
 Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)                           

Volume 4, Number 3, September, 2024 

ISSN (Print): 2811-1885; ISSN (Online): 2811-1893 
 

187 

EFFECTS OF MUTATIONS OF MYOSTATIN (MSTN) GENE IN  

BREEDS OF SHEEP IN NIGERIA 

Zakka, T. E., Mancha, Y. P., Bello, K. M., Garba, A. M. and Luka, P. N. 

Department of Animal Production, Faculty of Agriculture and Agricultural Technology                

Abubakar Tafawa Balewa University, Bauchi, Nigeria. 

Corresponding Author’s Email: znasamu@gmail.com, GSM: 07040507547 

 

 ABSTRACT 

Growth Differentiation Factor 8 (GDF8), also known as myostatin, is a member of the 

Transforming Growth Factor β (TGFβ) superfamily. It has been reported to act as a negative 

extracellular regulator and a significant negative regulator of skeletal muscle mass, muscle 

growth, and development. This research was carried out to identify the effects of molecular 

genetic variation of the myostatin (MSTN) gene in breeds of sheep in Nigeria, using, in silico 

tools. A total of eight myostatin (MSTN) nucleotide sequences were retrieved from NCBI 

(National Centre for Biotechnology Information) website (www.ncbi.nlm.nih.gov) it was 

aligned, translated, and compared using Clustal W from MEGA to find genetic distances and 

evolutionary relationships. BLAST tool was used to align and identify the mutations of the 

sequences considered. The variation in sequence length base pairs (bp) were 511 and 580 bp. 

Functional analysis of missense mutations using SIFT identified twenty-one (21) amino acids 

substitutions in the myostatin (MSTN) gene sequences. (18 were tolerant or beneficial while 3 

were deleterious or harmful). There were 7 Essential to Essential substitutions, 5 Essential to 

Non-Essential substitutions, 4 Non-Essential to Non-Essential substitutions, 5 Non-Essential 

to Essential substitutions. The beneficial mutations were more prevalent than the harmful 

mutations. There should be Implementation of selective breeding strategies to propagate the 

beneficial mutations identified, enhancing muscle growth and meat yield in breeds of sheep in 

Nigeria. 
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INTRODUCTION  

Meat products from ruminants like sheep play vital role in the agricultural sector of 

most countries (Selvaggi et al., 2015). The Food and Agriculture Organization (FAO, 2023) 

reported that the economic importance of sheep in developing nations cannot be 

overemphasized. Sheep, with their small body size, high productive capacity, and rapid growth 

rates, are ideally suited to production by resource-poor smallholders. FAO (2023) further 

highlighted that in sub-Saharan Africa, sheep provide almost 30 % of the meat consumed and 

around 16 % of the milk produced. Sheep contribute about 50 % of the total domestically 

produced meat in Nigeria, which possesses about 22.1 million sheep (FAO, 2023). However, 

the lack of genetic information has prevented farmers from optimizing the full potential of 

sheep breeds in Nigeria.                                                                                                                   

Decisions on applying marker-assisted selection (MAS) for genetic improvement of 

any breed must consider traits of economic value and the specific identification of genes 

associated with those traits (Li et al., 2006). The myostatin (MSTN) gene, also known as the 

growth differentiation factor-8 gene, is expressed in skeletal muscle and inhibits muscle growth 

(Bellinge et al., 2005). Located on chromosome 2 in sheep (Archibald et al., 2010), loss of 

functional myostatin causes the "double muscled" phenotype in various species, including 

sheep (McPherron and Lee, 1997; Grobet et al., 1998; Broad et al., 2000). Mutations in the 

mailto:znasamu@gmail.com
http://www.ncbi.nlm.nih.gov/


 Nigerian Journal of Agriculture and Agricultural Technology (NJAAT)                           

Volume 4, Number 3, September, 2024 

ISSN (Print): 2811-1885; ISSN (Online): 2811-1893 
 

188 

myostatin gene are linked to the muscular hypertrophy allele in double-muscled breeds 

(Kambadur et al., 1997), presenting an opportunity to enhance processing yields using gene 

knockout technology (Kocabas et al., 2002). Mutations in the myostatin gene have been 

reported in sheep breeds such as Kemieniec, Pomeranian, Medras, and Mecheri, with 

heterozygotes showing higher body weight (Amiya et al., 2017). Most studies on Nigerian 

sheep breeds are morphological (Agaviezor et al., 2012; Asamoah and Sam, 2016), resulting 

in a scarcity of molecular markers and making genetic improvement programs challenging. 

Thus, examining the myostatin (MSTN) gene and its variants in breeds of sheep in Nigeria is 

crucial for identifying animals with desirable genotypes for future selection programs, 

particularly in MAS for economic traits. These genetic markers will be valuable for selection 

and breeding programs, as variations in the non-coding regions of the myostatin (MSTN) gene 

relate to muscle growth and meat quality traits in sheep, impacting the gene. 

 

MATERIALS AND METHODS  

The Study Area  

This study focuses on, in-silico analysis of the myostatin (MSTN) gene in the breeds of 

sheep in Nigeria. The research utilizes several bioinformatics tools to understand the 

evolutionary relationships, genetic distances, sequence similarities, and potential effects of 

mutations in the myostatin (MSTN) gene sequences. All analysis were done with 

bioinformatics software programs namely; MEGA (molecular evolutionary genetics analysis 

tool); BLAST (Basic local alignment search tool); and SIFT (sorting intolerant from tolerant) 

which were installed in the computer and optimized. 

Myostatin (MSTN) Sequences of Breeds of Sheep in Nigeria 

Eight myostatin (MSTN) gene sequences were analyzed, with two sequences each from 

West African Dwarf (W.A.D), Uda, Balami, and Yankasa breeds. These sequences were 

retrieved from the NCBI GenBank (www.ncbi.nlm.nih.gov) with the following accession 

numbers; MZ065344.1, MZ065345.1, for WAD; MZ065339.1, MZ065340.1, for Uda; 

MZ065334.1, MZ065335.1, for Balami; and MZ712587.1, MZ712588.1, for Yankasa. 

Sequence Alignment and Translation 

Sequence alignment, translation, and comparison were performed using ClustalW 

(Larkin et al., 2007) from MEGA with the IUB substitution matrix, a gap open penalty of 15, 

and a gap extension penalty of 6.66.  

Identification of Mutations of Myostatin (MSTN) Gene Sequences Selected 

To identify mutations of myostatin (MSTN) gene sequences, the Basic local alignment 

search tool (BLAST)x algorithm on the NCBI BLAST website (www.ncbi.nlm.nih.gov) was 

accessed. Myostatin gene sequence was pasted into the "Enter query sequence" field 

maintaining default parameters, then standard non-redundant protein sequence databases were 

selected, and the BLASTx algorithm was ran to compare the query sequence to the selected 

database. The pairwise with dots alignments was selected to identify mutations and similarities 

between the query sequence and matched sequences. One of the most common means to search 

sequence databases is through sequence similarity with known sequences. The mechanisms for 

the sequence similarity search tools available include Blast (Altschul et al., 1990). 

Characterization of Variations of Myostatin (MSTN) Gene Sequences Selected 

To characterize gene variants, we used the SIFT (Sorting Intolerant from Tolerant) tool 

(https://sift.bii.a-star.edu.sg). The protein sequence was entered into the SIFT input field, and 

the appropriate database and parameters were selected. SIFT predicted the effects of amino 

acid substitutions on protein function, using a threshold value of ≤ 0.05. Substitutions scoring 

less than 0.05 were deemed deleterious, while those scoring higher were considered tolerant. 

http://www.ncbi.nlm.nih.gov/
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SIFT, which uses UniProt as protein reference database, is a widely used algorithm for 

predicting the functional effects of amino acid substitutions (Ng and Henikoff, 2001; Thomas 

et al., 2003). 

 

RESULTS AND DISCUSSION 

Results Retrieved Sequences and Base pairs 

The variation in sequence length of was not significant between the breeds of sheep, 

with all the breeds having the same base pair (511), except for Yankasa, which had 580bp per 

sequence (Table 1). All these sequence lengths partial coding sequences (partial CDS) because 

they had less than six thousand base pairs (<6000 bp) each. Variability might arise from DNA 

duplication, rearrangement, short tandem repeats (STR), insertions, or deletions (indels). 

Sequences MZ065344.1, MZ065345.1, MZ065339.1, MZ065340.1, MZ065334.1, and 

MZ065335.1 have 511 bp and come from exon 1, while MZ712587.1 and MZ712588.1 have 

580 bp and are from the promoter region. Such variability can lead to unique structures and 

biological activities among individuals (Bhattacharya et al., 2008). 

 

Table 1: Breeds, Accession Number, and Base Pairs of Myostatin (MSTN) Gene 

Breeds Ascension number Base Pairs 

WAD MZ065344.1 

MZ065345.1 

 

511 

511 

UDA MZ065339.1 

MZ065340.1 

 

511 

511 

 

BALAMI MZ065334.1 

MZ065335.1 

 

511 

511 

YANKASSA MZ712587.1 

MZ712588.1 

580 

580 

 

Sequence Alignment 

The myostatin gene sequences were aligned without gaps, indicating high similarity 

and conservation among the sequences. This lack of gaps suggests minimal evolutionary 

insertions or deletions, allowing for seamless alignment (Durbin et al., 1998; Mount, 2004). 

Proper alignment parameters, such as gap penalties, also contribute to minimizing gaps 

(Thompson et al., 1994). For short sequences, fewer variations necessitate gaps, further leading 

to smooth alignments (Higgins and Sharp, 1988). 

Genetic Distances  

The genetic distances revealed the relationship between the four breeds of sheep in 

Nigeria. It showed that Balami and Uda were closer with a distance of 0, which was attributed 

to the fact that Balami and Uda had a common ancestor. This result was similar to Yunusa on 

morphology of breeds of sheep in Nigeria who reported that Balami and Uda were the closest 

(Yunusa et al., 2013). Yankasa and Balami had a maximum distance of 0.568693 even though 

they had a common ancestor. This result is similar to Abubakar on genetic diversity of breeds 

of sheep in Nigeria who reported that Yankassa and Balami had the farthest distance (Abubakar 

et al., 2020) (Table 2).  Nei (1987) expounded the concept by stating that genetic distance is 

“the extent of gene differences between populations or species that is measured by some 

numerical quantity.” A second definition was given by Beaumont et al., (1998). They defined 
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genetic distance as a “quantitative measure of genetic difference, be it at the sequence level or 

the allele frequency level that is calculated between individuals, populations or species.’’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Genetic Distances in the Sequences Considered 

 WAD1 WAD2 UDA1 UDA2 BAL1 BAL2 YAN1 YAN2 

WAD1         

WAD2 0.006        

UDA1 0.012 0.006       

UDA2 0.012 0.006 0.000      

BAL1 0.012 0.006 0.000 0.000     

BAL2 0.376 0.367 0.376 0.376 0.376    

YAN1 0.018 0.012 0.006 0.006 0.006 0.385   

YAN2 0.222 0.214 0.208 0.208 0.208 0.569 0.214  

Figure 1: Phylogenic Relationships of Sequences Considered using UPGMA Bootstrap 

Concession Tree.  

 

Nei Genetic Distance: West African Dwarf (Wad), Balami (Bal), Yankasa (Yan) 

Evolutionary Relationships 

The UPGMA consensus tree in Figures 2 and 3 showed that the first node, which carried 

Balami and Uda, were closer to a common ancestor than the others. The last node, which 

carried Yankasa and Balami, also had a common ancestor. The evolutionary relationships in 

Figures 2 and 3 indicated that breeds coming from the same nodes had a common ancestor. 

The sequences considered for the myostatin (MSTN) gene showed that seven nodes stemmed 

from the root. Balami 1 and Uda 2, West African Dwarf 1 and West African Dwarf 1, Yankasa 

1 and Uda 1, and Balami 2 and Yankasa 2 all had a common ancestor. However, the node of 

interest was the first node, which carried Balami and Uda, indicating they were more 

homologous to the ancestors of breeds of sheep in Nigeria, similar to the report by Yunusa et 

al., (2013). 
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Figure 2: Phylogenic Relationships of the Sequences Considered using UPGMA Bootstrap 

Concession Tree 

 

Characterization of Mutations in the Sequences Considered 

There were twenty-one (21) amino acids substitutions of myostatin (MSTN) gene sequence 

considered. Eighteen (18) were tolerant, namely: Lysine 49 Threonine, Phenylalanine 13 

Isoleucine, Phenylalanine 7 Tyrosine, Leucine 16 Isoleucine, Lysine 36 Glutamic, Leucine 43 

Methionine, Asparagine 48 Threonine, Asparagine 49 Lysine, Leucine 51 Serine, Arginine 31 

Glutamic, Proline 55 Alanine, Glycine 56 Isoleucine, Threonine 58 Isoleucine, Proline 59 

Glutamic, Serine 60 Isoleucine, Lysine 36 Glutamic, Leucine 43 Methionine, and Arginine 57 

Lysine were tolerant. Three (3) substitutions, namely; Glutamic 34 Glycine, Arginine 45 

Glycine, Tyrosine 9 Cysteine, were deleterious (Table 3). 

 

Table 2: Characterization of Myostatin (MSTN) Sequences Considered 

Variants  SIFT Score   Effects 

Lysine 49 Threonine 0.17 Tolerated 

Glutamic 34 Glycine 0.00 Deleterious 

Phenylalanine 13 Isoleucine 0.06  Tolerated 

Arginine 45 Glycine 0.00 Deleterious 

Phenylalanine 7 Tyrosine 1.00 Tolerated 

Tyrosine 9 Cysteine 0.00 Deleterious 

Leucine 16 Isoleucine 1.00 Tolerated 

Lysine 36 Glutamic 1.00 Tolerated 

Leucine 43 Methionine  0.12 Tolerated 

Asparagine 48 Threonine 1.00 Tolerated 

Asparagine 49 Lysine 1.00 Tolerated 

Leucine 51 Serine 0.17 Tolerated 

Arginine 31 Glutamic  1.00 Tolerated 

Proline 55 Alanine 1.00 Tolerated 

Glycine 56 Isoleucine 1.00 Tolerated 

Threonine 58 Isoleucine 1.00 Tolerated 

Proline 59 Glutamic 1.00 Tolerated 

Serine 60 Isoleucine 1.00 Tolerated 

Lysine 36 Glutamic 1.00 Tolerated 

Leucine 43 Methionine 1.00 Tolerated 

Arginine 57 Lysine  1.00 Tolerated 

Sift score of < 0.05 is deleterious, while score of > 0.05 is tolerated. 
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The SIFT algorithm predicts the impact of amino acid substitutions on protein function 

based on the conservation of amino acids within a protein family. It assumes that well-

conserved positions are crucial for protein function, thus substitutions at these positions are 

likely to be deleterious. For instance, substitutions from hydrophobic to hydrophilic amino 

acids or vice versa may be tolerated or deleterious depending on the protein's requirements. 

SIFT assigns a score to each substitution, with scores below 0.05 indicating a prediction of 

deleterious impact, though some suggest using a threshold of 0.1 for better sensitivity. This 

computational approach aids in identifying functional mutations in genetic studies, 

distinguishing beneficial mutations from those that reduce fitness, and is valuable in both 

human and animal genetics research (Tariq et al., 2013). 

 

CONCLUSION AND RECOMMENDATIONS  

It was concluded from the study that; the sequence length of the myostatin (MSTN) 

gene in breeds of sheep in Nigeria varies between 511 and 580bp and within these breeds of 

sheep in Nigeria, there were both beneficial and harmful mutations in the myostatin (MSTN) 

gene. The beneficial mutations were more prevalent than the harmful ones. The study 

recommended selective breeding strategies to propagate the beneficial mutations identified, 

enhancing muscle growth and meat yield in breeds of sheep in Nigeria. 
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