of 18
months, the highest average daily gains were observed
among heifers of the Holstein breed, bearing PRL gene
allele in their genotype A compared to the peers with BB
genotype. In the future, these first-calf heifers, with the
largest body weight, had higher milk productivity.
In studies about pure-bred Simmental cattle, there
were obtained the results indicating the highest yields,
fat in milk and the amount of milk fat among cows with
VH genotype of GH gene (somatotropin), which were
superior in these indicators to their peers, who had LL
and VL genotypes [20]. However, opposite results were
obtained in the studies on the Kostroma breed cows. In
this population the highest milk yield and the amount of
milk fat were observed among animals with LL genotype
of GH gene [21].
At the end of the experiments, the highest body
weight was observed in calf bulls of the Hereford and
Limousin breeds with LL genotype for GH gene,
compared to the analogues of VV genotype. It is logical
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that bulls with the LL genotype of GH gene in terms of
average daily growth, absolute and relative growth rates
exceeded peers with the genotype VV [22]. Their main
research results and conclusions coincided with the data
from other researchers [23–24].
Numerous studies conducted in different countries,
including Turkey, show that there is a connection
between the polymorphism of GHRH gene
(somatotrophin-releasing of a hormone) and milk yield
in various cattle populations [25].
Similar results in the studies about the population of
the Holstein cows of Polish selection showed that cows
with BB, AB, AA genotypes of GHRH gene had the
largest, intermediate and least amount of milk fat and fat
in milk, respectively [26].
Some studies note that genotypes and alleles of
GHRH gene are associated with cattle meat productivity.
A possible effect of genotypes of GHRH gene on the
exterior estimator of buffalos in Indonesia was under
examination but the connection between these indicators
was not revealed [27]. However, in the studies on young
bulls of the Limousine breed, such association with
growth indicators was revealed. Thus, calves aged 210
days, bearing AA genotype of GHRH gene, were behind
of peers with AB and BB genotypes in height at withers
and sacrum [28].
The studies of the Holstein cows of Polish and
Iranian origin showed that animals with AB genotype in
IGF-1 gene (insulin-like growth factor) significantly
exceeded the analogues with AA and BB genotypes in
such indicators as fat and protein in milk [29-30]. The
similar studies that were carried out on cows of the
Holstein breed of Polish selection showed that animals
with IGFI / SnaBI AB genotype were characterized by
the highest milk yield, the amount of milk fat and protein
compared to peers with AA genotype. Whereas IGFI /
SnaBI AA genotype was favorably distinguished by a
high protein (P≤0.05), fat and lactose in milk [31].
The presented results demonstrated the association
between BB genotype of IGF1 gene in cattle of the
Angus breed and the highest indicators on growth and
carcass quality. At the end of the experiment, the
animals with this genotype had a higher body weight,
and subsequently a heavier carcass, more deposition of
subcutaneous fat and body length [32]. The similar
results were obtained in the study on bulls of the Nellore,
Canchim (5/8 Charolais +3/8 Zebu) breeds and mongrels
of the Simmental (1/2 Nellore +1/2 Simmental) and
Angus (1/2 Nellore +1/2 Angus) breeds [33].
Full provision with high-quality dairy raw materials
to the processing industry enterprises is the key to the
stable production of dairy products, such as fermentedmilk, cheese, canned, functional, hero-diet, etc. 34-35
The data presented above indicate about the
relevance and prospects of assessing the origin of bulls
belonging to the Holstein breed with different mixed
genotypes PIT1, PRL, GH, GHRH, IGF1.

2 Methods and materials
The research study was carried out in the livestock of
JSC Head breeding enterprise "Elite" of Vysokogorsky
district, the Republic of Tatarstan. Blood samples were
taken for the DNA analysis of allelic polymorphism
within PIT1, PRL, GH, GHRH, IGF1 genes in 70 purebred and cross-breeding bulls from the Holstein breed.
Blood from the animals was taken from the jugular vein
(v. Jugularis), then it was put into tubes with 100 mM
EDTA so that the concentration was 10 mM.
The DNA was extracted from the biological material
of cattle by using the combined alkaline method: 100 μl
of blood was added to the tube, 1 ml of distilled water
was added, it was shaken on a vortex and centrifuged at
10,000 rpm for 10 min. The supernatant was aspirated,
and 50 μl of 0.2 M NaOH was added to the precipitate,
the mixture was shaken on a vortex until the suspension
was clarified.
The resulting mixture was kept in a thermostat at 60
0
C for 10 minutes. Next, 50 μl of 1M Tris-HCl (pH 8.0)
was added to the tube and the mixture was shaken on a
vortex. 500 μl of 96 % ethanol was added to the obtained
homogenate, and the mixture was kept in the freezer at –
20–16595–16696 C for 30 minutes. Further, the tubes
with the contents were centrifuged at 12,000 rpm for 10
minutes.
The supernatant was aspirated, and the precipitate
was dried at 60–1659 0–1696 C for 12 min with an open
tube. To the dried precipitate in a test tube, 100 μl of 10
% ammonia was added, the mixture was shaken on a
vortex and kept in a thermostat at 60–1659–01669 C for
10 min, then it was shaken again on a vortex and kept in
a thermostat at 60–1699 0–1669 C for 10 min. The
resulting mixture was kept in a thermostat at 95 0C for
15 min with an open tube. The DNA preparation is ready
for molecular genetic studies.
The animal genotype by the genes of the
somatotropin cascade was determined by PCR-RFLP
analysis: PIT1 [36], PRL [37], GH [38], GHRH [28],
IGF1 [32].
The parental index of the bulls such as milk yield and
fat in milk of the nearest female ancestors of the bulls
was calculated by the formula:
RIB = (2M + MM + MF) / 4

(1)

where M are mothers, MM are mothers of mothers, MF
are mothers of fathers.
The results obtained in the course of scientific
research are processed by the biometric method.

3 Results and discussion
In the studied sample of pure-bred and cross-breeding
bulls of the Holstein breed, 36 mixed genotypes were
identified for genes PIT1, PRL, GH, GHRH, IGF1, of
which 10 mixed genotypes had a frequency above 4.2 %.
The most frequently encountered mixed genotypes
for genes PIT1, PRL, GH, GHRH, IGF1:
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BBAALLBBAB (7.14 %), ABAALLBBAA (5.71 %),
ABAALLBBBB (5.71 %), BBAALLBBAA (5.71 %),
AAAALLBBAB (4.28 %), AAAALLBBBB (4.28 %),
ABAALLBBAB (4.28 %), ABAAVLBABAB (4.28 %)
4.28 %), BBAAVLBBBB (4.28 %).
The frequency of other mixing genotypes was minimal.
Thus, the frequency of 9 comprehensive genotypes
ABAALLABAB, ABAAVLABBB, ABAAVLBBAA,
ABAAVLBBAB, ABABLLBBAB, BBAALLABAB,
BBAALLBBBB, BBABLLBBAB, BBABVLBBAB was
only 2.86 % and 17 integrated genotypes
AAAALLABBB, AAAAVLBBAB, ABAALLAAAB,
ABAALLABAA, ABAAVLABAA, ABABLLABAA,
ABABLLABAB, ABABLLABBB, ABABLLBBAA,
ABABVLABAB, ABABVLBBAA, BBAAVLBBAA,
BBABLLAAAA, BBABLLABAA, BBABLLBBBB,
BBABVLABAB, BBBBLLABBB are only 1.43 %,
respectively.
The analysis of Table 1 shows that mothers of bulls
with
mixed
genotypes
ABAALLBBAA
and
BBAALLABBB for genes PIT1, PRL, GH, GHRH,
IGF1 – 9777 kg and 9860 kg were the highest milkers,
which is 171–1591 kg higher than mothers of bulls of
other genotypes. Moreover, the difference between
animals with mixed genotypes BBAALLABBB and
AAAALLBBBB was significant and amounted to
1562 kg (P = 0.05*) of milk. The fat in milk of mothers
of bulls with the mixed genotype AAAALLBBAB
exceeded their peers by 0.27–0.44 %.
From Tables 2 and 3 it can be seen that the highest
rates of milk yield were for mothers of mothers (MM)
and mothers of fathers (MF) of the bulls with mixed
genotypes BBAALLBBAA and ABAALLBBAA
(9467 and 13198 kg), which is higher than that of the
analogues with other mixed genotypes by 1141–3361 kg
and 987–3668 kg, respectively. Moreover, the difference
between the animals with mixed genotypes
BBAALLABBB and AAAALLBBBB was significant
and amounted to 1562 kg (P = 0.05*) of milk. Within the
criteria – fat in milk, the highest rates were among
mothers of mothers and mothers of bulls’ fathers with
mixed genotypes BBAALLABBB and ABAALLBBAA
(4.37 and 4.43 %); they exceeded in this indicator
individuals with other mixed genotypes by 0.24–0.77 %
and 0.03–0.53 %, respectively.

bulls with mixed genotypes ABAALLBBAA (10269 kg)
and AAAALLBBAB (4.13 %) was higher in milk yield
and in fat in milk compared to the analogues of other
mixed genotypes by 867–1825 kg and 0.08–0.26 %,
respectively. Optimal RIB indicators for milk yield and
fat in milk were among the bulls with the mixed
BBAALLABBB genotype (9402 kg and 4.06 %)
(Table 4).
Table 2. Milk productivity of bulls’ mothers with different
mixed genotypes for PIT1, PRL, GH, GHRH, IGF1 genes

n
3
3
4
3
4
3
3
4
5

milk yield, kg
9070±385.5
8298±449.4*
9777±1231.3
8913±870.2
9606±312.4
8306±1351.0
9860±337.4
8543 ± 782.4
8269 ± 748.5

n
3

milk yield, kg
6106±2589.0

fat, %
4.13±0.28

AAAALLBBBB

3

6458±535.3*

4.09±0.31

ABAALLBBAA

4

8326±1172.8

3.84±0.06

ABAALLBBAB

3

7558±840.4

3.95±0.21

ABAALLBBBB

4

7227±1493.6

3.77±0.08

ABAAVLABAB

3

7353±704.3

3.60±0.08

BBAALLABBB

3

7464±1075.0

4.37±0.42

BBAALLBBAA

4

9467±966.8

3.70±0.07

BBAALLBBAB

5

6332±1058.6

3.90±0.05

Table 3. Milk productivity of mothers bulls fathers' with
different mixed genotypes for PIT1, PRL, GH, GHRH, IGF1
genes
Mixed genotype
AAAALLBBAB

n
3

milk yield, kg
9530±490.5

fat, %
3.92±0.09

AAAALLBBBB

3

10129±54.7

3.90±0.04

ABAALLBBAA

4

13198±2493.4

4.43±0.39

ABAALLBBAB

3

10659±496.0

4.40±0.33

ABAALLBBBB

4

11161±1446.8

3.91±0.15

ABAAVLABAB

3

11136±2437.5

4.20±0.40

BBAALLABBB

3

10426±242.3

4.10±0.16

BBAALLBBAA
BBAALLBBAB

4
5

9987±638.4
12211±2016.4

4.26±0.25
3.90±0.03

Table 4. The parental index of bulls with different mixed
genotypes for PIT1, PRL, GH, GHRH, IGF1 genes

Table 1. Milk productivity of bull mothers with different
mixed genotypes for PIT1, PRL, GH, GHRH, IGF1 genes
Mixing genotype
AAAALLBBAB
AAAALLBBAB
ABAALLBBAA
ABAALLBBAB
ABAALLBBBB
ABAAVLABAB
BBAALLABBB
BBAALLBBAA
BBAALLBBAB

Mixed genotype
AAAALLBBAB

fat, %
4.23±0.18
3.92±0.08
3.79±0.04 *
3.92±0.13
3.96±0.06
3.92±0.18
3.87±0.05
3.92 ± 0.19
3.85 ± 0.10

Mixed genotype
AAAALLBBAB

n
3

milk yield, kg
8444±577.1

fat, %
4.13±0.14

AAAALLBBBB

3

8296±354.4

3.96±0.11

ABAALLBBAA

4

10269±1462.7

3.96±0.08

ABAALLBBAB

3

9011±706.2

4.05±0.18

ABAALLBBBB
ABAAVLABAB

4
3

9398±273.2
8775±1354.3

3.90±0.04
3.91±0.19

BBAALLABBB

3

9402±488.6

4.06±0.10

BBAALLBBAA

4

9135±726.9

3.95±0.11

BBAALLBBAB

5

8771±1095.9

3.87±0.06

4 Conclusion
Evaluation towards the breeding value of the bulls with
different mixed genotypes of the somatotropin cascade
genes (PIT1, PRL, GH, GHRH, IGF1) by origin showed
that based on the parental index of the bulls, the closest
female ancestors of bulls with mixed genotypes had
better
milk
production
ABAALLBBAA,

Bulls origin evaluation, who had different mixed
genotypes of the somatotropin cascade genes by the
parental index (RIB), revealed that it varies among the
animals under study. Thus, the parental index of the

3
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AAAALLBBAB, BBAALLABBB, and the lowest in the
analogues with mixed genotypes AAAALLBBBBB and
BBAALLBBAB, respectively.

13.
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