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In this study, it was aimed to determine the polymorphism of the Calpastatin gene 

(CAST) in Awassi and Akkaraman sheep which were reared in Osmaniye province 

within the scope of the National Sheep Breeding Project in the Hand of the Public. 

The study was carried out on a total of 39 blood samples taken from 20 head Awassi 

sheep and 19 head Akkaraman sheep reared in 5 different farms. In the study in 

which PCR-RFLP method was used, 622 bp long PCR amplicons obtained from 

genomic DNA samples of Awassi and Akkaraman sheep breeds for CAST gene were 

digested with MspI restriction enzyme; Two bands of 336 and 286 bp in length for 

homozygous MM allele, a single band of 622 bp in length for homozygous NN allele 

and three bands of 622, 336 and 286 bp in length for heterozygous MN alleles were 

observed. The frequencies of M and N alleles in the Akkaraman breed were 0.82 

and 0.18, respectively, while the frequencies of M and N in the Awassi breed were 

0.75 and 0.25, respectively. The frequencies of MM, MN, and NN genotypes were 

0.60, 0.30, and 0.10, respectively. Contrary to the Awassi breed, only MM and MN 

genotypes were observed in Akkaraman sheep and their frequencies were calculated 

as 0.63 and 0.37, respectively. While deviation in Hardy-Weinberg equilibrium was 

found to be insignificant in the Akkaraman population, it was found to be significant 

in Awassi sheep. The association analysis revealed that there was a significant 

association (P<0.05) between CAST gene polymorphism and 90th-day weight in 

Awassi breeds, while this association was not found in the Akkaraman breed 

(P<0.05). 
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 Bu çalışmada Osmaniye ilinde halk elinde ıslah projesi kapsamında yetiştiriciliği 

yapılan İvesi ve Akkaraman koyunlarında Kalpastatin geni (CAST) polimorfizminin 

belirlenmesi amaçlanmıştır. Çalışma 5 farklı işletmede yetiştirilen 20 baş İvesi 

koyundan ve yine 5 farklı işletmede yetiştirilen 19 baş Akkaraman koyundan alınan 
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Anahtar Kelimeler: 
CAST geni 

İvesi koyunu 

Akkaraman koyunu 

Polimorfizm 

Genotip frekansı 

toplam 39 kan örneği üzerinde yürütülmüştür. PCR-RFLP yönteminin kullanıldığı 

çalışmada, CAST geni için İvesi ve Akkaraman koyun ırklarına ait genomik DNA 

örneklerinden elde edilen 622 bç uzunluğundaki PCR amplikonlarının MspI 

restriksiyon enzimi ile kesimi sonucunda; homozigot MM alleli için 336 ve 286 bç 

uzunluğunda iki adet bant, homozigot NN alleli için 622 bç uzunluğunda tek bir 

bant ve heterozigot MN allelleri için ise 622, 336 ve 286 bç uzunluğunda üç adet 

bant gözlenmiştir. Akkaraman ırkında M ve N allellerinin frekansı sırasıyla 0,82 ve 

0,18 olarak hesaplanırken, İvesi ırkında M ve N frekansları sırasıyla 0,75 ve 0,25 

olarak hesaplanmıştır. MM, MN ve NN genotiplerinin frekansları ise sırasıyla 0.60, 

0,30 ve 0,10 olarak bulunmuştur. İvesi ırkının aksine Akkaraman koyunlarında 

sadece MM ve MN genotipleri gözlenmiş ve frekansları sırasıyla 0,63 ve 0,37 olarak 

hesaplanmıştır. Akkaraman popülasyonunda Hardy-Weinberg dengesinde sapma 

önemsiz bulunurken, İvesi koyununda önemli bulunmuştur. İlişki analizi İvesi 

ırklarında CAST geni polimorfizmi ile 90. gün ağırlığı arasında önemli bir ilişki 

olduğunu (P<0,05) ortaya koyarken, Akkaraman ıkında bu ilişki bulunamamıştır 

(P<0,05). 

To Cite: Dokgöz M., Özcan BD. Relationship of Calpastatin Gene Polymorphism with Growth Traits in Some Locally Reared 

Awassi and Akkaraman Sheep Breeds. Osmaniye Korkut Ata Üniversitesi Fen Bilimleri Enstitüsü Dergisi 2024; 7(5): 2364-

2373. 
 

1. Introduction 

Skeletal muscle mass is a significant economic trait, and the development and growth of muscles are 

crucial factors in providing sufficient meat for human consumption. Therefore, identifying the candidate 

genes that regulate skeletal muscle development is essential for comprehending the molecular genetic 

regulation of muscle growth (Mohammadabadi et al., 2021). 

Palmer et al. (2000) and Khederzadeh (2011) reported that the Calpastatin gene (CAST) is located on 

the 5th chromosome in sheep. Calpastatin, consisting of five main domains, has a molecular weight of 

approximately 76 kDa (Suleman et al., 2012). Among these domains, the N-terminal leader (L) is 

thought to play no role in suppressing calpains (Emori et al., 1987), but it may contribute to determining 

the region where it settles within the cell (Averna et al., 2001). The other four domains are highly 

homologous and tend to suppress calpains (Emori et al., 1987; Cong et al., 1998). Within these domains, 

three regions, namely A, B, and C, have been identified. Regions A and C tightly bind to calpains with 

Ca+2 ions, but there is no calpain suppression activity in any of these regions (Todd et al., 2003). 

The significance of animal protein in human nutrition is undeniable. Sheep have contributed to humanity 

for thousands of years with their yield characteristics such as meat, milk, and fleece, and continue to do 

so. Understanding the importance of this, people have tried to breed animals and plants involved in 

agricultural activities and have carried out studies to increase the quantity and quality of the products 

obtained from them. The CAST gene is one of the candidate genes affecting muscle growth and is 

involved in regulating the firmness of meat after slaughter (Zhou et al., 2007). While this suggests that 

the CAST gene is more involved in meat quality, there is also a link between muscle growth rate and 

Calpastatin activity. Muscle growth is due to a reduction in protein degradation as a result of Calpastatin 

activity. Thus, it appears that the CAST gene has a positive effect on meat yield in addition to meat 

quality. Amanda et al. (2004) also stated that the CAST gene should be of particular interest in studies 

to improve meat quality and body weight gain in livestock. Calpastatins inhibit endogenous biosynthesis 

and degradation of calpains (Khederzadeh, 2011). The CAST gene can be classified as a candidate gene 
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due to the presence of common genomic regions in livestock (sheep, goats, pigs, cattle, etc.) and also in 

rodent mouse (Hitomi et al., 2000). Palmer et al. (1998) determined two different (M and N) alleles of 

the CAST gene in Dorset sheep by PCR-RFLP method. These two alleles of the CAST gene were also 

determined in subsequent studies in different breeds (Shahroudi et al., 2006; Mohammadi et al., 2008; 

Szkudlarek-Kowalczyk et al., 2011; Khan et al. 2012). 

This study was carried out to determine the CAST gene polymorphism by PCR-RFLP method at the 

DNA level in Awassi and Akkaraman sheep raised in Osmaniye province. Furthermore, the aim was to 

assess the association between the genotypes determined for the CAST gene in Akkaraman and Awassi 

sheep breeds and sheep growth characteristics. 

 

2. Material and Method 

2.1. Animals and sample collection 

The animal material of the study consisted of a total of 39 animals, which consisted of 20 Awassi and 

19 Akkaraman from a total of 10 sheep farms under the National Sheep Breeding Project in the Hand of 

the Public reared in different locations in Osmaniye province of Türkiye. Blood samples were collected 

from the Vena jugularis of the animal material using a vacutainer tube containing K3EDTA and stored 

at –20 ℃ until analyses. The genomic DNA was extracted using GeneJET Whole Blood Genomic DNA 

Purification Mini Kit (Thermo Fisher Scientific) following the procedure given in the user manual. DNA 

quality and quantity were assessed using a NanoDrop spectrophotometer (Thermo Fisher Scientific, 

USA). 

 

Table 1. Primer sequences of the CAST gene locus (Oligomer, Ankara, Türkiye) 

Primer                                         Sequences (5' → 3') G+C Content (%) Tm (℃) Reference 

CAST-F  CCTTGTCATCAGACTTCACC 50 

60 
Khederzadeh 

(2011) CAST-R  ACTGAGCTTTTAAAGCCTCT  40 

  

2.2. PCR amplification 

A 622 bp fragment of the CAST gene was amplified by polymerase chain reaction (PCR) using the 

primers listed in Table 1. The PCR reaction was carried out in a 50 μL volume using 1 μL (200 ng) of 

DNA, 5 μL of PCR reaction buffer, 1 μL for each primer (forward and reverse, 20 pmol each), 4 μL of 

dNTP mix (10 mM), 3 μL of MgCl2 (25 mM), 0.5 μL of Taq DNA polymerase (5 u/μL, Thermo Fisher 

Scientific) and 34.5 μL of distilled water. The thermal cycling conditions were as follows: initial 

denaturation at 95°C for 5 min; 30 cycles of 95°C for 1 min, 60 °C annealing for 1 min, and 72 °C 

extension for 2 min; final extension at 72 °C for 10 min. The PCR products were visualized by 

electrophoresis on a 0.8% agarose gel stained with ethidium bromide. 
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2.3. RFLP genotyping 

The 622 bp PCR amplicons were genotyped by restriction fragment length polymorphism (RFLP) 

method using the MspI restriction enzyme (Thermo Fisher Scientific, USA, Cat. No: ER0541). The PCR 

products were digested using MspI restriction enzymes at 37°C, for 60 minutes. The reaction mixture 

consisted of 5 μL of PCR products, 3.5 μL of distilled water, 1 μL of 10X buffer, and 0.5 μL of the 

restriction enzymes. The digested PCR products were separated by electrophoresis on a 1% agarose gel 

stained with ethidium bromide and visualized under UV light (Vilber Lourmat, Germany). 

 

2.4. Calculation of allele and genotype frequencies 

After determining the genotype of each individual and documenting them in the gel images, gene and 

genotype frequencies were calculated using the direct counting method for Calpastatin genetic variants. 

Gene and genotype frequencies were calculated separately for two herds and also for the whole 

population. 

 

2.5. Statistical analysis 

The χ2 (chi-square) test was used to determine whether the herds and the population were in Hardy-

Weinberg equilibrium. Yates continuity correction was applied to genotypes with sample sizes of 5 or 

less. One-way analysis of variance (ANOVA) was used to determine the relationships between gene 

polymorphisms and growth traits. Tukey test was used for genotypic association analysis to determine 

the significance of differences in growth traits following ANOVA. Descriptive statistics of the growth 

efficiency of the studied individuals are shown with mean and standard error. All statistical analyses 

were performed using the Minitab 19.1 software package, and a significance level of P<0.05 was 

adopted. 

 

3. Results and Discussion 

CAST gene with a length of 622 bp was amplified by PCR from the genomic DNA of Akkaraman and 

Awassi sheep. After digestion of the amplicons with MspI restriction enzyme, two bands of 336 and 286 

bp in length for the homozygous MM allele, a single band of 622 bp in length for the homozygous NN 

allele, and three bands of 622, 336, and 286 bp in length for heterozygous MN alleles were observed in 

agarose gel (Figure 1). 
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Figure 1. Genotypes of the CAST gene of Awassi (A) and Akkaraman (B) sheep bred on an agarose 

gel. MM (336 and 286 bp), MN (622, 336 and 286 bp), NN (622 bp) (M: 100 bp DNA ladder, Thermo 

Fisher Scientific, SM0241) 

 

The obtained results revealed that both Awassi and Akkaraman sheep breeds reared by local sheepherd 

in Osmaniye are polymorphic in terms of the CAST gene. It was observed that M and N alleles of the 

CAST gene were present with varying frequencies in the Awassi and Akkaraman sheep breeds. While 

the frequencies of M and N alleles in the Akkaraman breed were calculated as 0.82 and 0.18, 

respectively, the frequencies in the Awassi breed were calculated as 0.75 and 0.25, respectively (Table 

2). Homozygous MM and heterozygous MN genotypes were observed in both breeds, while 

homozygous NN allele was observed only in the Awassi breed. 

  

Table 2. Genotype and allele frequencies of the CAST gene in Awassi and Akkaraman sheep breed 

Breed N* Genotype frequency Allele frequency 

MM MN NN M N 

Awassi 20 0.60 0.30 0.10 0.75 0.25 

Akkaraman 19 0.63 0.,37 0 0.82 0.18 

Total 39      

*Number of animals 

While deviation from Hardy-Weinberg equilibrium was found to be insignificant in the Akkaraman 

population, significant deviation from Hardy-Weinberg equilibrium was observed in the Awassi sheep 

and the total population when the chi-square test was applied. Association analysis results revealed that 

there was a significant relationship between CAST gene polymorphism and 90th-day weight in Awassi 

breeds (P<0.05). The 90th-day weight averages of the genotypes were MM (24.45±0.17), MN 

(23.70±0.24), and NN (24.72±0.62) (Table 3). It was determined that the individuals with the NN 

genotype had a higher mean 90th-day weight maintenance than the other individuals. However, there 

was no relationship between CAST gene polymorphism and growth traits in Akkaraman breeds (P>0.05) 

(Table 3). 
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Table 3. Association analysis between CAST gene and growth traits in Awassi and Akkaraman breeds 

Breed Description Genotype P value 

MM MN NN 

Awassi Birth weight (kg) 3.41±0.24 3.43±0.23 3.42±0.31 0.985 

60th Day weight (kg) 16.41±0.60 16.13±0.29 16.98±0.32 0.152 

90th Day weight (kg) 24.45±0.17a 23.70±0.24b 24.72±0.62a 0.006* 

Akkaraman Birth weight (kg) 4.12±0.22 4.06±0.30 - 0.602 

60th Day weight (kg) 17.20±0.72 16.74±0.50 - 0.160 

90th Day weight (kg) 24.42±1.28 23.78±0.71 - 0.244 

 

In this study in which CAST gene polymorphism was determined in Awassi and Akkaraman sheep 

breeds raised in Osmaniye within the scope of the National Sheep Breeding Project in the Hand of the 

Public, M, and N allele frequencies in Akkaraman sheep were calculated as 0.82 and 0.18, respectively, 

while the frequencies in Awassi sheep were calculated as 0.75 and 0.25, respectively. In previous studies 

on another population of Akkaram sheep, Kırıkçı (2021) reported M and N allele frequencies as 0.68 

and 0.32, respectively, while similar studies reported M and N allele frequencies as 0.69 and 0.31 

(Balcıoğlu et al., 2014), 0.90 and 0.10 (Bayram et al., 2019). In a study on the Awassi breed, M and N 

allele frequencies were reported as 0.59 and 0.41, respectively (Balcıoğlu et al., 2014). These data show 

that the M and N alleles of the CAST gene in Akkaraman and Awassi sheep in Turkey generally show 

similar frequencies and the M allele frequency is higher than the N allele frequency. This similarity is 

not limited to Akkaraman and Awassi sheep breeds. In other domestic sheep breeds in which CAST gene 

polymorphism was investigated, M and N allele frequencies were reported as 0.92 and 0.08 in Kangal 

breed, 0.67 and 0.33 in Güney Karaman breed, 0.87 and 0.13 in Morkaraman breed, 0.86 and 0.14 in 

Karayaka breed, 0.89 and 0.11 in Karakaş breed (Balcıoğlu et al., 2014). In another study, the 

frequencies of M and N alle were reported as 0.70-0.30, 0.963-0.037, 0.909-0.091, 0.895-0.105, 0.733-

0.267 and 0.75-0.25 in Kıvırcık, İmroz, Karayaka, Hemşin, Karakul and Morkaraman breed sheep, 

respectively (Avanus, 2015). Kaplan and Atalay (2017) reported M and N allele frequencies as 0.90 and 

0.10 in Kıvırcık crossbred sheep. In studies conducted in other countries, the frequencies of M allele in 

local breeds were generally reported to be high (Mohammadi et al., 2008; Gabor et al., 2009; 

Szkudlarek-Kowalczyk et al., 2011; Khederzadeh, 2011; Khan et al., 2012; Suleman et al., 2012). 

However, in the CAST/MspI polymorphism study conducted in the Chios breed, the M allele frequency 

was found to be as low as 0.35 (Yılmaz et al., 2014), which is not a common situation. In the Awassi 

breed, frequencies of MM, MN, and NN genotypes for CAST/MspI were found to be 0.60, 0.30, and 

0.10, respectively. On the other hand, only MM and MN genotypes were observed in Akkaraman sheep 

and their frequencies were 0.63 and 0.37, respectively. While the frequency of the NN genotype was 

found to be very low in Awassi breed sheep, the NN genotype was not observed in Akkaraman breed 

sheep. Similar results were reported for Gökçeada (Yılmaz et al., 2014), Ost Friz (Gabor et al., 2009), 

Kangal (Balcıoğlu et al., 2014), Balkhi (Khan et al., 2012), Thalli (Suleman et al., 2012), Berichon du 

Cher and Ile de France (Szkudlarek-Kowalczyk et al., 2011) sheep breeds. In another study conducted 

on the Akkaraman breed, the NN genotype frequency was reported as a meager rate of 0.02 (Kırıkçı, 
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2022). This frequency value is very similar to the NN frequency obtained for Akkaraman sheep in this 

study.  On the other hand, low MN genotype frequencies were observed in both Awassi and Akkaraman 

sheep in our study. These results indicate that homozygosity in favor of M allele occurred in both 

populations. Because the animals used in this study were selected from elite and closed flocks, it is 

expected to show different frequencies from the results obtained in other studies. Because the absence 

of the NN genotype in the Akkaraman sheep breed indicates the closed natüre of the flock. On the other 

hand, the similarity with the results determined in different studies is the result of the fact that the studied 

gene is a conserved region between the breeds. The fact that the Awassi breed is not in Hardy-Weinberg 

equilibrium can be explained by homozygotization due to the closed herds. When the obtained genotype 

frequencies and Hardy-Weinberg equilibrium results are evaluated together, considering that the 90th-

day live weight was also found to be significant, the CAST gene can be considered as a candidate gene 

associated with growth, especially for the Awassi breed and can be used in marker-assisted selection 

studies. 

The results of the association analysis showed that there was a significant association between CAST 

gene polymorphism and 90th-day weight in Awassi breed animals (P<0.05). However, no association 

was found between CAST gene polymorphism and birth weight and 60th-day weight in Awassi breed 

sheep and birth, 60th-day, and 90th-day weight in Akkaraman breed sheep (P>0.05). It was determined 

that the individuals with the NN genotype in the Awassi breed had a higher mean 90th-day weight than 

the other individuals. However, Jawasreh et al. (2017) reported that individuals with the MN genotype 

recorded higher body weight gain than individuals with the MM genotype in a study conducted in 

Awassi breed sheep. Similarly, Chung and Davis (2012) conducted a study on the CAST gene in 

Polypay, Targhee, and crossbred ewes and found that CAST gene polymorphism was effective on body 

weight gain and birth weight. However, there are also reports in the literature that individuals with the 

NN genotype have lower body weight than other genotypes (Khan et al., 2012). Bayraktar and Shoshin 

(2022) reported that CAST gene polymorphism was associated with body weight, body length, cidago 

height, and chest depth in a study conducted in Awassi breed animals. 

The CAST gene is known to be a candidate gene with a major effect on meat quality and tenderness. At 

the same time, the findings obtained from this study and other similar studies show that there is a 

relationship between CAST/MspI polymorphism and growth traits. These studies suggest that the CAST 

gene can be taken into consideration in future genetic breeding studies and included in breeding 

programs. 

 

Conclusion 

In the study on the determination of CAST gene polymorphism by PCR-RFLP method in Awassi and 

Akkaraman sheep raised in Osmaniye province, it was determined that animals were polymorphic in 

terms of CAST/MspI locus in both sheep breeds. While the frequency of individuals with MM genotype 

was high in both breeds, individuals with NN genotype were not observed in Akkaraman breed. This 
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study also revealed the CAST/MspI locus variation in both breeds. The findings of association analysis 

revealed that individuals with the NN genotype in the Awassi breed reached higher 90th-day live weight. 

These findings will contribute to genetic improvement by including the CAST gene in future breeding 

studies in terms of the aforementioned characters. 
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