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Abstract

Myostatin (MSTN) has the function of limiting muscle growth, keeping satellite cells quiescent and acting on cell development,
proliferation, differentiation, adhesion, migration and apoptosis. The mutation in the GDF8 gene proved to be advantageous
as it presents some important attributes for the production of beef cattle, such as: gains in feed conversion and meat quality,
making the meat leaner and more tender,; resulting in intense selection for use in crossing programs in Brazil and around
the world. We carried out a literature review on the mutation in the GDF8 gene in different breeds of Double Muscled cattle.
We evaluated the frequency of polymorphisms present in research and observed that Indel c. 818 and MSTN-F94L were the
markers most used in research. The MSTN-F94L polymorphism influenced musculature in the Jersey-Limousin backcross
population. Furthermore, the polymorphism is strongly associated with the additive effect on birth weight, weaning weight
and yearling weight, in addition to increasing the ease of direct birth in pure or mixed breeds. GDF8 gene polymorphisms can
be used to improve performance traits in beef cattle. However, the influence of these markers needs to be determined in each

herd.
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Abbreviations: GDF8: Growth Differentiation Factor
8; Snps: Single Nucleotide Polymorphisms; mh: Muscular
Hypertrophy.

Introduction

Beef livestock farming currently stands as one of the
pivotal sectors within the Brazilian and global economies.
Producers are increasingly prioritizing the restructuring of
the beef cattle production chain to align with the stringent
meat quality standards demanded by both domestic and
international consumer markets Al-Samarai FR, et al. [1].

Mutations in the GDF8 Gene in Double-Muscled Cattle: Mechanisms of Action and Relevance for

Livestock Production

Consequently, there’s a pressing need to utilize animals
exhibiting high productivity and suitability for breeding
systems to foster the advancement of this activity on a global
scale EMBRAPA [2]. Genetic improvement in beef cattle
has been employed for decades as a method to enhance
production efficiency and ensure the palatability of meat,
a characteristic directly associated with tenderness Miller
S [3]. Enhancing muscle mass in cattle stands as one of the
primary objectives in genetic improvement programs for
both researchers and producers Grigoletto L, et al. [4]. In
this context, double muscle syndrome (MD) emerges as
a mutation observed in various cattle breeds worldwide
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Konovalova E, et al. [5], Prihandini PW, et al. [6], first
described in the 19th century by Culley Oliver WM, et al.
[7], Karim L, et al. [8]. This syndrome is characterized by
muscle hypertrophy, particularly in the hind region of cattle,
resulting in a higher muscle-to-bone and muscle-to-fat ratio
Menissier F [9], Shahin KA, et al. [10].

In various cattle breeds, the mutation results in the loss
of function of the Myostatin protein gene, also referred to as
Growth Differentiation Factor 8 (GDF8), which dictates the
MD phenotype Haruna IL, et al. [11]. This mutation is typically
triggered by a premature stop codon that renders the protein
inactive and dysfunctional Karim L, et al. [8], Marchitelli
C, et al. [12]. Hence, by defining parameters for genetic
analysis of mutations in the GDF8 gene in animals with MD, it
becomes feasible to establish the genomic profile associated
with enhanced muscular development and productive
performance Aiello D, et al. [13]. The mutation in the GDF8
gene has demonstrated advantages, including improved feed
conversion efficiency and meat quality, leading to significant
selection pressure for its integration into breeding programs
both in Brazil and globally Arthur PF [14], Wheeler TL, et al.
[15]. Thus, the present study aimed to conduct an integrative
literature review spanning from 2014 to 2024, utilizing
databases such as PubMed, Google Scholar, and Scielo. The
focus was on investigating the mutation in the GDF8 gene
across various breeds of double-muscled cattle. Assessing
the role of this protein is crucial for determining optimal
performance and potential in meat production. Moreover, it
aids in the selection of superior beef cattle breeds for inclusion
in breeding and genomic selection programs.

Double Musculature in Cattle

There is a persistent trend to improve carcass quality in
specialty beef breeds Zheng Y, et al. [16]. As a result, a higher
yield of lean meat is desirable for the consumer market
Vanek Jk, et al. [17]. According to data from the Brazilian
Association of Meat Exporting Industries-ABIEC [18], in
2019, the Brazilian herd accounted for an average of 213.68
million heads of cattle, with a record of slaughtering 43.3
million heads of cattle, being one of the main producers and
exporters of beef in the world. In 2016, the national herd
reached the mark of 218.23 million heads of cattle IBGE [19].
Across the globe, breeds selected for production and research
prioritize both productive and reproductive potential. In
certain cattle breeds exhibiting double musculature, various
mutations leading to the loss of function of the myostatin
gene can be observed Csurhes T, et al. [20]. The Belgian Blue
breed, originating in Belgium in the 1970s, is renowned for
its remarkable muscularity, attributed to a loss-of-function
mutation in the myostatin gene Grobet LJR, et al. [21].
Charlier C, et al. [22] successfully mapped the GDF8 gene to
bovine chromosome 2.
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The Aberdeen Angus breed currently enjoys prominence
in the market owing to the quality of its meat and its
adaptability to the Brazilian tropical climate. Weber T, et
al. [23] reported that among taurine beef breeds, Angus
accounted for the highest number of semen doses sold
in Brazil (16.4% of the total) and the highest number of
imported semen doses (67.5%). These findings underscore
the breed’s significant role in the Brazilian meat production
chain. The Piemontese breed stands as the predominant
breed within the Italian beef herd, currently accounting for
an average of 350,000 head of cattle Rural C [24]. These cattle
are characterized by their substantial muscle mass, low fat
deposition, reduced skeletal weight, low feed consumption,
and efficient feed conversion Fiems LO [25]. Primarily
selected for its genetic superiority in meat production and
favorable qualities for both direct and maternal birthing
Albera A, et al. [26].

Another breed of significant importance in the beef
market is the Marchigiana breed, originating from Italy
Mancini G, et al. [27]. Known for its muscular hypertrophy,
Marchigiana cattle yield carcasses with consistent high
performance and minimal variation between individuals.
With a notable emphasis on muscle mass and minimal
fat and bone content, these attributes are highly valued
economically Sarti FM, et al. [28], Sorbolini S, et al. [29]. The
mutation responsible for the double musculature phenotype
in this cattle population results from a G = T transversion
at position 874, leading to a stop codon in the C-terminal
bioactive domain, known as E291X Cappucio I, et al. [30],
Marchitelli C, et al. [12].

Myostatin Protein (MSTN)

MSTN, discovered in 1997 by Lee and McPherron
(Rodgers BD, et al. [31]), spurred researchers to deepen
their understanding of its function, particularly its potential
for inhibition against conditions characterized by significant
muscle mass loss. Concurrently, a team of researchers at
the Johns Hopkins School of Medicine first described the
protein as a negative regulator of muscle mass McPherron
AC, et al. [32]. MSTN belongs to the transforming growth
factor TGF-f supercytokine family, with its primary function
being to restrict muscle growth by maintaining satellite
cells in a quiescent state. It exerts influence over various
cellular processes including development, proliferation,
differentiation, adhesion, migration, and apoptosis Lee
S] [33]. Unlike other members of the TGF family, MSTN is
predominantly expressed in the skeletal muscle of both adult
and developing individuals Carlson CJ, et al. [34]. During the
embryonic period of animal development, particularly during
the myogenesis process (Figure 1a), the GDF8 gene plays a
pivotal role in regulating myoblast proliferation through its
interaction with the Activin type I12 receptor (Actllb) (Figure
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1b). This interaction inhibits somite activation by repressing
the transcription factor Pax3, subsequently hindering
myoblast proliferation by inhibiting the transcription factors
MyoD and Myof5, and impeding myocyte differentiation into
myotubes by suppressing myogenin and MRF4 transcription
Wehling M, et al. [35].

Furthermore, during embryogenesis, myostatin is
expressed by cells in the myotome and developing skeletal
muscle, serving to regulate the final count of muscle fibers
formed. In adulthood, myostatin exerts an inhibitory effect
on skeletal muscle development, suppressing the expression
of transcription factors crucial for the muscle formation cycle
and preventing tissue hyperplasia Lee S] [33].

Figure 1: Stages of muscle tissue formation, or the
myogenesis process, and mechanisms of gene action.
a) Steps in muscle tissue formation, or the myogenesis
process, without interference from gene expression
regulation mechanisms. b) Stages of muscle tissue
formation or the myogenesis process under the influence
of myostatin and gene expression regulation mechanisms.

The mutation responsible for muscular hypertrophy
(mbh) is situated in the GDF8 gene, also known as the MSTN
gene McPherron AC, et al. [32]. The myostatin gene has
been precisely mapped to the distal end of chromosome 2
in cattle Grobet LJR, et al. [21]. The presence of the mutant
mh allele in loss-of-function homozygotes consequently
results in muscle hypertrophy. However, it's worth noting
that the mutation doesn’t necessarily have to be present in
the homozygous condition for an effect to manifest Bellinge
RH, et al. [36]. In a study conducted by Casas E, et al. [37],
it was observed that animals inheriting a single copy of the
mutant mh allele, either from a Belgian Blue or Piedmontese
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crossbreed, exhibited increased Longissimus muscle area
and reduced external and intramuscular fat deposition
compared to animals without any copy of the mutant mh
allele. Bos taurus taurus was the first subspecies of cattle in
which a mutation of the GDF8 gene was identified. A total of
20 different mutations have been identified in the GDF8 gene,
with 14 located in the coding sequence and six in the intronic
sequences of the gene Marchitelli C, et al. [12], Grobet L]R, et
al. [21], Dunner S, et al. [38], Shibata M, et al. [39].

The first mutations of the myostatin gene in cattle were
first documented in the Belgian Blue and Piedmontese
breeds, both renowned for their substantial muscular
development compared to conventional cattle. Mutations
within the GDF8 gene have been identified across various
species, including dogs Mosher DS, et al. [40], sheep Kijas
JW, et al. [41], cattle Grobet LJR, et al. [21], pigs Stinckens A,
et al. [42], and humans Schuelke M, et al. [43]. In this study,
we examined the prevalence of polymorphisms reported in
the literature and observed that Indel c. 818 Jakaria ], et al.
[44] and MSTN-F94L Lee ], et al. [45] were among the most
frequently utilized markers in research.

Association of Single Nucleotide Polymorphisms (SNPs)
in the GDF8 Gene with the Productive Performance of
Bovine Breeds Studies involving double-muscled animals
have garnered significant attention from breeders and
geneticists, particularly following the discovery of new
scientific evidence linking the double-muscled phenotype
to polymorphisms in the GDF8 gene in certain cattle. Jakaria
], et al. [44] investigated the presence of SNPs and 11 bp
deletions in the coding region of the GDF8 gene, exploring
their association with the double muscle phenotype in cattle
crossbred with the Belgian Blue breed. Their study revealed
the identification of four new SNPs and an 11 bp indel within
the coding region of the GDF8 gene. The Belgian Blue cattle
breed is renowned for its exceptional carcass yield. However,
a correlation has been established between the mutation
in the myostatin gene, which results in double musculature
(mh/mh genotype) in Belgian Blue cattle, and susceptibility
to psoroptic mange, a skin disease caused by the mite
Psoroptes ovis Meyermans R, et al. [46], Vinet A, et al. [47]
propose that the TG3811 polymorphism in the second intron
of the myostatin gene accounts for the superior carcass and
muscle yield observed in homozygous Blonde d’Aquitaine
[G/G] breeds. Cattle carrying the TG3811 polymorphism
exhibited lower intramuscular fat content compared to
normal cattle. Hence, this mutation likely exerts a direct
influence on lipid metabolism, alongside a notable impact on
muscle fiber growth and differentiation.

Jakaria ], et al. [44] identified 8 SNPs within the coding

region ofthe GDF8 gene, specifically:c.111G/C;rs523392653,
c.267G/A; rs383271508, c.1077C/A; rs466598800; c.1083
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T/C, and rs211583837. Additionally, they observed that
crossbred individuals, Belgian Blue x Peranakan Ongole,
predominantly exhibited point mutations in the GDF8
gene, followed by Peranakan Ongole cattle. In the same
study, the authors detected a novel deletion at position 11
bp of exon 3, denoted as Indel c.818 (5’-ATGAACACTCC-3’;
rs382669990), in Belgian Blue cattle. This deletion was not
observed in Peranakan Ongole cattle, whereas in crossbred
cattle (Belgian Blue x Peranakan Ongole), a heterozygous
deletion (Indel 11bp) was noted. In the GDF8 gene, Sarti
FM, et al. [28] identified a transversion from G to T in the
Marchigiana breed. The “GG” homozygote exhibits a “normal”
phenotype, while the “TT” homozygote displays a double
musculature phenotype, albeit with a potential increase in
mortality rate. Conversely, the heterozygous genotype can
manifest double musculature without detrimental effects.
Homozygous Marchigiana “TT” individuals are excluded
from breeding programs, while heterozygous individuals are
selected as breeders. Bimuscular carcasses typically exhibit
a high carcass yield percentage and a low proportion of fat
and bones Kobolak ], et al. [48]. In Ceccobelli S, et al. [49]
findings, although no significant difference was observed
between heterozygous and homozygous Marchigiana bulls,
it was noted that heterozygous bulls achieved a final live
weight at slaughter averaging 17 kg higher than monozygous
bulls. Thus, concerning post-mortem carcass parameters,
the observed average daily weight gain suggests an impact
of the mutation. These findings align with the observed
muscle mass growth attributed to the loss of function of
the myostatin protein in Marchigiana beef cattle, resulting
in increased muscle fiber count (hyperplasia), fiber
enlargement (hypertrophy), and decreased subcutaneous
and intermuscular fat deposition Bennett GL, et al. [50].

CushmanRAetal.[51] conducted athree-yearassessment
of the growth and reproductive indices of beef heifers to
investigate the impact of the MSTN F94L polymorphism in
the GDF8 gene on reproductive performance. Their findings
indicated that the MSTN Leu allele was linked to reduced
birth weight. Additionally, this allele was associated with a
delayed onset of puberty, although it did not significantly
affect the calving date. The MSTN F94L polymorphism
shows promise for enhancing zootechnical performance
related to weight gain in beef heifers without compromising
fertility. However, further research is needed to ascertain
its broader influence on cattle herd performance. Lee ],
et al. [28] identified that individuals of the pure Limousin
and mixed breed (1/2 Angus, 1/2 Limousin) possessing
the MSTN F94L polymorphism in the 6 Mb region of BTA 2
(Bos taurus autosome) showed an association with additive
effects on birth weight, weaning weight, and yearling weight,
as well as an increased ease of direct birth. Furthermore,
the study demonstrated the predictive accuracy achieved
by incorporating the MSTN F94L polymorphism as either a
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random or fixed effect in genomic evaluations, compared to
using other SNP markers in the BovineSNP50 BeadChip, thus
enhancing prediction efficiency Lee S], et al. [52].

Conclusion

GDF8 gene polymorphisms hold potential for enhancing
performance characteristics in beef cattle. Nonetheless,
the impact of these markers must be assessed within each
individual herd. Consequently, regarding the MSTN F94L
marker, prior to its adoption for genetic selection decisions
by beef producers, it is imperative to comprehend its
association with reproductive performance within the
cattle herd. In light of this, future studies are warranted to
elucidate the mechanism of action underlying the MSTN
F94L polymorphism, which remains to be fully understood.
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