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ABSTRACT

Myostatin (MSTN) is an essential gene that regulates muscle growth and development in livestock animals, influencing
meat production and carcass quality. This review looks at MSTN genetic diversity in a variety of animals, including
cattle, sheep, goats, and poultry, focusing on correlations between particular mutations and phenotypic parameters
such as muscle mass and growth rate. Mutations in the MSTN gene have been linked to desirable features such as
greater body weight and higher meat quality, making it an ideal candidate for genetic selection in breeding programs.
Animals carrying this mutation frequently transform feed into muscle more efficiently, resulting in faster growth with
less feed input. This is advantageous for growers seeking to cut feed costs while raising yields. MSTN-mutated animals
convert feed into muscle more efficiently, lowering production costs over time and making them more appealing for
commercial breeding operations. Advances in molecular genetics, especially CRISPR-Cas9 technology, have made
it possible to precisely manipulate the MSTN gene, allowing for the development of calves with enhanced muscle
mass. This article also examines the effects of MSTN variation on meat production efficiency, as well as current issues
in animal genetics. This research synthesis emphasizes the significance of MSTN in cattle breeding, specifically its
potential as a genetic marker to improve production and meat quality in commercial farming.
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Introduction

Myostatin (MSTN), also known as growth and
differentiation factor 8 (GDFS), is a key component
of the TGF-B superfamily that regulates muscle
development (Liu et al., 2021a; Malila et al., 2022).
MSTN gene mutations can increase muscle mass up
to threefold, making it an important possibility for
increasing muscle growth in livestock (Malila ef al.,
2022). These mutations have been found across
numerous animals, including poultry (Kim et al.,
2020a; Gaina and Amalo, 2022), sheep (Kim ef al.,

2022), cattle (Csiirhés et al., 2023), and pigs (Ryan
et al., 2023), with only a rare incidence in humans
(Saif et al., 2024). MSTN mutations in animals have
been linked to double-muscled breeds, such as cattle
(Bhattacharya et al., 2022; Ceccobelli et al., 2022).

The MSTN gene, also known as MSTN, encodes
a protein that is a negative regulator of muscle
growth. Mutations or alterations in this gene lead to
muscle hypertrophy, where muscle mass increases
significantly. However, MSTN is involved in several
aspects of metabolism in addition to muscle formation
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(Kumaravel et al., 2023; Zhao et al., 2023). Although
it is largely expressed in skeletal muscle, MSTN is also
discovered in other tissues, such as the liver, heart,
brain, and mammary glands, indicating its participation
in larger physiological processes (Swanson et al., 2022;
Garba et al., 2024). Understanding MSTN’s molecular
genetics and tissue-specific bioactivity is critical for
improving livestock output (Shoyombo et al., 2022;
Thepa and Tyasi, 2024).

MSTN is a 376-amino acid propeptide that undergoes
proteolytic processing to form an active protein (Yan
et al., 2021). Similar to other TGF-B family members,
it has a cysteine knot pattern in its C-terminal region
(Nejad et al., 2024). Interestingly, the active C-terminal
region is retained across several species, including
humans, chickens, pigs, and mice (Baig et al., 2022;
Sonali et al., 2022). MSTN is expressed early in
embryonic muscle development, with levels extending
until adulthood, notably in muscle-dominant tissues
(Mohammadabadi et al., 2021; Alnajm et al., 2024).
However, changes in its expression between slow- and
fast-twitch muscle fibers have been reported across
species, with differing outcomes in humans, mice, and
chickens (Iroanya et al., 2021; Pack et al., 2021).
Recent investigations have further revealed the role of
MSTN in controlling muscle growth, specifically by
inhibiting myoblast proliferation and differentiation. It
interfereswiththecellcycleviaalteringcyclin-dependent
kinases and their inhibitors, which are required for cell
cycle transitions (Lu ef al., 2011; Smotucha et al.,
2019). In vitro tests show that recombinant MSTN
suppresses myoblast growth in mice and cattle, but
these effects are reversible (Dementeva et al., 2019;
Bruno et al., 2022). Interestingly, while MSTN does
not normally promote apoptosis, certain studies have
revealed that its overexpression may prevent apoptosis
in specific cells (Tanjung et al., 2019).

Advances in molecular genetics have found several
variants in the MSTN gene, and these polymorphisms
are connected with quantitative trait loci for growth-
related phenotypes in various species, including
humans, livestock, and research animals (Tian et al.,
2021; Maeta et al., 2023). These polymorphisms
are effective markers for enhancing meat quality
and yield through selective breeding (Kalds et al.,
2023). Furthermore, MSTN mutations can improve
genetic features in livestock and can be passed down
through generations, presenting intriguing prospects
for breeding programs (Du et al., 2022; Kruszewski
and Aksenov, 2022). This review will highlight the
current understanding of the role of MSTN in muscle
development, metabolism, and productivity, with a
focus on its uses in cattle breeding. This review aims
to investigate the physiological mechanisms, tissue-
specific roles, and genetic variants of MSTN in order to
emphasize its potential to improve cattle performance.

MSTN as a regulator of muscle development

MSTN or GDFS is expressed in several tissues, with
the most notable expression occurring in skeletal
muscle (Zhao et al., 2022). The MSTN gene, renowned
for its involvement in muscle control, has actually been
preserved throughout evolution. It has a structural
organization that includes three exons and two introns
(Vinet et al., 2021; Bendig et al., 2024). MSTN
polypeptide processing begins with intracellular
homodimerization via disulfide bond formation,
followed by cleavage into the N-terminal propeptide and
the C-terminal mature portion. This maturation phase
is crucial for MSTN’s function as a negative regulator
of muscle development (Muramatsu et al., 2021; Paez
etal.,2021). MSTN’s mature C-terminal portion, which
weighs 12 kDa, is essential for muscle control because
it initiates intracellular signaling cascades (Osman
et al., 2021). The biologically active form of MSTN
is the 12-kDa mature C-terminal segment formed by
cleaving the pro-MSTN polypeptide. This fragment
contains the functional area required for MSTN action
in muscle cells (Meyermans ef al., 2022; Zakka et al.,
2024). The mature MSTN fragment interacts with the
activin type II receptors on the surface of target cells,
especially in skeletal muscle. TGF-P receptors play a
crucial role in modulating MSTN’s actions (Al-Zayadi
and Hamid, 2022).

Muscle activity and metabolism are the primary
regulators of muscle fiber expansion, often known
as hypertrophy (Zhang et al., 2018). During
embryogenesis, muscle precursors differentiate into
myoblasts using a highly regulated sequential sequence
(Rodgers and Ward, 2022). MSTN governs muscle
development at critical moments throughout prenatal
stages, such as muscle precursor proliferation and
myoblast proliferation and differentiation (Sousa-Junior
et al., 2022; Waller et al., 2023). Ectopic expression
of MSTN in muscle reduces critical indicators of
proliferating muscle precursors (Li et al., 2021). In
contrast, MSTN upregulates proteins that suppress
the proliferation of MyoD-expressing myoblasts (Giri
etal.,2022; Isik et al., 2022). During myogenesis, there
is a substantial correlation between MyoD activity and
MSTN expression, with MyoD playing an important
role in regulating MSTN expression (Azhar et al.,
2020). The E-box motif in the MSTN promoter region
plays an important role because it serves as a binding
site for basic helix-loop-helix transcription factors
(MRFs) (Jakaria et al., 2021). MyoD and MSTN
cooperate to regulate muscle differentiation and control
muscle cell development. By regulating the number of
myoblast precursor pools and committed myoblasts,
MSTN serves as a critical regulatory element that
inhibits unregulated differentiation caused by MyoD.
Downregulating MSTN expression would increase
both of these populations (Esposito et al., 2022).
Muscular mass development is a complex process that
involves the differentiation and fusing of myoblasts
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to generate muscular fibers. This process is separated
into two discrete phases: primary and secondary fiber
creation (Lin et al., 2019; O’Hara et al., 2021). An
increase in the myoblast pool prior to fiber production
encourages the creation of more primary and secondary
myofibers (Zegyer and Mutlag, 2022). MSTN reduces
myoblast growth during muscle development. MSTN
mutations decrease or eliminate the gene’s inhibitory
signal, allowing myoblasts to proliferate faster than
usual. This increases the amount of myoblasts, which
eventually merge to generate additional muscle
fibers, resulting in hyperplasia (Nasr et al., 2021). To
produce considerable fiber hypertrophy or a rise in
the size of muscle fibers, specific circumstances must
be maintained not just during prenatal development
but also throughout postnatal life (Kim et al., 2020b).
MSTN levels in ruminant animals are relatively low
between embryonic days 15 and 29, with increasing
expression found after day 31 (Wuet al.,2022). Increase
in the number of muscle fibers, and the majority of this
process is finished during fetal development. In many
animals, the total number of muscle fibers generated
in the fetal period is generally fixed at birth, and
therefore, postnatal muscle growth is predominantly
based on hypertrophy (fiber enlargement) (Bi et al.,
2020). During development, mesodermal progenitor
cells differentiate into primary myoblasts. These cells
are the precursors to muscle fibers and are vital for
forming the early muscular structure. Growth factors,
hormones, and the animal’s genetic background all
have an effect on the quantity of primary myoblasts
(Hu et al., 2015).

MSTN gene in poultry

MSTN’s main function is to inhibit muscle growth
by controlling the number and size of muscle fibers.
It prevents excessive muscle development by
decreasing the proliferation, differentiation, and fusion
of myoblasts (muscle precursor cells) (Zhang et al.,
2021). MSTN treatment inhibits the proliferation and
development of myoblasts (muscle cells) (Tekerli
et al., 2022). Research on the impacts of MSTN has
gone beyond muscle mass to study its involvement
in poultry, notably egg production (Hai et al., 2023).
MSTN’s regulatory mechanisms could potentially be
modified to boost egg-laying ability, albeit this field
is less understood than its implications for muscle
growth (Al-Musawi and Al-Ameri, 2022). Further
research is required to clarify the role of MSTN in
poultry reproductive and egg production. Investigating
the particular molecular processes via which MSTN
regulates these qualities may open the way for
innovative breeding tactics.

Another study discovered a negative link between
MSTN marker expression and the growth of the
pectoralis major muscle, indicating that MSTN
expression could be employed as a marker for selecting
improved muscle growth in poultry (Abhijith et al.,
2021). MSTN is a negative regulator of muscle growth

in chicken, as it is in other mammals. By limiting
myoblast proliferation and differentiation, MSTN
guarantees that muscle fiber growth does not exceed
the limitations that the body can sustain (Chen and Lee,
2016). MSTN is extensively expressed in poultry’s
skeletal muscles, notably in fast-twitch muscles that
are crucial for movement and flight. The expression of
the MSTN gene in chicken species can vary depending
on parameters such as age, breed, and the specific
muscle under examination (Lin ef al., 2019; Esposito
et al., 2022). A study on hens found that mutations in
the regulatory area of the MSTN gene were related
to abdomen fat percentage, birth weight, breast meat
production, and body weight (O’Hara et al., 2021;
Zegyer and Mutlag, 2022).

The chicken MSTN gene consists of three exons
and two introns, which span around 6693 base pairs.
This structure is conserved across numerous species,
showing the essential importance of MSTN in muscle
biology, and it encodes roughly 375 latent amino
acids (Kim et al., 2020b; Nasr ef al., 2021; Wu et al.,
2022). Variations in this region may influence the
effectiveness of MSTN production, secretion, or its
first processing, changing its inhibitory impact on
muscle growth. These discrepancies are likely related
to disparities in muscle mass and growth rates in broiler
chickens (Chen et al., 2021; Prihandini et al., 2021).
Polymorphisms that diminish MSTN’s inhibitory
activity are often related to greater muscle growth and
improved growth rates in broiler chickens. These birds
usually have larger breast muscle mass and improved
feed conversion efficiency, making them more suitable
for meat production (Zhao et al., 2019). Notably, a
nonidentical single nucleotide polymorphism (SNP)
(T4842G) was associated with amino acid alterations
in MSTN, influencing body weight (Lassiter et al.,
2019). In China’s Bian chicken breed, which is dual-
purpose (meat and eggs), a mutation at 234G>A was
identified in exon 1 of the MSTN gene (Ju et al.,
2021). Polymorphisms in chicken MSTN have been
connected with differences in breast muscle mass, birth
weight, belly fat percentage, and adult body weight
(Konovalova et al., 2021; Dushyanth et al., 2022). In
addition to the previously revealed polymorphisms in
the coding and intronic sections of the MSTN gene,
researchers discovered three SNPs in the 5° regulatory
area and two SNPs in the 3’ region of the MSTN
gene in broilers. These areas serve critical roles in the
control of gene expression, regulating the amount and
when MSTN is produced during development (Aiello
et al., 2018). These SNPs are particularly important
in commercial broilers because they may influence
essential qualities such as growth rate, feed efficiency,
and meat output (Rybalka ef al., 2020). SNPs in this
region may promote or inhibit the binding of these
transcription factors, therefore regulating the level of
MSTN mRNA generated. This control is critical for
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determining the balance of muscle growth and other
metabolic activities (Kim et al., 2021a).

Research on MSTN polymorphisms in ducks has
emphasized its potential impact on crucial slaughter
features, specifically leg muscle mass and breast
muscle percentage (Duan et al., 2016). Studies have
suggested that ducks with specific MSTN alleles
may exhibit improved muscular features, leading
to greater leg muscle mass and higher breast muscle
percentages than others lacking similar alleles (Tao
et al., 2015). Marker-assisted selection can be used
in breeding programs to boost certain traits related to
MSTN variants, resulting in improved growth rates and
meat quality (Huang et al., 2011). Including MSTN
polymorphism data in breeding techniques provides for
more informed decision-making. Breeders can target
specific genetic markers to improve slaughter qualities,
resulting in increased meat quality and market value
(Chen and Lee, 2016).

The link between MSTN mRNA expression, body
weight, muscle mass, and growth rate in chickens is
still under active research. Although MSTN is a known
negative regulator of muscle growth, its precise effects
and mechanisms in poultry, particularly about growth
metrics, are not yet well understood (Yuan et al., 2024).
The study on MSTN expression in Ross x Ross hens
sheds light on its impact on muscle development and
growth, particularly during critical growth phases
(Bigford et al., 2021). Cobb x Cobb embryos did not
show similar expression patterns (Kour et al., 2024).
Although the explanation for the discrepancy remains
unknown, the early expression of MSTN in Ross X
Ross embryos before the creation of the myogenic
lineage implies its crucial function in early embryonic
development (Rodgers and Ward, 2022).

The ontogeny of MSTN expression in the pectoralis
muscle of chicken embryos includes investigating its
involvement in muscle fiber creation and development.
MSTN, a member of the TGF-f superfamily, is largely
recognized for suppressing muscle growth (Sukhija
et al., 2023). During this period, MSTN expression
may decrease, allowing muscle fiber populations to
grow. Regulating MSTN levels is crucial to promote
the growth in muscle mass associated with secondary
fiber development (Al Amaz et al., 2024). MSTN
works with other growth hormones and signaling
pathways (like IGF-1) to enhance muscle growth.
The balance between MSTN and these anabolic
signals is necessary for optimal muscular development
(Liu et al., 2021b). MSTN expression starts early in
embryogenesis. In chickens, MSTN is usually identified
at the commencement of muscle differentiation, which
corresponds to the onset of primary myofiber production
(Chen et al., 2023). Several studies have looked into
distinct MSTN polymorphisms across poultry breeds.
Researchers found polymorphisms in the Daheng
Broiler, Jinghai, and Bian breeds (Zhang et al.,2019; He
etal.,2020; Jang et al.,2021). Investigations on MSTN

polymorphisms in Sansui, Gaoyou, and Pekin ducks
demonstrate the amount of work conducted on MSTN
in poultry from varied climates (Wang et al., 2021).
Studies on MSTN expression and its involvement
in muscle growth show its enormous potential for
application in breeding strategies within the poultry
industry (Lee et al., 2023). Breeding programs that
focus on lowering MSTN expression could result in
faster growth rates and increased muscle yield. This
can lead to increased meat production efficiency and
cheaper production costs (Hou et al., 2021). Selective
breeding for decreased MSTN activity can increase
muscle growth and enhance feed conversion ratios.
Birds that gain weight effectively can minimize the
amount of feed required per kilogram of weight growth,
which is economically beneficial to poultry farmers
(Koohgivi et al., 2019).

Mutations in the MSTN gene in ruminants

In ruminants, such as cattle, goats, and sheep, MSTN
plays an important function in preventing skeletal
muscle development (Sheng et al., 2021). This protein
functions as a natural regulator of excessive muscle
growth, maintaining a balance between muscular
development and the animal’s metabolism. MSTN
inhibits the growth and development of muscle cells
(myocytes) (Ryan and Li, 2021). When MSTN activity
is reduced, muscle development becomes greater and
faster. Therefore, regulating or changing the expression
of MSTN using genetic engineering or biotechnology
can produce advantages in meat production while not
affecting animal health (Lou et al., 2021). Overall,
MSTN is a key regulator of muscle growth in
ruminants, and understanding its involvement can help
improve livestock production efficiency. However, the
influence on animal welfare should also be considered
(Han et al., 2021).

The discovery of around 20 different types of genetic
polymorphisms inside the MSTN gene in ruminants,
including deletions, insertions, and nucleotide
substitutions (SNPs) emphasizes the gene’s role in
muscle development and growth control (Basha et al.,
2022; Sakar and Ziilkadir, 2022). Allele variations
and inactive MSTN are associated with growth rate
and desired carcass features, which has substantial
consequences for beef cattle production (Priyadharsini
etal.,2021; Cheng-Lietal.,2023). From the perspective
of high-quality meat production, the features linked
with MSTN variations in beef cattle are very amazing
(Pira et al., 2021). The higher meat quality attributes
reported in cattle with particular MSTN variations can
be linked to many major physiological changes that
improve the overall quality and consumer appeal of the
meat (Dilger et al., 2022). Variations in the expression
levels of MSTN in skeletal muscle are certainly of great
interest in the field of animal breeding, notably in cattle
production. MSTN’s significance as a fundamental
regulator of muscle growth and development shows its
potential as a target for genetic selection and breeding
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strategies to enhance the desired features (Bruno
et al., 2022). The understanding of null alleles and
polymorphisms in the MSTN gene has proved useful
in improving selection techniques for beef cattle and
sheep. Understanding the genetic basis of features
regulated by MSTN allows breeders to make better
decisions to increase cattle quality and production
efficiency (Cao et al., 2024).

Role of MSTN in muscle regulation

MSTN’s genetic mechanisms can direct selective
breeding programs in livestock and poultry to improve
desirable qualities such as muscle mass and growth rates
(Zhou et al., 2022a). By altering MSTN expression,
breeders can generate hybrids with increased muscle
growth and feed efficiency, maximizing productivity
in many animal species (Wu et al., 2021). Advances
in genomic technologies allow for the discovery
of specific MSTN gene variations associated with
improved muscle characteristics, enabling more
targeted breeding tactics (Cheng-Li et al., 2023).
MSTN inhibitors have generated interest due to their
potential to improve muscle function and recuperation
in athletes. Research on MSTN may lead to new
training regimens or treatment therapies that optimize
muscle development (Liu et al., 2021b). Advances
in gene therapy targeting MSTN may provide viable
techniques for restoring muscular function in people
suffering from inherited muscle diseases (Abhijith
etal., 2021).

Mutations in the MSTN gene (GDF8) are actually
linked to muscular hypertrophy. This gene is highly
conserved across species, which means that MSTN’s
sequence and function are very similar in a variety
of creatures, from mice to humans to sheep. MSTN
regulates skeletal muscle growth during embryogenesis
and into adulthood (Wu et al., 2021; Zhou et al.,
2022a). Researchers can gain insights into the
genetic regulation of muscle development in cattle by
studying the location and function of the MSTN gene
on chromosome 2, which is vital for understanding
growth patterns and productivity. Mapping the gene
also allows association studies to identify correlations
between specific MSTN gene variants and phenotypic
traits, such as muscle size and carcass quality (Zhou
et al., 2022b). This can inform breeding decisions
and enhance production efficiency (Lee et al., 2021),
including pigs (AY208121) (Hua et al., 2023), buffalo
(AHO013313) (Zhu et al., 2018), zebrafish (AY323521)
(Mohamedien et al., 2023), gilthead freshwater fish
(AF258447) (Zhang et al.,2023), chickens (AF346599)
(Gu et al., 2022), and mice (AY204900) (Kim et al.,
2021b). MSTN is a dimeric protein that is generated
from a precursor. It undergoes proteolytic cleavage to
generate the active dimer, which consists of two identical
subunits connected by disulfide links. This structure is
necessary for its role as a signaling molecule, a wide
group of cytokines involved in the regulation of diverse
cellular processes, including growth, differentiation,

and development in many tissues. MSTN shares
structural similarities with other members of this
superfamily, but it is unique enough to not be easily
classified into well-known TGF-B subfamilies such
as bone morphogenetic proteins (BMPs) or inhibins
(Li et al., 2021). MSTN actively suppresses skeletal
muscle growth, and when a mutant mh allele (MSTN
gene mutation) is present in a homozygous loss-of-
function state, it causes muscle hypertrophy, which is
an abnormal increase in muscle size (Li ef al., 2022).
However, mutations in the MSTN gene (MSTN gene)
do not have to be present in a homozygous situation
for the effects of muscle hypertrophy to be noticed.
Even those with a heterozygous situation (having
one mutant allele and one normal allele) can display
some degree of enhanced muscle growth, though the
effects tend to be more evident in persons or animals
with homozygous loss-of-function mutations. Six
mutations in the MSTN sequence have been identified
as causing muscle hypertrophy via inactivating the
gene (Liu et al., 2021a). The six discovered mutations
within the MSTN gene produce muscle hypertrophy
by deactivating or drastically lowering the action
of MSTN. Mutations might be nonsense, missense,
frameshift, or deletion, and they vary across animals
and individuals (Ren et al., 2023).

These mutations include insertions, deletions, and
nucleotide transitions that alter the gene’s capacity
to create a functioning MSTN protein (Wang et al.,
2021; Ren et al., 2023). MSTN normally functions as
a negative regulator of muscle growth, reducing the
proliferation and differentiation of myoblasts (muscle
precursor cells) into mature muscle fibers. Mutations
that inactivate MSTN lose its capacity to suppress
muscle growth, resulting in increased muscle fiber
deposition and muscle hypertrophy (Zhu ef al., 2018).
Aside from the loss-of-function mutations in the coding
area of the MSTN gene, some other mechanisms and
mutations can impact MSTN activity and lead to muscle
hypertrophy. These include mutations or alterations in
noncoding areas, as well as changes in the regulatory
elements that affect MSTN expression. Furthermore,
factors influencing the processing and secretion of
the MSTN protein can change its activity (Hou et al.,
2021). In the examination of 35 double-muscled calves
from ten European breeds, numerous mutations were
detected in both the intronic and coding regions of the
MSTN gene, contributing to the muscle hypertrophy
observed in these breeds (Dilger ef al., 2022).

Despite the fact that Limousin cattle are known for their
excellent muscle growth and high carcass production,
no loss-of-function mutation in the MSTN gene has
been detected (Tanjung et al., 2019). According to
studies, unlike these breeds, Limousin cattle do not
have an obvious loss-of-function mutation in the MSTN
gene that would explain their muscular phenotype (Cao
et al., 2024). There are still undiscovered variables that
may trigger muscle hypertrophy, presumably situated
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beyond the coding arecas of MSTN (Maeta et al., 2023).
Because of its substantial function in regulating muscle
growth, MSTN inhibition is a possible target for treating
diseases linked with muscle weakness or muscular
dystrophy, such as Duchenne muscular dystrophy
(Kalds et al., 2023). MSTN not only regulates muscle
growth but also maintains muscular homeostasis
during periods of inactivity (such as illness or disuse)
(Zhang et al., 2019). In instances such as muscular
atrophy (loss of muscle mass), MSTN levels tend to
rise, speeding up the process of muscle mass decrease
(Sakar and Ziilkadir, 2022).

Phylogenetics of the MSTN gene

Systematic investigation of protein-coding genes under
positive selective pressure frequently yields crucial
insights into the evolutionary adaption of certain
features. The MSTN gene family is a famous example
of a gene that has been subject to positive selection,
especially in species such as Artiodactyls (even-toed
ungulates, such as deer, cattle, and pigs) and teleost
fish. Positive selection in these species has been found
by measuring nucleotide substitution rates, a key sign
of how specific mutations may be favored in evolution
due to their favorable impact on the organism (Wang
et al., 2021). Understanding evolutionary processes
and potential changes in protein function requires
identifying periods when the average selected pressure
for substitutions in a gene surpasses the average
selective pressure for conserving ancestral sequences.
This study frequently focuses on the balance of
positive selection (favoring beneficial mutations)
and purifying selection (favoring the preservation of
existing functional sequences) (Cheng-Li et al., 2023).
The sequencing of MSTN in goats (Zhao et al., 2022),
cattle lineages (Dilger et al., 2022), and Evidence
indicates that MSTN has experienced recent selective
pressure during the domestication process of various
species, particularly in livestock (Bendig et al., 2024).
Examining substitution patterns between cattle and
sheep, particularly in the context of BMP2 structure,
indicates significant amino acid alterations that
may have significance for the functional differences
between these two species. BMP2, a member of the
TGF-B superfamily, is essential for bone and cartilage
formation, as well as muscle growth (Ryan and Li,
2021). Understanding the functional dynamics of
BMP2, particularly in relation to MSTN, requires
understanding the remaining alterations around the
a-helix. To completely appreciate how these alterations
affect protein function, it is crucial to investigate
the sequence—structure—function relationship of
MSTN and how it parallels or diverges from BMP2
(Zhou et al., 2022a). Current phylogenetic data
demonstrating selective forces on MSTN substitutions
create difficulty in determining the exact date of
these evolutionary events. Understanding when these
selection pressures arose is critical for evaluating the
physiological consequences of certain mutations and

their contributions to muscle development in different
animals (Osman et al., 2021). The divergence of MSTN
sequences, molecular functional connections, and
resultant variances in muscle and body size have all
been significantly influenced by differential adaptation
to climatic change and southern migration in bovine
lineages (Basha et al., 2022).

MSTN phylogenetics studies the evolutionary links
and genetic variation of the MSTN gene across
different species. MSTN regulates muscle growth,
and its function has been retained throughout animals
(Ren et al., 2023). This conservation emphasizes
its importance in biological mechanisms, including
muscle mass regulation. Phylogenetic investigation
of the MSTN gene usually entails comparing MSTN
gene sequences across taxa (Kumaravel et al., 2023).
These gene sequences stay mostly constant across
species, showing a strong evolutionary pressure to
keep this function (Wang et al., 2021). By comparing
sequences, scientists may track how different species
have generated these genetic variants over time,
discovering species with mutations that may result in
greater muscle growth or changed control (Cheng-Li
et al., 2023). MSTN has been extensively investigated
in mammals, including cattle, sheep, and humans. For
example, many cow breeds (e.g., Belgian Blue) have
natural mutations in the MSTN gene, which causes a
trait known as double muscling (Pira ef al., 2021).
Phylogenetic investigation of MSTN in livestock
indicates genetic variants that also influence muscle
growth, but they may differ significantly due to
environmental adaptations (Waller er al., 2023).
Comparative investigations reveal that MSTN function
has been conserved in wild populations. Species with
spontaneous or intentionally induced mutations in the
MSTN gene frequently show accelerated muscle growth
(Sheng et al., 2021). Selective breeding has been used
to produce desirable features by targeting the MSTN
gene (Kim et al., 2021b). Overall, MSTN is highly
conserved, making it a useful target for investigating
muscle development, genetics, and evolutionary
biology across species (Zhou et al., 2022a).
Functional consequences of MSTN mutations
Mutations in the MSTN gene can dramatically influence
muscle growth, resulting in increased muscular mass
and altered body composition. This assessment focuses
on the nature of these mutations, their functional
ramifications, and the implications for muscle
growth regulation (Lee et al., 2021). The sequencing
of the MSTN gene across many species, including
cattle, sheep, chickens, goats, and pigs, provides
substantial insights into its structure and evolutionary
conservation. Here is a full explanation of the gene’s
architecture, its consequences for muscle regulation,
and the significance of comparative sequencing across
these species (He et al., 2020). Several mutations in
the coding area of GDF-8 have been found, with nine
mutations described thus far, resulting in a spectrum of
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functional alterations in the protein (Basha et al., 2022).
The finding of mutations in the MSTN gene (GDF-
8) that cause premature stop codons has substantial
consequences for muscle growth regulation. Here is a
review of these mutations, their ramifications, and their
significance to the double-muscle phenotype observed
in specific livestock breeds (Jang ef al., 2021). The
MSTN gene in cattle, located at the end of chromosome
2, has received substantial attention due to the multiple
mutations found within its sequence. These mutations
lead to the creation of different genotypes and
phenotypes, especially those associated with muscle
growth and development (Priyadharsini et al., 2021).
The sequencing of the GDF-8 gene (MSTN) in Belgian
Blue cattle has shown a major mutation that impairs
muscle growth regulation.

In cattle, a mutation in exon 3 changes a nucleotide from
G to A, converting a cysteine codon to tyrosine, which
may impair the action of the MSTN gene (Basha ef al.,
2022). The MSTN gene is located on chromosome 2
in sheep, similar to other livestock species, including
cattle (Jang et al., 2021). The Belgian Texel breed is
distinguished by its unusual muscle hypertrophy, which
has garnered attention in the study of genetic variables
influencing muscle growth (Esposito et al., 2022). A
SNP g+6223G>A in the 3’ untranslated region (3’ UTR)
of the MSTN gene (GDF-8) has been discovered as a
significant marker related to the muscular phenotype
exhibited in Belgian Texel sheep (Zhang ef al., 2019).
The SNP g+6223G>A in the 3> UTR of the MSTN
gene (GDF-8) has shown significant value outside
the Belgian Texel breed (Pira ef al., 2021). The SNP
g+6223G>A in the MSTN gene (GDF-8) has been
demonstrated to have a substantial connection with
birth weight in sheep, as well as muscle growth and
carcass features.

MSTN, primarily known for its role in controlling
muscle growth, has a larger expression profile that
extends beyond skeletal muscle. MSTN expression
is not limited to skeletal muscle but is also present
in many nonskeletal tissues, such as the brain, heart,
mammary glands, and particular muscle types.
However, the particular functions of MSTN in these
tissues are mostly unclear, necessitating additional
research (Dilger et al., 2022). Research findings on
muscle cells in chickens differ dramatically from those
in other species, with no significant variation in MSTN
mRNA levels in slow and rapid chicken muscles (Sheng
et al., 2021). Furthermore, MSTN levels remain steady
during myoblast growth, with changes in satellite cell
mRNA content from mature cells (Nasr et al., 2021).
Mutations in the MSTN gene in poultry have yet
to be observed. Studies on several chicken breeds
have shown distinct mutations in the MSTN gene,
elucidating its association with fat metabolism and
body weight features (O’Hara et al., 2021). The MSTN
gene (GDF-8) shows a high degree of commonality in
its amino acid sequences across different sheep breeds,

showing remarkable conservation of its function within
the species (Basha et al., 2022). MSTN is expressed not
only in skeletal muscle but also in other tissues such
as the optic lobes, cerebellum, and hypothalamus (Wu
et al., 2021). MSTN variants have been demonstrated
to promote ovulation in several fish breeds and
are expressed in the red muscle of several strains,
indicating that MSTN performs a different role in fish
than in higher vertebrates (Lee et al., 2021). Studies
have revealed that MSTN expression varies according
to muscle type across different species (Zhou et al.,
2022a). In mice, MSTN protein levels are higher in
rapid muscle fibers than in slow ones (Sheng ef al.,
2021). However, the mRNA and protein levels in mice
agree with this finding, while the amounts of mRNA
and protein in human muscle fibers are comparable
(Han et al., 2021; Zhou et al., 2022a).

The role of MSTN in meat production

In livestock growth, both the quality and quantity of
corpses are essential elements that influence animal
performance (Lou et al., 2021). Genetics, nutrition,
climate, and other factors can all influence the
consequences (Sakar and Ziilkadir, 2022). Genetic
factors are the most significant drivers of meat
quality (Han et al., 2021). There is an increasing
demand for lean beef with low-fat content that meets
health standards (Lee et al., 2023). Over the last few
decades, advances in breeding programs and genetic
enhancements in commercial livestock have resulted
in increased production levels (Al Amaz et al., 2024).
In recent years, considerable progress has been made
in the disciplines of quantity and molecular genetics
through the genomic mapping of commercial animals,
creating new potential to increase meat production and
meet market needs (Lou ef al., 2021).

The MSTN gene has a substantial influence on muscle
growth and meat qualities. Mutations in MSTN have
been linked to increased body weight and enhanced
meat characteristics across various species (Dilger
et al., 2022). Mutated alleles and inactive MSTN are
highly associated with growth rates and excellent meat
characteristics (Priyadharsini et al., 2021). Numerous
genes influence growth traits and carcass quality and
may serve as candidate genes for the aforementioned
features or are closely related to genes that govern
these characteristics (Cheng-Li et al., 2023).
Calpastatin, leptin, growth hormone, prolactin, IGF,
and PIT are key genes that directly affect meat quality
and quantity, either individually or by their impact on
other hormones (Chen and Lee, 2016). These genes are
beneficial in meat production, and their polymorphisms
are connected with both meat quality and quantitative
features, making them useful as genetic markers in
breeding programs aiming at increasing precision and
responsiveness to selection (Zhou ef al., 2022b).

The role of the MSTN gene in animal breeding

The MSTN gene is recognized as an essential locus in
production characteristics (Lee et al., 2021). Several
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mutations in this gene cause a twofold muscling
phenotype and result in greater muscle mass, which is
one of the goals of breeding commercial animals (Zhu
et al., 2018). For decades, conventional breeding has
involved selecting people with spontaneous mutations
in the MSTN gene. With the advancement of genetic
engineering tools, scientists may now selectively
modify this gene in animals using methods such as
CRISPR-Cas9 (Mohamedien et al., 2023). More
precise genetic editing tries to develop animals with
desirable traits, such as enhanced muscular mass
(Kruszewski and Aksenov, 2022).

The MSTN gene serves an important role in controlling
muscle growth in animals. It works by suppressing
muscle growth and proliferation, therefore naturally
opposing the increase of muscle mass (Abhijith et al.,
2021). In the context of animal breeding, altering
the MSTN gene has gained attention because of its
potential to boost meat production in animals (Yan
et al., 2021). This gene encodes the MSTN protein,
which is a natural inhibitor of muscle growth (Yanesari
et al., 2023). By altering or lowering the expression
of the MSTN gene, breeders can develop cattle with
increased muscle mass, thus boosting meat production
efficiency (Wang et al., 2021). Some livestock breeds
naturally carry mutations in the MSTN gene that affect
MSTN function. For example, Belgian Blue cattle
and Texel sheep have mutations in this gene, causing
a condition known as double muscling (O’Hara et al.,
2021). These animals have larger muscles and less fat
than other cattle breeds, which results in a higher meat
yield per animal (Duan et al., 2016).

In breeding programs, breeders can select people with
MSTN gene mutations or other genetic polymorphisms
that influence MSTN function (Mohammadabadi et al.,
2021). This genetic selection allows them to generate
generations of animals with more muscle mass, which
can improve meat production efficiency (Hai et al.,
2023). Choosing cattle or sheep based on their MSTN
features can provide major financial benefits (Paez
et al., 2021). MSTN-modified animals had a higher
muscle-to-fat ratio, which means more muscle and
less fat (Koohgivi et al., 2019). This results in leaner
meat, which is often considered premium quality on
the market. As a result, this gene influences not only
the quantity but also the quality of meat produced (Hai
et al., 2023).

Conclusion

The MSTN gene plays a critical function in animal
breeding, specifically regarding growth, increased
muscle mass, and meat production efficiency. MSTN
is largely involved in muscle production and growth,
making it a good candidate gene for improving muscle
development in animals. Mutations discovered in the
MSTN sequence using molecular techniques give
effective solutions and assist breeders in collecting
essential information for making educated decisions

about management and selecting the optimal
populations for reproduction. This allows breeders
to collect comprehensive data on the genetic state of
the MSTN gene in animals. One of the key benefits of
the MSTN gene is its significance as a target gene for
increasing productivity.
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