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ABSTRACT

The economic success of small ruminant based livestock production system depends on the factors affecting the muscular 
growth. Therefore, the present study was carried out in one of the potential ovine meat genotype, i.e., Magra sheep breed, to 
investigate the role of growth regulating myostatin (MSTN)gene on body weight of Magra lambs at different stages through 
single nucleotide polymorphisms (SNP’s) based marker.Genomic DNA was isolated from whole blood of randomly selected 
Magra sheep (N=74) maintained at Livestock Research Farm, CSWRI, Bikaner campus through spin column method. A 311bp 
fragment comprising intron 2 region of MSTN gene was amplified through designed homologous primers (GenBank accession 
number JN856480) at an annealing temperature of 54°C. Initial screening of collected specimen was carried out through 
single stranded conformation polymorphism (SSCP) based marker on 8% non-denaturing polyacrylamide gels to detect the 
polymorphic individuals. Sequencing and clustal analysis was carried out in order to detect SNP’s responsible for genetic 
variation among individuals. The three conformational patterns detected were observed to be the result of substitution of five 
different nucleotides substitution in the amplified fragment. Association analysis revealed significant role of heterozygotic 
SNP’s conformation (CTAAA/TATGT) on body weight of Magra sheep at 3 and 6 months of age in comparison to homozygotic 
genotypic pattern, TATGT/TATGT. The present study concluded that genetic variability in intron- 2 region of MSTN gene in 
Magra lamb significantly affects body weight at specific stages of life.

HIGHLIGHTS

 m Single stranded conformation polymorphism (SSCP) was used for purification of MSTN gene.
 m Genetic variability in intron- 2 region of MSTN gene in Magra lamb significantly affects body weight.
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A faster growth rate in small ruminants ultimately 
determine their meat producing capability up to marketing 
age and an overall economic success of producing system 
(Abbasi et al., 2012). Magra breed of sheep with breeding 
tract in eastern and southern areas of Bikaner, and 
adjoining areas of Nagaur, Jhunjhunu and Churu district 
of Rajasthan state (Acharya, 1982) is considered as one of 
the best sheep breed of India as it produces heavier lamb 
in terms of body weight (Narula et al., 2009). Myostatin 
(MSTN) gene, also called Growth and Differentiation 

Factor 8 (GDF 8) a member of the transforming growth 
factor-β super family, plays an important role in the 
regulation of muscle growth and meat quality (Zhang et 
al., 2012). Ovine MSTN gene is located at the end of the 
long arm (2q32.2 locus) of chromosome 2 (Dimitrova et 
al., 2016). Variation in gene structure of ovine MSTN gene 
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had an important role in muscular development that may 
regulate the expression of target genes, thereby changing 
the composition of muscle fibers and causing a variation 
of muscle weight (Chen, 2008; Elkorshy et al., 2013). 
The different exons of the MSTN gene were found to be 
highly conserved among all species (Dehnavi et al., 2012; 
Dimitrova et al., 2016; Agrawal et al., 2017a; Agrawal et 
al., 2017b) however, a number of studies in sheep reported 
significant impact of polymorphism in intron- 2 of MSTN 
gene on body weight (Dehnavi et al., 2012; Trukhachev et 
al., 2015) with highest estimated additive breeding value 
for weaning weight was observed in Baluchi sheep for 
genetically variable intronic region (Ansary et al., 2011).

The low sensitivity (70% to 80%) and requirement of 
considerable skill and labour in SSCP marker analysis 
(Kunhareang et al., 2009) for detection of single 
nucleotide polymorphism (SNPs) suggest to adopt direct 
gene sequencing as the gold-standard approach and have 
almost 100% sensitivity for genotyping analysis (Laurie 
and George, 2009). The genetic diversity in Myostatin 
gene of Magra sheep could explain partial source of 
variation in growth traits. Therefore, in order to detect 
effective nucleotide substitution influencing body weight 
during initial stages of Magra lambs, the present study 
was designed to analyze the genetic variation in intron-2 
of MSTN gene in Magra sheep through sequence analysis 
and their subsequent association with body weight after 
SSCP based screening.

MATERIALS AND METHODS

Sample collection

Contemporary and apparently healthy male Magra lambs 
(n=74) with no history of any illness in the past six 
months were randomly selected from flocks with most 
distant genetic background on the basis of available 
pedigree information from Magra Sheep Farm maintained 
at Livestock Research Farm of CSWRI, Bikaner.The 
blood samples (2ml) were collected from jugular vein in 
vacutainer tubes containing EDTA as an anticoagulant. 
The information on body weight from birth to 6 months 
of age was also collected along with the respective 
blood samples. Uniform feeding practices with full 
grower ration were adapted for all the studied animals. 
All animals were kept in optimal ventilated conditions 

with proper and timely vaccination and deworming. The 
genomic DNA was extracted by spin column method 
as per manufacturer’s protocol. The quality and the 
concentration of DNA were checked on 0.8% agarose and 
Nano Drop spectrophotometer, respectively.

PCR amplification

A set of amplification primer pair (F-5’CAC ATT TTT 
CCC CCA GAA GAG3’; R-5’AAG ACA GTT CAG AAA 
ATA GCT GG3’) was designed based on the homologous 
ovine MSTN gene sequences available at NCBI BLAST 
(GenBank accession No. JN856480) using primer 3 
software to amplify the 311bp fragment comprising intron- 
2 region of MSTN gene. Amplification reactions for each 
fragment was done by using the following constituents: in 
a final volume of 25μl containing 5X PCR buffer (5μL), 
1 unit of TaqDNA polymerase (0.2μL), 10mM each 
of dNTPs (0.5μL), 25mM MgCl2 (2.5μL), 100pMol of 
each primer (0.5μL) and 100 ng of template DNA (2μL). 
Amplification was performed in a thermal cycler with the 
following programme; after an initial denaturation step at 
95°C for 5 min, 35 cycles were programmed as follows: 
94°C for 45 seconds, 54°C for 60 seconds, 72°C for 60 
seconds and final extension at 72°C for 10 min. Gradient 
PCR approach was adopted to determine the optimum 
number of cycles and annealing temperature with the use 
of negative controls during each batch of amplification to 
observe any contamination during process. The amplified 
DNA fragments were stained with ethidium bromide and 
visualized on 1.5% agarose gel under gel documentation 
system with standard molecular marker.

Sequencing and sequence analysis

The different SNP’s responsible for genotypic 
conformation of MSTN intron- 2 region in Magra 
sheep were identified through Sanger dideoxy chain 
termination sequencing method and sequence analysis of 
at least five representative samples of each detected SSCP 
conformational pattern. SSCP marker based screening 
was carried out on 8% non denaturing polyacrylamide 
gels (120V/7h/4oC) using denaturing solution containing 
800μL formamide (99%), 100μL loading dye, 100μL 
glycerol (98%), 3μL 0.5M EDTA, and 2μL 10M NaOH. 
Forward and reverse sequences of each gene fragment 
was assembled against the most closely related reference 
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sequence of respective gene to obtain total sequence length 
and similarity was looked into the non-redundant database 
with BLAST algorithms (http://www.ncbi.nlm.nih.gov/
BLAST). The nucleotide sequence of the amplified 
fragment was submitted to NCBI database to obtain the 
accession number. Multiple sequence alignment (MSA) 
and sequence analysis was carried out using Clustal X2 
and Bioedit (v 7.0.7.1) bioinformatics tools to identify 
SNP’s between different genotypic patterns.

Association analysis

The statistical analysis for association of SNP’s pattern 
with body weight was carried out using General Linear 
Model (GLM) of SPSS software ver. 20.0 (SPSS Inc., 
Chicago, IL, USA) by following statistical model:

Yij = µ + Gi+ eij

where, Yij = body weight of the jth animal of ith genotype, 
µ = overall mean, Gi = fixed effect of ith genotype, eij = 
random error, NID (0, σ2).

RESULTS AND DISCUSSION

Sequencing and sequence analysis of the three 
conformational patterns (‘AA’, ‘AB’ and ‘BB’) for intron- 
2 region of MSTN gene in Magra sheep revealed the 
presence of two alleles ‘A’ and ‘B’ (Fig. 1).

Fig. 1: SSCP conformational patterns of MSTN intron- 2 region 
in Magra sheep

Clustal analysis of sequenced region detected the presence 
of five variable nucleotides positions between allele ‘A’ 

(Accession No. MF069177) and ‘B’ (Accession No. 
MF069178) when compared with reference sequence 
(Gene Bank Accession no. JN856480) of Ovis aries (Fig. 
2). The conformational pattern ‘AA’ of Magra sheep 
revealed 100% similarity in nucleotide sequence with the 
reference sequence.The number of SNP’s detected in the 
present study was low in numbers (n=5) than the seven 
SNP’s detected by Xiang-Long et al. (2006) in the similar 
region.
 
10         20         30         40         50              
                   ....|....| ....|....| ....|....| ....|....| ....|....|  
O. aries[JN856480] CACATTTTTCCCCCAGAAGAGTGAAATATTTGTTAAAATTCTTTTGCTTA 
Allele A .................................................. 
Allele B           .................................................. 
Clustal Consensus************************************************** 
 
                            60         70         80         90        100             
                   ....|....| ....|....| ....|....| ....|....| ....|....|  
O. aries[JN856480] GTAAAGCAGAAAAATAAACTCTAAAAGTTATAATTAAAATAAAATGCTTT 
Allele A           .................................................. 
Allele B           ....................T.......A..TG..T.............. 
Clustal Consensus******************** ******* **  ** ************** 
 
                           110        120        130        140        150         
                   ....|....| ....|....| ....|....| ....|....| ....|....|  
O. aries[JN856480] TACTTATAGAAATTAACTAGATATATGTTTAGGTTTATATACTATTAAAT 
Allele A           .................................................. 
Allele B           .................................................. 
Clustal Consensus************************************************** 
 
                           160        170        180        190        200         
                   ....|....| ....|....| ....|....| ....|....| ....|....|  
O. aries[JN856480] ATACTATATTTAAGATCTCTCATGATAAATATGTTCCTTGTTTTATAGAC 
Allele A           .................................................. 
Allele B           .................................................. 
Clustal Consensus**************************************** ********** 
 
                           210        220        230        240        250         
                   ....|....| ....|....| ....|....| ....|....| ....|....|  
O. aries[JN856480] TATTGATGTACTGATGTATATATGTGGATTACTTTGTGAATTACTCCTAA 
Allele A           .................................................. 
Allele B           .................................................. 
Clustal Consensus************************************************** 
 
                           260        270        280        290        300         
                   ....|....| ....|....| ....|....| ....|....| ....|....|  
O. aries[JN856480] TAAAATAAAAAATTTCAGGCTAGTTAACTTGTACTACCCAGCTATTTTCT 
Allele A           .................................................. 
Allele B           .................................................. 
Clustal Consensus************************************************** 
 
                           310  
                   ....|....| . 
O. aries[JN856480] GAACTGTCTTA 
Allele A           ........... 
Allele B           ........... 
Clustal Consensus*********** 

 

Fig. 2: Multiple Sequence Alignment and clustal analysis of 
intron- 2 region of MSTN gene in Magra sheep

The different SNPs observed in intron 2 region of MSTN 
gene in Magra sheep are depicted in Table 1. Three of 
the five SNP’s detected were transversion whereas two 
detected SNP’s were transition in nature. It was observed 
that most of the SNP’s were confined within a very 
short nucleotide stretch from nucleotide base position 
71 to 86. Higher genetic variability in intron-2 region of 
MSTN gene was observed by Farhadian et al. (2011) who 
detected a total of fifteen SNPs in sixty animals of nine 
Chinese and one exotic sheep breeds. Statistical analysis 
for association of body weights at different stages with 
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different sequenced patterns revealed age specific effect 
of polymorphism of MSTN intron -2 locus on body weight 
in Magra sheep (Table 2).

Table 1: Single nucleotide polymorphisms in intron -2 region of 
MSTN gene in Magra sheep

Region Nucleotide 
positions

AA pattern BB pattern Mutation

MSTN 
Intron 2

71 C C → T Transition

79 T T → A Transversion

82 A A → T Transversion

83 A A → G Transition

86 A A → T Transversion

Magra lambs with heterozygote genotype combination 
(AB) revealed statistically higher body weight than lambs 
having recessive (BB) genotype combination (TATGT/
TATGT) (p≤0.05) however non-significant variation 
between patterns AA and AB; and AA and BB suggest 
the role of non additive gene action in enhancing the 
body weight in Magra lambs. The absence of discernible 
variation in body weight of Magra lambs at birth among 
all the detected conformational patterns indicates the role 
of maternal effect on body weight in initial stages of life.

Table 2: Association analysis of conformational pattern of 
intron -2 region of MSTN gene in Magra sheep with body weight 
at different stages

Sequencing 
Patterns

Conformational 
Patterns N

Body weight (Kgs)
Birth 3 Month 6 Month

CTAAA

CTAAA

AA 54 3.28 ± 
0.05

18.07 ± 
0.86ab

24.81 ± 
0.54ab

CTAAA

TATGT

AB 13 3.40 ± 
0.10

18.90 ± 
0.73b

27.22 ± 
1.11b

TATGT

TATGT

BB 7 3.27 ± 
0.14

16.21 ± 
1.07a

23.31 ± 
1.52a

Means with different superscripts a and b are statistically significant 
in each column (p≤0.05).

CONCLUSION

The sequence information generated for MSTN gene of 
Magra sheep would help in better understanding of growth 

traits and could support in further breeding and selection 
strategy. The sequence comparison of MSTN intron-2 gene 
of Magra sheep with other species could also elucidate the 
mechanism of growth. The present study concluded that 
genetic variability in intron-2 region of MSTN gene in 
Magra lamb affects body weight in Magra sheep at specific 
stages of life and could be useful for developing marker 
assisted selection programmes for improving weight gain 
in Magra sheep.
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