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Analysis of DNA polymorphism of CAST gene in Local Karnobat and Stara Zagora sheep
breeds
D. Hristova*, S. Georgieva, S. Tanchev
Department of Genetics, Breeding and Reproduction, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
Abstract. Considered calpastatin as a candidate gene for meat and growth traits in sheep production it is important to understand the genetic variability in this
locus. The present work was oriented to identification of calpastatin gene polymorphism and analysis of genetic structure of the populations representing two
bulgarian sheep breeds – Local Karnobat and Stara Zagora.The material involved 96 sheep of breeds and genomic DNA was isolated by commersial purified
kit and used in order to estimate calpastatin genotypes by PCR-RFLP method. The PCR products were digested with MspI restriction enzyme as a result were
detected two different genotypes in the observed locus – homozygous MM and heterozygous MN in Stara Zagora sheep population with frequencies 0.937
and 0.063, respectively. M and N allele frequencies were identified with 0.968 and 0.032. The observed heterozygosity in Stara Zagora sheep population was
0.063 and the chi-square test confirmed the existence of Hardy-Weinberg equilibrium in this population (P>0.05). In the total population of Local Karnobat
sheep was detected homozygous MM only. The results presented in this study show polymorphism of the calpastatin gene in the population of Stara Zagora
sheep. Therefore, we could be confirm the importance of this gene as a potential DNA marker in marker-assisted selection with respect to meat production.

Keywords: Bulgarian sheep breeds, genetic polymorphism, CAST gene, PCR-RFLP analysis
Abbreviations: CAST – calpastatin gene, RFLP – Restriction Fragment Length Polymorphism, SNP – Single Nucleotide Polymorphism, LKNB – Local
Karnobat sheep, LSTZ – Stara Zagora sheep, HWE – Hardy-Weinberg Equilibrium, bp – base pair

Introduction
In present the demands of consumers of lamb are not focus on
quantity traits only but quality traits of meat too. In general the most
documented gene for meat tenderness is calpastatin. The
calpastatin (CAST) is a specific inhibitor of calpains, making the
CAST gene an excellent candidate for controlling meat traits in
livestock. Associations have been reported between variation in
CAST and carcass and meat quality traits in cattle (Casas et al.,
2006; Schenkel et al., 2006) but in sheep has been investigated a
genetic variation in the CAST gene too (Palmer et al., 2000; Zhou et
al., 2007). CAST gene is located on the fifth chromosome of sheep
and plays important roles in formation of muscles, degradation, meat
tenderness after slaughter and muscle growth efficiency. By using a
molecular genetic approach to study meat quality in sheep, Palmer
et al. (1999) have chosen the ovine CAST gene as a candidate gene
for meat quality. For a region of the ovine CAST have described two
polymorphic variants (allele M and N), which have detected by PCRRFLP method (Palmer et al., 1998).
In Bulgaria, lamb is one of major source of animal production
and investigation for meat quality and related genes is important.
Local Karnobat and Stara Zagora sheep are autochthonous breeds
and they originated from different regions in the country and
phenotypically distinct each other. The popularity of Local Karnobat
sheep is mainly based on the high quality of lamb meat (Iliev, 2014;
Stefanova et al., 2012, 2013). Stara Zagora sheep is typical breed in
lowlands of the country and the ewes are the most productive with
relatively high average milk yield (Danchev, 1994; Dimitrov and
Dimitrova, 1994). The main objective of the present study is to
identify genotypes of calpastatin in Local Karnobat and Stara Zagora
sheep breeds using PCR-RFLP method and to establish the genetic
structure of their populations.
* e-mail: dhristova@uni-sz.bg
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Material and Methods
DNA extraction and PCR amplification
Blood samples were randomly collected from 96 sheep
belonging to population of two autochthonous breeds – Local
Karnobat sheep (LKNB) and Stara Zagora sheep (LSTZ). The
samples were collected from v. jugularis into vacuum tube,
containing EDTA. Genomic DNA was extracted from the whole blood
with Illustra Blood GenomicPrep DNA Purification Kit (GE
Healthcare, UK) according to the manufacturer's instructions. The
quality of the obtained about 10 – 50 ng DNA was determine using
gel monitoring and spectrophotometry and samples were stored at
-20ºC. PCR amplifications were carried out in total of 10µl volumes,
containing 40ng DNA template, 20 pM of each primer and 2×Red Taq
DNA Polymerase Master mix (VWR, Int., Belgium). PCR
amplification of the polymorphic region (exon 1C/1D and intron1) of
CAST gene was performed with primers suggested by Dehnavi et al.
(2012). All PCR reactions were performed by GeneAmp
thermocycler (Applied Biosistems, USA) under the following
conditions: an initial denaturation at 94ºС for 5 min, followed by 30
cycles at 94ºС for 30 sec., primer annealing at 62ºС for 45 sec.;
extension at 72ºС for 1 min and final extension at 72ºС for 10 min.
Genotyping
The genotypes of the analyzed individuals at the CAST gene
were established using RLFP analysis. The digestion reaction was
carried out in 10 µl final volume, containing 6 µl PCR product,
10U/µl MspI enzyme (Bioneer), incubated at 37ºC for 15 h. The
restriction enzyme cut the sequence of nucleotides at a certain
specific site at 5'…C↓ CGG…3'. The fragment size was on 2%
agarose gel and then visualized under UV light. The obtained PCR
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Table 1. Allele and genotype frequencies, Observed (Obs_Het) and Expected (Exp_Het) heterozygosity and chi-square test
2

for HWE (c ) at CAST gene in the examined sheep populations

Breeds

n

Local Karnobat
Stara Zagora

48
48

Allele

Genotype

Heterozygosity

M

N

MM

MN

NN

Obs_Het

Exp_Het*

1.000
0.968

0.000
0.032

1.000
0.937

0.000
0.063

0.000
0.000

0.000
0.063

0.000
0.061

c2**
0.00
0.33

*Expected heterozygosity computed using Nei'smethod (1973)
**degree of freedom (df) = 1

distribution in LSTZ was about 94, 6 and 0.0% for MM, MN and NN,
respectively. Similar results for calpastatin genotypes were obtained
by Gabor et al. (2009) who found a high frequencies of the M allele
(0.97) than the allele N (0.03) in Improved Valachian sheep breed.
The prevalence of allele M in compare to allele N have also been
reported by Nassiry et al., 2007 (88 versus 12%) in Iranian Kurdi
sheep and by Mohammady et al. (2008) in Arabic sheep (85 vs.
15%). In contrast to our study, Elyasi-Zaringhabaee et al. (2005)
reported that both M and N allele's frequency were 0.50 in Iranian
Kurdi sheep. The authors observed a high frequency of genotype
MN in Arkharomerino (47.62%) and Ghezel x Arkharomerino
(46.67%) sheep. They also have not detected homozygous
genotype NN. Similar results have also been reported by Ahani et al.
(2012) in Native Dalagh sheep, where the frequency of the M and N
alleles was 55.45 and 44.55%, respectively. In a recent study (Ata
and Cemal, 2013), which involved two population of 187 sheep,
cumulative observed frequencies were 54, 39 and 7% for the MM,
MN and NN genotypes in native Cine Capari sheep and 29, 50 and
21% in sinthetic Karya, respectively. The total population of LKNB
was monomorphic for CAST gene, because we detected allele M
only, which is in agreement with the results reported by Gabor et al.
(2009) for Lacaune and East Friesian sheep breeds.
According to of the observed and expected heterozygosity of
the CAST locus, our results showed deficiency of heterozygosity
and these values were low in the population of LSTZ. The obtained
results indicated for high inbreeding rate in this population and low
genetic variability with respect to CAST locus. The lower value of the
observed heterozygosity than expected were reported by Shahroudi
et al. (2006) in Iranian Karakul sheep (0.35 and 0.65), also by Tohidi
et al. (2013) in six Iranian sheep breeds.

Conclusion
The obtained experimental results for Local Karnobat and Stara
Zagora sheep breeds in this study confirm the presence of genetic
polymorphism (SNP) in the exon III of calpastatin gene, detected by
PCR-RFLP analysis. Although CAST locus was monomorphic in the
Local Karnobat sheep, results showed acceptable polymorphism for
calpastatin loci and assumed associations of genetic variation with
meat tenderness may help to find the effective genotypes of Local
Karnobat and Stara Zagora sheep populations for this economic
trait. Therefore, the present results open up interesting prospects for
future studies and selection programmes, especially marker
assisted selection of quantity and quality traits as double muscle and
meat tenderness.
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