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Abstract – The Myostatin is a member of the transforming 

growth factor β superfamily that normally acts to limit 

skeletal muscle mass by regulating both the number and the 

growth of muscle fibers. Calpastatin gene is a specific 

inhibitor of the ubiquitous calcium-dependent proteases– µ-

calpain and m-calpain, found in mammalian tissues. The 

level of components included into the calpain-calpastatin 

system determines the rate of postmortem tenderization of 

meat. Calpastatin inhibits both the rate and extent of 

postmortem proteolysis and plays a role in muscle growth 

and meat quality. Therefore, they are considered as 

candidate genes for meat and growth traits. In current study, 

Genomic DNA was extracted from blood sample of Gray 

Shirazy sheep. Gel monitoring and spectrophotometer 

methods were used to determinate the quality and quantity of 

DNA. Third Exon of myostatin gene and Intron I from L 

domain of the ovine calpastatin gene were amplified to 

produce a 337 and 622 bp fragment, respectively. The PCR 

products were digested by restriction endonuclease enzymes 

HhaIII and MspI. Digested products were separated by 

electrophoresis on 1.5% agarose gel and visualized after 

staining with GelRed on UV transillumination. The HhaIII 

digestion of the PCR products produced digestion fragments 

of 81, 123 and 131bp. The MspI digestion produced 

fragments of 286 and 336bp. Data analysis was done using 

PopGen32 software. In this population, mm genotype and 

AA, AB and BB genotypes were identified with 100% and 

78.4, 19.6, 2% frequencies for myostatin and calpastatin, 

respectively. The population was found to follow Hardy-

Weinberg equilibrium. 

 

Keywords – Myostatin, Calpastatin, Polymorphism, Gray 
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I. INTRODUCTION 
 

 The Livestock industry requires the development of 

very standard sheep and cattle population to fulfill its 

commercial needs by selection practices in breeding 

programs. Genetic diversity and gene polymorphism found 

in population allows farmers to develop new 

characteristics in response to changes in environment, 

diseases or market conditions [21]. The extensive selection 

and multiplication of superior animals cause a significant 

decrease in the genetic variation needed for the 

improvement of economic traits and breeds [19]. Genetic 

diversity and gene polymorphism data also can be used to 

monitor the genetic structure of populations and detect 

changes in the frequency of genes due to breeding  

programs, which makes it possible to preserve the 

biological diversity of farm animals [20, 21 & 22]. The 

physiological regulation of muscle growth in animals is 

under the control of multiple genes. Polymorphisms in 

these genes, which show associations with specific 

economically important traits, are useful markers for 

marker-assisted selection. Single nucleotide 

polymorphisms (SNP) are the most frequently occurring 

forms of variation in the genome and they can be used to 

study associations between them and the production traits 

of individuals [29]. Genetic polymorphism in native 

breeds is a major concern considering the necessity of 

preserving genetic resources. It is very important to 

characterize genetically indigenous breeds [3]. This is an 

increasingly common approach to genetic association 

studies. Myostatin (MSTN) or growth differentiation 

factor-8 (GDF-8) is a member of the mammalian growth 

transforming family (TGF-beta superfamily), which plays 

a role in the regulation 2 of embryonic development and 

tissue homeostasis in adults [27]. They are known to block 

myogenesis, hematogenesis and enhance chondrogenesis 

as well as epithelial cell differentiation in vitro. In mice, 

null  mutants  are  significantly  larger  than  wild-type 

animals,  with  200–300  %  more  skeletal-muscle  mass, 

because of hyperplasia and hypertrophy [23].  Muscular  

hypertrophy  (mh),  also  known  as “double-muscling” in 

cattle, has  been  recognized  as  a physiological  character  

for  years  [1] and is seen in Belgian Blue, and 

Piedmontese cattle [15]. These animals had less bone, less 

fat, and 20 % more muscle on an average [5 & 12].  

Mutations within myostatin gene led to muscular 

hypertrophy allele (mh allele) in the double muscle breeds 

[15]. Such a major effect of a single gene on processing 

yields opened a potential channel for improving 

processing yields of animals using knockout technology. 

Calpastatin (CAST) gene is located on the fifth 

chromosome of sheep and plays important roles in 

formation of muscles, degradation and meat tenderness 

after slaughter. The rate and extent of skeletal muscle 

growth ultimately depends mainly on three factors: rate of 

muscle protein synthesis, rate of muscle protein 

degradation, and the number and size of skeletal muscle 

cells. Studies have shown that calpain activity is required 

for myoblast fusion [2] and cell proliferation in addition to 

cell growth. The calpain system may also affect the 

number of skeletal muscle cells (fibres) in domestic 
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animals by altering rate of myoblast proliferation and 

modulating myoblast fusion. A number of studies have 

shown that the calpain system is also important in normal 

skeletal muscle growth. Increased rate of skeletal muscle 

growth can result from a decreased rate of muscle protein 

degradation and this is associated with a decrease in 

activity of the calpain system, due principally to a large 

increase in calpastatin activity [10]. Calpastatin, which is 

an endogenous inhibitor (Ca+2 dependent cysteine 

proteinase), plays a central role in regulation of calpain 

activity in cells [8] and is considered one of the major 

modulators of the calpain. Therefore, calpastatin may 

affect proteolysis of myofibrils due to regulation of 

calpain, which can initiate postmortem degradation of 

myofibril proteins [11 & 13]. At the protein structural 

level, calpastatin is a five-domain inhibitory protein [17]. 

Of the five domains, the N-terminal leader (L) domain 

does not appear to have any calpains inhibitory activity 

(Fig 1), but maybe involved in targeting or intracellular 

localization [29], while the other domains (I-IV) are highly 

homologous and are each independently capable of 

inhibiting calpains [6]. This Indicates that the inhibitory 

domains of calpastatin contain three highly conserved 

regions, A, B and C, of which A, and C, bind calpain in a 

strictly Ca2+-dependent manner but have no inhibitory 

activity, whereas region B inhibits calpain on its own. It is 

also found that the removal of the XL domain played a 

regulatory role by altering phosphorylation patterns on the 

protein [29]. These observations suggest that genes coding 

for calpain and calpastatin may be considered as candidate 

genes in muscle growth efficiency and meat quality in 

sheep. Gray Shirazy sheep are fat tail breed adapted to the 

dry and harsh climatic conditions. They are primarily 

raised for mutton, with milk and wool being of secondary 

importance [9]. The aim of the present investigation was 

to analyze the polymorphism of the Myostatin (MSTN) 

and Calpastatin (CAST) gene in Gray Shirazy sheep breed. 

 

II. MATERIALS AND METHODS 
  

2.1. Animals and Sampling 
      In current study, Random blood samples were 

collected from 102 Gray Shirazy sheep from six 

populations involve: Abadeh, Marv Dasht, Fasa, Darab, 

Estahban and Neyriz cities of Iran (Fig 1). 

 

 
Fig. 1. Geographical location of the studied populations  

Approximately, 3 ml blood sample was gathered from 

venom in EDTA tube and brought on ice to laboratory and 

was transferred to-20°C freezer or used directly for 

extraction. 

2.2. DNA Extraction and PCR Amplification 
About 500-1000 μL of EDTA blood was sampled and 

immediately Genomic DNA was isolated by using DNA 

Extraction Kit (Diatom) and was based on Boom et al. 

(1989) method with minor modifications (4). Quantity was 

determined by measuring the absorbance at 260 nm and 

the concentration, purity and quality were determined by 

measuring the absorbance at 260/280 nm and 230/260 

ratios using a NanoDrop TM 1000 spectrophotometer 

(NanoDrop Technologies Inc., Wilmington, DE, USA). 

DNA extractions were appropriately labeled and stored at 

-20°C for analysis. Two loci were selected for 

investigation. The exon 3 region from ovine myostatin 

gene was amplified to a product of 337 bp using primers 

based on the sequence of the ovine myostatin genes (Table 

1). The full sequence of primer:  

MSTN F: 5'- CCGGAGAGACTTTGGGCTTGA -3' and 

MSTN R: 5'-GGTGGAGCAGCACTTCTGATCACC-3'. 

The polymerase chain reaction (PCR) was performed 

using a buffer PCR 1X, 200 μM dNTPs, 1μM MgCL2, 0.4 

pmol of each primer, 0.7 U Taq DNA polymerase, 100 ng 

ovine gnomic DNA and H2O up to a total volume of 20 μl. 

Amplification of DNA samples from individual isolates 

was carried out in a Thermocycler (eppendorf, Garmany) 

under the following conditions: Thirty five cycle of 

preliminary denaturation at 95°C (5 min), denaturation at 

94°C (30 sec), annealing at 62°C (40 sec), extension at 

72°C (40 sec) and final extension at 72°C (5 min). 

Confirmation of successful PCR amplifications was 

carried out by electrophoresis on a 1% (w/v) agarose gel 

for 1 h at 80V, stained with GelRed staining (Biotium, 

USA) and photographed. The exon and intron regions 

from a portion of the first repetitive domain of the ovine 

calpastatin gene was amplified to a product of 622 bp 

using primers based on the sequence of the bovine and 

ovine calpastatin gene (Table 1). The full sequence of 

primer:  

CAST F: 5'-TGGGGCCCAATGACGCCATCGATG-3' 

and CAST R: 5'-GGTGGAGCAGCACTTCTGATCACC-

3'. The polymerase chain reaction (PCR) was performed 

using a buffer PCR 1X, 200 μM dNTPs, 1.5 μM MgCL2, 

0.4 pmol of each primer, 1 U Taq DNA polymerase, 50 ng 

ovine gnomic DNA and H2O up to a total volume of 20 μl.  

 

Table 1. Primer used in the amplification (suggested by 

Timothy  et  al., 1997)[30] 

Locus Primer Sequence 

PCR 

Product 

Size (bp) 

MSTN 

 

CAST 

CCGGAGAGACTTTGGGCTTGA 

TCATGAGCACCCACAGCGGTC 

TGGGGCCCAATGACGCCATCGAG 

GGTGGAGCAGCACTTCTGATCACC 

337 

 

622 
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Thirty five cycle of preliminary denaturation at 95°C (5 

min), denaturation at 94°C (30 sec), annealing at 62°C (40 

sec), extension at 72°C (50 sec) and final extension at 

72°C (5 min). Confirmation of successful PCR 

amplifications was carried out by electrophoresis on a 1% 

(w/v) agarose gel for 1 h at 80V, stained with GelRed 

staining (Biotium, USA) and photographed. 

2.3. Enzyme Digestion and Analysis 

The amplified fragment of Myostatin was digested with 

HhaIII enzyme. Digestion was conducted at 37°C for 12-

16 h and in a 20 μL reaction solution including 12.5μL 

distilled H2O, 2 μL buffer10X, 0.5μL (5 unit) restriction 

endonucleases (HhaIII) and 5 μL PCR product solutions. 

The digestion products were electrophoresed on 1.5% 

agarose gel in 1X TBE and visualized by eithdium 

bromide staining for 45 min at 80V. The amplified 

fragment of calpastatin was digested with MspI enzyme. 

Digestion was conducted at 37°C for 12-16 h and in a 20 

μL reaction solution including 12.5μL distilled H2O, 2μL 

buffer10X, 0.5μL (5 unit) restriction endonucleases (MspI) 

and 5μL PCR product solutions. The digestion products 

were electrophoresed on 1.5% agarose gel in 1X TBE and 

visualized by GelRed staining (Biotium, USA) for 1 h at 

80V. Estimates genotype and alleles frequencies and 

Hardy-Weinberg equilibrium were calculated using Pop 

Gene 32 software [31]. 

 

III. RESULTS 
       

In Current reasearch, DNA was obtained either directly 

from the bloods with high quality (Fig 2). 

 

 
Fig. 2. Extracted DNA from sheep blood 

 

A 337 bp fragment for third exon of MSTN locus was 

amplied (Fig 3).  

 

 
Fig. 3. PCR products of MSTN (Obtained size: 337 bp) 

 

HaeIII restriction enzyme was used to digest the PCR 

products. The HaeIII digests the m allele, but not M allele. 

Digestion of the m allele produced three fragments of 83, 

123, and 131 bp (Fig 4).  

 

 
Fig. 4. MSTN genotyping by PBR (2% agaros gel) 

 

As a result, MSTN gene was monomorph. Although  

myostatin  locus  was  monomorphic  in the populations, 

the results showed acceptable polymorphism for 

calpastatin and calpain loci, which may open interesting 

prospects  for  future  selection  programs,  especially 

using  marker-assisted  selection  for  improving  weight 

gain and meat quality. The amplified calpastatin resulted 

in a DNA fragment with 622bp including the sequences of 

Exon and intron regions from a portion with PCR 

technique (Fig 5). 

 

 
Fig. 5. PCR products of CAST (Obtained size: 622 bp) 

 

Two alleles (A and B) were observed, resulting in three 

genotypes. The MspI digestion of the PCR products 

produced digestion fragments of 306bp and 259bp. The 

animals with both alleles were assigned as AB genotype, 

whereas those possessing only A or B alleles as AA or BB 

genotypes, respectively. Genotype AA showed the two- 

band pattern (bands of approximately 306 and 259bp). 

Genotype AA one band pattern (approximately 565bp), 

while AB animals displayed a pattern with all three band 

(565, 306, 259) (Fig 6).  

 

 
Fig. 6. CAST genotyping by PBR (1.5% agaros gel) 

 

The genotypes of all animals were used to determine the 

allele frequencies. A and B allele frequencies were 0.8824 

and 0.1176, respectively. The observed genotype 

frequencies were 0.784 for AA, 0.020 for BB and 0.196 

for AB (Table 2). The sheep population was in Hardy-

Weinberg equilibrium (P≤0.05). The observed and 

expected heterozygosity were 0.1961 and 0.2086, 

respectively. Effective allele and true allele estimates were 

1.262 and 2.000, respectively (Table 3). This difference 

between effective all and observed allele number and low 

diversity is due to more frequency of allele A compare to 

allele B, that reduced frequency in any locus. This number 

is larger, if there are more loci with same combination of 

alleles. 
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Table 2. Genotype and Allele frequencies in all regions 

 Genotype frequencies Allele frequencies 

 ------------------------------ ---------------------- 

All Regions    AA  AB   BB      A     B 

    Mean  0.784       0.196 0.020 0.8824 0.1176 

 

Table 3. The Observed number of alleles (Na), Effective 

number of alleles (Ne), observed and expected 

heterozygosity in all regions 
All 

Regions 
Na Ne 

observed 

Heterozygosity 

expected 

Heterozygosity 

Mean 2.000 1.262 0.1961 0.2086 

 

This difference between effective all and observed allele 

number and low diversity is due to more frequency of 

allele A compare to allele B, that reduced frequency in any 

locus. This number is larger, if there are more loci with 

same combination of alleles. We observed the high 

variability for this locus. On the other hand, this data 

provide evidence that Iranian Gray Shirazy sheep show 

polymorphism for calpastatin gene, which opens 

interesting prospects for future selection programs, 

especially marker assistant selection between different 

genotypes of different locus and milk, gain and meat traits. 

Present results showed that PCR-RFLP (PBR) is 

appropriate tools for evaluating genetic variability.  

 

IV. DISCUSSION 
        

The Candida genes have known biological functions 

related to the development or physiology of an 

important trait. We observed the no variability for 

Myostatin locus (monomorph). Also, This locus dosen’t 

have any polymorphism in other studied of iranian 

sheep breeds such as native dalagh sheep (mm 

genotype) and The nn and mn genotypes were not 

found. On the contrary Soufy et al. [28] observed 

polymorphism for MSTN gene in Sanjabi Sheep and 

native kermanian sheep. This inconsistency may be 

ascribed to breed differences, population  and  sampling 

size, environmental  factors, mating  strategies, 

geographical position effect and frequency distribution of 

genetic variants.The random genetic drift can be one of 

the causes of this homozygosity. In current study, the 

data reaveled that the Gray Shirazi sheep have a good 

polymorphism for calpastatin gene. The highest 

differentiation in terms of genotype occurrence in the 

examined breed was found in the Gray Shirazi sheep 

and all possible genotypes occurred (AA (78.4%), AB 

(19.6%) and BB (2%) genotypes).  The A and B allele 

frequencies were 0.8824 and 0.1176, respectively.  

Also, This locus have high polymorphism in other 

studied of Iranian sheep breeds such as native Lori, 

Arabi, dalagh, Zel and other native sheep breeds in Iran. 

The Polymorphisms of Calpastatin Gene In the 

examination population of Dalagh sheep from North of 

Iran, occurrence of M and N alleles was identified in  

CAST/MspI locus with frequencies of 0.80 and 0.20 

respectively [16]. Furthermore, frequencies of M/MspI 

and N/MspI alleles similar to those detected in the 

authors’s own research were found in Iran in Kurdi 

sheep. At the same time, genotype frequency differed, 

as no NN homozygotes were identified in this case and 

the MM and MN genotype frequencies were 76% and 

24% respectively [25]. In contrast to the results of the 

authors’ own research, where the M/MspI allele 

frequency was quite high from 76.2% in the Polish 

Merino sheep up to 95.0% in the Ile de France sheep, 

the research conducted by Elyasi (2009) showed 

frequency of the M allele between 48% and 69% in 

particular breeds [7]. As has been said earlier, in the 

examined group of sheep the presence of all genotypes 

identified with the use of the MspI enzyme was found. 

The only exception was the sheep of the Berrichon du 

Cher and Ile de France breeds, in which the NN 

homozygotes were not present. Whereas in the research 

conducted by Kaczor (2006), 100% of Polish Mountain 

Sheep were established to be MM homozygotes [14]. In 

the known literature, no information has so far appeared 

on allele and genotype frequencies in the calpastatin 

gene in sheep identified using the NcoI restrictase. The 

presence of 3 genotypes was found in the analysis of 

CAST/MspI locus (MM, MN, and NN), the frequency 

of which reflects the allele frequency. Analyzing the 

results of the authors’ own research and the contents of 

specialist literature one may conclude that the 

frequency of alleles and CAST/MspI genotypes is 

influenced by the breed factor. Whereas the 

examination of CAST/NcoI locus showed low 

differentiation of genotype frequencies and high 

frequency of the M allele (in the Polish Merino, 

Berrichon du Cher, and Ile de France breeds no NN 

homozygotes and heterozygotes were found at all). 

 

V. CONCLUSION 
 

The Gray Shirazi sheep breed showed no degree of 

heterozygosity and variation for the Myostatin 

(monomorph) but Calpastatin (CAST) genes showed 

high variation. In the other hand, this data provide 

evidence that Gray Shirazi sheep populations have a 

good polymorphism for some gene which open 

interesting prospects for future selection programs, 

especially marker assistant selection (MAS) and gene 

assistant selection (GAS) between different genotypes 

of different locus and gain and meat traits. The gene 

variation in Present Results showed that PCR-RFLP 

(PBR) is appropriate tools for evaluating genetic 

variability.  
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