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ABSTRACT

Double muscling is a heritable trait. It has been revealed that myostatin (MSTN) or growth
differentiation factor 8(GDFB8) is the genetic agent of this trait. The gene is a myokine, a protein
that inhibits myogenesis (muscle cell growth and differentiation). In-Silico genetic analysis was
done to analyze the sequences of Myostatin gene in cattle, sheep and goat. A total of thirty seven
(37) nucleotides with their corresponding amino acid sequences comprising of (26 for goat, 9 for
cattle and 2 for sheep) were retrieved from the Genebank. The genetic polymorphism with three
variants (M180L, S276N, S279K), five (K178N, V151L, E247D, Q329L, G355I) and six (R98H,
1119T, S125M, G133S, T165N, H328T) for goat, sheep and cattle respectively, appeared not to
impair the gene function while three variants (K153F, T240K, L270Q), six (S191P, W203L,
S205C, N222Q, D231C, R303G), seven (D110L, 1158A, R175V, K193V, S205G, P301L,
F353N) were deleterious. The results revealed beneficial amino acid variants which can be used
as possible markers for growth and development in goats, sheep and cattle. Although Capra and
Ovis family had more propinquity and organized branch in the phylogenetic tree, the Neigbour-
joining showed that sequences of the three species are similar. Also, goats and sheep appeared
more similar in their amino acid contents compared to cattle. However, the distribution pattern
was the same for the three species in respect of (aspartate 6.1, cysteine 3.5, glutamate 6.7,
methionine 2.1, phenylalanine 3.7, proline 6.4 and tyrosine 3.2 with leucine 9.9, as the highest).
The results also showed that this gene has a high degree of conservation during evolution of
various species, which implies that MSTN, is an essential factor in biological muscle control.
Physicochemical properties also showed extinction coefficient =51630 for sheep and cattle, half
life=30hours for goats, sheep and cattle and aliphatic index =84.45 for goats and sheep, other
parameters varied from one species to another. The secondary protein structure prediction in the
bovine myostatin protein showed highest alpha helix (23.20%) and random coil (44.00%) with
caprine and ovine at 22.67% and 43.20%. However, the extended strand (25.87%) and beta turn
(8.27%) predictions were higher in both caprine and ovine species with bovine at 25.33% and
7.47%. Tertiary protein structure prediction of goat and sheep are the same while that of cattle
differed. Furthermore, the results showed that capra and ovis family are much similar in function
compared to cattle. Finally, the comparative inferences of myostatin gene sequences of the
species studied conferred similarity in goat and sheep than cattle.



1.0 CHAPTER ONE: GENERAL INTRODUCTION
1.1 INTRODUCTION

Improving agricultural production and human food supply are the major human concern all over
the world especially in developing countries. Meat is a very important source of food to human
as it supplies protein and energy (Aleriza et al., 2014). The first step in animal breeding was
selection of the best animals by ranchers, but today scientists consider recognizing genetic
aspects of major genes affecting meat production. In recent years, the tools of new molecular
techniques developed and caused the discovery of new growth factors that are involved in the
regulation of muscle mass (Diel er al., 2010). It has already been pointed out that one of the
interesting aspects of hypertrophy or double muscle is the dramatically increased muscle as a
result of a combination of muscle fibre hyperplasia and hypertrophy (Mcpheron and Lee, 1997).
The gene encoding myostatin was discovered by geneticists Se-Jin Lee and Mcpherron
Alexander who also produced a strain of mutant mice that lack the gene. These Myostatin
“Knockout” mice have approximately twice as much as normal mice (Mc Pherron et al., 1997)
which were subsequently named “mighty mice”. The term myostatin also known as (growth
differentiation factor (GDF8) or MSTN gene is a myokine, a protein produced by muscle cells
that acts on muscle cells (autocrine function) to inhibit myogenesis; muscle cell growth and
differentiation. Myostatin is a secreted growth differentiation factor (GDF8) that is a member of
the Transforming growth factor (TGF) beta protein family (Joulia-Ekaza and Cabello, 2007).
Animal with mutant genotypes in GDF8 gene not only produce more meat, the quality of the
meat in their products is also different.

In these animals, the posterior limbs are round and prominent, the muscle are in protrusion mood
and clear lines under the skin are visible. Prominent examples of mammals are Belgium blue and

pre-montese, which show significant characteristics of double-muscle (Kambadur ez al., 1997).

Myostatin referred to as growth differentiation factor-8 (GDF8) is a member of the mammalian
growth transforming family (TGF-B Super family), which is expressed specifically in developing
an adult skeletal muscle (Gonzalez-Cadavid and Bhasin, 2004). Mice that lack myostatin
indicated a widespread increase in skeletal muscle mass due to an increase in both myofiber size

(hypertrophy) and myofiber number (hyperplasia): (Mcpherron et al, 1997). Muscular



hypertrophy (mh) also called double muscling has been intensified during a study in cattle as a
heritable physiological character and is found in Austriana de loss valles, Belgian blue and
Redmontese breeds of cattle (Smith er al., 1997). Use of double muscle beef breeds has been
encouraged as a result of their high meat yield and superior meat quality associated with high
proportion of white, glycolytic muscle fibres (Shah er al, 2006). Double-muscled cattle also
deposit much less fat than other breeds (Potts ez al., 2003).

MSTN is synthesized as a biologically inactive precursor molecule (Full length MSTN protein)
comprising 3 domains, the signal peptide, the propeptide (N-Terminus), and the C- Terminal
domain. MSTN is composed of 375 amino acid precursors, and has same C-terminal fragments
of about 109 amino acid residue in mice, rats, human, swine, fowl and turkey and only 3 amino
acid residue in C- terminal region thereof are not the same in monkeys, cows, and sheep, The C-
terminal regions are expected to include physiologically active portions of MSTN (Thomas et
al., 2000). Major effect of a single gene on processing yields opened a potential channel for
improving processing yields of animals using knockout technology (Arif et al., 2002). Therefore,
in present study, in-silicon genetic analysis of sequence of myostatin gene in mammalian species
is important in understanding the evolution, differentiation and the effects of polymorphism on
the myostatin gene (MSTN ) and how they are related within and among the mammalian species
under study.

1.2 Objectives of the Study

The general objective of the study was to analyze the myostatin gene in selected bovids (cattle,
sheep and goat) with a view to providing relevant genetic information for breeding and selection
programmes in the studied species in Nigeria.

The Specific objectives were to;

1.  Examine the attendant effects of various amino acids substitutions of the myostatin gene in
the selected species.

2. Examine the genetic diversity of myostatin in silico on their evolution and differentiation
within and among species.
Study the various physicochemical properties of myostatin gene and;

4.  Predict the secondary and tertiary structures of the myostatin gene in the selected species.



1.3 Justification

Myostatin genetic polymorphisms have evoked considerable research interest in recent years
because of its possible association with growth. The major challenge that faces molecular
geneticists is to identify markers for genes that control the phenotypic variation in the target
traits. Recent advances in high-through put technologies have generated massive amounts of
genome sequence and genotype data for a number of species. The method to identify functional
SNPs from a pool, containing both functional and neutral SNPs is challenging by experimental
protocols. Therefore, computational predictions have become indispensable for evaluating the

impact of nonsynonymous single-nucleotide variants discovered in exome sequencing.

A good knowledge of the sequences of myostatin gene will help in identifying the variants
responsible for various factors attributed to the gene. This will help breeders to plan breeding
programmes more easily and in turn reduce the problem of low supply of high quality protein

facing the increasing populations especially in a developing economy such as Nigeria.



2.0 CHAPTER TWO: LITERATURE REVIEW

2.1 Myostatin growth factor.

Myostatin, or growth differentiation factor 8 (GDFS8), is a protein that is encoded by the MSTN
gene and is a secreted growth differentiation factor that is a member of the transforming growth
factor (TGF) beta protein family. The TGF beta protein family controls primarily proliferation
and cellular differentiation; myostatin inhibits muscle differentiation and growth in the process
known as myogenesis and is produced primarily in skeletal muscle cells, circulates in the blood
and acts on muscle tissue. Myostatin was discovered in (1997) by geneticists Dr. Se-Jin Lee and
Alexandra McPherron who also produced a strain of mutant mice that lack the gene, which had
twice as much muscle as normal mice. Like other TGF-B family members, myostatin is
synthesized as a precursor protein, and contain 244 amino acid residues of the human myostatin
Propeptide; the propeptide undergoes proteolytic processing at a dibasic site to generate an N-
terminal propeptide and a disulfide-linked C-terminal dimer, which is the biologically active
molecule. The circulating form of myostatin consists of a latent complex of the myostatin C-
terminal dimer and other proteins, including the myostatin propeptide, which inhibit the
biological activity of the C-terminal dimer (Filipo, 2014). The enzyme that cleavages the
myostatin propeptide is unknown, but some researchers suggest that members of the bone
morphogenetic protein-1/tolloid (BMP-1/TLD) family of metalloproteinases may be involved in
activating latent myostatin in vivo., myostatin displays the traditional TGF- family hand-shaped
architecture, with each monomer consisting of four curved beta strands or ‘fingers', a cystine

knot motif in the ‘palm’ region, and a major helix or ‘wrist',

2.2 Myostatin Protein

Myostatin actively inhibits skeletal muscle development (Bellinge et al., 2005). Myostatin is a
member of the transforming growth factor (TGF)-f3 superfamily and cannot be classified into the
existing TGF- subfamilies, such as inhibins or bone morphogenic proteins. This deviation from
the typical TGF-p family is particularly evident in the C-terminal region (Mc Pherron et al.,
1997). Myostatin, like other members of the transforming growth factor-p (TGF-B) family, is

synthesized by a 376 amino acid precursor protein including three domains namely, a C-terminal



domain or active molecule, an N-terminal propeptide domain which will be cleaved at the RSRR
site during maturation, and a signal sequence (Fig.1).

Proteasic digestion processing between the propeptide domain and the C-terminal domain results
in an N-terminal propeptide and the mature form of myostatin, a 12-kDa carboxy-terminal
fragment. Both mature and unprocessed myostatin form disulfide linked dimers. Moreover, the
only active form of the protein is the processed myostatin dimer (Joulia-Ekasa and Cabello,
2006).

nd19(del7-ins10) Q204X E291X

I A4 i l 267 1 376

NH2 |[SP Pro-region RSRR  Active peptide | COOH

!

ms2 1 (dell )

E226X C313Y

Figurel; Myostatin protein structure and natural mutations in the bovine myostatin gene.

The three domains are the active peptide at the C-terminal part, the pro-region and the signal
peptide (SP). The arrows show the position of mutations that are responsible for the increased
muscle growth in some cattle breeds (Mc Pherron et al., 1997).

In mice, myostatin is predominantly present in both developing muscles, (even as early as 9.5
days postcoitum), and adult skeletal muscles (Mc Pherron et al., 1997). However, there are
several reports of various animal species having the occurrence of myostatin mRNA or protein in

their other tissues and plasma (Gonzalez-Cadavid et al., 1998).



2.3  The myostatin pathway

While myostatin is bound to the follistatin-related gene (FLRG), and the growth and
differentiation factor-associated serum protein-1 (GASP-1), human small glutamin-rich
tetratricopeptide (hSGT) repeat-containing protein is reproduced with permission of (hSGT), T-
cap, follistatin or the myostatin propeptide. It can then be found either in the serum or in an
inactive local state. The active myostatin dimer gets attached to the activine type Il receptor
(ActRIIB), which then activates the type | receptor (ALK4 or ALKS5) by transphosphorylation.
Smad2 and Smad3 are then activated as a result of the previous process. Smad4 joins them
afterwards. Finally, they translocate to the nucleus, activating target gene transcription. So far,
two inhibitors of this signalization, namely Smad7 and Smurfl, have been identified. Smurfl is
an E3 ubiquitin ligase that mediates ubiquitination and the consequent degradation of the R-
Smads (Fig.2.). Expression of Smad7 is induced by the myostatin expression. This could express
the existence of a negative regulatory feedback loop mechanism (Zhu et al., 2004).

In vitro studies show that myostatin causes C2C12 myoblasts to be accumulated in the G0/G1
and G2 cell-cycle phases, consequently diminishing the number of S-phase cells. Moreover,
myostatin causes failure in myoblast differentiation, which is related to a strong decrease in the
expression of differentiation markers (Joulia-Ekaza and Cabello, 2006). Furthermore, under
proliferation and differentiation conditions, myostatin expression diminishes the apoptotic rate of
cells (Joulia et al., 2003). Using antisense myostatin mMRNA, the opposite results were obtained
by preventing endogenous myostatin expression. This approach suggests that myogenin and p21
cyclin-dependent kinase inhibitors might probably be the main physiological targets of myostatin
(Joulia et al, 2003).
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Figure 2. Famous elements of the myostatin pathway ((Joulia-Ekasa and Cabello, 2006).

2.4 Cellular Actions of Myostatin

2.4.1 Proteolytic processing and regulated bioactivity

Several myostatin binding proteins have been identified and include follistatin (Lee and
McPherron, 2001), follistatin-like related gene (FLRG; also known as follistatin like-3, FSTL-3,
and follistatin-related peptide or FLRP) (Hill er al., 2002), growth/differentiation factor-
associated serum protein (GASP)-1 (Hill ez al., 2003) and titin (T)-cap (Nicholas et al., 2002) T-
cap is a sarcomeric protein that binds the N-terminal domain of titin where it helps regulate the
cytoskeletal organization of muscle cells. T-cap also binds myostatin presumably in the golgi and
prevents its secretion. The N-terminal peptide that results from proteolytic processing of pro-
myostatin also binds myostatin with high affinity, and like follistatin, FLRG and GASP-1, can
prevent receptor binding and activation (Lee and McPherron, 2001), Such interactions
commonly occur between proteolyzed fragments of TGFB superfamily members (Koli et al,
2001) and although the exact mechanism of ligand activation has yet to be determined for

myostatin, it appears to strongly resemble that of its superfamily siblings. This includes removal



of the signal peptide from prepro-myostatin and proteolysis of pro-myostatin at the furin/PACE
cleavage site. This separates the bioactive domain from the N-terminal latency-associated
peptide (LAP), which binds to the disulfide-linked myostatin dimer. The two proteins are then
secreted as a small latent complex where they enter the circulation or potentially bind to the
extracellular matrix forming a large latent complex. Proteolytic cleavage of LAP then releases
myostatin from circulating and extracellular complexes. Thus, myostatin bioactivity is not
mediated per se by increased synthesis or release from skeletal muscle, but by three independent
proteolytic events, of which the latter two may be regulated.

The nullifying effects of LAP and follistatin on myostatin bioactivity have been demonstrated
quite conclusively using in vitro and/or in vivo systems, with LAP receiving the most attention.
Both proteins bind myostatin and prevent receptor binding and activation in vitro, whereas
transgenic mice overexpressing LAP or follistatin develop hypermuscularity similar to that seen
in the Mighty Mouse (Yang et al., 2001).

2.4.2. Regulation of myoblast proliferation, differentiation, and quiescence

Myostatin appears to prevent myoblast hyperplasia in mammals by inhibiting cell cycle
progression (Taylor et al., 2001). Myostatin also inhibits myoblast differentiation (Langley ez al.,
2002) although the teleological significance of this particular effect may appear controversial
because conflicting data suggest that myostatin initiates cell cycle withdrawal, which is a
necessary prerequisite for differentiation (Joulia et al., 2003) However, studies with primary
myosatellite cells (also known as “skeletal muscle stem cells” located below the sarcolemma and
basal lamina) from myostatin-null mice suggest that myostatin-stimulated cell cycle withdrawal
accompanied by cellular quiescence (McCroskery et al., 2003) rather than differentiation. This
explains the apparent discrepancy and supports earlier studies indicating that myostatin is a
myoblast survival factor (Rios et al., 2001). A model for myostatin action in mammals suggests
that in the absence of other myogenic regulators, myostatin inhibits myoblast hyperplasia by
stimulating cell cycle withdrawal and delays differentiation by inducing cellular quiescence.
Recent studies further suggest that myostatin-induced cellular quiescence is reversible and is
associated with reduced expression of the myogenic regulatory factors Pax-3, Myf-5, and MyoD
(Amthor et al, 2006). It is therefore inaccurate to describe myostatin’s actions as solely

inhibitory. Indeed, myostatin initiates the first and necessary step in the differentiation process,



cell cycle withdrawal, and prevents apoptosis of the quiescent cells. Its negative effects on
myofiber hypertrophy are due to the inhibition of myosatellite cell activation, proliferation,
and/or renewal because the fusion of these cells with existing myofibers is largely responsible for
postnatal muscle growth (Figeac et al., 2007). These cells are more abundant in skeletal muscle
of myostatin-null mice, which proliferate more rapidly than those isolated from wild-type mice
(McCroskery et al., 2003). Myostatin also inhibits protein synthesis in differentiated C2C12
myotubes (Taylor et al., 2001). These studies together suggest that myostatin ultimately limits
skeletal muscle size by inhibiting the hyperplastic growth of developing myoblasts and thus, the
number of cells that eventually differentiate into mature myofibers, and by reducing myofiber
protein synthesis and myosatellite cell renewal, both of which inhibit the hypertrophic growth of

mature muscle.

2.4.3. Receptors and signaling

All TGF[ superfamily ligands signal through membrane-bound heteromeric serine-threonine
kinase receptor complexes composed of two type 1 and two type 2 receptors (Attisano et al.,
2002). Ligand binding to type 2 receptors recruits type 1 and both autophosphorylate via
transinteractions with one another’s intracellular kinase domains. The signaling pathway to the
nucleus is short and quick because specific receptor (R)-Smads are recruited to the complex and
are phosphorylated by type 1 receptors. The R-Smads then oligomerize with appropriate co-
Smads and translocate into the nucleus. This complex directly binds promoter elements and
initiates or represses gene transcription. Myostatin bioactivity is mediated by activin receptors,
specifically Acvr2 and Acvr2b. Cross-linking studies and radioreceptor assays indicate that
although myostatin binds both, it binds the latter with slightly higher affinity (Lee and
McPherron, 2001). Skeletal muscle mass was increased by 125% in transgenic mice
overexpressing dominant-negative Acvr2b (Lee and McPherron, 2001) and by 60% just 2 weeks
after three ip injections of a soluble form of Acvr2b’s extracellular domain (Lee et al., 2005).
Mice homozygous for deactivating mutations in Acvr2 have pectoralis and triceps muscles that
are 27-40% larger than the same muscles from wild-type mice ((Lee et al., 2005). These muscles
are just 20-26% larger in mice with mutant Acvr2b receptors, suggesting that Acvr2 may play a
more important role in regulating myostatin’s actions, at least in these muscles. The relative

distribution of each receptor in different skeletal muscles or even within a specific muscle is not
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known. Thus, the contribution of each receptor may be equally relative and may differ between
individual muscles or even fiber types. Myostatin activation of either receptor recruits the type I
receptors activin like kinase-4 or -5 (Rebbapragada et al., 2003), which in turn phosphorylate
Smads 2 and 3. These transcription factors oligomerize with Smad4 and eventually regulate gene
transcription, including the expression of Smad7 and c-ski. This particular Smad is an inhibitory
Smad because it sequesters Smad4 in the cytoplasm and prevents it from binding to the Smad2/3
complex (Rebbapragada et al, 2003). C-ski is a corepressor that stabilizes the inactive
Smad2/3/4 complex on Smad/ski binding elements (Xu et al, 2000). It also appears to inhibit
Smad2 and Smad3 signaling in part by directly blocking histone deacetylase activity as well as
their association with a transcriptional coactivator(Kobayashi ez al., 2007). Nuclear localization
of c-ski is required for the differentiation of myoblasts because it enhances myogenin
transactivation through direct interactions with MyoD/MEF2 heterodimers (Kobayashi et al.,
2007), which is in direct opposition to myostatin’s negative effects on differentiation. These
studies together suggest that in skeletal muscle, Smad7 and c-ski serve as intracellular negative
feedback mechanisms for myostatin or other TGF[ superfamily ligands that signal via Smads 2
and 3.

Myostatin signaling is not limited to canonical Smad pathways because it curiously interacts
with mitogenic pathways as well. Myoblast proliferation and cell cycle progression are
stimulated by IGF-1, a potent mitogen for many different cell types including myoblasts. IGF-I
also stimulates myoblast differentiation and the associated cell cycle arrest (Zapf et al., 1999).
The mechanisms of IGF-I’s ability to stimulate these normally diametrically opposed cellular
activities is currently under dispute and may include the local production of IGF binding protein
(IGFBP)-3 (Pampusch et al., 2003).. Myostatin also stimulates myoblast cell cycle withdrawal
and activates p21 (McCroskery et al., 2003), but unlike IGF-I it inhibits rather than stimulates
differentiation. The significance of cross-talk between myostatin and IGF signaling is not known,
nor is it known how myostatin activates these pathways while simultaneously arresting the cell
cycle. However, myostatin and IGF-I are both survival factors, and thus myostatin activation of
these particular aspects of a mitogenic pathway is likely related to its ability to maintain cellular
quiescence in growth-arrested cells. Indeed, blocking Erk-1/2 and JNK activation similarly
blocks myostatin’s ability to inhibit differentiation (Yang et al., 2006)
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2.5 Functions and Comparative Genomics of Myostatin

2.5.1. Genomic organization

Myostatin genes have been mapped in several vertebrate species, albeit to different degrees of
resolution, and are located on chromosomes 2 in humans, cattle, and sheep, 1 in mice, 9 in rats,
15 in pigs, 18 in horse, 37 in dogs, and 7 in chicken (Kambadur et al., 1997) (see also Entrez
Gene at www. ncbi. nlm. nih. gov/sites/entrez?db=gene). The fish MSTN-1 and -2 genes have
also been cloned in zebrafish (Xu, er al, 2003) and mapped to chromosomes 9 and 22,
respectively. They are also located on separate chromosomes in the green-spotted pufferfish
(Tetraodon nigroviridis), chromosomes 2 and 3, which share more duplicated genes than any
other chromosome pair, and are putative paralogs themselves (Jaillon et al., 2004). These data
are consistent with the phylogenetic distribution of the two fish myostatin clades and further
suggest that MSTN-1 and -2 arose from an early genome duplication event that occurred
approximately 350,000,000 years ago (Amores et al., 1998). Ostbye et al. ( 2007) recently
mapped Atlantic salmon MSTN-1a and -1b to separate linkage groups indicating that these
paralogs, and likely the MSTN-2a and -2b paralogs as well, arose from the recent (25,000,000-
100,000,000 yrs ago) tetraploidization of the salmonid genome (Phillips and Rab, 2001), which
again is consistent with the well-described phylogenies (Garikipati et al., 2007).

Sequence differences in noncoding regions can also contribute to functional divergence by
mechanisms qualitatively different from those in coding regions and are based on two
fundamental hypotheses (Wray, 2007): changes in cis regulatory elements 1, are more likely to
have phenotypic consequences, and 2, are more sensitive to selection pressures. Environmental
factors and physiological responses greatly and rapidly influence gene transcription, whereas
changes in protein structure occur more slowly. Mutations in cis elements can also be
codominant (Wittkopp et al., 2004) and are thus more sensitive to natural selection because these
changes are often expressed in heterozygotes, whereas similar changes in coding regions are
usually recessive (Furney et al., 2006). Thus, polymorphisms in orthologous gene promoters
contribute to functional divergence by substantially changing gene expression patterns that
ultimately affect fitness. Indeed, differences in promoter activity are inherently indicative of
functional divergence because altered expression in different tissues or development stages
similarly alters function. Although the precise function for each fish myostatin paralog is not
known, they are clearly diverging because the gene expression patterns are very different.
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Further analysis of myostatin function and molecular evolution will provide a unique opportunity
to better understand fundamental mechanisms of evolutionary change. They may also help
understand novel functions for myostatin in other vertebrates, including mammals, because
recent studies indicate that myostatin expression in mammals is more diverse, and more similar

to fish, than originally presumed.

2.5.2. Differential gene expression

Surprisingly little is known about myostatin expression in developing mammalian embryos. It is
first detected in the myotome compartment of developing mouse somites and presumably
continues in developing myogenic cells. By contrast, many studies have both qualitatively and
quantitatively assessed myostatin expression in developing embryos of different fish species
(Biga et al., 2005) and in chickens (Castelhano-Barbosa et al., 2005). The most comprehensive
of these studies used extensive RNA panels and gene-specific “real-time” assays to correlate
expression levels of all myostatin genes in rainbow trout and zebrafish to key ontological events
(Garikipati et al., 2006). All transcripts were detected in unfertilized and newly fertilized
embryos. This is consistent with maternal deposition and with the expression of MSTN-1 and -2
genes in other fish species and even in chicken embryos (Castelhano-Barbosa et al., 2005). It
also suggests that myostatin plays a significant role during early development, but not during
gastrulation because all studies to date report a rapid decline in myostatin expression during this
stage. Expression levels of all MSTN-1 genes in both fish species progressively increased during
somitogenesis, which is consistent with myostatin’s myogenic role in mice. However, myostatin
is also expressed in many developing chicken tissues and in most adult fish tissues (see below).
Further studies are clearly needed to determine whether this dynamic regulation of myostatin
expression occurs in mammalian embryos and whether myostatin is also expressed in developing
mammalian tissues other than skeletal muscle. If conserved, the different fish model systems,
particularly zebrafish, will prove invaluable to elucidating myostatin’s different developmental

functions.

Initial studies suggested that in adult mammals, myostatin expression was limited primarily to
skeletal muscle, although subsequent studies identified low levels of expression in mammary
gland and heart. By contrast, many non mammalian vertebrates do not share this limited
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expression pattern because myostatin mMRNA and/or protein is expressed in most fish tissues and
in many different developing chicken tissues as well. In fish, the MSTN-1 genes are widely
expressed, whereas MSTN-2 expression is more limited and occurs mostly in the brain
(Garikipati et al., 2007). Expression of the former is also dynamically regulated during
development, whereas MSTN-2 expression changes very little (Garikipati et al., 2007). These
data strongly suggest that in fish, myostatin’s actions are not restricted to the negative regulation
of skeletal muscle growth and development, but may additionally influence these processes in
many other tissues through the differential expression of each paralog. The similarly ubiquitous
expression pattern in chickens suggests that myostatin’s more limited expression pattern in
mammals evolved more recently. A more thorough analysis of myostatin’s tissue-specific
expression pattern in other avians is needed to determine whether limited expression in general is
unique to mammals. Nevertheless, the comparative analysis of myostatin expression suggests
that myostatin originally functioned as a general differentiation factor, which is consistent with
the wide distribution of activin receptors in nonmammalian vertebrates (Garg et al., 1999), and

recently adopted a more specialized role in mammals.

2.5.3. Alternative processing

Alternative splicing of myostatin transcripts has been described in rainbow trout (Garikipati et
al., 2007) and in developing chicken embryos (Castelhano-Barbosa et al., 2005). Although the
precise functional significance remains to be determined for both animal models, preliminary
evidence suggests that in rainbow trout, it enhances myostatin’s effects in the brain, whereas in
the chicken it helps control bioavailability.

Both intact and truncated myostatin transcripts are expressed in chicken embryos (Castelhano-
Barbosa er al., 2005). The latter lacks the coding sequence for the C-terminal mature peptide.
Translation of this transcript would therefore block myostatin bioavailability because only the
LAP domain would be produced. In rainbow trout, MSTN-2a and -2b are lowly expressed in
most tissues except for brain where rtMSTN-2a is highly expressed (Garikipati et al., 2007).
Nearly all tissues express mostly unprocessed transcripts that retain both introns, which
themselves contain several in-frame stop codons. By contrast, tMSTN-2a, but not -2b, is fully
processed in the brain. Tissue-specific alternative processing is rare and is mediated by cis

recognition of tissue-specific proteins that bind to repeating motifs in the pre-mRNA (Hui and
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Bindereif, 2005). It occurs most often in the brain where it is commonly mediated by Nova
proteins that act as splice enhancers or silencers, depending on their proximity to the splice site,
and is required with transcripts possessing poorly conserved splice sites (Hui et al., 2003). Nova
proteins recognize YCAY motifs and are known to enhance the alternative splicing of two
neurotransmitter receptors, GABAARg2 and GlyRa2, and to silence the splicing of some Nova
transcripts themselves, specifically Nova-1 (Dredge and Darnell 2003). Both rtMSTN-2 genes
lack conserved splice sites, although rtMSTN-2a has almost twice the number of expected
YCAY motifs throughout and three times the expected motifs in the second intron alone.
Whether Nova regulates the alternative splicing of rtMSTN-2a remains to be determined.
Nevertheless, a comparative analysis of rtMSTN-2a and -2b processing provides a perfectly
controlled system to investigate the basic mechanisms responsible for tissue-specific pre-mRNA

processing.

As the mature myostatin peptide is encoded entirely by the third exon, the introduction of
alternative transcription start sites in either intron of tMSTN-2b, or any other salmonid MSTN-
2b, could presumably result in the expression of a mature myostatin. Therefore, the inability to
remove expressed introns contributes to the pseudogenization of rtMSTN-2b as it prohibits the
“accidental” translation of an otherwise silenced gene. This is particularly important as the
rtMSTN-2b gene still possess a functionally active promoter. Contributions from noncoding
regions to the functional divergence of duplicated genes or to the subfunctionalization of a
particular allele are not necessarily limited to gene promoters. Gene expression and pre-mRNA
processing are both regulated by protein:DNA interactions that depend upon highly specific
binding sites. Thus, alterations in such binding sites over time could not only influence gene

function, but ultimately organismal complexity and speciation as well.
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2.6 Novel Actions

2.6.1. Adipose tissue

Myostatin is minimally expressed in adipose tissue, and myostatin-null animals have less total
body fat than wild-type animals. Increases in muscle mass have long been known to similarly
increase resting energy expenditure (REE), which in turn can reduce fat free mass (Wang et al.,
2000) and is inversely correlated to negative outcomes of patients with type 2 diabetes mellitus
(Hamilton et al.,2007). Thus, the reduced adiposity in myostatin-null animals could simply be
due to the caloric draw from enhanced musculature. Circulating levels of leptin, an adipokine
and satiety factor that controls body fat, are reduced rather than elevated in these animals. This
suggests that the increased REE is indeed responsible. However, myostatin has been shown to
directly influence the cellular physiology of three different adipocyte culture systems with
conflicting results. It inhibits the differentiation of 3T3-L1 preadipocytes (Stolz et al., 2008) and
primary preadipocytes from cattle (Hirai ez al., 2007) or humans (Gou et al., 2008). It also down-
regulated the expression of several adipogenic markers and transcription factors in these cells,
including peroxisome proliferator-activated receptor y, C/EBPa, aP2, and leptin.

McPherron and Lee (McPherron and Lee, 2002) directly tested myostatin’s ability to influence
the development of obesity by crossing the Mighty Mouse with two murine models of obesity

and insulin resistance: the agouti lethal yellow (4”) and leptin-deficient obese (Lep®”®’

) mice.
Introducing a myostatin-null background into either strain increased muscle mass, suppressed
adiposity (as indicated by reduced mass of different fat pads), and vastly improved glucose
tolerance. Similar results were also observed in transgenic mice overexpressing LAP and fed a
high-fat diet (Yang and Zhao 2006). Thus, enhancing muscle mass by blocking myostatin
bioactivity and/or bioavailability can prevent the development of obesity and insulin resistance.
These results do not, however, prove that myostatin’s effects are mediated entirely by increasing
REE because the myostatin-null environment could have influenced the development of
preadipocytes in utero or even the de novo synthesis of triglycerides in already differentiated
adipocytes. Several additional questions also remain unanswered. In particular, will disrupting
myostatin production and/or bioavailability be similarly beneficial in animals that are already

obese and displaying signs of insulin resistance? Regardless, these results are extremely exciting
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and potentially introduce a new therapeutic target for treating obesity and type 2 diabetes

mellitus.

2.6.2. Cardiac muscle

Cardiac expression of myostatin has been documented in sheep (Sharma et al., 1999), chickens
(Sundaresan et al., 2008), mice, rats (McKoy et al., 2007), and different fish species (Garikipati
et al., 2007). In developing chicken hearts, myostatin expression is detected early and
progressively increases until morphogenesis is complete, suggesting a functional role for
myostatin in the development of cardiac as well as skeletal muscle. High levels of myostatin
expression in primary mouse cardiomyoblasts are correlated with a low proliferative index,
whereas recombinant myostatin inhibits the growth of these cells, as well as rat H9C2
cardiomyoblast growth, without inducing apoptosis (McKoy et al, 2007). Myostatin also
suppresses cardiomyocyte hypertrophic growth responses, specifically protein synthesis, induced
by either phenylepinephrine (McKoy et al., 2007) or IGF-1 (Shyu et al., 2005). Recent studies
with Akt transgenic mice (Cook et al., 2002), in vitro models of cyclic stretch, and I1GF-I-
stimulated cardiomyocytes (Shyu ez al., 2005) all suggest that myostatin not only regulates some
cardiac muscle growth process, but that it may function as a cardiac chalone (Gaussin and Depre,
2005) just as it does in skeletal muscle. Indeed, myostatin expression is elevated in all of these
models and may therefore provide a negative feedback mechanism to limit cardiac muscle

growth, and thus hypertrophy.

In mammals, myostatin is clearly expressed in developing and adult cardiac muscle and is
capable of manipulating different cardiac muscle growth processes. It is unknown, therefore,
why a significant cardiac phenotype has never been described for any myostatin-null animal.
Cardiac tissue lacks myoprogenitor cells analogous to the myosatellite cells found in skeletal
muscle and may be less sensitive to myostatin’s inhibitory effects. Thus, blocking myostatin’s
actions or removing the gene altogether would have very little effect, except under circumstances

when myostatin expression is elevated.

2.6.3. Brain
Although myostatin is expressed in different brain regions of different vertebrates, its function in
the brain is unknown. However, GDF-11, which is closely related to myostatin and has a nearly
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identical bioactive domain (95% similar), is thought to play a role in neurogenesis. It is more
widely expressed in mammalian embryos (Nakashima er al., 1999) and is secreted by
neuroprogenitor cells and fully differentiated neurons of the olfactory epithelium where it
inhibits neurogenesis by inducing cell cycle arrest of the neuroprogenitors (Wu et al., 2003). In
the retina, GDF-11 limits the number of ganglion, amacrine, and photoreceptor cells by
controlling neuroprogenitor cell competence (Kim ez al,, 2005). Thus, GDF-11 functions as a
negative autoregulator, or chalone, of neural tissue, which mirrors myostatin action in
mammalian skeletal muscle. It is therefore possible that myostatin has similar functions in the
brain, albeit in different regions and that compensatory changes in GDF-11 expression and/or
availability prohibit the development of neural phenotypes in myostatin-null animals. Fish brains
maintain a large number of hyperplastic neuroprogenitor cells that can be easily isolated and
even cultured in vitro (Evans et al., 2000). In vivo models for neuroprogenitor cell proliferation
and differentiation have also been developed in goldfish and zebrafish (Otteson et al., 2002).
These underutilized comparative model systems may therefore prove valuable in distinguishing
the neural functions of myostatin and GDF-11.

2.7. Double muscling in different species:

2.7.1. Sheep

In the past, double muscling (DM) identification in sheep was based on morphological
characteristics such as appearance of intermuscular grooves, and pelvic inclination (Bellinge et
al., 2005). However, following myostatin gene characterization by (Mcpherron et al., 1997) and
the determination of mutant DM in cattle (Grobet et al, 1997), DM identification is almost
achieved via genetic marker testing. Genetic marker testing or the candidate gene approach
assumes that a gene involved in the physiology of the trait could harbour a mutation causing
variation in that trait.

The GDFS allele of Texel sheep is characterized by one G to A transition in the 3'UTR region of
myostatin, causing double muscling (Younes et al., 2014). According to Ron and Weller (2007),
it seems that genotyping of this SNP could be a good option for the double muscling and
muscularity identification in sheep.
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Figure3: An example of a Texel double muscle sheep

2.7.2. Cattle

Similar phenotypes have also been described in some domestic breeds of cattle including the
Piedmontese Belgian Blue, and Marchigiana, all of which possess mutant alleles for myostatin
(Kambadur et al., 1997). The Piedmontese is marketed as the “Myostatin Breed” because its
standard and the North American Piedmontese Cattle Association’s registry require proof of at
least one mutant myostatin allele, which may be the first cattle registry based on a particular
genotype (www.piedmontese.org). Meat from Piedmontese scores high in palatability studies
and is particularly tender, more so than the other breeds (Page ef al., 2002). By contrast, meat
from the double-muscled Texel sheep is very tough (Johnson et al., 2005). Thus, enhanced
musculature itself does not necessarily impact meat palatability because other genetic factors

clearly contribute.
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Figure 4: Double muscling in cattle

2.7.3. Goat:

At present, many scholars had done numerous researches in pigs and cattle (Walsh and Celeste,
2005; Fan et al., 2010). In sheep, mutations in the MSTN gene also had an important role in
muscular development (Boman et al, 2009). As a consequence, the MSTN gene is primarily
responsible for muscle development and could be a potential candidate gene for animal muscle
growth. However, similar investigations about the properties of the MSTN gene in goat breeds
have been limited (Liu et al., 2006).

Results have indicated that the MSTN gene is a candidate gene for goat growth performance, and
plays a significant role in the body weight of goats . It could be inferred that the MSTN gene may
be a major gene or linked to the major gene affecting goat growth traits (Zhang et al., 2013). The
polymorphic site could be a molecular marker-assisted selection program for body weight
(Zhang et al., 2013). In goat breeds, a number of myostatin variants of different phenotypic
consequence have been described across a variety of breeds (Li e al., 2006; Javanmard et al.,
2010), but there is scarcity of reports on the association analysis of SNPs with growth traits.
Polymorphisms have been identified in exon 1 of the MSTN gene in goat breeds and could be
potential genetic markers for growth traits in goats (An et al., 2011).
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Figure 5: Double muscling in goat:

2.8. Implications for Biomedical, Agricultural, and Evolutionary Sciences

The most apparent biomedical application for manipulating myostatin action is clearly to
enhance muscle growth, although the use of novel “myostatin-blocking” technologies need not
be limited to the treatment of skeletal muscle pathologies—injury, sarcopenia, wasting/cachexia,
some forms of muscular dystrophy, etc. because exploiting such technologies may prove
beneficial in treating survivors of a myocardial infarction as well. Several of these technologies
have already been developed, including immunoneutralizing antisera (Liang et al., 2007), a
soluble form of Acvr2b’s extracellular domain (Lee et al., 2005) and a quiver of myostatin
binding proteins and each successfully stimulates skeletal muscle hypertrophy in wild-type mice
and, in some instances, in a murine model for Duchenne muscular dystrophy (Bogdanovich et
al., 2002). The indirect effect of neutralizing myostatin’s actions on adiposity suggests that these
technologies could also be useful in treating obesity and type 2 diabetes mellitus. A promise of
“more muscle, less fat” is an attractive marketing campaign and one that these technologies
could potentially deliver. Thus, blocking myostatin’s actions for cosmetic purposes is not just
probable, but possibly inevitable as the biomedical successes gain visibility among the general
public.
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Double-muscled cattle like the Belgian Blue and the Piedmontese frequently require cesarean
delivery due to large calf size. Piedmontese meat is particularly tender (Wheeler er al., 2001);
nevertheless, the high cost of veterinary care associated with parturition has prevented the
widespread acceptance of these and other double-muscled breeds in most cattle production
markets. Crossing myostatin-null  breeds with normal-muscled breeds or even
immunoneutralizing cows before breeding, as has been done with mice (Liang et al., 2007),
could address issues of growth rate and product yield in many animal production industries. It is
unknown, however, whether the potential loss of im fat would potentially offset these
commercial gains. These issues are not a concern with egg-laying vertebrates. Thus, myostatin
technologies may have a greater commercial impact on domestic fish and fowl production,
especially because the mass ratio of muscle to nonmuscle tissues in fish is greater than in any
other vertebrate class. Such commercial gains are predicated on the assumption that blocking
myostatin actions will have no adverse side effects on nonmuscle tissues, many of which express
multiple myostatin genes. A more thorough assessment of myostatin’s nonmuscle actions in fish
is therefore needed to determine whether blocking its actions is both feasible and commercially

beneficial.

Comparative model systems will also help identify novel functions for both myostatin and GDF-
11 in ways pertinent to agriculture and medicine as their more basic and conserved actions are
defined. The subset of salmonid myostatin genes is a particularly useful model for investigating
the functional divergence of duplicated alleles because differences in coding and noncoding
sequences have contributed to their evolution in a manner that influences gene expression,
transcript processing, protein structure, and pseudogenization. Determining the underlying
mechanisms involved presents a unique opportunity to investigate competing evolutionary
models—double-recessive vs. duplication-degeneration-complementation (Force et al., 1999)
that potentially explain the molecular basis of fundamental evolutionary processes. Lack of such
mechanistic understanding is an important problem because, without it, we cannot understand
how perceivably minor changes in gene structure and function can significantly impact
phenotypic differences between species and/or speciation itself. Thus, a growing knowledge of
myostatin molecular genetics and bioactivity, in different tissues and in different organisms, has
the potential to impact science as well as society.
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2.9. Protein structure

Protein structure is the three dimensional arrangement of atoms in the protein molecule. Proteins
are polymers, specifically polypeptides formed from sequences of monomer amino acids. By
convention, a chain under 40 amino acids is considered peptide, rather than protein (Stoker,
2015). To be able to perform their biological functions, proteins fold into one or more specific
spatial conformation driven by a number of non-covalent interactions such as hydrogen bonding,
ionic interaction, van der waals forces and hydrophobic packing. In order to understand the
functions of protein at molecular level, it is often important to predict their three dimensional

structures.

Protein structure range in size from tens to several thousands of amino acids (Brocchieri
and Karlin, 2005). There are four distinct levels of protein structures which includes; primary,
secondary, tertiary and quaternary structures of proteins.

The primary structure of protein refers to the linear sequence of amino acids in the polypeptide
chain. The primary structure is held together by covalent bonds such as peptide bonds, which are
made during the process of protein biosynthesis or translation. Usually, the two ends of the chain
are referred to as the amino terminus (N- terminus) and carboxyl terminus (C- terminus) based
on the nature of free group on each extremity. The residues are usually counted starting from the
N- terminus end (NH2- group), which is the end when amino group is involved in the peptide
bond.

The secondary structure of proteins refers to the highly regular local sub-structures on the
actual polypeptide backbone chain. The two main types of secondary structure of protein are the
alpha helix and the beta strand or sheet. These were suggested by Linus Pauling and coworkers
in 1951. Both a helix and 3 sheet represent a way of saturating all the hydrogen bond donors and
receptors in the peptide backbone.

Tertiary structure of protein is the three dimensional structure of monomeric and multimeric
protein molecules. The alpha helices and beta sheets are folded into a compact globular structure.
The folding is driven by the non-specific hydrophobic interactions, burial of hydrophobic
residues from water but the structure is stable only when the parts of a protein domain are locked
into place by specific tertiary interaction.
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Quaternary structure of protein is the three dimensional structure of a multi subunit protein
and how the subunits fit together. The quaternary is stabilized by the same non-covalent
interactions and disulfide bonds as the tertiary structure.

2.10. Polymorphism

Generally, polymorphism in biology and zoology is the occurrence of two or more morphs or
forms, also referred to as alternative phenotypes. But in this context, we are interested in the
changes that occur in the gene (genetic polymorphism). Therefore, gene polymorphism is said to
occur when more than one allele that gene’s locus within a population (Bio. online). A
polymorphic variant of a gene may lead to abnormal expression or to the production of an
abnormal form of the gene. For instance, a polymorphic variant of the enzyme CYP411 in which
thymidine replaces cytosine at the gene’s nucleotide 8590 position encodes a CYP4A11 protein
that substitutes phenylalanine with serine at the protein’s amino acid position 434. This variant
protein has reduced enzyme activity in metabolizing arachidonic acid to blood pressure
regulating. Humans bearing this variant in the gene (CYP4A11) have an increased incidence of
hypertension, ischemic stroke and coronary artery (Cardiol Rev, 2014).

2.11. Genetic diversity

Genetic diversity is the total number of genetic characteristics in a species gene make up. It
serves as a way for population to adapt to their changing environment. With more variation, it is
likely that some individuals in a population will posses varying alleles that will make them
suitable in their environment. These individuals with suitable alleles are more likely to survive
produce offspring bearing the same allele and the population will continue for generations
because of the success of these individuals (National Bio. Inf., 2011). According to Toro and
Caballero (2005), molecular data on within and between genetic diversity are essential for
effective management of farm animals’ genetic resources. Also genetic diversity in livestock
allows farmers to select stocks or develop new breeds in response to environmental changes,

threats of disease, new knowledge of human nutrition requirements, changing market conditions
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and societal needs (FAO, 2000). Genetic diversity and species diversity are interdependent and
delicate. Changes in species diversity lead to changes in environment leading to adaptation of the
remaining species. A change in genetic diversity such as in loss of species leads to a loss of
biological diversity (National Bio. Inf., 2011). Loss of genetic diversity in domestic animal
population has also been studied and attributed to the extension of markets and economic
globalization (Tisdell, 2003: Frankham and Richard, 2005).

2.12. Phylogenetics and phylogenetic tree

According to merriam Webster dictionary, phylogenetics is the study of evolutionary history and
relationships among individuals or groups of organism (e.g. Species or populations). These
relationships are discovered through phylogenetic inference methods that evaluate observed
heritable traits such as DNA sequences or morphology under a model of evolution of these traits.
The result of this analysis is what we call phylogeny (or phylogenetic tree). Phylogenetic tree is
the hypothesis about the history of evolution relationships (www.Bio.nline.org). Phylogenetic
analysis has become central to understanding biodiversity or genetic diversity, evolution,
ecology and genomes. Phylogenetic tree or evolutionary tree is a branching diagram or tree
showing the inferred evolutionary relationships among various biological species- their
phylogeny based upon similarities and differences in the physical or genetic characteristics.
According to Felsenstein (2004), the phylogenetic tree composed with a nontrival number of
sequences are constructed using computational phylogenetic methods. Distance-matrix methods
such as neigbour joining or UPGMA which calculate genetic distance from multiple sequence
alignment are simplest to implement. Many sequence alignment methods such as clustalW also
create trees by using the simpler algorithms (i.e. those based on distance) of tree construction.
Another simple method is maximum parsimony, it estimates phylogenetic tree but implies an
implicit model of evolution (i.e. parsimony). More advanced methods use the optimality criterion
of maximum likelihood, often within a Bayesian framework and apply an explicit model of
evolution to phylogenetic tree estimation (Felsenstein, 2004). Identifying the optimal tree using
many of these techniques is very hard, heuristic search and optimization method are used in
combination with tree-scoring functions to identify a reasonably good tree that fits the data.
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2.13. Bioinformatics

2.13.1. Definition:

Bioinformatics is a broad term covering the use of computer algorithms to analyze biological
data. Differs from “computational biology” in that while computational biology is the use of
computer technology to solve a single, hypothesis-based question (Mgbeahuruike, 2015),
bioinformatics is the use of computerized statistical analysis to make statistical or comparative

inferences

2.13.2. Aims of bioinformatics

The aims of bioinformatics are threefold. First, at its simplest bioinformatics organises data in a
way that allows researchers to access existing information and to submit new entries as they are
produced, e.g. the Protein Data Bank for 3D macromolecular structures (Berman et al, 2000).
While data-curation is an essential task, the information stored in these databases is essentially
useless until analysed. Thus the purpose of bioinformatics extends much further. The second aim
is to develop tools and resources that aid in the analysis of data. For example, having sequenced
a particular protein, it is of interest to compare it with previously characterized sequences. This
needs more than just a simple text-based search and programs such as FASTA (Pearson and
Lipman, 1988) and PSI-BLAST (Altschul er al, 1997) must consider what comprises a
biologically significant match. Development of such resources dictates expertise in
computational theory as well as a thorough understanding of biology. The third aim is to use
these tools to analyze the data and interpret the results in a biologically meaningful manner.
Traditionally, biological studies examined individual systems in detail, and frequently compared
those with a few that are related. In bioinformatics, we can now conduct global analyses of all
the available data with the aim of uncovering common principles that apply across many systems
and highlight novel features.

2.13.3. Common uses of bioinformatics
1. Sequence analysis;
a. Geneticists/ molecular biologists analyze genome sequence information to understand
disease processes.
b. Crystallographers/ biochemists design drugs using computer-aided tools.
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c. Geneticists obtain information about the evolution of organisms by looking for

similarities in gene sequences.

1. Ecology and population studies.

2. Bioinformatics is used to handle large amounts of data obtained in population studies.

Table 1: List of URLSs for the databases that are used in bioinformatics

Database
Protein sequence
(primary)
SWISS-PROT
PIR-International

Protein sequence (composite)
OwWL
NRDB

Protein sequence (secondary)
PROSITE

PRINTS

Pfam

Macromolecular
structures

Protein Data Bank (PDB)
Nucleic Acids Database (NDB)
HIV Protease Database
ReLiBase

PDBsum

CATH

SCOP

FSSP

Nucleotide sequences
GenBank

EMBL

DDBJ

Genome sequences
Entrez genomes
GeneCensus

COGs

Integrated databases

InterPro

Sequence retrieval system (SRS)
Entrez

URL

www.expasy.ch/sprot/sprot-top.html
www.mips.biochem.mpg.de/proj/protseqdb

www.bioinf.man.ac.uk/dbbrowser/OWL
www.nchi.nlm.nih.gov/entrez/query.fcgi?db=Protein

www.expasy.ch/prosite
www.bioinf.man.ac.uk/dbbrowser/PRINTS/PRINTS.html
www.sanger.ac.uk/Pfam/

www.rcsh.org/pdb

ndbserver.rutgers.edu/
www.ncifcrf.gov/CRYS/HIVdb/NEW_DATABASE
www?2.ebi.ac.uk:8081/home.html
www.biochem.ucl.ac.uk/bsm/pdbsum
www.biochem.ucl.ac.uk/bsm/cath
scop.mrc-Imb.cam.ac.uk/scop
www2.embl-ebi.ac.uk/dali/fssp

www.ncbi.nlm.nih.gov/Genbank
www.ebi.ac.uk/embl
www.ddbj.nig.ac.jp

www.nchi.nlm.nih.gov/entrez/query.fcgi?db=Genome
bioinfo.mbb.yale.edu/genome
www.ncbi.nlm.nih.gov/COG

www.ebi.ac.uk/interpro
www.expasy.ch/srs5
www.ncbi.nlm.nih.gov/Entrez
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3.0 CHAPTER THREE: MATERIALS AND METHODS

3.1 Sequences of Species

A total of thirty seven (37) myostatin nucleotides with complete coding sequences comprising
goats (26), sheep (2) and cattle (9) and their corresponding amino acid sequences were retrieved

from the GenBank (NCBI) (www.ncbi.nlm.nih.gov). The Genbank accession numbers of the

sequences and sequence variations are shown in Table 2.



Table 2. Accession number, sequence length and complete coding region of myostatin gene of goats, sheep
and cattle

Species Accession No No of Base Pairs (bp) Complete Coding

Cattle AY160688.1 1,128 Complete coding sequence
AF320998.1 6,691 Complete coding sequence
GQ184147.1 1,140 Complete coding sequence
JQ711180.1 7,831 Complete coding sequence
AF019620.1 1,128 Complete coding sequence
AF019761.1 1,128 Complete coding sequence
AB076403.1 6,660 Complete coding sequence
NM_001001525.2 2,767 Complete coding sequence
AY794986.1 6,686 Complete coding sequence

Sheep AF019622.1 1,128 Complete coding sequence
NM_001009428.1 1,128 Complete coding sequence

Goat JN662463.1 1,128 Complete coding sequence
EF591039.1 6,355 Complete coding sequence
JN012228.1 5,211 Complete coding sequence
DQ167575.2 5,211 Complete coding sequence
AY436347.1 1,128 Complete coding sequence
EF588035.1 5,217 Complete coding sequence
EF588034.1 5,217 Complete coding sequence
EF588033.1 5,217 Complete coding sequence
EF588032.1 5,217 Complete coding sequence
EF588031.1 5,211 Complete coding sequence
EF588030.1 5,211 Complete coding sequence
EF588029.1 5,211 Complete coding sequence
EF588028.1 5,211 Complete coding sequence
EF588027.1 5,211 Complete coding sequence
EF588026.1 5,211 Complete coding sequence
EF588025.1 5,211 Complete coding sequence
EF588024.1 5,211 Complete coding sequence
EF588023.1 5,211 Complete coding sequence
EF588022.1 5,211 Complete coding sequence
EF588021.1 5,211 Complete coding sequence
EF588020.1 5,211 Complete coding sequence
EF588019.1 5,211 Complete coding sequence
EF588018.1 5,211 Complete coding sequence
EF588017.1 5,211 Complete coding sequence
GU377303.1 1,128 Complete coding sequence
JX840482.1 1,128 Complete coding sequence

The two sheep sequences were the only available MSTN genes with complete coding sequence.
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3.2. Sequence Alignment and Translation

Sequence alignment, translation and comparison of the myostatin gene of the various species
were done with ClustalW as described by (Larkin ez al., 2007) using IUB substitution matrix,
gap open penalty of 15 and gap extension penalty of 6.66.

3.3. Functional Analysis

The single nucleotide polymorphisms (SNPs) and their related protein sequences of myostatin
gene of goats, sheep and cattle were retrieved from the National Center for Biotechnology
Information (NCBI) database, public domain (Tay et al., 2004; Zhou et al., 2008) and amino acid
substitutions of goats, sheep and cattle of the present study to determine the beneficial or
otherwise of the amino acid mutations. In silico functional analysis of missense mutations was
obtained using protein variation effect analyzer (PROVEAN) with threshold value of -2.5.
PROVEAN collects a set of homologous and distantly related sequences from the NCBI protein
database (released August 2011) using basic local alignment search tool (BLASTP) (ver.2.2.25)
with an E-value threshold of 0.1. The sequences are clustered based on a sequence identity of
80% to remove redundancy using the clustal database at high identity with tolerance (CD-HIT)
program (ver.4.5.5) (Li and Godzik, 2006). If the PROVEAN score is smaller than or equal to a

given threshold, the variation is predicted as deleterious (Choi e al., 2012).

3. 4. Phylogenetic trees analysis

Neighbor-Joining (NJ) trees were constructed using P-distance method, complete deletion and
gap/missing data treatment. The construction was done on the basis of genetic distances,
depicting phylogenetic relationships among the myostatin nucleotide sequences of the goats,

sheep and cattle. The reliability of the trees was calculated by bootstrap confidence values with
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1000 bootstrap iterations using molecular evolutionary genetics analysis version 6.0 (MEGA 6.0
software) (Tamura et al., 2011). However, the Poisson method was used for the amino acid
sequences of the three species. UPGMA trees for the myostatin gene were constructed with
consensus nucleotide and amino acid sequences of the three species. All sequences were trimmed
to equal length of 1128 (nucleotides) and 375 (amino acids) corresponding to the same region of
myostatin gene before generating the neigbour joining (NJ) and unweighted pair group method
with averages (UPGMA) trees, respectively.

3.5. Physico-chemical properties of myostatin gene

ProtParam Tool developed by Gasteiger was used for the computation of various physical and
chemical properties of the myostatin gene using amino acid sequences. The computational
parameters included molecular weight, theoretical pl (isoelectric point), amino acid composition,
extinction coefficient, estimated half-life, instability index, aliphatic index and grand average of
hydropathy (GRAVY) (Gasteiger, 2005).

3.6. The prediction of secondary structure of myostatin gene

The amino acid sequences of myostatin gene were further subjected to secondary structure
prediction using the expert protein analysis system ExPASy’s SOPMA tool. SOPMA (self
optimized prediction from multiple alignment) is an improved SOP method. It predicts 69.5% of
amino acids for a 3 state description of the secondary structure (a helix, b sheets and coil). It
predicts the secondary structure by consensus prediction from multiple alignments.

3.7. The prediction of transmembrane domain of myostatin gene

The myostatin sequences of goats, sheep and cattle were also subjected to transmembrane

domain identification using TMbase - A Database of Membrane Spanning Protein Segments
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(Hofmann and Stoffel, 1993). TMbase is mainly based on SwissProt, but contains information
from other sources as well.

3.8. The prediction of tertiary structure of myostatin gene

The Phyre and Phyre2 servers were used to predict the 3Dimentional structure of myostatin gene
of the three species (cattle, sheep and goat) in the present study. These servers predict the three-
dimensional structure of a protein sequence using the principles and techniques of homology
modeling (Kelley and Sternberg, 2009). Currently, the most powerful and accurate methods for
detecting and aligning remotely related sequences rely on profiles or the hidden Markov models
(HMMs). 3DligandSite was used to predict the binding site of the 3D structure of the myostatin
gene. Phyre2 is coupled to the 3DligandSite server for protein binding site prediction (Wass et

al., 2010).
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4.1 The effects of genetic polymorphism
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The functional analysis of the effect of amino acid substitutions in goats, sheep and cattle is

shown in Tables 3, 4 and 5 respectively.

Table 3: Functional analysis of coding nsSNP of the myostatin gene of goats using

PROVEAN

Variant PROVEAN Score Prediction

K153F -4.692 Deleterious
M180L 0.117 Neutral/beneficial
T240K -4.028 Deleterious
L270Q -4.277 Deleterious
S276N -2.094 Neutral/beneficial
S279K -1.893 Neutral/beneficial

. Default threshold is -2.5, that is

-Variants with a score equal to or below -2.5 are considered *’deleterious’’

-Variants with a score above -2.5 are considered ‘’beneficial’’

Table 4: Functional analysis of coding nsSNP of the myostatin gene of sheep using

PROVEAN

Variant PROVEAN Score Prediction
K178N -1.472 Neutral/beneficial
V151L -1.594 Neutral/beneficial
S191P -2.604 Deleterious
W203L -10.440 Deleterious
S205C -3.278 Deleterious
N222Q -4.900 Deleterious
D231C -5.942 Deleterious
E247D -1.253 Neutral

R303G -4.226 Deleterious
Q329L -2.472 Neutral/beneficial
G3551 -1.759 Neutral/beneficial

. Default threshold is -2.5, that is

-Variants with a score equal to or below -2.5 are considered *’deleterious’’

-Variants with a score above -2.5 are considered ‘’beneficial’’
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Table 5: Functional analysis of coding nsSNP of the myostatin gene of cattle using PROVEAN

Variant PROVEAN Score Prediction

R98H -0.625 Neutral/beneficial
D110L -4.514 Deleterious
11197 -2.484 Neutral/beneficial
S125M -0.814 Neutral/beneficial
G133S -1.080 Neutral/beneficial
I158A -2.860 Deleterious
T165N 0.322 Neutral/beneficial
R175V -4.330 Deleterious
K193V -3.628 Deleterious
S205G -2.613 Deleterious
P301L -9.240 Deleterious
H328T -1.298 Neutral/beneficial
F353N -7.398 Deleterious

. Default threshold is -2.5, that is
-Variants with a score equal to or below -2.5 are considered “’deleterious’”
-Variants with a score above -2.5 are considered “’beneficial”’

For goats, three amino acid substitutions (M180L, S276N and S279K) were obtained and they all
appeared to be beneficial. The rest three (K153F, T240K and L270Q) were found to be harmful
to protein function. Five amino acid mutations from the deduced amino acid sequences of sheep
have their score below the default threshold (K178N, V151L, E247D, Q329L and G355I)
appeared beneficial while the remaining six (S191P, W203L, S205C, N222Q, D231C and
R303G) appeared harmful. In cattle, six substitutions (R98H, 1119T, S125M, G133S, T165N and
H328T) appeared not to impair the function while the rest seven (D110L, I158A, R175V,
K193V, S205G, P301L and F353N) were deleterious.

Myostatin gene (GDF8) is important in the physiology of stock animals because its product
produces a direct effect on muscle development and consequently also on meat production (Mota
et al., 2006). It carries this out by acting as a negative regulation of skeletal muscle growth and
keeps the skeletal musculature within appropriate proportions (Tay et al., 2004). Gene
polymorphism between species as observed in form of varying amino acid non-synonymous

substitutions in the present study may play an important role in the gene translation and
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regulation, thereby having a positive impact on selection and consequently on muscular
development (Crisa et al., 2003).

The beneficial amino acids obtained in this study may be exploited as possible markers for
growth and development in goats, sheep and cattle. The mutations associated with MSTN are
typically recent (Tellam ef al., 2012). The immediate future of the meat industry will see the
increasing exploitation of natural genetic variation contributing to muscling. Enhanced muscling
is often associated with morphology change of the animal. This suggests a common change in
developmental programming that scales body shape to accommodate enhanced skeletal muscle
structure. Changed developmental trajectories for skeletal muscle beginning in early life are also
common and these may be linked with morphology changes. Large increases in muscularity are
typically associated with a shift toward fast twitch glycolytic fibers, leanness, and poorer eating
quality attributes. The reasons for these changes are unclear, although both myoblasts and
preadipocytes have a common progenitor cell, suggesting a developmental link (Tellam et al.,
2012). The incorporation of causal genetic variations into genomic selection strategies will
enhance their accuracy and robustness, while allowing targeted selection to achieve more rapid
genetic improvement. In the medium term, the discovery of developmental and biochemical
pathways contributing to enhanced muscling will open new opportunities for the use of novel
and acceptable biochemical and immunological interventions that may play a significant and

complementary role to genetic selection in the meat industry.

4.2 Genetic diversity (evolutionary history and amino acid composition).

The phylogeny based on nucleotide and amino acid sequences of myostatin gene revealed mainly

species-wise clustering (Figures 6 and 7).
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Figure 6: The evolutionary history indicating phylogeny involving 37 Nucleotide sequences of the myostatin
gene in three Bovid species. The optimal tree with the sum of branch length = 3.24511719 is shown. The
evolutionary distances were computed using the p-distance method and are in the units of the number of base
differences per site. The analysis involved 37 nucleotide sequences. Codon positions included were

1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated.
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EF588018.1-Goat
EF588017.1-Goat
EF588019.1-Goat
EF588020.1-Goat
EF588021.1-Goat
EF588022.1-Goat
EF588023.1-Goat
100 EF588024.1-Goat
= EF588025.1-Goat
EF588026.1-Goat
DQ167575.2-Goat
EF588031.1-Goat
EF588030.1-Goat
EF588029.1-Goat
EF588028.1-Goat
100 EF588027.1-Goat
JINO012228.1-Goat
EF588035.1-Goat
EF588034.1-Goat
100 EF588033.1-Goat
EF588032.1-Goat
GQ184147.1-Cattle
NM 001001525.2-Cattle
ABO76403.1-Cattle
AY794986.1-Cattle
EF591039.1-Goat
JQ711180.1-Cattle
AF320998.1-Cattle
AYA436347.1-Goat
AY160688.1-Cattle
AF019620.1-Cattle
AF019761.1-Cattle
JIX840482.1-Goat
AF019622.1-Sheep
NM 001009428.1-Sheep
ING662463.1-Goat
GU377303.1-Goat

100

Figure 7: The evolutionary history indicating phylogeny involving 37 Amino acid sequences of the myostatin
gene in three Bovid species. The optimal tree with the sum of branch length = 10.76916840 is shown. The
evolutionary distances were computed using the Poisson correction method and are in the units of the number of
amino acid substitutions per site. The analysis involved 37 amino acid sequences. All positions containing gaps and
missing data were eliminated.

The genetic relationships of myostatin Bovidae subfamily members of goats, sheep and cattle
shown in the UPGMA trees derived from consensus sequences revealed that goats and sheep

were closer at the myostatin locus compared to cattle (Figures 8 and 9).
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JIN662463.1-Goat
AF019622.1-Sheep
AY160688.1-Cattle
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Figure 8: UPGMA tree indicating the consensus Nucleotide sequences of the myostatin gene in three Bovid
species. The optimal tree with the sum of branch length = 0.03900709 is shown. The evolutionary distances were
computed using the p-distance method and are in the units of the number of base differences per site. All positions
containing gaps and missing data were eliminated.

— AF019622.1-Sheep
L IN662463.1-Goat
AY160688.1-Cattle
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Figure 9: UPGMA tree indicating the consensus Amino acid sequences of the myostatin gene in three Bovid
species. The optimal tree with the sum of branch length = 0.07175860 is shown. The evolutionary distances were
computed using the Poisson correction method and are in the units of the number of amino acid substitutions per
site. All positions containing gaps and missing data were eliminated.

The close similarity of a gene among ruminants may be ascribed to recent separation in
evolutionary process and/or similar selection pressure which the ruminants have suffered during
evolution. According to Aleriza et al. (2014), this result shows that this gene has a high degree of
conservation during evolution of various species, which implies that MSTN, is an essential factor
in biological muscle control. The species wise clustering might be due to species specific
residues (Takahashi and Nei, 2000; Yakubu e al., 2013) and such patterns of the sequences may
be explained by gene conversion and balancing selection. The genetic relationships of myostatin
gene of Bovidae subfamily members of goat, sheep, and cattle shown in the UPGMA
phylogenetic trees were in accordance with the well-known evolutionary history of Bovidae
subfamily speciation.
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The amino acid composition of the myostatin proteins of goats, sheep and cattle is shown in
(Table 6.).

Table 6: Amino acid percentage composition of the myostatin proteins of goats, sheep and
cattle.

Amino acid % Goats Sheep Cattle
Alanine 4.0 4.0 4.8
Arginine 4.8 4.5 4.8
Aspargine 4.5 4.5 4.0
Aspartate 6.1 6.1 6.1
Cysteine 3.5 3.5 3.5
Glutamine 4.8 4.8 4.5
Glutamate 6.7 6.7 6.7
Glycine 5.3 5.3 5.6
Histidine 1.9 1.9 1.6
Isoleucine 6.4 6.4 6.7
Leucine 9.9 9.9 9.9
Lysine 8.3 8.3 7.2
Methionine 2.1 2.1 2.1
Phenylalanine 3.7 3.7 3.7
Proline 6.4 6.4 6.4
Serine 5.6 5.6 5.9
Threonine 5.6 5.6 6.1
Tryptophan 1.3 1.6 1.6
Tyrosine 3.2 3.2 3.2
Valine 5.9 5.9 5.6

Goats and sheep appear more similar in their amino acid contents compared to cattle. However,
the distribution pattern was the same for the three species in respect of aspartate, cysteine,
glutamate, leucine, methionine, phenylalanine, proline and tyrosine.

It was observed that the three species investigated were rich in leucine amino acid. As Leucine is
an aliphatic, hydrophobic amino acid, it prefers substitution with other amino acids of the same
type. Therefore, MSTN amino acid sequences of goat, sheep and cattle are more hydrophobic
and less hydrophilic (Aleriza et al., 2014). Being hydrophobic, Leucine prefers to be buried in
protein hydrophobic cores. It also shows a preference for being within alpha helices more so than
in beta strands. The Leucine side chain is very non-reactive, and is thus rarely directly involved
in protein function, though it can play a role in substrate recognition. In particular, hydrophobic
amino acids can be involved in binding/recognition of hydrophobic ligands such as lipids (Betts,
2003).
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4.3 The physical and chemical properties of myostatin protein.

The physico-chemical characteristics of myostatin proteins of goats, sheep and cattle predicted by

ProtParam are shown in (Table 7).

Table 7: Physico-chemical characteristics of myostatin proteins of goats, sheep and cattle predictedby protparam

Specie  No of AA Mol Wt pl Q EC Half life 11 Al GRAVY
Goats 375 42797.3 7.47 +ve 46130 30 4482 84.45 -0.421
Sheep 375 42827.3 7.01 neutral 51630 30 4487 84.45 -0.411
Cattle 375 425509 6.14 -ve 51630 30 40.48 85.52 -0.337

AA=amino acid, Mol. Wt= molecular weight, pl=isoelectric point, Q=net charge, EC= extinction coefficient,
Il1=instability index, Al= aliphatic index, GRAVY=grand average of hydropathicity.

Apart from extinction coefficient (sheep and cattle), half life (goats, sheep and cattle) and aliphatic
index (goats and sheep), other parameters varied from one species to another.

Isoelectric point is the pH at which a protein carries no net charge. The isoelectric point is of
significance in protein purification because it is the pH at which solubility is often minimal and at
which mobility in an electro focusing system is zero (and therefore the point at which the protein will
accumulate). This measure indicates how much light is absorbed by a protein at a particular
wavelength. The extinction coefficient of a protein at 280 nm depends almost exclusively on the
number of aromatic residues, particularly tryptophan. The half life of a protein is the time it takes
before only half of the protein pool for that particular protein is left. The half life of proteins is highly
dependent on the presence of the N-terminal amino acid, thus overall protein stability (Ugbo et al.,
2015).
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4.4. The tertiary and secondary protein structures of MSTN

The secondary structure prediction of myostatin protein represented in percentages are in (table 8).

Table 8: Prediction of secondary structures of myostatin proteins of goats, sheep and cattle.

Species Alpha helix (%)  Extended strand (%) Beta turn (%) Random coil (%)
Caprine 22.67 25.87 8.27 43.20
Ovine 22.67 25.87 8.27 43.20
Bovine 23.20 25.33 1.47 44.00

Parameters: Window width= 17, Similarity threshold=8, Number of states= 4.
The bovine myostatin protein showed highest alpha helix (23.20%) and random coil (44.00%). However, the extended
strand (25.87) and beta turn (8.27) predictions were higher in both caprine and ovine species (Table 8).

Prediction of transmembrane proteins of myostatin gene of goats, sheep and cattle indicated that the
transmembrane segments used were significant (graph 1, 2 and 3). The scores for the respective
species were above 500 the cut-off point (for goats, Inside to outside helices= 1621, Outside to inside
helices= 1394; for sheep, Inside to outside helices= 1621, Outside to inside helices= 1394; for cattle,

Inside to outside helices= 1422, Outside to inside helices= 1145).
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graph 1: Prediction plot of transmembrane topology of goat myostatin protein
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THpred output for sheep myostatin
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graph 2: Prediction plot of transmembrane topology of sheep myostatin protein
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Three hundred and twenty four (324) residues (86% of goat sequence) have been modelled with
100.0% confidence by the single highest scoring template. The percentage identity with the
template myostatin protein was 86.0%. 324 residues (86% of sheep sequence) have been
modelled with 100.0% confidence by the single highest scoring template. The percentage
identity with the template myostatin protein was equally 86.0% while 323 residues (86% of
cattle sequence) have been modelled with 100.0% confidence by the single highest scoring
template. The percentage identity with the template myostatin protein was also 86.0% (plates 1,
2 and 3). The amino acids residues predicted to form part of the binding site of goat myostatin
protein 3D structure as well as their residue numbers were Ser (105), Asp (267), Phe (268) Gly
(269), Asp (273), Cys (281), Cys (281), Arg (371), Cys (372) and Gly (373), respectively. Those
for sheep were Ser (105), Asp (267), Phe (268) Gly (269), Asp (273), Cys (281), Cys (282), Arg
(371), Cys (372) and Gly (373), respectively. The amino acids residues predicted to form part of
the binding site of cattle myostatin protein 3D structure as well as their residue numbers were
Leu (106), Asp (267), Phe (268) Gly (269), Asp (273), Cys (281), Cys (281), Arg (371), Cys
(372) and Gly (373), respectively.



plate 1: Schematic 3D structure of goat myostatin protein
Image coloured by rainbow N - C terminus
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Plate 2: Schematic 3D structure of sheep myostatin protein
Image coloured by rainbow N - C terminus
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Plate 3: Schematic 3D structure of cattle myostatin protein
Image coloured by rainbow N - C terminus
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Many important biological processes such as cell signaling, transport of membrane-impermeable
molecules, cell-cell communication, cell recognition and cell adhesion are mediated by
membrane proteins (Jones, 2007). Although there has been some recent progress in predicting
the full 3-D structure of transmembrane proteins (e.g. Yarov-Yarovoyet al., 2006), the most
widely applied prediction technique for these proteins is to determine the transmembrane
topology, i.e. the inside—outside location of the N and C termini relative to the cytoplasm, along
with the number and sequence locations of the membrane spanning regions. Knowing myostatin
membrane protein’s topology can be a significant step toward inferring both its structure and
function.

Determining the structure and function of a novel protein is a cornerstone of many aspects of
modern biology. The accuracy of protein structure prediction depends critically on sequence
similarity between the query and template as observed in the present study. If a template is
detected with >30% sequence identity to the query, then usually most or all of the alignment will
be accurate and the resulting relative positions of structural elements in the model will be reliable
(Kelley et al., 2015). The practical applications of myostatin protein structure prediction in goats,
sheep and cattle are of many and varied, including guiding the development of functional
hypotheses about hypothetical proteins (Watson et al., 2005), improving phasing signals in
crystallography (Qian ef al., 2007) and selecting sites for mutagenesis (Rava and Hussain, 2007).
Proteins often perform their function on ligands (e.g. enzyme substrates) or are regulated by
them. The explosion of protein sequences from genome sequencing projects makes it essential
for automated methods to predict ligand-binding sites. Further, protein structures are often solved
in the absence of ligands, making it important to identify binding sites for such proteins (Wass et
al., 2010). Residue properties are also commonly used to establish different specificity in similar
proteins (Capra and Singh, 2008). Therefore, the identification of ligand-binding sites as
observed in goats, sheep and cattle of the present study is important to make functional

predictions especially for newly discovered myostatin sequences.
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5.0 CHAPTER FIVE: CONCLUSION AND RECOMMENDATION

5.1 Conclusion

There was a great genetic variation and polymorphism in the aligned sequences of myostatin
gene within and across species. Computational analysis of non-synonymous mutations revealed
some beneficial amino acid substitutions. The dendrograms obtained showed some form of
proximity and differentiation in myostatin sequences within and among the mammalian species
investigated. Thus, the present genetic information on the myostatin gene of goats, sheep and
cattle will guide subsequent studies using in vivo experimental protocol to associate the observed
beneficial SNPs in the three species with performance traits such as growth and carcass quality
in goats, sheep and cattle in Nigeria.

5.2 Recommendation.

During the course of the study, some amino acid substitutions of myostatin gene of the Bovidae
family were beneficial. Therefore, it is recommendable to use the beneficial amino acids to
enhance the physiology of stock animals in breeding programs. Also, the beneficial amino acids
variants obtained from the non-synonymous amino acid substitutions can be can be exploited as
possible markers for growth and development in cattle, sheep and goat. Following the
similarities seen in Bovidae family with ovine and caprine which showed great propinquity in
evolutionary process; the amino acid percentage composition were the same in majority of the
amino acid constituent of the MSTN gene while secondary, tertiary structures as well as
membrane topology were difficult to distinguish in sheep and goat, thus, myostatin gene of goat
and sheep can be substituted in breeding practice. MSTN gene sequences available in the
Genebank were from exotic breeds, therefore, it is important to carry out research on local breeds
of cattle, sheep and goat to make the sequences available in the Genebank so that comparative
analysis may be possible with the already available sequences.
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