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Abstract 

This study was carried out on a sample of 49 Iraqi Arabi sheep in a slaughterhouse in the Thi 

Qar Governorate in southern Iraq . Laboratory tests were done in the physiology lab of the 

Faculty of Agriculture and the Marshes at University of Thi Qar .The study aimed to find out 

the impact of the interaction between two mutations (MSTN/T434C and CAST/T350C) on the 

Myostatin and Calpastatin genes, respectively, on some characteristics of sheep carcass and 

meat after slaughtering sheep and recording the sex and age of the animal. The results of the 

study showed a significant difference (P≤0.05) of the interaction between the two mutations 

in the characteristics of live body weight, dressing ratio and carcass diameter by the 

superiority of the CCTT genotype in the characteristic of live body weight and the superiority 

of the TTTC genotype in the characteristic of the dressing ratio, while the superiority of the 

TTCC genotype in the characteristic of the carcass diameter and neither of the two traits 

showed both the hot weight and  length of the carcass  significant differences between the 

four genotypes that appeared between the resulting interactions. Significant differences 

(P≤0.05) appeared for the effect of the interaction between the two studied mutations on the 

Myostatin and Calpastatin genes in the meat pH characteristics and the muscle fibers 

breakage index, where the TCTC interaction outweighed the TTCC interaction while it did not 

differ significantly with the other three interactions in the pH. As for muscle fiber fracture 

index, the TTCC genotype was significantly superior to the CCTT genotype, but it was not 

significantly superior to the TTTC and TCTC interference, respectively.  
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Introduction 

 Sheep are one of the important agricultural animals in Iraq, with a number of 9.350 

million heads with goats (FAO, 2010). Sheep in Iraq consist of Karady, Arabi, Awassi and 

Nuaimi breeds, all of which are classified within the family of wool sheep with a fatty tail, 

which is considered one of the most types of sheep that tolerate difficult environmental 

conditions and resistance to diseases compared to breeds others lack the fatty tail (Majid et 

al., 2003). Arabi sheep are found in most of the southern provinces of Iraq, and they constitute 

about one-fifth of the total Iraqi sheep which consider the smallest in size and the most 

resistant to difficult environmental conditions. Its wool is characterized by being one of the 

best Iraqi wools of white, brown, black and red colours, as the weight of the fleece reaches 

1,250 kg (Jayed, 2008). In general, Iraqi sheep are bred primarily for the purpose of producing 

meat, milk and wool products (Jumah. and Alkass, 2000). sheep in general contribute about 

6% of the total red meat produced in Iraq (El Fiky et al., 2017), Therefore, unremitting efforts 

are being made for the purpose of increasing production levels in livestock, especially sheep, 

and many different means have been adopted for this purpose. The use of biotechnologies as 

a means of early selection in animals of economic importance among several modern methods, 

which gave important results in the development of the reality of livestock at the global level. 

The Iraqi domestic breeds shortage genetic diversity and will therefore cofront difficulty in 

modification to changing diseases and environmental factors (Khodabakhshzadeh et al., 

2016). Therefore, the sites of genetic excellence for local breeds must be studied to preserve 

their genetic diversity, as well as knowing the most important performance characteristics 

that can be predicted at their levels based on a study animals genetically (Shojaei et al., 2010). 

Rodgers and Garikipat( 2008) indicated that within the main genes that have confirmed their 

relationship and association with many frugal characteristics  in different animal species is 

the Myostatin (MSTN) and Calpastatin (CAST) genes, where the first is called as the growth 

and differentiation factor 8 (GDF8) which located in sheep (Ovis aries) on chromosome number 

2 and is consist of three exons and two introns. Embryogenesis is the main process which 

Myostatin gene is involved, also in tissue homeostasis in  all adult animals and appear to be 

a negative regulator of growth and muscle development, and is expressed in both skeletal 

muscle in growth and adulthood and through various research shows that deletions or 

mutations in MSTN are responsible for the phenotype of double muscle (McPherron et al., 

1997). Several studies indicated that MSTN gene polymorphisms have many impacts on 

different characteristics such as reproductive efficiency, animal health, body weight, dressing 

ratio and weight gain (Paswan et al., 2014). The second gene (Calpastatin) is located on the 

fifth chromosome in sheep (Yilmaz et al., 2014). Calpastatin activity is closely related to 

muscle growth rate, meat tenderness and meat quality characteristics through its role in 

inhibiting Calpain activity and thus reducing the rate of protein degradation ( Greguła -Kania 

2012). Increasing the production of calpastatin enzyme increases muscle growth and 

distribution to the skeleton in animals during birth and this effect continues until weaning 

(Byun et al. 2008), as well as many studies indicated that there is a link between the 

polymorphisms of CAST gene with different growth traits in sheep and goats (Dehnavi et al, 

2012) and with the characteristics of the carcass (Schenkel et al, 2006). The myostatin and 

Calpastatin genes, are often expressed in skeletal muscles, they have the role of controlling 

the pervasion of muscle cells and the figuration of muscle fibers (Cieslak and colleagues. 

2003). As a hormonal negative regulator (Du et al., 2007) a mutation in myostatin gene can 

lead to a decrease in expression as in the excluded animals due to a threefold increase in their 

muscle mass due to muscle fiber hypertrophy or overexpression that leads to muscle cell 

hypertrophy (Lee and McPheron, 2001). In addition to identifying genetic polymorphisms, 

determining the levels of active gene expression in muscles can also help us understand the 

overlap and interactions with each other, and the researchers can analyze the interaction 

between the mutations and variations on Myostatin and Calpastatin and use them as an aid 
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in the genetic improvement programs for economic animals. Therefore, the aim of this study 

was to study one of these interactions between the two genes and relate it to some 

characteristics of carcass and meat in local Iraqi sheep. 

 

Materials and methods 

   This study was done in south of Thi Qar Governorate, in Suq Al-Shuyoukh district 

and included slaughtering  49 Arabi sheep (14 males and 35 females) private slaughter shop 

taked from one herd and studying main traits of the carcass and then taking a sample of 

sheep thigh meat to calculating some of the chemical characteristics in the laboratory which 

belonged to faculaty of Agriculture and Marshes / University of Thi-Qar immediately after 

taking them, as well as taking blood samples to laboratory of the Marshes Research Center in 

the University of Thi-Qar to separating the total DNA from animals blood samples and making 

a molecular examination of the target segment of the Myostatin and Calpastatin genes. The 

hot carcass weight and dressing ratio were measured after the slaughter process, as well as 

calculating the length and the diameter of the carcass of the carcass. The pH was measured 

according to the method of Attken et al. (1967) and the water carrying capacity trait was 

estimated as in Denhertog method (1997) and diameter of muscle fibers trait was estimated 

according to the method of Jeremiah and Martin (1977), and the method of Davis et al. (1980) 

was used to measuring muscle fiber fracture index trait. 

The process of DNA extraction from sheep blood samples according to the kit (Bioneer 

company) instructions. Electrophoresis was used (to ensure the hit of the DNA extraction 

process) at 70 V. and 85 mA with 30 min.,after that, the agarose gel was examined by a UV 

Gel Documentation device, and the photos of migration were taken by the installed camera. 

Primers (Table 1) were selected to knowing the  multiplicity of genes and mutations present 

in the genes. 

Table 1: Primers used in the study 

 

 

 

 

 

 

Genes  Primer sequencing  Product 

size  

Refrences 

Myostatin 

(MSTN) 

F/ 5'- TGCGGTAGGAGAGTGTTTGG - 3 

' 

R/ 5'- AAAATTGTTGAGGGGAAGACC- 

3'     

487 bp Haren et al,2019 

Calpastatin 

(CAST) 

F/5'-

TGGGGCCCAATGACGCCATCGATG- 3' 

R/5'- 

GGTGGAGCAGCACTTCTGATCACC- 3' 

 

622 bp Jwasreh et al,2016 
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The primers of the MSTN gene were made ready by the Macrogene Company, and the 

agarose gel was made ready with the same steps that used in total DNA of the samples, except 

the concentration of the agarose (1.5%) and according to the optimal conditions for the 

reaction of the MSTN and CAST genes (Table 2). After confirming the size of the PCR segment 

for the studied genes by comparing it with the standard DNA Ladder,then, 20 ml. were taken 

of the PCR product and sent to the Macrogene Company, where the samples were purified 

and then the sequencing analysis process using the technique of sanger sequencing. The 

sequencing results were received and analyzed by BLAST on the NCBI World Gene Bank 

website . 

 

Table 2: PCR amplification reactions 

Genes Stages Temperature 

(C0) 

Time (minute) Cycles 

 

 

 

Myostatin and 

Calpastatin 

Initial 

denaturation 

95 5 1 

Denaturation 95 30 second 35 

Annealing 

(MSTN) 

58  

45 second 

 

35 

Annealing 

(CAST) 

62 

Elongation  72 45 second 35 

Final extension 72 10 1 

 

The data of the study were analyzed by the statistical program (SAS) (2012), using 

complete random design (CRD) to study the impacts of each of the polymorphisms of the two 

mutations in MSTN and CAST genes respectively in the studied characteristics of Iraqi 

domestic sheep, and using Duncan's polynomial test (Duncan, 1955) to compared between 

averages. 

Mathematical model as follow: 

  Yij =µ + Gi  + Eij 

Whereas: 

Yij: the observation value ( j )of genotype ( i (. 

µ: the general range of the traits . 

Gi: polymorphism impact of the interaction between Myostatin and Calpastatin genes. 

Eij: the random error that is normally distributed with a mean of zero and a variance of 

δ2 0. 

 

Results and discussion 

In table (3) it is appear  the averages of the studied characteristics , which were close to 

the known general averages of these traits in most of the previous studies.  
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Table 3: Means and standard error (S.E.) for studied characteristics    

Variables   Mean ± S.E. 

Live body weight (kg) 37.04±2.25 

Dressing ratio (%) 44.90±1.455 

Hot carcass weight (kg) 16.90±0.966 

Carcass length (cm) 82.28±2.65 

Carcass circumference(cm)  79.79±3.77 

Meat pH 5.90±0.76 

WHC 133.67±3.33 

Fiber diameter   0.33±0.02 

MFI 1.91±0.11 

WHC: water holding capacity, MFI: myofibril fragmentation index. 

Table 4 shows the effect of the interaction between the two mutations MSTN/T434C and 

CAST/T350C in the study samples on the Iraqi sheep (Arabi) for the characteristics of  live 

weight before slaughter and the characteristics of carcass. Where it is clear that there is a 

significant difference (P≤0.05) within the four interactions between the genotypes of the two 

mutations on the myostatin and calpastatin genes obtained from this study for the 

characteristics of live body weight, dressing ratio and carcass diameter, where the overlap 

was superior to CCTT at a rate of 38.87 kg (which is the highest mean for the trait) in the 

trait. The live body weight on the TTTC interaction, which was 33.44 kg (which is the lowest 

average for the same trait). As for the dressing ratio, it was reflected in the moral superiority, 

so that the superiority was for the TTTC genotype, with an average of 49.66, compared to the 

lowest dressing ratio, which was in the CCTT genotyp, which amounted to 43.75. The TTCC 

genotype outperformed the interaction between the two studied genes in the carcass diameter 

characteristic to give the highest values, which reached 85.92 cm compared to the lowest 

(75.87 cm), which is the CCTT genotype .We did not notice any significant difference between 

the studied interactions for the characteristics of the hot weight and length of sheep carcass. 

Table 4: Effect of interaction between MSTN/T434C and CAST/T350C mutations 

on live body weight and some carcass traits. 

Mutation 

interactions 

Number  

Variables 

Live body 

weight(kg) 

Dressing 

ratio (%) 

Hot carcass 

weight(kg) 

Carcass 

length(cm) 

Carcass 

circumference 

(cm) 

TTTC 9 33.44±1.93 

b 

49.66±1.74 

a 

16.50±0.58 80.33±1.67 78.22±2.90 

ab 

TTCC 14 36.07±2.66 

ab 

44.03±1.71 

b 

16.16±1.38 84.42±3.89 85.92±4.41 a 

TCTC 9 38.50±2.49 

a 

44.00±1.42 

b 

17.30±1.49 84.11±3.27 78.90±4.72 

ab 

CCTT 17 38.87±1.97 

a 

43.75±1.15 

b 

17.56±0.92 80.58±2.29 75.87±2.82 b 

Significance  49 * * NS NS * 

TTTC: TT MSTN with TC CAST, TTCC: TT MSTN with CC CAST, TCTC: TC MSTN with TC CAST, CCTT: CC 

MSTN with TT CAST. *: (P≤0.05) , NS: non-significant.  

In table 5, significant differences (P≤0.05) appeared for the effect of the interaction 

between the two studied mutations in the pH and myofibrillar defragmentation index (MFI), 

where the TCTC interaction with an average of 6.03 outperformed the TTCC interaction (5.73) 

while it did not differ significantly with the three interactions in the adjective pH. As for muscle 
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MFI, TTCC (2.09) was significantly superior to CCTT (1.71), but it was not significantly 

superior to TTTC and TCTC, respectively. 

Table 5: Effect of interaction between MSTN/T434C and CAST/T350C mutations 

on meat chemical traits 

Mutation 

interactions 

Number  

Variables 

  PH WHC Fiber 

diameter 

MFI 

TTTC 9 5.87±0.06 

ab 

128.88±2.60 0.32±0.03 1.90±0.16 a 

TTCC 14 5.73±0.10 b 138.57±4.55 0.33±0.01 2.09±0.14 a 

TCTC 9 6.03±0.04 a 131.11±3.51 0.32±0.02 2.03±0.11a 

CCTT 17 6.01±0.08 a 133.52±4.10 0.36±0.02 1.71±0.02 b 

Significance 49 * NS NS * 

TTTC: TT MSTN with TC CAST, TTCC: TT MSTN with CC CAST, TCTC: TC MSTN with TC CAST, CCTT: CC 

MSTN with TT CAST. *: (P≤0.05) , NS: non-significant.  

There were no significant differences between the four interactions in both of WHC and 

fiber diameter traits, despite the simple arithmetic superiority of TTCC genotype for WHC trait 

and CCTT for fiber diameter trait (138.57 &0.36 respectively).  

Through the above results, it can be concluded that the interaction between the 

Myostatin and Calpastatin genes was significant in most of the studied traits, which indicates 

the possibility of relying on it in selection programs and future genetic improvement of  

carcass traits, as these genes are considered among the main genes affecting meat quality 

characteristics such as tenderness and muscle fat, as well as the importance of intensive 

study of the CAST gene is highlighted because it is assume a chosen gene and is attached 

with the characteristics of body weight and carcass (Hopkins, 2011). At the same time, the 

MSTN gene is in charge of affecting the phenotypes of meat tenderness, as well as being a 

gene that controls the proliferation of muscle cells and muscle fibers, and its excessive 

secretion leads to muscle hypertrophy, which is very related to the expression of the 

calpastatin gene, and the rate of correlation between the two genes was 0.79 in a study of the 

expression of the two genes in a number of genetic groups in Brazil (Bagatoli et al. 2013). 

 

 

 

 

 

 

 

 

  

 

http://www.ijherjournal.com/


 

MINAR International Journal of Applied Sciences and Technology 

 

172  

 

www.minarjournal.com 

 

References  

1. Attken  A., Cacey, C. J., Penny, I. F. and Volye, C. A. 1967. Effect of drying temperature 

in the accelerated freeze dried Pork. J. Sci Food Agric., 13: 439. 

2. Bagatoli  A., Gasparion E., Soares M.A.M., Amaral R.M., Marcedo F.A.F.,  Voltolini 

D.M., and Del Vasco A.P.2013.Exprission of calpastatin and myostatin genes associated with 

lamb meat quality.Genetics and Molecular Research 12(4):6168-6175. 

3. Byun  S.O., Zhou H., Forrest R.H., Frampton C.M. and Hickford J.G. 2008. Association 

of the ovine calpastatin gene with birth weight and growth rate to weaning. (2): 572-573. 

Animal G 

4. Cieslak D., Blicharski T.,Kapelanski W. and Pierzchala M.2003. Investigation of 

polymorphism in the porcine myostatin (GDF8;MSTN) gene . Czech. J. Anim. Sci. 48:69-75. 

5. Davis G.W. , Duston T.R. , Smith G.C. and Carpenter Z. L.   1980. Fragmentation 

procedure for bovine Longissimus muscle as an index of  cooked steak tenderness. J. Food 

Sci., 45:880-884. 

6. Dehnavi  E., Ahani-Azari M., Hasani S., Nassiry M.R., Mohajer M., Ahmadi A.R., 

Shahmohamadi L. and Yousefi S.2012. Association between yearling weight and calpastatin 

and calpain loci polymorphism in Iranian Zel Sheep. Iranian Journal of Applied Animal 

Science (1): 131-135 

7. Denhertog  M. J. A., Smulderes  F. J. M. and Vanknapen  F. 1997. The effect of electrical 

stimulation on the water holding capacity and protein denaturation of two bovine muscles. J. 

Anim. Sci.75: 118-124. 

8. Du R., An  X.R., Chen Y.F. and Qin J. 2007. Functional analysis of the Myostatin gene 

promoter in sheep. Sci. China Series C life Sci. 50:648-654. 

9. Duncan D.B.1955. Multiple Range and Multiple F-Tests. Biometrics,11,1-42. 

10. El Fiky Z.A., Hassan G.M., Nassar M.I.2017. Genetic polymorphism of growth 

differentiation factor 9 (GDF9) gene related to fecundity in two Egyptian sheep breeds. J. 

Assist. Reprod. Genet.34(12):1683–1690. [PMC free article] [PubMed] [Google Scholar] 

11. FAO.2010.Production yearbook. VI-Livestock numbers and      production. Food and 

Agricultural Orginization of the United Nations, Rome, Italy. 

12. Greguła-Kania M.2012. EffEct of calpastatin gene polymorphism on lamb growth and 

muscling. (1): 63- Annals of Animal Science 12 72 

13. Hopkins D.L., Fogarty N.M. and Mortimer S.I. 2011. Genetic related effects on sheep 

meat quality. Small Ruminants Res.101:160-172. 

14. Jayed T.A. and Faraj M.2008. Effect of different body measurements in reproductive 

efficiency of Arabi  sheep. journal of Basrah Researches (34).    

15. Jeremiah L. E. , and Martin A. H.1977. The influence of sex, within breed-of-sire groups, 

upon the histological properties of bovine longissimus dorsi muscle during postmortem aging. 

Can. J. Anim. Sci. 57:7-14. 

16. Khodabakhshzadeh R., Mohammadabadi  M.R., Esmailizadeh A.K., Moradi 

Shahrebabak H., Bordbar F. and Ansari Namin S. 2016. Identification of point mutations 

in exon 2 of GDF9 gene in Kermani sheep. Pol. J. Vet. Sci. 19, 281–289. 

17. Lee S.J. and McPheron A.C. 2001. Regulation of mystatin activity and muscle  growth. 

Proc. Natl. Acad. Sci.98:9306-9311. 

18. Majid S.A., Al-Murani W.K., Alkass J. E. and Al-Rawi A.A. 2003.Iraqi country report to 

the FAO, for the state of the worlds  Animal  Genetic  Resources, FAO, Rome 

19. McPherron A.C. and Lee S.J. 1997. Double muscling in cattle due to mutations in the 

myostatin gene. Proc. Natl. Acad. Sci. U.S.A., 94, 12457–1 

20. Paswan C., Bhattacharya T., Nagaraj C.,Chaterjee R. and Jayashankar M.2014.SNPs 

in minimal promoter of myostatin (GDF-8) gene and its association with body weight in broiler 

chicken. Journal of Applied Animal Research, 42(3): 304-309 

21. Rodgers  B. D., and Garikipati D. K. 2008. Clinical, agricultural, and evolutionary 

biology of myostatin: A comparative Review. Endocrine Reviews, 29, 513-534. 

http://www.minarjournal.com/


 
Volume 4, Issue 4, December 2022 

 

 

173  

 

www.minarjournal.com 

 

22. SAS.2012. Statistical Analysis System, Users Guide. Statistical. Version9.1th ed.SAS. 

Inc. Cary.N.C.USA. 

23. Schenke F.S., Miller S.P., Jiang Z., Mandell I.B., Ye X., Li H. and Wilton J.W.2006. 

Association of a single nucleotide polymorphism in the calpastatin gene with carcass and 

meat quality traits of beef caĴ le. (1): 291-299 

24. Shojaei M., Mohammadreza Abadi M., Fozi M.A., Dayani O. and Khezri A.2010. 

Association of growth trait and leptin gene polymorphism in Kermani sheep. J. Cell Mol. Res. 

2, 67–73. 

25. Yilmaz O., Sezenler T., Ata N., Yaman Y., Cemal I. and Karaca O. 2014. Polymorphism 

of the Calpastatin gene in some Turkish sheep breed. (1): Turkish Journal of Veterinary and 

Animal Sciences 38 354-35. 

 

 

26. . 

 

 

 

 

 

http://www.ijherjournal.com/

