
Indian Journal of Animal Sciences 92 (10): 1141–1148, October 2022/Review Article
https://doi.org/10.56093/ijans.v92i10.124368

Myostatin (GDF8) gene and its intriguing role in regulating growth in poultry
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ABSTRACT

Myostatin, also called as growth differentiating factor 8 (GDF8), a negative regulator of growth in chicken has 
been characterized at nucleotide and protein level. The total length of the coding frame is 1128 bp encoding 375 
amino acids pro-myostatin consisting of first 23 amino acids forming the signal peptide, next 243 amino acids as 
pre-protein and remaining 109 amino acids forming mature peptide. The protein in dimeric form is biologically 
active in chicken. This gene harbours many SNPs at promoter, 5’-UTR, exons, introns and 3’-UTR across the 
breeds of chicken in which coding region had higher level of polymorphism than non-coding regions. The SNPs had 
significant association with many economic traits such as growth traits, carcass traits, and immune response traits. 
The body weights of poultry can be rapidly enhanced by knocking down the expression of myostatin gene by RNAi 
and knocking out the gene by gene-editing, and in one generation more than 26% improvement in body weight 
was achieved. It is concluded that myostatin has been a promising molecule associated with controlling growth in 
chicken which may be considered to determine genetic markers for growth and other economically important traits 
for further use in selection programme, and to improve growth traits rapidly by inhibiting its expression through 
RNAi and gene editing in poultry. 
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Skeletal muscle is the most commercially important 
tissue in meat-producing animals, serving as a quality 
protein source for human. Hence, it is important to improve 
muscle growth in animals where growth has been known 
to be controlled by multiple genes including  major genes 
such as growth hormone (GH), growth hormone receptor 
(GHR), insulin like growth factors (IGFs), insulin like 
growth factor binding proteins (IGFBPs), follistatin 
(FSTN) (Dushyanth et al. 2016a, b), bone morphogenetic 
proteins (BMPs) (Divya et al. 2018), myostatin (MSTN) 
(Bhattacharya et al. 2013), activin receptor type IIA 
(ACVR2A) (Satheesh et al. 2016), and activin receptor type 
IIB (ACVR2B) (Guru et al. 2016, Vishnu et al. 2016). The 
myostatin is also called as growth differentiating factor 8  
(GDF8). However, these genes can be classified into two 
groups such as positive regulatory and negative regulatory 
genes. The major positive regulatory genes of growth are 
GH, GHR, IGFs and their receptors viz. insulin like growth 
factor receptors (IGFRs), IGFBPs, FSTN, BMPs and their 
receptors (Bhattacharya et al. 2015a, Dushyanth et al. 
2016a, Divya et al. 2018). The major negative regulatory 
genes are myostatin and its receptors viz. ACVR2A, and 
ACVR2B (Bhattacharya et al. 2015b, 2019). The positive 

regulators mostly act through their receptors for increasing 
growth of animals by enhancing muscle mass during both 
embryonic and post-embryonic periods. Similarly, negative 
regulators act through their receptors for exerting their 
biological functions through inhibiting muscular growth 
(Bhattacharya et al. 2016). Myostatin being one of the most 
powerful negative regulators of growth acts through its 
receptors viz. ACVR2A and ACVR2B (Bhattacharya et al.  
2019, Satheesh et al. 2016, Guru et al. 2016). 

Conventional selection has been applied rigourously 
for more than 50 years in poultry field for improving 
the desired economic traits like growth, egg production, 
skeletal integrity, and immune response traits. We 
have achieved remarkable improvement in growth and 
production traits in pure line chicken through traditional 
selection, but, rate of genetic gain in this process was 
slow over the last 50 years. In pure chicken lines, the 
enhancement of growth and egg production may lead to the 
appearance of certain undesired traits such as muscle and 
egg fat deposition, low fitness, abnormal anatomical traits, 
lameness, low bone mineralization, and calcium deficiency. 
These undesired characters become harmful and have 
been appeared to be worrisome in poultry industry. With 
the advancement of science, researchers have developed 
many advanced biotechnological tools/techniques such as 
marker assisted selection, gene knock down technology 
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by RNAi, and CRISPR/Cas mediated gene editing to 
improve the performance of birds at a very rapid rate in 
poultry (Bhattacharya et al. 2016, 2019; Kim et al. 2020, 
Lee 2020). In our laboratory (ICAR-Directorate of Poultry 
Research, Hyderabad, India), we have employed some of 
the advanced biotechnological tools such as RNAi and 
marker assisted selection (MAS) to improve growth and 
production traits in chicken (Bhattacharya 2017, 2018; 
Bhattacharya and Chatterjee 2014). The present review 
discusses the recent MSTN applications through detection 
of SNPs, gene-trait association, gene knock-down by 
RNAi, gene editing and some fundamental aspects 
such characterization, gene function etc. It would help 
researchers to find out genetic markers related to growth, 
and advanced techniques to improve growth at a faster rate 
by manipulating the activity of MSTN through RNAi and 
gene editing in poultry. Additionally, this review focusses 
on the role of myostatin, its association with growth traits, 
and its manipulation for lowering its expression along with 
its effect on growth and other traits in poultry. 

Structure 
The MSTN gene is located on chromosome 7 in chicken 

(NCBI Accession No. NC 006094.5). On downstream of 
the gene, there is a 362 bp minimal promoter where there 
are sites for binding transcription factors such as fork-head 

activin signal transducer (FAST-1) involved in regulating 
gene expression (Paswan et al. 2014). Besides, there is a 
motif in the promoter, which showed mutation forming two 
promoter alleles viz. A and B (Nucleotide, A to T at 214th 
position of the promoter) (Paswan et al. 2014). Another 
transcription factor, Smad also binds to the promoter of 
the MSTN gene and plays a critical role in up-regulation 
of the gene expression (Allen and Unterman 2007, Du et 
al. 2007a). 

The coding region of the open reading frame in chicken is 
of 1128 bp in length comprising of 3 exons viz. exon 1, exon 2  
and exon 3, where their corresponding lengths are 372, 374 
and 381 bp (Bhattacharya and Chatterjee 2013). However, 
the total length of the gene is of 6742 bp in which the non-
coding parts viz. 5’-UTR, 3’-UTR, intron 1, and intron 2 
are of 117, 1131, 2091 and 2275 bp, respectively (Fig. 1).  
The 1128 bp MSTN coding region encodes 375 amino 
acids (Pro-myostatin) consisting of 46 strongly basic, 46 
strongly acidic, 117 hydrophobic and 107 polar amino acids 
(Bhattacharya et al. 2015b). The comparison of the coding 
frame of the gene in broiler and layer chicken revealed 
variation of the gene where there are many substitutions 
of nucleotides between these varieties. The nucleotide 
substitutions were observed at C65T (alanine22valine), 
C306T and C1094T (proline365leucine) of the gene 
(Bhattacharya et al. 2015b). The first 23 amino acids of 

Fig. 1. Structure and location of mutation (SNPs) in myostatin gene of chicken. Capital letters within parenthesis corresponding to the 
SNP mutation are amino acids in abbreviated form indicating functional/missense/non-synonymous types of substitutions in the gene.   
*indicates functional mutation. Numbers in superscripts indicate references where SNPs have been reported. 
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the protein form the signal peptide, next (NH2-terminal) 
243 amino acids (24-266) form preprotein and remaining 
COOH-terminal 109 amino acids (267-375) form mature 
peptide (McPherron et al. 1997, Tries et al. 2001, Thomas 
et al. 2000, Zimmers et al. 2002, Wolfman et al. 2003, 
Rios et al. 2004, Bhattacharya et al. 2015b). The molecular 
weight of mature peptide is 13 kDa while the function unit 
forms a dimer of mature peptide having molecular weight 
of 26 kDa (Bhattacharya et al. 2015b). The MSTN dimer is 
formed at cysteine knot comprising cysteine residues in the 
C-terminal region of the protein (Baron et al. 2002, Starck 
et al. 2011). In fact, the C-terminal dimer binds with the 
activin type II receptors such as ACVR2B and ACVR2A 
for exerting its biological activity. However, the functional 
pattern of MSTN protein is similar in nature across the 
species such as cattle, buffalo, African catfish, and croceine 
croaker (Jeanplong et al. 2001, Mota et al. 2006, Xue et 
al. 2006, Lee 2010, Kanjanaworakul et al. 2016). Little 
mutation in the structure of the cysteine knot may lead to 
dissociation of dimers into 2 dysfunctional MSTN units 
causing double-muscling phenotype (Mota et al. 2006). 

Function
The MSTN functions during both embryonic and adult 

stages in poultry (Kocamis et al. 1999, Dushyanth et al. 
2016c). It is expressed throughout the life and has become 
the most powerful inhibitor for development of skeletal 
muscle (Abdel-Gawad et al. 2017). During embryonic 
stage,  MSTN  inhibits activation, proliferation, and 
differentiation of myogenic satellite cells responsible for 
skeletal muscle formation (Kocamis et al. 1999, McFarland 
et al. 2007). In fact, MSTN acts through a pathway where 
it downregulates expression of Pax-3 gene, which is the 
causal agent for proliferation of myogenic cells, and also 
prevents expression of Myo-D involved in activation 
of the myogenic programme (Amthor et al. 2002). This 
mechanism of MSTN activity in poultry and other species is 
more or less similar making this protein as one of the most 
conserved proteins expressed through out the life across the 
species (McPherron et al. 1997, Gonzalez-Cadavid et al.  
1998, Ivey et al. 2000, Reardon et al. 2001, McCroskery et 
al. 2003, Schuelke et al. 2004, Scheuermann et al. 2004). 

Expression
Myostatin is expressed in wide range of tissues such 

as brain, eye, gizzard, muscle, heart, small gut, large gut, 
testis, and ovary in chicken making the protein as ubiquitous 
(Kubota et al. 2007, Bhattacharya and Chatterjee 2013, 
Dou et al. 2018). In our lab, findings showed MSTN gene 
expression profile in muscle was different between  PB-1 or 
CB broilers and IWI White Leghorn layer strains chicken 
(IWI) at different time points (Bhattacharya et al. 2015b). 
Its expression is not uniform in slow and fast-growing 
chicken where 8.5, 5.8 and 6.3 folds higher expression was 
observed in slow growing layer chicken compared to the 
fast-growing broiler ones at 4th, 6th and 7th week of age, 
respectively (Bhattacharya et al. 2015b). As age progressed, 

the expression is gradually decreased from day old to 6th 
week of age in fast growing broiler chicken (Bhattacharya 
et al. 2015b). Such variability of expression is regulated 
by genetic means where expression is controlled by cis-
regulatory elements viz. enhancer box (E-box) motifs. A 
total of 13 E-box motifs (E1 to ED13) were identified in the 
promoter of MSTN gene of chicken, which regulates MSTN 
expression (Hu et al. 2013).  

Polymorphism and its effect on economic traits 
The polymorphisms in terms of SNPs are located in the 

promoter, 5’UTR, 3’UTR, exons and introns of the MSTN 
gene in chicken (Ye et al. 2007, Zhu et al. 2007, Zhang 
et al. 2011, Bhattacharya and Chatterjee 2013, Paswan 
et al. 2014, Khaerunnisa et al. 2016, Dementeva et al. 
2017, Zhang et al. 2019). Of all exonic SNPs, some of 
the SNPs viz. T4717A in exon 2 and A7422G, A7512G, 
C7520G, A7583G and T7634G in exon3 were of mis-sense 
types substituting amino acids viz. leucine to methionine, 
lysine to arginine, lysine to arginine, proline to alanine, 
lysine to glutamic acid and cysteine to glycine in the 
corresponding positions of the exons (Bhattacharya and 
Chatterjee 2013). The SNPs located at the coding as well 
as non-coding, and regulatory regions were significantly 
associated with many traits of economic importance such 
as growth (Zhang et al. 2011, Bhattacharya and Chatterjee 
2013, Zandi et al. 2013, Paswan et al. 2014, Dementeva 
et al. 2017, Zhang et al. 2019), carcass (Gu et al. 2004, 
Zhu et al. 2007, Khaerunnisa et al. 2016), and immune 
response traits (Ye et al. 2007) in chicken (Table 1).  
These information on SNPs-traits association provide 
baseline data for exploring SNPs markers for further use in 
breeding programme to improve economically important 
traits in chicken.  

Myostatin knock-down by RNAi and genome editing 
Protocols such as embryo manipulation (EM), embryo 

electroporation (EP), and sperm mediated gene transfer 
(SMGT) methods were developed by the scientists to 
produce knock-down chicken. Two methods, viz. EM and 
SMGT have been successfully used to produce knock-
down chicken for silencing expression of the MSTN gene  
(Rao et al. 2004, Andermatt and Stoeckli 2014, Bhattacharya 
et al. 2016, 2019). It was revealed that the EM method was 
better than the SMGT method as the first one has higher 
hatching rate (58% vs 42%) to produce chicks (Bhattacharya 
et al. 2016). However, in our lab, myostatin gene 
knockdown increased body weight by silencing expression 
of the MSTN gene in control broilers which makes the 
knock-down birds heavier (26%) than the non-knockdown 
birds (1209.8 vs 948.3 g) (Bhattacharya et al. 2016).  
Silencing the MSTN gene along with its 2 receptor genes 
viz. ACVR2A and ACVR2B in PD-1 broiler chicken 
also influences body weight where at the age of 35 days, 
in myostatin knockdown, ripple knockdown and control 
birds, the body weights were 668.3±12.2, 657.2±32.4 and 
581.5±8.8 g, respectively  (Bhattacharya et al. 2019).  Our 
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Table 1. Mutations (SNPs) present in myostatin gene and its association with economic traits

Fragment Alleles/haplotype Mutation (SNPs) Genotype/Haplogroup-trait 
association

References

1128 bp open 
reading frame

Haplotypes: h1, 
h2, h3, h4, h5, h6, 
h7, h8, h9, h10, 
h11, h12 and h13

C154A, C195G, G234A, C324T, 
T477C, A478T, G908A, G998A, 
G1006C, G1069A and G1120T

Body weights at 4, 6 and 7 weeks of 
age in PB-1 broiler; Body weights 
at 2 and 7 weeks of age in CB broiler

Bhattacharya and 
Chatterjee (2013)

Exon 1 
(AF346599)

G1 and A G2109A - Dementeva et al. 
2017

C and G2 C2244G Body weight at 7 days in Smena-8 
chicken cross

Dementeva et al. 
2017

Exon 1 SNP1 Chromosome 7: G218133A Body weights at hatch, 1 and 8 
weeks in Daheng broiler

Zhang et al. 2019

SNP2 Chromosome 7: A218142G SNP2 Body weights at hatch and 1 
week in Daheng broiler

Zhang et al. 2019

SNP3 Chromosome 7: C218277G SNP3 body weight at hatch in 
Daheng broiler

Zhang et al. 2019

SNP4 Chromosome 7: G218316A - Zhang et al. 2019
SNP5 Chromosome 7: C218406T SNP5 Body weights at hatch, 1 week 

and 8  week in Daheng broiler
Zhang et al. 2019

Exon 1 G and A alleles G234A Body weights at 6, 8, 10, 12, 14, 16 
and 18 weeks in Bian chicken

Zhang et al. 2011

5’-regulatory 
region

A and B alleles G304A, A322G and C334T Abdominal fat% and breast muscle% 
at 12 weeks of age; birth weight in F2 
population of Broiler × Silky chicken

Gu et al. 2004

E and F alleles G167A Breast muscle% at 12 weeks of age 
in F2 population of Broiler × Silky 
chicken

Gu et al. 2004

3’-regulatory 
region

C and D allele A7263T Breast muscle% at 12 weeks of age 
in F2 population of Broiler × Silky 
chicken

Gu et al. 2004

362-bp partial 
promoter 
(371 – 732 of 
HQ171974)

A and B alleles T23C, G150A, A214T and 
A241T

Body weights at 2, 4, 5 and 6 weeks 
in control broiler chicken

Paswan et al. 2014

599 bp of 
promoter and 
exon 1 

A, B and C alleles - Body weight at 12 weeks in Western 
Azerbaijan Native Chickens

Zandi et al. 2013

Exon 1 M and N alleles G2100A Abdominal fat weight and carcass % 
in Wenling grass-chicken 

Zhu et al. 2007

A and B alleles G2109A Breast muscle% in Wenling grass-
chicken

Exon 2 
(AF346599.2)

T and G alleles T4842G Carcass weight, breast weight, thighs 
weight, drums sticks weight, wings 
weight and free water in carcass in 
Indonesian chickens

Khaerunnisa  et al. 
2016

Promoter 
(AF346599)

- G2100A - Ye et al. 2007

Exon 1 
(AF346599)

- G2109A, G2244C, A2283G, 
C2346T, C2373T and A2416G

Antibody titer to infectious bursal 
disease virus vaccine, mortality from
hatching to 14 days and 14 to 40 
days of age; body weights at 7 and 
40 days of age;  breast meat%, feed 
conversion efficiency in commercial 
broiler chicken 

Exon 2 
(AF346599)

- T4842G Ye et al. 2007
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findings by silencing of ACVR2B gene through shRNAs 
in PD-1 chicken line showed significantly lowest serum 
cholesterol and HDL content. 

The MSTN gene was edited by CRISPR/Cas9 
mediated method to develop knock-out (KO) chicken  
(Kim et al. 2020). The editing of this gene enhances 
muscle mass in birds due to hyperplasia and hypertrophy 
of muscle fibres. The editing also reduces the abdominal fat 
deposition in the birds (Kim et al. 2020). The MSTN edited 
quail was also developed through CRISPR/Cas9 method 
where deletion of a cluster of 3 bases in the MSTN gene 
was observed (Lee et al. 2020). Such nucleotides deletion 
caused deletion of an amino acid, cysteine in the protein. 
The editing of this gene increased body weight and heart 
weight, and decreased fat pad weight in the KO birds (Lee 
et al. 2020). Thus, by silencing the MSTN gene expression 
in birds has potential impact on enhancing body weight, 
which is considered as one of the major economic traits 
in meat animals. These advanced technologies could be 
suggested as potential means to augment the productivity 
of birds. 

Conclusion
 The structure and function of the myostatin gene has 

been thoroughly studied in poultry and other species. It is 
expressed during embryonic as well as adult stages.  The 
expression of the myostatin gene is negatively associated 
with growth where higher myostatin expression is 
associated with slow growth. The structural variants of 
the gene revealed polymorphisms which were found to be 
associated with growth and other economic traits in poultry. 
The expression of the myostatin gene has been altered 
through gene editing methodologies. These tools were 
used effectively to develop knock-down and knock-out  
birds with higher body weights. Hence, it is suggested that 
an insight in analyzing myostatin through genetic markers, 
RNA interference, and gene editing, may explore effective 
means in near future to improve growth traits in poultry 
and in other species. 
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