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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
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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 Blood samples were randomly collected from 96 sheep 
documented gene for meat tenderness is calpastatin. The belonging to population of two autochthonous breeds – 
calpastatin (CAST) is a specific inhibitor of calpains, making the . The 
CAST gene an excellent candidate for controlling meat traits in samples were collected from v. jugularis into vacuum tube, 
livestock. Associations have been reported between variation in containing EDTA.
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 PCR-
RFLP 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.

. 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). 

Material and Methods

DNA extraction and PCR amplification

Local 
Karnobat sheep (LKNB) and Stara Zagora sheep (LSTZ)

 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 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.; 
Local Karnobat and Stara Zagora sheep are autochthonous breeds extension at 72ºС for 1 min and final extension at 72ºС for 10 min. 
and they originated from different regions in the country and 
phenotypically distinct each other 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  enzyme (Bioneer), incubated at 37ºC for 15 h. The 

The main objective of the present study is to restriction enzyme cut the sequence of nucleotides at a certain 
identify genotypes of calpastatin in Local Karnobat and Stara Zagora specific site at 5'…C↓ CGG…3'. The fragment size was on 2% 
sheep breeds using PCR-RFLP method  and to establish the genetic agarose gel and then visualized under UV light. The obtained PCR 
structure of their populations.

suggested by 
. 

MspI

* e-mail: dhristova@uni-sz.bg
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distribution in LSTZ was about 94, 6 and 0.0% for MM, MN and NN, References
respectively. Similar results for calpastatin genotypes were obtained 
by who found a high frequencies of the M allele Ahani M, Azari M, Dehnavi E, Yousefi S and Shahmohamadi I, 
(0.97) than the allele N (0.03) in Improved Valachian sheep breed. 2012. Polymorphism of calpastatin, calpain and myostatin genes in 
The prevalence of allele M in compare to allele N have also been Native Dalagh sheep in Iran. Slovak Journal of Animal Science, 45, 
reported by Nassiry et al., 2007 (88 versus 12%) in Iranian Kurdi 1-6.
sheep and by Mohammady et al. (2008) in Arabic sheep (85 vs. Ata N and Ceman I, 2013. Calpastatin gene polymorphism in Cine 
15%). In contrast to our study, Elyasi-Zaringhabaee et al. (2005) Capari and Karya sheep. Animal Science, 56, 48-51.
reported that both M and N allele's frequency were 0.50 in Iranian 
Kurdi sheep. 

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. 

Dehnavi E, Azari M, Hasani S, Nassiry MR, Mohajer M, Ahmadi 
A, Shahmohamadi L and Yousefi S, 2012. Polymorphism of 

The total population of LKNB Myostatin Gene in Intron 1 and 2 and Exon 3, and Their Associations 
was monomorphic for with Yearling Weight, Using PCR-RFLP and PCR-SSCP Techniques 

in Zel Sheep. Biotechnology Research International, doi: 
 sheep breeds. 10.1155/2012/472307.

Zaringhabaee Odjash J and Nassiry MR, 
Determination of ovine calpastatin gene polymorphism using PCR-

  than  were reported by Shahroudi RFLP. Proceedings of 4th National Biotechnology Conference, 110, 
et al. (2006) in Iranian Karakul sheep (0.35 and 0.65), also by Tohidi Iran.
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 Mohammadi M, Nasiri Beigi MT, Alami-Saeid Kh, Fayazi J, 
Local Karnobat sheep, results showed acceptable polymorphism for Mamoee M and Sadr SA, 2008. Polymorphism of calpastatin gene 
calpastatin loci and assumed associations of genetic variation with in Arabic sheep using PCR- RFLP. African Journal of Biotechnology, 
meat tenderness may help to find the effective genotypes of Local 7, 2682-2684.
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 

Gabor et al. (2009) 

Casas E, White SN, Wheeler TL, Shackelford SD, Koohmaraie M 
The authors observed a high frequency of genotype and Riley DG, 2006. Effects of calpastatin and micro-calpain 

MN in Arkharomerino (47.62%) and Ghezel x Arkharomerino markers in beef cattle on tenderness traits. Journal of Animal 
(46.67%) sheep. They also have not detected homozygous Science, 84, 520-525.
genotype NN. 

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. 

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  

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 Elyasi-  G, 2005. 
genetic variability with respect to CAST locus. The lower value of the 
observed heterozygosity expected

Gábor M, Trakovická A and Miluchová M, 2009. Analysis of 
polymorphism of CAST gene and CLPG gene in sheep by PCR-
RFLP method. Lucrări ştinţifice Zootehnie şi Biotehnologii, 42, 470-
476.
Iliev M, 2014. Local Karnobat sheep. Sheep news, 8, 5-7, 
Shumen (Bg).
Labate J, 2000. Software for population genetic analyses of 
molecular marker data. Crop Sciеnce, 40, 1521-1528.

Nassiry MR, Shahroudi FE, Tahmooresour M and Javadmanesh 
A, 2007. Genetic variability and population structure in beta-
lactoglobulin, calpastatin and calpain loci in Iranian Kurdi sheep. 

of quantity and quality traits as double muscle and Pakistan Journal of Biological Sciences, 10, 1062-1067.
meat tenderness. Palmer BR, Robert N, Hickford JG and Bickerstaffe G, 1998. 

Danchev Y, 1994. The preservation of autochthonous breeds of 
domestic animals in Bulgaria, In: Bulgaria's Biological Diversity 
National Strategy: Conservation Status and Needs Assessment, 
587-599.

Dimitrov Ts and Dimitrova I, 1994. Preservation of Livestock 
genetic resources in Bulgaria, In: Animal Genetic Resources 
Information bulletin, (eds. J. Boyazoglu and D. Chupin), 14, 41-59.

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

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

Breeds

Local Karnobat

Stara Zagora

48

48

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

0.00

0.33

n **2c
M N MM MN NN Obs_Het Exp_Het*

Allele Genotype Heterozygosity
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Rapid Comunication: PCR-RFLP for MspI and NcoI in the ovine fattening and slaughter lamb qualities of Karnobat local breed. II. 
calpastatin gene. Journal of Animal Science, 76, 1499-1500. Depending on the level of protein in the mixture. Journal of Animal 
Palmer BR, Robert N and Kent MP, 1999. A candidate gene Science, 1, 19-24, (Bg).
approach to animal quality traits. Proceedings of the New Zealand Stefanova S, Iliev M, Laleva S and Koteva V, 2012. Study on main 
Society of Animal Production, 57, 294-296. fattening and slaughter lamb qualities of Karnobat local breed. I. 
Palmer BR, Su HY, Roberts N, Hickford JG and Bickerstaffe R, Depending on the type of animal. Journal of Animal  Science, 1, 3-8 
2000. Single nucleotide polymorphisms in an intron of the ovine (Bg).
calpastatin gene. Animal Biotechnology, 11, 63-67. Tohidi R, Elyasi G, Javanmard A, Shoja J, Rezaei R and Pirahary 
Schenkel FS, Miller SP, Jiang Z, Mandell IB, Ye X, Li H and Wilton O, 2013. Molecular analysis of ovine calpastatin gene in six Iranian 
JW, 2006. Association of a single nucleotide polymorphism in the sheep breeds using PCR-RFLP. Journal of Animal Production 
calpastatin gene with carcass and meat quality traits of beef cattle. Advances, 3, 271-277.
Animal Science, 84, 291-299. Yeh F and Yong R, 1999. POPGENE version 1.31 (02.04.2011).  
Shahroudi FE, Nassiry MR, Valizadh R, Moussavi AH, Pour MT Microsoft-based Freeware for Population Genetic Analysis. 
and Ghiasi H, 2006.Genetic polymorphism at MTNR1A, CAST and University of Alberta, Edmonton, Canada. http://www.ualberta.ca/ 
CAPN loci in Iranian Karakul sheep. Iranian Journal of ~fyeh/fyeh.
Biotechnology, 4, 117-122. Zhou H, Hickford JG and Gong H, 2007. Polymorphism of the 
Stefanova S, Iliev M, Koteva V and Laleva S, 2013. Study on main ovine calpastatin gene. Molecular and Cellular Probes, 21, 242-244.
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