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Abstract

Dzhulamanov, K., Gerasimov, N., Dubovskova, M., & Baktygalieva, A. (2019). Polymorphisms of CAPN1, CAST,
GDFS5, TGS and GH genes in Russian Hereford cattle. Bulgarian Journal of Agricultural Science, 25(2), 375-379

The allelic and genetic polymorphisms of genes of calpain 1 (CAPN1), calpastatin (CAST), growth differentiation factor 5
(GDF5), thyroglobulin 5 (TGS) and growth hormone (GH) was examined in Russian population of Hereford cattle. The stud-
ies were carried out on purebred Hereford animals (sires, cows, bull-calves, heifers) from Chelyabinsk Region and Stavropol
Territory, Russia. Maximum frequency of the genotype GG was observed at the locus of CAPN1 gene, amounting to 0.632.
The study of single nucleotide polymorphisms (SNPs) in CAST gene showed a high prevalence of animals with CC geno-
type — 0.700. The genetic variability in GDFS5 gene locus indicates the predominance of animals with AA genotype in studied
population. The allelic polymorphism in thyroglobulin gene (TGS5) is characterized by a high concentration of the CC (0.741)
homozygous genotypes. The homozygotes concentration in growth hormone gene (GH) is in the range of 0.202-0.494, with the
maximum value in LL variant and minimal in VV genotype. The maximum heterozygosity, which varied between 0.289-0.303,
was observed for CAPN1 and GH genes across genetic markers studied in Hereford population. Minimum effective number of
alleles (1.120) was established in GDF5 gene. A relatively high effective number of alleles was fixed in GH gene (1.843). The
lowest genetic diversity was observed in Russian population. These results can be used to improve the breeding and selection
work with Hereford cattle.
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Introduction

For a long time, breeding and selection work with Her-
eford cattle were carried out at the expense of internal re-
sources in Russia. In this regard, the breed has a unique
genetic structure (Dzhulamanov et al., 2015). High acclima-
tization ability and unpretentiousness to feeding and main-
tenance conditions promoted wide distribution of the breed
in various climatic zones of Russia. The diversity of rear-
ing areas had a modifying effect on the phenotype of sepa-
rate groups, differing in body conformation type and weight
growth (Ernst et al., 2010).

Recently, the genealogical structure of Hereford in Rus-
sia was significantly influenced by imported genetic material
(Dzhulamanov and Dubovskova, 2012). Intensive use of ani-
mal leaders from world gene pool in herds’ reproduction by
artificial insemination and embryo transplantation contributed
to the enlargement of the exteriors and increase the heaviness
of individuals in the Hereford population (Dubovskova et al.,
2016). In addition, agricultural enterprises were very active in
importing heifers, mainly of Canadian origin, for the stocking
of their own mature herds (Morgan et al., 2013). Thus, there
was an enrichment of the interbreed gene pool in Russian Her-
eford. Beef cattle breeding provides for further international
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exchange of genetic resources in order to intensively use the
best achievements of the world gene pool of thin our country.

The DNA markers using in allele fund characterization
in different cattle breeds has become possible with the devel-
opment of methods in molecular genetic analysis (Mirosh-
nikov et al., 2017). Nowadays, genetic markers are increas-
ingly used in population genetics. It can perform as tools to
evaluate the level of inbreeding, to characterize the genetic
structure of populations, to establish an effective population
size, to assess the effective direction of the gene flow be-
tween populations. Monitoring of population structure based
on genetic markers is of great practical importance in selec-
tion and breeding work when studying their association with
traits of meat productivity (Sedih et al., 2014).

The aim of the study is to analyze the single nucleotide
polymorphisms of DNA markers in Hereford cattle of the
Russian population.

Materials and Methods

The research was carried out on a sample of pure bred
animals (sires, cows, bull-calves, heifers) of Hereford breed
from LLC “Agrofirma Kalininskaya”, OJSC “Pticefabrika
Chelyabinskaya”, Chelyabinsk Region, and OJSC “Beloko-
panskoe”, Stavropol Territory, Russia.

Blood samples were taken from jugular vein of experi-
mental animals to determine single nucleotide polymor-
phisms in CAPNI1, CAST, GDF5, TG5, GH genes. Blood
was injected into test tubes with 600 pl ethylenediaminetet-
ra-acetic acid (EDTA) to obtain a volume of 10 ml.

Genomic DNA was extracted from whole blood using the
reagent kit “DIAtom™ DNA Prep 200” (IsoGene Lab, Mos-
cow). A GenePak™ PCR Core kit (IsoGene Lab, Moscow)
and an Encyclo PCR kit (Evrogen, Moscow) were used to
conduct the polymerase chain reaction. Primers were synthe-
sized in LLC Research and Production Firm “Lytech”. The
nucleotide sequence of the primers is presented in Table 1.

Table 1. Specific single nucleotides

Gene Primer sequences

CAPNI1 F: 5>~ AGCAGCCCACCATCAGAGAAA-3’
R: 5’-TCAGCTGGTTCGGCAGAT-3’

CAST F: 5>-TGGGGCCCAATGACGCCATCGATG-3’
R: 5’-GGTGGAGCAGCACTTCTGATCACC-3’
GDF5 F: 5>-TGTCCGATGCTGACAGAAAGG-3’
R: 5’-GAGTGAGGTTAATCCCAGATACCA-3’
TGS F: 5>-GTGAAAATCTTGTGGAGGCTGTA-3’
R: 5’-GGGGATGACTACGAGTATGACTG-3’
GH F: 5>-ATCCACACCCCCTCCACACAGT-3’

R: 5’-CATTTTCCACCCTCCCCTACAG-3’

The genetic characters of the cattle CAPNI1, CAST,
GDFS5, TGS, GH genes, including genotypic and allelic fre-
quencies, observed heterozygosity (H ) and expected hetero-
zygosity (H,), effective allele numbers (N ), Hardy-Weinberg
equilibriums were calculated for each of single nucleotide
polymorphisms (SNPs) according to Nei (1978).

Frequencies of different genotypes were estimated ac-
cording to the following statistical model:

p =n/N,

where p — genotypic frequencies, » — number of individuals
with a specific genotype, N — total number of individuals.

Frequencies of different alleles were estimated according
to the following statistical equation:

P, =(2nAA + ndB) + 2N,
q,=(2nBB + n4B) + 2N,

where P, — allelic “4” frequencies, g, — allelic “B” frequen-
cies, NV — total number of alleles.

Standard error of frequencies was estimated according to
the following statistical model:

S_ﬂfp(lfp)’
g N

where S, — standard error of frequencies, p — genotypic and
allelic frequencies, N — number of individuals.
Selander’s index of heterozygote excess were estimated
according to Selander (1970):
Hab: - Hexp

exp
The expected genotypic frequencies in the studied popu-
lation were calculated according to the Hardy-Weinberg
equilibrium.
Statistical data was processed using the program STA-
TISTICA 6.0. The reliability level of the obtained results
was determined by the criteria 2.

Results and Discussion

The genetic characteristics of Hereford cattle population
according to CAPN1, CAST, GDF5, TGS and GH are pre-
sented in Table 2.

Numerous studies have shown the relationship of poly-
morphism in the CAPN1 gene with the meat tenderness
(Page et al., 2002; White et al., 2005; Casas et al., 2006; Van
Eenennaam et al., 2007; Gill et al., 2009). DNA diagnostics
at the locus of CAPNI1 gene established the maximum fre-
quency of the genotype GG in Hereford population, amount-
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Table 2. Genetic and allelic frequencies of CAPN1, CAST, GDFS, TGS, GH genes SNPs in Hereford population

oo Genetic frequencies . .

f 1 Allelic fi 2
Genotype Number of individuals observed | expected elic frequencies b
CAPNI (n=114)
GG 72 0.632+0.045 0.603 G = 0.776+0.039
CG 33 0.289+0.042 0.347 C= 0:224i0:039 0.028
CcC 9 0.079+0.025 0.050
CAST (n = 60)
CcC 42 0.70040.059 0.640 C = 0.800£0.052
CG 12 0.200+0.052 0.320 G = 020020 052 0.141
GG 6 0.100+0.039 0.040
GDF5 (n=44)
AA 41 0.932+0.038 0.890 A = 0.94340.030
AC 1 0.023+0.023 0.107 C= 0:057i0:030 0.621
CcC 2 0.045+0.031 0.003
TGS (n=81)
CcC 60 0.741+0.049 0.715 C = 0.84620.055
CT 17 0.210+0.045 0.261 T = 01540055 0.038
TT 4 0.049+0.024 0.024
GH (n=89)
vV 18 0.202+0.043 0.125 V = 0.35440.051
LV 27 0.303+0.049 0.457 L =0.64640.051 0.113
LL 44 0.494+0.053 0.417

ing to 0.632. A homozygous CC variant has found in 7.9%
of animals, and heterozygous CG — in 28.9% of individu-
als. The G allele frequency reaches 0.776 that exceeds the
distribution of C allele by 0.552. Analysis of single nucleo-
tide polymorphisms in Calpainl gene in beef cattle showed
the variability of the G-allele concentration in the range of
0.663-0.730 (Kosyan et al., 2012).

The calpastatin enzyme encoded by the CAST gene is
an inhibitor of p-calpain and is also responsible for the for-
mation of meat tenderness (Koohmaraie, 1996). The study
of single nucleotide polymorphisms in CAST gene showed
a high prevalence of animals with CC genotype — 0.700,
exceeding the concentration of GG homozygotes by 60%.
At the same time, 20% of individuals in Hereford breed are
carriers of heterozygous variant. The C-allele frequency in
CAST gene is 0.800 in cattle population. Similar alleles dis-
tribution (C = 0.72 and G = 0.28) in beef cattle was studied
by Van Eenennaam et al. (2007).

Growth differentiation factor 5 (GDF5) has a crucial role
in bones, ligaments and tendons morphogenesis (Chhabra et
al., 2003; Coleman and Tuan, 2003; Nakamura et al., 2003;
Chen et al., 2006). The genetic variability in GDFS5 gene lo-
cus indicates the predominance of animals with AA geno-
type in studied population. The occurrence of homozygous
CC variant was only 0.045, and heterozygous genotype was
found only in 4.5% of individuals. This genetic distribution

was associated with a rather large difference in the A and C
allele concentrations — 0.943 and 0.057, respectively.

The TGS gene controls the thyroglobulin production,
which has a significant effect on fat metabolism. In this re-
gard, the gene is considered as a marker of meat marbling
(Panier et al., 2010). The allelic polymorphism in thyroglob-
ulin gene (TGS5) is characterized by a high concentration of
the CC (0.741) homozygous and the average heterozygous
CT (0.210) genotypes. Individuals-carriers of the homozy-
gous TT variant make up only 4.9% of the population. At
the same time, the minimal frequency was fixed in T-allele
of the TGS gene (0.154). This is consistent with studies of
polymorphisms in thyroglobulin gene carried out by Surun-
dayeva (2016) in Hereford cattle.

Growth hormone in cattle has an impact on the intensity
of live weight gain, body conformation type, milk produc-
tivity and animal health (Woychic et al., 1982; Gordon et
al., 1983; Sumantran et al., 1992; Ho and Hoffman, 1993;
Lincoln et al., 1995; Ge et al., 2003). The study of genetic
variability by growth hormone gene (GH) showed that the
homozygotes concentration is in the range of 0.202-0.494,
with the maximum value in LL variant and minimal in VV
genotype. The frequency of V allele reached 0.354 in the
studied group of animals and the same index of L allele was
at the level of 0.646. The minor allele frequency in growth
hormone gene ranged from 0.000 to 0.054 in Hereford, An-
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Table 3. Standard measures of genetic diversity for Hereford cattle

Gene Observed heterozygosity (H ) | Expected heterozygosity (H,) | Heterozygote excesses (D) | Effective number of alleles (N,)
CAPNI1 0.289 0.347 -0.166 1.532
CAST 0.200 0.320 -0.375 1.471
GDF5 0.023 0.107 -0.788 1.120
TGS 0.210 0.261 -0.196 1.353
GH 0.303 0.457 -0.337 1.843
gus, Charolaise, Holstein, Simmental, Limousines in the References

studies carried out by Yoon et al. (2003). At the same time,
the L allele concentration ranged from 0.520 to 0.867 in beef
cattle (Lee et al., 1996).

The degree of genetic diversity in beef cattle population
determines the effectiveness of directed selection by meat
productivity markers, forming herds with high breeding
value by selection and mating the individuals with favor-
able genotype. The maximum heterozygosity, which varied
between 0.289-0.303, was observed for CAPN1 and GH
genes across genetic markers studied in Hereford popula-
tion (Table 3). The minimum heterozygosity was detected in
GDF5 gene. It should be noted the heterozygotes deficiency
for all studied genetic markers, and the highest shortage was
observed in GDF5 gene. Liu et al. (2010) have established
a wide range of heterozygosity variability (0.046-0.499) for
the GDFS5 gene in the context of breeds. Shi et al. (2011) not-
ed that the heterozygosity for the CAPN1 gene was within
0.4735-0.4957 in Chinese populations of beef cattle.

Data analysis showed that a decrease in the number of
effective alleles is noted with a decrease in heterozygosity.
As aresult, genetic diversity is reduced in population. In our
study, the minimum effective number of alleles (1.120) was
established in GDF5 gene. A relatively high effective number
of alleles was fixed in hormone somatotropin gene (1.843).

Conclusion

The obtained results point to the lowest genetic diversity
of Russian population and can be used to improve the breed-
ing and selection work with Hereford cattle. The use of CAPN
1, CAST, GDF5, TG5, GH gene polymorphisms directly for
marker-assisted selection should be estimated in a large num-
ber of Hereford individuals from the Russian population and
further studies are needed to confirm the associations with
productive traits and to define more accurate the molecular
mechanisms of expression in phenotype by these genes.
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