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Abstract: This study presented the polymorphisms of the Callipyge (CLPG) and Calpastatin 

(CAST) genes, assessing their effects on the growth of Egyptian Ossimi sheep. The lambs were 

categorized into three groups based on birth weight, with each group containing 40 lambs. Whole 

blood samples were collected from 27 lambs over three consecutive seasons, with three males se-

lected per group each season. Significant differences were observed in average birth and weaning 

weight, total body gain, and daily body gain among the three Ossimi lamb groups. Genomic DNA 

was isolated to determine allele frequencies and genotypic polymorphisms in the CLPG and CAST 

genes using restriction fragment length polymorphism (RFLP). The CLPG gene was found only in 

the homozygous ++ genotype, while the heterozygous +L and homozygous LL genotypes were 

absent. For the CAST gene, the homozygous MM genotype was prevalent, with some heterozygous 

MN observed, while the NN genotype was not detected. The results indicate that the CLPG gene is 

monomorphic and unsuitable for marker-assisted selection due to its lack of association with body 

weight gain in lambs. However, the CAST gene is polymorphic and associated with increased body 

weight, suggesting its usefulness in breeding programs focused on selection and monitoring of 

polymorphisms. 
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1. Introduction 

Food security is one of the most important goals of sustainable development, and a lot of research is 

being done to find ways to provide a suitable food supply for the world's growing population. 

Protein insufficiency has frequently been identified as a major cause of child malnutrition, espe-

cially in developing countries, as it causes 50% of child deaths under the age of five (Safdar et al., 

2023). An increase in livestock production is critical to overcome the rising demands for protein, as 

meat provides 40% of dietary protein. Currently, sheep breeders' interest is focused on both the 

quantitative and the qualitative of the meat. Classic selection of sheep, using information for 

pedigree data and phenotypes to predict the breeding values, has been very successful (Sahu et al., 

2017). On the other hand, breeding values are more successful in prediction by utilizing infor-

mation on variations in DNA sequences between animals. The best understanding of the rela-

tionship between genotype and phenotype required genome analysis of polymorphisms. 

Skeletal muscles constitute more than 25 percent of a sheep's body weight (Lee et al., 2001). Three 

main factors that affect the size and rate of skeletal muscle growth include the rate of muscle pro-

tein formation, the quantity and size of skeletal muscle cells, and the rate of muscle protein deg-

radation (Khederzadeh, 2011). 

During the lambs’ growth periods, muscle mass increases because muscle tissue synthesis proceeds 

more quickly than degradation due to an increase in calpastatin activity and a decrease in calpain 

activity (Goll et al., 1998). In contrast, the activity of calpain in slaughtered animals is higher than 

calpastatin, leading to a high rate of muscle disintegration and tenderizing of the meat. 

Growth rate and meat quality are complicated traits that are controlled by a number of genes, such 

as callipyge (CLPG) and Calpastatin (CAST) genes. There are several methods for locating trait 

loci, including genome scans based on linkage mapping DNA markers and association testing 

employing candidate genes (Andersson, 2001; Sahu et al., 2017). 
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The CLPG gene was originally discovered in 1983 in a Dorset ram. It plays a crucial role in muscle 

development and is well-known for its significant effect on weight gain in sheep (Cockett et al., 

2005). This gene, located on the distal end of chromosome 18, CLPG is associated with a distinct 

type of postnatal muscular hypertrophy that is particularly localized to the pelvic region (Jackson 

and Green, 1997). This genetic mutation alters the normal growth pattern of sheep by increasing 

muscle mass. This mutation is an important factor in breeding programs to enhance meat produc-

tion. The expression of the CLPG gene can result in substantial increases in muscle yield in certain 

sheep breeds. 

The CAST is another important genetic factor in sheep and Located on the fifth chromosome, the 

polymorphism of this gene was studied in 1998 in Dorset Down sheep using the PCR-RFLP 

method. Calpastatin is crucial in regulating the cell's calpain activity. This gene is an exceptional 

marker in selection aimed at enhancing the quantity and quality of meat (Casas et al., 2006; Zhou 

et al., 2007; Ardicli et al., 2017). Critical polymorphisms in the CAST gene are associated with 

varying levels of meat quality traits such as tenderness and juiciness (Koohmaraie, 1992). High 

calpastatin levels can inhibit calpain activity, leading to improved tenderness and quality of meat 

after slaughter (Bozhilova-Sakova et al., 2020; Talebi et al. 2022; Surov et al. 2023). 

Possibility of early detection of prospective breeding animals mainly based on the relationship 

between the qualitative traits and allelic variations of marker genes (CLPG and CAST) (Kolosov et 

al., 2021). Knowing the variability in major genes among different breeds is an essential compo-

nent of genetic evaluation. Breeding strategies using DNA markers improve overall productivity 

and meat quality of sheep breeds. There is little information on the relationship between these 

genes and body weight, although numerous research have studied these gene polymorphisms in 

different sheep breeds (Mahrous et al. 2015; Ramadevi et al. 2020; Alnajm et al. 2024; San-

syzbayeva et al. 2024; Daldaban et al. 2025). This study aimed to investigate the relationship 

between CAST-MspI and CLPG-MspI gene polymorphisms and early live weights from birth to 

weaning in Egyptian Ossimi sheep. 

2. Materials and Methods 

2.1. Experimental animals 

The study was carried out between 2022 and 2023 at the Animal Production Research Station in 

Sids, located in the Bani-Suef Governorate, Animal Production Research Institute, Agricultural 

Research Center, Ministry of Agriculture, Egypt. A total of 120 Ossimi lambs were observed across 

three consecutive seasons: January, September 2022, and May 2023. The lambs were divided into 

three groups based on their birth weight, each group consisting of 40 individuals. The first group 

represented the average birth weight flock (3.10 kg), while the second and third groups included 

lambs with weights adjusted to 3.10 kg + 10% and 3.10 kg - 10%, respectively. Production traits 

analyzed included birth weight, weaning weight (kg), total body gain (kg), and average daily 

weight gain (g), based on collected data. The lambs were weighed in the early morning following a 

12-hour fasting period, with measurements rounded to the nearest 100 g. Additionally, polymor-

phism analysis was performed using blood samples collected from 27 lambs over the three seasons. 

These samples included three male lambs from each group per season. 

2.2. Blood sampling 

Three milliliters of blood were collected from the jugular veins of twenty-seven Ossimi lambs 

(three lambs from each group/season) were used to collect whole blood samples in vacationer glass 

tubes containing EDTA (1 mg/ml). Blood samples were transferred to the laboratory in an icebox 

and maintained at 4°C until further use. The protocols approved by Egypt's Biological Studies 

Animal Care and Use Committee were followed when the experiments were conducted. During the 

blood collection, all attempts were made to reduce discomfort.  

2.3. DNA extraction 

Genomic DNA was extracted from 150 μl of each blood sample using the Xanthogen method ac-

cording to Tillett and Neilan (2000). The quantified DNA was kept at −20°C until use for further 

research. 

2.4. PCR amplification of CLPG and CAST genes 

Primer sequences were designed by Invitrogen Biotechnology Co. Ltd. (USA). A total volume of 

25 μl used for PCR amplification, PCR reaction consists of 12.5 μl of Master Mix (OnePCR™), 

one μl of forward and revers primers for each gene, two μl of DNA (50 ng/μl), and 8.5 μl of sterile 

water. The PCR conditions included: pre-denaturation at 94°C for five min followed by 35 cycles 
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of DNA denaturation at 94°C for one min, annealing (CLPG, 58°C, and CAST, 60°C) for one min, 

and extension at 72°C for two min, then a final extension at 72°C for 10 min . All reactions were 

carried out using the MSLPCR13 thermal cycler (Applied Biosystems). The PCR products were 

analyzed through electrophoresis of 1.5% agarose gel prepared in 1× TAE buffer. 

  Table 1. Primer sequences used for PCR reactions in this study 

Gene Primer sequences 

Annealing 

temperature 

Product  

size (bp) 

CLPG    -F 

         - R 

5ֿ–TGA AAA CGT GAA CCC AGA AGC-3ֿ , 

5ֿ–GTC CTA AAT AGG TCC TCT CG-3ֿ 

58◦ C 

1 min 

450 

CAST    - F 

         -R 

5ֿ- GGG GCC CAA TGA CGC CAT CGA TC-3ֿ , 

5ֿ- GGT GAT CAG AAG TGC TGC TCC ACC-3ֿ 

60◦ C 

1 min 

620 

2.5. Determining polymorphisms and genotypes analysis  

The PCR products of CLPG and CAST genes (27 samples) individually, were digested using the 

Msp1 restriction enzyme (Fermentas, Germany, ER0541) according to the manufacturer’s guide-

lines. A total volume of thirty-two μl including ten μl of PCR product, eighteen μl of nuclease free 

H₂O, two μl of 10× buffer, and two μl (five units) of Msp1enzyme. After gently mixing and rotating 

down for a few seconds, the final volume of the combination was incubated for 16 hours at 37°C in 

a water bath and the reaction was stopped for 10 minutes at 65°C. Electrophoresis with 2.5 % 

Agarose gel in 1× TAE buffer at 90 V for 2 h, and staining with ethidium bromide used to verify 

restriction digestion products. Analysis of PCR digestion products of CLPG and CAST genes was 

performed, and allele and genotype frequencies were determined. 

2.6. Statistical analysis 

The SPSS program, version 16.0 (SPSS, 2007) was used to analyze the average of birth and 

weaning weight (kg), total body gain (kg), and body gain (g/day) of Ossimi lambs. The data were 

shown as means ± standard error (SE) using Duncan's multiple range test at P ≤ 0.05 (Duncan, 

1955). Expected genotypic and allelic frequencies for the CLPG and CAST genes were calculated 

using a simple gene counting method (Falconer and Mackey, 1996). 

3. Results and discussion 

3.1. Production traits of lamb 

Efficiency in the production of lamb meat is significantly influenced by production traits like birth 

and weaning weight, and daily body gain. The production traits of 120 Ossimi lambs, which are 

divided into three groups depending on average birth weight (kg), are presented in Table 2. The 

results indicated that there was a significant difference in the average of lambs’ body weight among 

the three groups. As well as between average lambs' birth and weaning weight (kg), the average 

total body gain (kg), and average body gain (gday) when comparing the three groups. The highest 

values of lambs' birth weight (kg), weaning weight (kg), total body gain (kg), and average body 

gain (g/day) were observed in the 2nd group of Ossimi lambs (3.5, 21.15, 17.65, and 196), while the 

lowest values were found in the 3rd group (2.8, 18.1, 15.3, and 170), respectively, when compared 

with those in the 1st group. On the other hand, the 1st group represents the average flock weight 

(3.10, 19.39, 16.29, and 181), respectively. Body weight is an important economic trait that in-

creases sheep productivity (Mishra, 2014). This study investigates the relationship between 

CLPG-MspI and CAST-MspI polymorphisms, which are thought to be potential predictors of early 

live weight in sheep. Several functional genes associated with growth traits have been identified as 

having a major influence on production quality and quantity (Wang et al., 2015; Zhang et al., 

2016; Jawasreh et al., 2019; Pelmus et al., 2020). 
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Table 2. Mean production traits of Ossimi breed 

                   Groups 

  Items  

1st  

Average  

2nd  

Average + 10 %   

3rd    

Average  -   10  %    
±SE 

Avg. Lambs birth weight, kg 3.10 b 3.50 a 2.80 c 0.105 

Avg. Weaning weight, kg 19.39 b 21.15 a 18.10 c 0.385 

Total body gain, kg 16.29 b 17.65 a 15.30 c 0.284 

Avg. body gain, g/day * 181 b 196 a 170 c 3.167 

                                                                  a, b, and c: Values within the same row with different superscripts show significant differences (P<0.05).*Avg. 

body gain, g/day = Total body gain, g /90 day. 

3.2. Amplification of CLPG and CAST genes 

A single fragment of approximately 450 and 620 bp of the CLPG and CAST genes nucleotide 

sequences was amplified from 27 lambs individually of the Ossimi sheep breed (Figures 1 and 2), 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Electrophoresis of PCR products (~450 bp) of the CLPG gene from Ossimi breed.  M: 100 bp DNA ladder, lanes 1-3 

(1st group), lanes 7-9 (2nd group), and lanes 4-6 (3rd group). 

Fig. 2: Electrophoresis of PCR products (~620 bp) of the CAST gene from Ossimi breed. M: 100 bp DNA ladder, lanes 

1-3 (1st group), lanes 7-9 (2nd group), and lanes 4-6 (3rd group). 
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3.3. Analysis of PCR-RFLP 

PCR-RFLP is a rapid, easy, and efficient method for genotyping single nucleotide polymorphisms 

(SNPs). It has previously been used to determine the genotype of production traits in sheep (Wilson 

et al., 2001). Msp1 restriction enzymes were used to digest the PCR products of the CLPG and 

CAST genes in order to detect any mutations. Digested products were electrophoresed on 2.5% 

agarose gel, and approximately 450 bp in length were obtained for the CLPG gene in all ossimi 

lamb samples (Figure 3). The results showed that the Ossimi lambs had a single band at ~450 bp, 

and revealed no mutation in the CLPG gene (++), Figure (3). On the other hand, PCR products of 

the CAST gene digested by Msp1 enzymes (Figure 4) were used to determine molecular markers of 

body weight (meat quality). The results showed that the 2nd group, which had the highest lamb body 

weight, had a polymorphic restriction pattern of 3 distinct bands with ~620, ~330, and ~280 bp. In 

the 1st group (average of the flock) and 3rd group (the lowest body weight), the restriction pattern 

consisted of 2 bands with ~330 and ~280 bp. Table 3 shows the genotype of the CLPG gene and 

allele frequencies based on Msp1 enzyme digestion. According to the results of Msp1 enzyme, the 

allele frequencies of CLPG gene were 1.0 and 0.0 in Ossimi lambs for + and L, and the frequencies 

of genotype ++, +L, and LL were 1.0, 0.0, and 0.0, respectively. The genotype and allele fre-

quencies of the CAST gene, based on Msp1 digestion, are shown in Table 3. The allele’s fre-

quencies of the CAST gene were 0.83 and 0.17 in the M and N genotypes of Ossimi lambs, and the 

frequencies of genotype MM, MN, and NN were 0.689, 0.282, and 0.029, respectively. Previous 

studies and our study on the polymorphism of CAST-MspI in different sheep breeds suggest the 

M allele is most likely the wild-type allele, while the N allele appears the mutant form (Daldaban 

et al., 2025). 

Table 3. Expected genotype and allele frequencies of the CLPG and CAST genes in Ossimi breed 

Restriction 

enzyme 

Sheep 

breed 

No of 

Lambs 
Gene 

Expected genotype 

frequencies 

Allele 

frequencies 

Msp1 Ossimi 27 

CLPG• 

++ +L LL + L 

1.0 0.0 0.0 1.0 0.0 

CAST•• 

MM MN NN M N 

0.689 0.282 0.029 0.83 0.17 

• Observed genotype: ++= 27 Lambs, +L= Zero lambs, and LL= Zero lambs (CLPG gene). 

•• Observed genotype: MM= 18 Lambs, MN= 9 Lambs, and NN= Zero lambs (CAST gene). 

The polymorphism of the CLPG gene (++), Figures (3), indicates the absence of mutation in this 

gene. It can be assumed that the cause of an increase in body weight in Ossimi lambs at the weaning 

age (90 days) in the 2nd group might be due to the effect of CAST gene mutations. The results 

obtained are consistent with those reported by Pomitun et al. (2019) in Prydniprovska meat sheep 

and in Egyptian sheep breeds (Ibrahim et al., 2015; Mahrous et al., 2016). 
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3.1. Subsection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Restriction fragments of the CLPG gene (~450 bp) were partially digested with Msp1 enzyme from Ossimi 

breed. 

M: 100 bp DNA ladder. 

Lanes 1- 9: Ossimi lambs of the ++ genotype (homozygous genotypes). 

lanes1-3 (1st group), lanes 7-9 (2nd group), and lanes 4-6 (3rd group). 

 

Fig. 4: Restriction fragments of the CAST gene (~620 bp) were partially digested with Msp1 enzyme from  

Ossimi breed. 

M: 100 bp DNA ladder. 

Lanes 1-3 (1st group), lanes 7-9 (2nd group), and lanes 4-6 (3rd group) 

Lanes 1-6: Ossimi of the MM genotype, fragments (330 and 280 bp). 

Lanes 7-9: Ossimi lambs of the MN genotype, fragments (~620, ~330 and 280 bp). 
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The genotypic distribution of the main genes in livestock must be evaluated to provide a basic genetic data set 

through several sheep breeds raised in Egypt. In this regard, one of the most well-known and widely used 

major genes in animal breeding is CAST. The polymorphic calpastatin gene affected longissimus muscle 

width and final body weight in Awassi sheep (Jawasreh et al., 2019). Sheep’s body weight and growth were 

influenced by the genes for Thyrotropin Releasing Hormone Degrading Enzyme (TRHDE) and Myocyte 

Enhancer Binding Factor 2B (MEF2B) (Zhang et al., 2016; Gebreselassie et al., 2020; Pelmus et al., 2020; 

Hoda et al., 2022). Calpastatin gene mutations can cause the inhibition of its activity; this may lead to an 

increase in calpain activity, which in turn may increase myoblast proliferation in living cells and protein pro-

liferation, both of which may improve meat productivity's quantitative and qualitative indices (also known as 

"meat tenderness") (Pomitun et al., 2019). Several studies have demonstrated that CAST-MspI and 

CLPG-MspI polymorphisms are crucial for achieving an individual's genetic potential with regard 

to early live weight gain and enhancing sheep production efficiency (Daldaban et al., 2025).  

4. Conclusions 

This research emphasizes the importance of molecular markers in Egyptian Ossimi sheep breeding 

programs. No mutations or polymorphisms were recorded in the CLPG gene, indicating that it 

cannot be used as a molecular marker for production traits in this breed. On the other hand, pol-

ymorphisms and mutations were identified in the CAST gene, indicating that it represents a reliable 

molecular marker for predicting meat production in the Ossimi breed. We also recommend con-

ducting future experiments to explore new mutations and their potential impact on productive traits 

in Egyptian sheep. 
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