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Abstract

The use of molecular genetic markers for productivity is one of the modern approaches in breeding beef cattle. The article presents
the results of the studies on the influence of genotypes by the calpain (CAPN1) and growth hormone (GH) genes on live weight, fatty
acid composition of blood plasma, quantitative and qualitative indicators of meat of young cattle of Kazakh white-headed breed. It
was established that animals of the homozygous geno-types CC-CAPNI and VV-GH had a larger live weight and its average daily
gain on the 240" and 365" days. Their superiority over the GG and LL genotypes was 13.8% (P<0.05) and 6.9%; 14.6% (P<0.05)
and 6.9%, respectively. The carriers of the desirable alleles in the homozygous state had the sum of unsaturated fatty acids higher
by 6.3% and 7.1%, respectively, than the young bulls, in which genotypes they were absent. The predominance of unsaturated fatty
acids over saturated fatty acids also determined lower values of lipid me-tabolism direction index (0.92 and 1.00) in the animals
with the desirable genotype. Muscle tissue of animals of the CC and V'V genotypes was characterized by a higher level of protein,
fat by 0.28-2.13 abs. per cent, energy value, and the quantity of muscle fibers with a smaller diameter per unit area compared to
the GG and LL genotypes by on average 8.7% and 25.5% (P<0.01). Due to the greater number of interfiber fat inclusions, muscle
tissue of the desirable genotypes received higher marbling scores. The obtained data testify to the prospects of replication of animals,

which genotype has the desirable alleles for further improvement of traits of meat productivity of Kazakh white-headed breed.

Funding: The study was financed by the grant of the Russian Foundation for Basic Research (Project No.19-316-90061/19).

Introduction

One of the main tasks in selective breeding is selection
and breeding of animals with targeted economic traits. This
result can be achieved by using genetic markers for produc-
tive traits. The use of genetic markers in beef cattle selection
in combination with the main zootechnic methods for ani-
mal breeding make it possible to significantly accelerate the
process of creation of herds with genetically preset potential
of high productivity [1,2,3].

The calpain gene (CAPNI1) can be considered one of the
candidate genes that are directly associated with meat tender-
ness and marbling. The mechanism of its action consists in
the fact that the calpain system creates conditions for uniform
distribution of intramuscular fat between fibers on the basis
of calcium-dependent cysteine protease due to decomposition
of the so-called Z-discs of skeletal muscles and weakening of
bonds between muscle fibers, which ensures the so-called mar-
bling and corresponding meat tenderness and juiciness [4,5].

The biological effect of the growth hormone gene (GH)
consists in regula-tion and stimulation of many metabolic
processes. The hormone (somatotropin) controlled by GH
is produced by the anterior lobe of the hypophysis and plays
a key role in carbohydrate and lipid metabolism [6,7,8].

It is known that lipids are very active in terms of me-
tabolism; they act not only as a source of energy but also

have more significant functions — structural and regulatory.
Lipids take part in the metabolic processes mainly as free
saturated and unsaturated fatty acids. It is also necessary to
note that fatty acids not only play a key role in the vital activi-
ties of the body and formation of productivity, but several
of them act as signal molecules involved in the process of
expression of individual genes; that is, the development of
fat in fatty tissue of ruminants is operated and modulated
by certain genes [9].

Several studies by foreign and Russian scientists revealed
that the C allele of the CAPN1 gene and the V allele of the
GH gene are desirable for selection regarding an increase
in quantitative and qualitative indicators of beef cattle pro-
ductivity [10,11,12,13,14,15,16].

Another aspect in assessment of the action of certain genes
with regard to farm animal productivity is a complex analysis
of quantitative and qualitative indicators of final products.
For beef cattle, these indicators are an amount of produced
meat, its nutritional properties, energy value, quality and
safety, consumer properties, which are also determined by
chemical, biochemical and microstructural indicators [17,18].

In this connection, the study of the fatty acid composi-
tion of blood plasma, meat productivity of beef cattle of
Kazakh white-headed breed of different genotypes by the
calpain and growth hormone genes, including biochemical
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and microstructural analysis of muscle tissue is of scientific
and practical interest.

The above mentioned was a substantiation of the aim of
the present work: to study the biochemical and histological
indicators of blood and m. longissimus dorsi of young bulls
of Kazakh white-headed breed of different genotypes by the
CAPNI and GH genes.

Materials and methods

The studies were carried out in the laboratory of immu-
nogenetics and DNA technologies, laboratory of veterinary
medicine and laboratory of morphology and quality of
products of the All-Russian Research Institute of Sheep and
Goat Breeding (VNIIOK) — the branch of the Federal State
Budgetary Scientific Institution North Caucasian Agrarian
Center (North Caucasian FNAC). The object of the research
were young bulls of Kazakh white-headed breed (n=93) of
SPK Kolhoz Gigant (Blagodarensky district, Stavropol Krai).

DNA was extracted from blood samples using the
DIAto™™DNAPrep kit (Izogen, Moscow) according to the
protocol of the manufacturer. Genotyping by the CAPNI1 gene
was performed using an analyzer of nucleic acids (ANK-32)
by real time PCR with the «CAPN1» kit (Sintol, Russia), by
the GH gene using PCR-RFLP with primers (GH-F: 5’- gct-
gct-cct-gag-cct-tcg -3 and GH-R: 5’- gcg-gcg-gcea-ctt-cat-
gac-cct-3’) and restrictase Alu I (NPO «SibEnzyme»).

The fatty acid (FA) content in blood plasma was deter-
mined by the method of gas-liquid chromatography in a form
of methyl esters on a gas chromatograph «Cristal 200» with
a capillary column HP-FFAP 50 m, 0.32 mm, 0.5 pm (USA).
Fatty acid methyl esters were obtained using the method by
Morrison and Smith. FAs were identified using the standards
of Sigma and Fluka. Quantitative determination of FAs was
carried out with the use of Chromatec Analytic software
[19]. The lipid saturation index — a ratio between the sum of
saturated fatty acids and the sum of unsaturated fatty acids,
was used as an integral indicator that also characterizes the
direction of lipid metabolism.

Analysis of the level of total lipids, cholesterol and glucose
in blood was carried out according to the methods given
in «Methods of veterinary clinical laboratory diagnostics:
reference book» [20].

Dynamics of live weight of young bulls of different geno-
types was deter-mined by their weighing at birth, on the
240™ and 365" days. An average daily gain was calculated
by the difference in the values and period of measurement.

During control slaughter of three animals of each geno-
type at the age of 12 months, samples of m. longissimus dorsi
were taken for chemical analysis and histological investiga-
tions. An amount of moisture was measured according to
GOST 9793-2016 «Meat and meat products. Methods for
determination of moisture content» [21]. A meat sample
was minced in a homogenizer, thoroughly mixed, dried in
a drying oven at a temperature of 103+2 °C until constant
air-dry mass. The mass fraction of moisture was determined
by the difference between the sample weight before and after
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drying and expressed in percent. An amount of fat was de-
termined according to GOST 23042-2015 «Meat and meat
products. Methods of fat determination» [22], by extraction
with petroleum ether from a minced and dried sample in the
Soxhlet apparatus with the following removal of the solvent
and drying of fat until the constant weight. An amount of
protein was determined according to GOST 25011-2017
«Meat and meat products. Protein determination methods»
[23] using the Kjeldahl method by an amount of nitrogen
formed in min-eralization of organic substances in a minced
and dried sample and its conversion to protein using the
coeflicient of 6.25. Caloricity was determined by calculation
using V. M. Aleksandrov’s equation:

C=[D-(F+A)]x4.1+ (Fx9.3),

where C is caloricity, kcal; D, A, F — an amount of dry matter,
ash and fat, respectively.

For histological investigations, the samples were fixed
in the 10% solution of neutral formalin and then densi-
fied by pouring into gelatin. Sections with a thickness of
7-8 um were obtained on a freezing microtome. Structural
components of muscle tissue were revealed by the methods
of staining using Carazzi’s hematoxylin with sudan III ac-
cording to Ehrlich. The muscle bundle area, the quantity of
muscle fibers in a bundle, a diameter of a muscle fiber and
bundle, a ratio of muscle and connective tissues were de-
termined according to GOST 19496-2013 «Meat and meat
products. The method of histological investigation» [24].

The obtained data were subjected to biometrical pro-
cessing using Microsoft Office and BIOSTAT. Based on
the mean values and standard errors, significance of dif-
ference between the mean values was calculated using the
Student test.

Results and discussion

As a result of the performed genotyping, it was estab-
lished that the frequency of the CC, GG, CG genotypes of
the CAPNI gene was 0.06, 0.81 and 0.13, respectively; the
frequency of the VV, LL, LV genotypes of the GH gene was
0.31, 0.51 and 0.18, respectively. The revealed polymorphism
allowed dividing animals according to the established geno-
types and studying the biochemical composition of blood
plasma in the young bulls with medium indicators of pro-
ductivity according to a corresponding genotype, as well as
performing chemical analysis and histological investigations
of m. longissimus dorsi.

It was established that the young bulls of Kazakh white-
headed breed of the homozygous CC and VV genotypes of
the CAPNI and GH genes had 6.3% and 7.1% higher sum
of unsaturated fatty acids in blood plasma, respectively,
compared to the homozygous GG and LL variants. Pre-
dominance of unsaturated fatty acids over saturated fatty
acids also determined the lower values of the index of lipid
metabolism direction in the CC and V'V genotypes: 0.92
and 1.00 versus 1.04 and 1.13 in the GG and LL genotypes
(Table 1 and Table 2).
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Table 1. Fatty acid composition of blood plasma lipids in young bulls of Kazakh white-headed breed of different genotypes, %

Fatty acids CAPNI GH
CC CG GG A\'A% LV LL
Saturated FA
Myristic acid C,, 0.67 0.58 0.84 0.93 0.67 0.84
Pentadecanoicacid C, | 0.78 0.65 0.60 0.42 0.31 0.68
Palmitic acid C1 60 22.12 22.81 23.02 24.21 21.67 22.99
Heptadecanoicacid C | 2.69 2.49 1.91 1.83 1.40 2.15
Stearicacid C 21.81 24.11 24.51 22.51 25.82 26.33
Monounsaturated FA
Oleicacid C,, 26.44 25.01 25.72 22.52 23.48 22.48
Heptadecenoicacid C_, 1.84 1.69 1.32 2.49 1.74 1.68
Polyunsaturated FA
Linoleicacid C 17.35 16.97 16.01 19.25 18.23 17.01
Linolenic acid C,, 2.65 1.95 2.47 3.31 2.71 2.30
Arachidonicacid C,, 3.63 3.48 3.30 2.25 3.90 2.98

Table 2. The level of metabolites of energy metabolism in blood plasma in young bulls of Kazakh white-headed breed of different

genotypes
Indicators
gene Genotype lipids, cholesterol, glucose, SUORAC: Ve lipid.
g/ 1 mmol/ 1 mmol/ 1 saturated MTeTe= p OIY_ sat.uratlon
unsaturated  unsaturated index
CC 3.96 £0.21 4.78 £0.33 3.37 £0.31 48.07 28.28 23.63 0.92
CAPNI1 CG 4.02 £0.23 4.41 £0.22 3.68 £0.22 50.64 26.70 22.40 0.96
GG 4.42 +0.17 3.92 £0.17 4.02 £0.19 50.88 27.04 21.78 1.04
\'AY% 4.08 £0.28 5.03 £0.24 3.74 £0.37 49.88 25.01 24.81 1.00
GH LV 4.65 £0,33 4.87 £0.18 3.91 +£0.18 49.87 25.22 24.84 0.99
LL 4.82 £0.17 4.33 £0.31 4.26 £0.22 52.90 24.16 22.29 1.13

Comparative analysis of the content of total lipids, cho-
lesterol and glucose in blood revealed that the total amount
of lipids and glucose in blood was lower by on average 11.2%
with on average 12.8% higher cholesterol level in the CC
and VV homozygotes and the CG and LV heterozygotes
of the CAPN1 and GH genes compared to the GG and LL
homozygotes (Table 2).

Therefore, the obtained data indicate that the intensity
of lipid metabolism in youngsters of Kazakh white-headed
breed depended on a genotype by the CAPN1 and GH genes.
It can be assumed that the carriers of the desirable C and
V alleles of the CAPNI1 and GH genes in the homo- and
heterozygote state used the energy components of blood
with higher intensity upon realization of the biosynthetic
processes.

The revealed regularities were reflected in the value of
live weight and average daily gains in different periods of
ontogenesis. The carriers of the C allele of CAPN1 and the V

allele of GH were superior at birth, weaning and 12 months
of age. With that, the largest differences were found between
the animals that were homozygous by these alleles and the
young bulls, in which genotype they were absent. The dif-
ference on the 240™ and 365™ days was 13.8% (P <0.05) and
6.9%; 14.6% (P <0.05) and 6.9%, respectively (Table 3).

Comparison of the indicators of chemical analysis of
m. longissimus dorsi revealed that the CC and VV geno-
types were superior to other genotypes in the protein and
fat content by 0.28-2.13 abs. percent.

Different protein and fat content in meat from animals of
different genotypes was reflected in its caloricity. For example,
the highest level of caloricity was observed in m. longissimus
dorsi of the homozygous CC genotype of CAPN1 and the
VV genotype of GH (118.9 and 122.5 kcal, respectively),
which was 8.2% and 9.3% (P<0.05) higher than the similar
indicator in meat of the homozygous GG and LL genotypes
or on average by 8.7% (Table 4).

Table 3. Dynamics of live weight of young bulls of different genotypes by the CAPN1 and GH genes

Live weight, kg . .
Gene Genotype Quantity . at weaning, Average daily gain,
at birth 240 days 365 days g

CC 6 28.1+£0.21 245.5+4.6 374.2+5.1 0.948 +0.92

CAPN1 CG 12 27.9+0.18 240.6 6.5 368.9+3.6 0.934+0.72
GG 75 27.6+0.16 215.8+5.2 349.9+4.1 0.883 +0.85

\'AY 29 28.3+0.11 257.9+7.5 382.7+4.7 0.969 £ 0.65

GH LV 17 27.9+0.18 248.5+4.5 373.8+4.2 0.948 +0.92
LL 47 27.6%0.12 225.1£6.1 357.9+5.2 0.905+0.71
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Table 4. Chemical analysis of m. longissimus dorsi of young bulls Table 5. Microstructural analysis of m. longissimus dorsi of young
of Kazakh white-headed breed of different genotypes by the bulls of Kazakh white-headed breed of different genotypes by the
CAPNI1 and GH genes CAPNI1 and GH genes
Genotype Indicators
Indicators CAPN1 GH = \ & °
2 ) < =
CC CG GG Vv LV LL E B E E 2 -
Moisture. % 73.47 7490 75.02 7437 73.61 74.84 Gene 8 T§ 9$E 9. 5
> +0.27 £029 018 021 +0.17 +0.24 % 28 855 5% £% ¢
o ()
Drymatter, s 2633 2510 2498 2563 2639 2516 g By B2 g ¢ 5 £
5 k| g E g
+0.16 +0.12 +0.15 *=0.17 £0.09 =£0.17 = é 2 B S = S 8 %‘
Protein. % 2245 2149 21.12 23.12 21.99 20.99 " N
70 £0.11 +0.17 +0.14 014 0.7 =0.12 cc AT BT Y WS o
Fat, % 289 247 238 298 279 2.60 - - - - -
ab +0.04 +0.03 +0.03 +0.04 +0.04 =£0.02 CAPNI1 CG 219.85  36.25 28.77 11.53 36.04
Caloricity keal 11891 11114 1099.2 12253 1179.6 11214 +1.96 | £0.59 | 076 | +0.44 | +1.79
¥ 79 25 #25 150 3.6 £92 GG 18725 3780 2775 1273 2864
+3.60 +1.93 +0.14 +0.37 +3.03
The highest quantity of muscle fibers was observed in yy 233180 3378 2028 1093 5277
the young bulls with the desirable CC and V'V genotypes; +572  10.17  +0.41  +0.35  +0.61
the quantity was larger compared to the animals of the same - v 19925 3589 2794 1273 40.92
age with the GG and LL genotypes in the CAPNI and GH 541 1047  +0.99  +0.59  +0.67
genes, respectively, by 36.82 fibers/mm? or 19.7% (P<0.01) (L 17748 4060 2543 1427 3192
and 55.7 fibers/mm? or 31.4%, on average 25.5% (P<0.01) +1.89  +1.41 +0.60 +0.87 *1.51
and was significant (Table 5 and Figure 1). *P<0,01

Figure 1. Histological sections of m. longissimus dorsi of young bulls of Kazakh white-headed breed of different genotypes by the CAPN1 gene
a) CC genotype b) GG genotype (left — cross sections; right — longitudinal sections)
1 — muscle fibers; 2 — fatty tissue; 3 — connective tissue (staining: Carazzi’s hematoxylin with sudan III, 10 x 40 magnification)
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The muscle fiber diameter was lower by 4.23 um or
11.9% and by 6.82 um or 16.8%, respectively, in the animals
with the desirable genotype at high significance (P<0.001).
Desirable genotypes also had an advantage in terms of the
value of the marbling coefficient: the difference was 12.6%
in the CAPNI gene, 15.1% in the GH gene. At the same
time, the content of connective tissue was higher by 2.13
and 3.34 abs. percent in the carriers of the undesirable G
and L alleles in the homozygous state.

Conclusion

As a result of DNA typing, the frequency of desirable
genotypes by the CAPNI and GH genes among youngsters
of Kazakh white-headed breed was established.

The carriers of the desirable CC and V'V genotypes in the
CAPNI1 and GH genes had the largest live weight at the age
of 8 and 12 months. Their superiority over the GG and LL
genotypes was 13.8% and 6.9%, 14.6% and 6.9%, respectively.

The intensity of lipid metabolism in the young bulls
of Kazakh white-headed breed depended on a genotype

in the CAPNI and GH genes. The carriers of the desir-
able alleles (C and V) in the homo- and heterozygote
state in the CAPN1 and GH genes used the energy com-
ponents of blood with higher intensity upon realization
of the biosynthetic processes, which is indicated by their
superiority in terms of the sum of saturated and unsatu-
rated fatty acids and the index of lipid metabolism di-
rection.

Muscle tissue of the animals of the CC and VV geno-
types was characterized by the highest content of protein,
fat and, respectively, energy value compared to the GG and
LL genotypes. Meat from the young bulls of the desired
genotypes had higher scores for marbling due to a larger
quantity of interfiber fat inclusions.

Therefore, genotyping of youngsters of Kazakh white-
headed breed by the CAPNI and GH genes, selection of
animals with desirable genotypes and their replication
through the targeted selection of parent pairs will allow
not only increasing meat productivity of a herd, but also
will facilitate production of high quality beef.
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