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Abstract

NEOV, B., D. TEOFANOVA, L. ZAGORCHEYV, G. RADOSLAVOYV and P. HRISTOV, 2013. Milk protein polymorphism in
Bulgarian grey cattle population. Bulg. J. Agric. Sci., Supplement 2, 19: 194-196

Application of gene specific molecular markers in genotyping and genetic identification is of an essential significance
for preserving genetic diversity. The aim of the present research is to reveal the genotype profile of native Bulgarian Grey
cattle population with respect to lactoprotein genes: kappa-casein and aS1-casein through PCR-RFLP analysis. The results
for kappa-casein locus show superiority of heterozygous AB genotype and prevalence of the uncommon B allele. Analysis of
the polymorphism of alfaS1-casein gene displays high frequency of heterozygous BC genotype and C allele of gene. Genetic
profile of the breed is compared to other cattle populations to establish the position of the breed about other European cattle
breeds genetic diversity. It may be concluded that Bulgarian grey cow is with specific genotype profile similar to other cattle

population in South-Eastern Europe.
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Introduction

In the last decades, the genetic pool of commercial cattle
breeds is getting narrower because of increased specializa-
tion of breeds with respect to productivity traits. A reliable
approach to solve this problem is crossbreeding between na-
tive cattle breeds and commercial breeds. As a result, this
would create animals with productive characteristics like the
commercial breeds and the disease resistance and the ability
of the local breeds to better utilize local resources. However,
when livestock breeds become extinct, their unique genes
are lost forever. The indigenous Bulgarian cattle breeds,
have been adapted to the local conditions and represent valu-
able genetic resources.

Bulgarian Grey cattle (BGc) are one of two endemic
Bulgarian cow breeds. According to craniological data, the
breed is a result of crossbreeding between shorthorn (Bos
taurus brachiceros) and longhorn (Bos taurus primigenius)
cattle. The breed is characterized by high vitality and fertil-
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ity, calving ease, resistance to parasitic and infectious dis-
eases, and low requirements for feed. Nowadays, there are
less than 1000 typical BGc representatives in Bulgaria. They
are located mainly in Plovdiv, Haskovo and Shumen regions
as well as in Strandzha and Sakar mountains. The BGc breed
is the first native cattle, which is included in the National
Livestock Breeds Preservation Programme, which is a part
of the national strategy for genetic resources preservation
(Gelev, 2004). Because of all its features BGc cattle breed
represents a valuable genetic pool for Bulgaria and the re-
cent investigations are of high significance for its preserva-
tion and improvement.

Materials and Methods

Sample collection and DNA extraction

35 nasal swab samples were collected from Bulgarian
Grey cows. Commercial GeneJet™ Genomic DNA Purifica-
tion Kit (Fermentas) extracted DNA.
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PCR-RFLP analysis of milk protein genes

Specific primers were used for amplification of the poly-
morphic region of the as1-casein (CSN/S7) gene (Koczan et
al., 1991). They cover parts of the 5’-flanking region and exon
1 of the gene (in total 310 bp fragment). The polymorphic re-
gion of the kappa-casein (CSN3) gene located between exon
4 and intron 4 (in total 350 bp fragment) was amplified us-
ing the gene specific primers (Medrano and Cordova, 1990).
Reaction conditions for all investigated gene regions were
as followed: initial denaturation 94°C for 5 min; 35 cycles
(denaturation 94°C for 30 sec.; primer annealing 50°C for
30 sec.; extension 72°C for 1 min) and final extension 72°C
for 10 min. PCR products were visualized on 1% agarose
gel with ethidium bromide under UV light. Fragments sizes
were determined using 1 kb Ladder Plus (Fermentas).

Amplified fragments of CSN/SI/ gene were restricted
with Tsp451 endonuclease for 1 hour at 65°C according to
manufacturer’s instructions. PCR products of CSN3 gene
were digested with Hinfl specific endonucleases (Fermentas)
for 1 hour at 37°C according to manufacturer’s instructions.
Restriction products of CSN/S! and CSN3 were visualized
on 2% agarose gel with ethidium bromide under UV light.
Fragments size was determined using GeneRuler™ 100 bp
Ladder Plus (Fermentas).

Data analysis. Genotype and allele frequencies were de-
termined and validity of Hardy-Weinberg equilibrium for the
BGc population was evaluated using Co-dominant Diploid
data analysis (POPGENE, version 1.31).

Results

CSN1S1 gene polymorphism

Three genotypes were determined according to this lo-
cus, two homozygous (BB and CC) and one heterozygous
(BC). About 79% of the animals were heterozygous and their
RFLP profiles showed three electrophoretic bands (310 bp,
214 bp and 96 bp). The homozygous BB animals represent-

Table 1

Genotype and allele frequencies for the CSNIS! and
CSN3 genes in Bulgarian Grey cattle population

Gene Genotype Genotype frequencies Allele
Observed | Expected | frequencies
BB 0.029 0.181 B 0426
CSNI1S1 ccC 0.176 0.329 c_ 0:574
BC 0.794 0.489
AA 0.200 0.212 A 0460
CSN3 BB 0.280 0.292 B_ 0:540
AB 0.520 0.497

ed the lowest frequency (3%) and two electrophoretic bands
were characteristic for them (214 bp and 96 bp). About 18%
of animals were defined as homozygous by C allele (CC) and
they were expressed, with one unrestricted fragment on the
electrophoregram (310 bp). Genotype and allele frequencies
were estimated and shown on Table 1. The frequency of C
allele (57.4%) of the gene was higher than B allele (42.6%).

Chi-square test for Hardy-Weinberg equilibrium, at de-
gree of freedom — 1, showed value of ¥2 = 12.60 (p-value
= 0.0003), thus confirming the validity of Hardy-Weinberg
equilibrium for the BGc population.

CSN3 gene polymorphism

Genotyping of animals by CSN3 gene showed that het-
erozygous individuals (AB) were with the highest preva-
lence (about 52%). Four electrophoretic bands characterize
that genotype (266 bp; 134 bp; 132 bp and 84 bp). About
28% of the studied cows were defined as homozygous by B
alleles (BB) which were visualized with two electrophoretic
bands (266 bp and 84 bp). With least representatives were
homozygous AA animals (22%), identified with three elec-
trophoretic bands (134 bp; 132 bp and 84 bp). Genotype and
allele frequencies were obtained. Distribution of genotype
and allele frequencies among the studied animals was pre-
sented on Table 1. The frequency of B allele (54%) of the
gene was higher than A allele (46%).

Chi-square test for Hardy-Weinberg equilibrium, at de-
gree of freedom — 1, showed value of y>= 1. 03 (p-value =
0.2882), e.g. that locus was found to be at Hardy-Weinberg
equilibrium for the BGc population.

Discussion

Since milk protein genes polymorphism has been discov-
ered, its development is associated with several main goals:
1) to understand the biological significance of genetic vari-
ants; 2) to clarify association between genetic variants and
milk traits in practice; 3) it concerns selection and breeding
techniques in applied fields; 4) in the last decades researches
are focused on the origin and domestication of cattle breeds
(Formaggioni et al., 1999; Jann et al., 2004; Botaro et al.,
2008).

According to the basic study for geographic distribution
of haplotypes diversity at the bovine casein locus (mainly
CSN1S1 and CSN3 genes in particular), there are three geo-
graphic regions of cattle breeds’ origin (Northern and Cen-
tral Europe (NC); Southern Europe and Africa (SE) and
Near East). For both groups of cattle breeds’ (NC and SE)
predominant is the CSN1S/-B allele but CSN1SI-C allelic
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Fig. 1. Geographic distribution of predominant casein
haplotypes

frequencies for SE group (about 40%) is far more frequent
than NC group — less then 10% (Jann et al., 2004).

Established frequencies for BGc breed are about 57.4%
for CSN1S1-C allele, which gives the opportunity to assume
genetic identity to cattle breeds from SE group. Our previous
researches (Hristov et al., 2012; Hristov et al. unpublished
data) on another native Bulgarian cattle breed — Shorthorn
Rhodopean cattle and Bulgarian Rhodopean cattle with re-
spect to frequencies of B and C allele of CSNIS! gene also
revealed genetically similarity of these breeds to other cattle
population in Southern Europe (Figure 1).

In contrast to CSNIS1 for CSN3 gene allelic frequency,
the A allele is predominantly found in the NC group (pre-
sented with about 70-80%) but for the second group (SE)
cattle breeds CSN3-B shows allelic frequencies over 50-
60%) (Jann et al., 2004).

Established allele frequencies for BGc breed are 54% for
CSN3-B and 46% for CSN3-A. The B allele of gene was also
with higher frequency in Shorthorn Rhodopean cattle and
Bulgarian Rhodopean cattle (Hristov et al., 2012; Hristov

et al. unpublished data). These results clearly demonstrated
that Bulgarian native cattle breeds are closely genetically re-
lated with the breed in Southern Europe.

Conclusion

In this study an endemic for Bulgaria cow breed (Bulgar-
ian Grey cattle) is genotyped by CSNI1SI and CSN3 genes.
Our result showed that the C allele of CSN/S! is predomi-
nantly found in population with frequency of 57.4%. The B
allele of CSN3 gene was predominantly with frequency of
54%. These results show that this ancient cow population
may be defined as genetically similar to other cattle popula-
tion in Southern Europe.
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