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A B S T R A C T   A R T I C L E  I N F O   

The study aimed to investigate the CAST gene's genetic polymorphism, known as a 
candidate gene for meat quality and quantities, using the PCR-RFLP (polymerase chain 
reaction-restriction fragment length polymorphism) method in Karayaka sheep. The blood 
samples were collected from 105 animals belong to four subpopulations (Samsun, Ordu, 
Giresun, and Tokat) in Turkey’s Black Sea region provinces. The genomic DNA was 
isolated by using an extraction kit.  A fragment of 622 bp on CAST gene was amplified by 
PCR and then genotypes of the CAST gene for all individuals were determined with the 
restriction endonuclease MspI. At the end of the work, MM and MN’s genotypic 
frequencies were found to be 84 and 16% for the Karayaka breed.  While the MN genotype 
was not observed only in the Ordu subpopulation, the NN genotype was not observed in any 
subpopulations studied. As a result, the obtained findings provided information about the 
CAST gene polymorphism for Karayaka breed at the population level. This result could be 
considered for genomic selection works to improve the meat quality traits of Karayaka in 
the future. 
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INTRODUCTION  

Sheep meat is an essential mainstay for farmers in Turkey. The sheep population raised in the Black Sea region is 
estimated to be 4-5 percent of Turkey’s total sheep population 37 276 050 in 2019 (TUIK, 2019). Karayaka breed is 
raised mainly along the Black Sea region of Turkey, especially in Samsun, Ordu, Giresun, and Tokat provinces. 
Farmers highly appreciated this breed due to its high meat quality (Olfaz et al. 2005). Because of its desired meat, 
Karayaka breed attracted the attention of researchers, and the studies on the determination of its meat quality and 
carcass composition have been progressively continued (Oğan, 2000; Cam et al. 2007; Olfaz et al. 2005; Aksoy et al. 
2019).  
Meat quality is one of the most important traits in farm animals, is affected by many factors such as genetic and 
environment (Gao et al. 2007). The meat quality traits’ genetic improvement is difficult using traditional selection 
methods. Because the heritability of meat quality is low and measuring is difficult and only possible after slaughter 
(Gao et al. 2007). Determining the genes affected on meat quality and applying those to animal breeding is quite 
important for livestock breeding.  
The development of molecular techniques has led to increasing the identification of genes that affects meat quality 
(Gao et al. 2007) and economically important traits. Those improvements have led to increasing the studies of 
identifying the genes related to meat quality (Zhang et al. 2014; Sun et al. 2015; Ardicli et al. 2017; Grochowska et al. 
2019).  
Calpastatin is one of the genes which affects meat quality. Thus, it is among the most studied genes in livestock. A 
variety of studies have investigated the polymorphisms of CAST gene and its associations with meat quality traits in 
livestock (Khan et al. 2012; Yilmaz et al. 2014b; Kumar et al. 2016; Ardicli et al. 2017).  
Calpastatin was first determined in the Dorset Down sheep breed by Palmer et al. (1998). This gene is located on the 
sheep fifth chromosome and has two variants named M and N which could be detected by PCR-RFLP technique 
(Palmer et al. 1998). Calpastatin, an endogenous inhibitor of calpain, has a vital role in meat tenderness after slaughter. 
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Associations of Calpastatin gene polymorphisms with the traits of carcass, meat quality and its effects on growth have 
been reported by researchers (Nikmard et al. 2012; Suleman et al. 2012; Gregula-Kania et al. 2019). Because of these 
effects, it is known as a major gene. 
Some researchers reported polymorphisms of the CAST/MspI gene in some Turkish sheep breeds (Yilmaz et al. 2014a; 
Balcıoglu et al. 2014; Dincel et al. 2015; Ardicli et al. 2017). However, no study has included the polymorphism of the 
CAST gene at the population level in Karayaka sheep. Therefore, the present study aims to determine the frequencies 
of genotype and allele of CAST gene and evaluate those at the population level. 

MATERIAL AND METHODS 

Sampling and DNA isolation 
A total of 105 blood samples, previously collected from sheep raised in four populations; Samsun (45), Ordu (16), 
Giresun (21), and Tokat (23), were used in the present study. DNA isolations from blood was performed using an 
IDPURE Spin Column Genomic DNA MiniPrep Kit (Empire Genomics, Buffalo, NY) by following the the 
manufacturer’s instructions. 

Polymerase chain reaction (PCR)  
The PCR reaction was performed in a final volume of 20 µl containing 4 ul of 5x HOT FIREpol® Blend Master Mix, 1 
µl of each primer (10 pmol / ul), 2 µl of total DNA (30–50 ng) and finally added ultrapure water until a total volume of 
20 µl. The sheep CAST gene was amplified with the primer pairs; 5’-TGGGGCCCAATGACGCCATCGATG-3’ and 
reverse 5’GTGGAGCAGCACTTCTGATCACC-3’ using SimpliAmp thermal cycler (Applied Biosystem) (Palmer et 
al. 1999). To activate polymerase at the beginning of the PCR cycle was performed an incubation step at 95 oC for 12 
min, followed by 1 cycle of 95 oC 1 min, annealing at 64 oC for 1 min and an extraction step at 72 oC for 1 min 
followed by 35 cycles and 10 min at 72 oC as a final extraction.  

Genotyping of CAST gene 
A fragment of 622 bp of the CAST gene was digested by the restriction endonuclease enzyme MspI (EURX

®). The 
PCR products were incubated for 1 h at 37 oC in a final volume of 50 µl, involving 10 µl of PCR product, 5 µl of 10x 
ONE Buffer, 0.5 µl of BSA [100x], 0.3 µl of MspI enzyme and finally added ultrapure water until final volume and 
after digestion heated for inactivation for 20 min at 65 oC. The digested products were subjected to 3 % agarose gel 
electrophorese stained with EtBr (500 μ/ml in H2O) in Figure 1. 

Data analysis 
Allele and genotype frequencies, expected and observed heterozygosity values, and Hardy-Weinberg test for the 
studied populations were calculated using PopGene32 software program version 1.32 (Yeh et al. 2000). 

RESULTS 

In the present study, the genotype and allele frequencies, observed and expected heterozygosity values for both breed 
and the studied populations were given in Table 1. Based on the PCR-RFLP results for CAST/MspI, two genotypes 
were observed as shown in Figure 1. MM genotypes showed two bands; 287 bp and 336 bp, while MN genotypes 
showed three bands; 287 bp, 336 bp and 622 bp as seen in Figure 1. 

 

 
Figure1. Agarose gel images of the CAST/ MspI genotypes. M: 50 bp DNA ladder, Line 1-8, 10-15,17-22; MM 
genotypes, Line 9; MN genotypes 

The frequencies of allele and genotype were estimated for the studied populations and summarized in Table 1. The 
frequencies of MM and MN genotypes for Karayaka breed were calculated as 0.84 and 0.16. 
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For populations, the MM and MN genotype frequencies were estimated to be 0.78 and 0.22 for Samsun, 0.81 and 0.19 
for Giresun, 0.87 and 0.13 for Tokat, respectively. Nevertheless, MN genotype was not observed in the Ordu 
population and MM frequency was 1.0. The allele frequencies for Karayaka breed were 0.92 and 0.08 for M and N, 
respectively. Generally, M allele frequency was the highest, ranged from 0.89 in Samsun to 1 in Ordu, with a mean 
frequency of 0.92. Observed (Ho) and expected (He) heterozygosity values were 0.162 and 0.150. The highest 
heterozygosity value was observed in the Samsun population as seen in Table 1. 

Table 1. Allele and genotype frequencies, heterozygosity values for the studied populations. 

Populations N 
Allele Frequency (%) Genotype frequency (%) Heterozygosity 

P 
M N MM MN Ho He X2 

Samsun 45 0.89 0.11 0.78 0.22  0.222 0.200 0.627 NS 
Ordu 16 1.0 0.0 1 0 0.000 0.000 NE NE 
Giresun 21 0.90 0.10 0.81 0.19 0.191 0.177 0.170 NS 
Tokat 23 0.93 0.07 0.87 0.13 0.130 0.125 0.073 NS 
Total 105 0.92 0.08 0.84 0.16 0.162 0.150 0.763 NS 
Ne= not estimated, Ho = observed heterozygosity, He = expected heterozygosity X2 = Chi-square, P= probability 

DISCUSSION 

The CAST gene’s genetic polymorphisms in some Turkish sheep breeds have shown and discussed by some 
researchers (Yilmaz et al. 2014a; Yilmaz et al. 2014b; Balcıoglu et al. 2014; Dincel et al. 2015; Avanus 2015). In the 
study, MM genotype was the most common genotype (84%) while MN (16%) was the lowest. The MN genotype was 
not found in the Ordu population, and also, genotype NN was not observed in the Karayaka breed. This may be the 
result of homozygosity in the population concerning the M allele. This result agreed with those reported by Gabor et al. 
(2009) and Yilmaz et al. (2014a). 
The frequencies of MM and MN genotypes in the current study were similar to the Russian sheep breed (MM: 0.855 
and MN: 0.145) reported by Kulikova et al. (2018). The M and N allele frequencies were also found in similar to those 
(M: 0.928 and N: 0.072) in the same study. The M allele frequency in the present study was higher than being in 
Prydniprovska sheep (83%), Karakul sheep (79%), Lori sheep (63.8 %), Kajli sheep (81%), Zel sheep (75%) and 
Polish Merino sheep (76%) (Eftekhari Shahroudi et al. 2006; Khederzadeh 2011; Szkudlarek-Kowalczyk et al. 2011; 
Nanekarani et al. 2011; Khan et al. 2012; Suleman et al. 2012).  The N allele frequency was lower than those reported 
by some researchers (Nanekarani et al. 2011; Szkudlarek-Kowalczy et al. 2011; Gharahveysi et al. 2012; Suleman et al. 
2012; Pomitun et al. 2019). In the current study, the existence of the N allele was no observed only in the Ordu 
subpopulation. 
In the study, the frequency of the MM genotype was found to be higher than those in some Turkish sheep breeds, 
including Kivircik (40.0), Karakul (46.7), Akkaraman (57.2), İvesi (0.50), Güney Karaman (0.52), Sakız (9.2) and 
Karacabey Merino (66.9) (Yilmaz et al. 2014a; Avanus 2015). On the other hand, It was  similar to some studies, 
which reported Hemşin sheep (84.2), Kangal sheep (0.84), and also 0.85 for the Karayaka sheep (Yilmaz et al. 2014a; 
Avanus 2015). Chung and Davis (2012) studied the ovine calpastatin genotypes and their association with body weight 
traits in sheep. Researchers reported that the Calpastatin genotypes affected birth weight and average daily live weight 
gain (Chung and Davis 2012). Khan et al. (2012) reported in sheep that animals with the MN genotype showed higher 
weight gain than in other genotypes. Armstrong et al. (2018) have found that C/T variation on the CAST gene had 
significant effects on birth weight and growth rate in Texel sheep. On the other hand, significant associations may not 
be observed in some studies (Bayram et al. 2019; Kumar et al. 2016).  
The Chi-square analysis was performed to show if the studied populations are in Hardy–Weinberg equilibrium (HWE). 
The Chi-square results showed that the studied populations were in HWE except Ordu. Karayaka sheep was in HWE 
being similar to another study (Avanus et al. 2015).  
In the study, the observed heterozygosity (0.162) was higher than expected heterozygosity (0.150). Observed 
heterozygosity was found similar with Colombian creole hair sheep (0.154) (Montes et al. 2019) but lower than 
Bulgarian Merino sheep breed (0.53) (Sakova et al. 2020). The observed heterozygosity value was also lower than 
those reported for some Turkish sheep breeds (Sakız; 0.506, Kivircik; 0.235, Karacabey Merino; 0.262) but higher than 
Imroz breed (0.020) (Yilmaz et al. 2014a; Yilmaz 2014b). Similarly, expected heterozygosity was also lower than 
those (0.506, 0.266, 0.320) reported in these studies, but higher than the Imroz breed (0.020). 
This study is the first report comparing the populations for the CAST gene in the Karayaka sheep breed. There was no 
study comparing sub-populations of a breed for the CAST gene in Turkey. The populations’ genetic structure is 
changed by many factors such as population size, breeding method, gene flow and geographical barriers (Slatkin et 
al.1987; Troell et al. 2006; Charlesworth, 2009). When considering these genetic structure changes, further 
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investigations at population level should be done to test the associations of polymorphism with the traits of growth and 
meat quality in Karayaka and other Turkish sheep breeds.  

CONCLUSION 

The present study first revealed genetic variation of CAST gene at the population level in Karayaka sheep breed. The 
study partially showed that genetic structure can vary among different geographic locations. Therefore, the 
determination at the population level of genetic polymorphism on major genes for meat quality traits such as the CAST 
gene could be more helpful for genetic breeding programs and future studies.  
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