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Abstract: To characterise the 5’ upstream and coding sequences of the myostatin gene
(MSTN) in Thai swamp buffalo (Bubalus bubalis), polymerase chain reaction and direct
DNA sequencing were performed. The sequences obtained were compared with those of
other livestock animals. The study successfully characterised the 5’ upstream and coding
sequences of the Thai swamp buffalo MSTN gene. Both the common and muscle-specific
transcription factor binding sites were observed in the 5’ upstream region and the coding
sequences in the Thai swamp buffalo were similar to those in cattle (Bos taurus). From the
multiple alignment method, the coding sequence identity of the tested buffalo was 98, 94 and
81% as compared to cattle, pig and chicken respectively. Two variants (g.264C>T and g.
414G>A) located in exon 1 were also identified. Based on the obtained DNA sequences, the
amino acid sequence identity of the tested buffalo was 98, 94 and 86% as compared to cattle,
pig and chicken respectively. Thai swamp buffalo have 100% sequence identity of Arg-Ser-
Arg-Arg (RSRR) aligned between the positions 263 and 266 of the amino acid sequence.
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These results indicate that the 5" upstream and the coding sequences of Thai swamp buffalo
MSTN gene display a high similarity with other livestock animals, especially cattle.

Keywords: myostatin gene, coding sequence, Thai swamp buffalo, Bubalus bubalis,
transcription factor binding site

INTRODUCTION

In Thailand most buffalo (Bubalus bubalis) are of the swamp buffalo [1]. Traditionally, they
have been raised as draught animals but more recently are increasingly being raised for meat
production. At present, there is a decrease in the number of Thai swamp buffalo raised for draught
purpose due to socio-economic changes, while buffalo are still used as a major meat source [2].
Buffalo meat is consumed by many Thais, especially in the north of the country, and the demand for
this meat has been increasing due to an increasing population. To improve productivity, several
biotechnologies have been developed, which include artificial insemination (a simple biotechnology
commonly used in field work), embryo transfer and cloning.

Interestingly, there is evidence that genetic factors are associated with the muscle phenotype
in livestock animals and several studies have shown that either mutation or variation in several
genes is associated with meat quality [3]. The myostatin gene (MSTN) is an example of an
economically important gene. Fluorescence in situ hybridisation (FISH) mapping has revealed that
the buffalo MSTN gene is located on chromosome 2 [4]. This gene plays a critical role in regulating
skeletal muscle mass. Mutations of this gene result in the double muscling phenotype in cattle [5-7].
In addition, mutation or variation identified in other livestock animals is also associated with either
the growth traits or the double muscling phenotype [8-12]. However, the MSTN gene in swamp
buffalo, particularly raised in Thailand, has not been elucidated.

The objective of this study is therefore to characterise the 5" upstream and coding sequences
of Thai swamp buffalo MSTN gene. The characterised sequences can be used as basic data for
providing molecular insights in terms of the gene’s variation and mutation, including its influence
on a number of biological activities.

MATERIALS AND METHODS
DNA Samples

Three millilitres each of jugular blood from eight Thai swamp buffalo kept by the Livestock
Research and Breeding Centre in Surin and Lopburi provinces were collected into blood collecting
tubes with ethylene diamine tetra-acetic acid as the blood coagulant [Vacuette® K3E K3EDTA,
Greiner Bio-One Ltd., Thailand]. Genomic DNA was extracted from white blood cells by the
salting-out method as described by Miller et al. [13]. DNA concentrations were measured using a
spectrophotometer (NanoDrop 2000, Thermo Fisher Scientific, USA).

Primer Design, Polymerase Chain Reaction (PCR) and Direct DNA Sequencing

All three exons of the MSTN gene were amplified using overlapping primer pairs designed
by primer3 software [14]. The primer design and coding sequence positions were based
on DNA sequence data of the river buffalo MSTN gene (GenBank accession number DQ091762)
[15]. Primers used for amplification of the 5’ upstream sequence were designed based on cattle
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MSTN gene (GenBank accession number AF348479) [16]. The regions amplified and sizes of the
amplicons are shown in Table 1. The total volume of PCR reactions was 15 pL containing 50 ng of
buffalo genomic DNA, 0.4 uM of each primer (Bio Basic Inc., Canada), 0.2 mM of each
deoxynucleotide triphosphate (dANTPs) (Promega, UK), 4% DMSO, 2 mM MgCl,, 1.5 pL of 10X
ImmoBuffer and 0.45 unit of DNA polymerase (IMMOLASE™ DNA polymerase, Bioline USA Inc,
USA). The PCR profile consisted of initial denaturation at 95°C for 10 min., 35 cycles of
denaturation at 95°C for 30 sec., annealing at optimal temperature as listed in Table 1 for 30 sec.
and extension at 72°C for 45 sec., and final extension at 72°C for 10 min.

The purification of PCR products was carried out using exonuclease I/shrimp alkaline
phosphatase (ExoSAP-IT®, USB Corporation, USA) according to the manufacturer's instructions.
Direct DNA sequencing was performed by the DNA sequencing services (First BASE DNA
Sequencing Services, First BASE Laboratories, Selangor, Malaysia).

Sequence Analysis and Amino Acid Alignments

The obtained sequences from each fragment were joined together. Putative transcription
binding sites in the 5" upstream region were predicted using Matlnspector software [17]. Full-length
coding sequences obtained from the joined fragments and generated amino acids were analysed
using the Biology WorkBench 3.2 online program [18].

Table 1. List of primers used for 5" upstream and coding sequence characterisation. Fragment 1-6
primers were designed based on river buffalo MSTN gene (GenBank accession number DQ091762).
The 5'Ups 1 and 5'Ups 2 primers were designed based on the cattle MSTN gene (GenBank
accession number AF348479). Both GenBank accession numbers were retrieved from the NCBI
database.

Name Forward primer Reverse primer Product Annealing
(5'—=3") (5'—=3") size (bp) temperature (°C)

5'Ups 1 CTTCAAATGCTTACT AATATAAACAGAGA

TAAATAG TTTGCAGTT 575 58
5'Ups 2 AGTAATTCCATGAGC CTCTTGCTCCACAAT

AATTTA GAAT 525 58
Fragment 1 GGAAGAAGTAAGAA CTCTCTGGACATCGA
(Exon 1) CAAGGGA ACTGA 340 60
Fragment 2 TCCTCAAGACTAGA CTCCTTACATACAAG
(Exon 1) AGCCATAA CCAGCA 341 60
Fragment 3 GATATGGAGGTGTTC TGATTTCAATGCCTA
(Exon 2) GTTCG AGTTGG 378 57
Fragment 4 TGAGACCTGTCAAG TAAGCACAGGAAAC
(Exon 2) ACTCCT TGGTAG 370 60
Fragment 5 GGCATTCAGATACTC TGTCTGTTACCTTGA
(Exon 3) AAACC CTTCTA 293 60
Fragment 6 GGATGGGATTGGAT AGACCTTCCATGTTT
(Exon 3) TATTG GAGG 291 60
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RESULTS AND DISCUSSION
Characterisation of 5’ Upstream Sequence of Buffalo MSTN Gene

Approximately 700 base pairs of this region were amplified using two overlapping primer
pairs with annealing temperature at 58°C. By using the cattle MSTN gene as a reference sequence
for primer designing, the 5’ upstream sequence in Thai swamp buffalo is amplified and
characterised (Scheme 1). Multiple alignments with those of cattle (GenBank accession number
AF348479), goat (AY827576), sheep (AY918121), horse (GQ183900) and pig (AF093798) show
that this region shares 99, 97, 97, 88 and 88 % sequence identity respectively. The bioinformatics
analysis using Matlnspector software exhibits three TATA boxes (TATA-1, TATA-2 and TATA-3).
Apart from the common transcription factor binding sites, muscle-specific transcription factor
binding sites (E-boxes, MEF2, SMAD and FoxO) are observed as shown in Scheme 1. In addition,
we find that each transcription factor binding site shows a high conservation among the compared
animal sequences, especially for ruminants. The high conservation of these transcription factor
binding sites among the animals compared indicates that it may be important for transcriptional
regulation of the buffalo MSTN gene as well as other livestock. For example, Du et al. [19] studied
the transcriptional regulation activities by detecting the fluorescence strength of enhanced green
fluorescent protein in C2C12 myoblasts transfected with the vectors. The results indicate that some
regions such as E3 and MEF2 have an influence on the transcription and expression of the sheep
MSTN gene. Moreover, the mutagenesis of the highly conserved FoxO or SMAD binding sites
significantly decreases the MSTN promoter activity [20]. Actually, several transcription factor
binding sites located in the 5’ regulatory region of MSTN have been observed in other animals [21-
23]. However, the 5’ upstream sequence and transcription factor binding sites located in this region
of both the river and swamp buffalo have not been identified before. This study is the first report
describing these issues.

-667 tatagcagaaaatcttttactagtatcacagtcttttcatttaagtcttectgaataaat
MEF2

ctgtattttctaattatacagg%ctaaaaataattEPatataacaaataaaattcttttt
E-4 TATA-

actctygcaaatg ac aaatagjtataaagkcca a (e] al aaaaatactatctc
t tokttacttaaat t ttttattttctgaggg tatat

aactttttaagtatgaagtgtacattaagatttattcacttaaattataatttttaaagt

ttcacatataaagatgaataagatctaagtgtatatgttattgttaataaagtttttaat

ttttcgaatgtcacatacagcctttattattcatagatttattccttttaagaagtag
E-3 FoxO SMAD

atcagctcacccttgactgtatgtttggtgacttgtg cagacag

ggttttaacctctgacagcgagattcattgtggagcaagagccaatcacagatcccgacg
E-2 TATA-2 E-1 TATA-1

c tcatcaaagttggaatataaagagdcac ttdgaatacagattc

actggtgtggcaagttgtctctcagactgggcaggcattaacgtttggettggegttact

caaaagcaaaagaaaagtaaaaggaagaagtaagaacaagggaaaagattgtattgattt

taaaaccatg +3

Scheme 1. Results of analysis of 5’ upstream sequence of Thai swamp buffalo MSTN gene.
Putative transcription factor binding sites are indicated by boxes. The atg indicates the start codon.
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Characterisation of Coding Sequences of Buffalo MSTN Gene

The coding sequences of the MSTN gene, which has been reported as a negative regulator of
skeletal muscle growth [24], have previously been analysed in Brazilian Murrah buffalo [25] and
Indian river buffalo [26]. In this studythe characterisation of the MSTN coding sequences was
performed in eight Thai swamp buffalo. The procedure consisted of amplification, sequencing and
comparing the obtained sequences with those from cattle, pig and chicken MSTN genes. By using
the river buffalo sequence as a reference for primer designing, the study succeeded in characterising
the entire coding sequence of the MSTN gene (Scheme 2). The results show that the coding
sequences in all 8 Thai swamp buffalo tested are identical to the river buffalo sequences (data not
shown). A close relationship between the swamp and river buffalo MSTN genes has been previously
reported. A molecular tree shows a cluster of their own and an apparent differentiation from 4 Bos
species [27].

We also found that these sequences of the Thai buffalo MSTN gene are close to the MSTN
cattle sequence rather than to the pig or chicken MSTN genes. In comparison to other livestock
species, the entire coding sequence of Thai swamp buffalo MSTN gene has 98, 94 and 81%
similarity to cattle, pig and chicken respectively (Scheme 3). These findings correlate well with
their evolutionary relationships. Moreover, the MSTN gene variations are also firstly identified in
Thai swamp buffalo. Two variants (g.264C>T and g.414G>A) located in exon 1 are found with the
ratio of wild type to heterozygous variant samples at 5:3. The position g.264 (the number being
based on river buffalo MSTN gene accession number DQO091762) is in codon 73 (AGC).
Substitution of the third nucleotide (AGC>AGT) does not result in any change of the amino acid
(serine). Likewise, the G>A transition at genomic DNA position g.414 (ACG>ACA) does not result
in an alteration of threonine at codon position 123.

In their previous studies of river buffalo, Mota et al. [25] and Tantia et al. [26] did not find
any variant in coding regions among the buffalo. It can thus be suggested that both the identified
variants in our study may be specific for Thai swamp buffalo. We suggest that, as DNA variations
in genomic DNA positions 264 and 414 are identified with high frequencies, these can be used as
molecular markers for buffalo identification.

Based on the nucleic acid sequences obtained for the buffalo MSTN gene, amino acids were
generated using the Biology WorkBench 3.2. It was found that the amino acid sequence of Thai
swamp buffalo is 98, 94 and 86% identical to that of cattle, pig and chicken respectively (Scheme
4). To generate a biologically active myostatin ligand (a COOH-terminal fragment), cleavage by the
furin-family enzyme at Arg-Ser-Arg-Arg (RSRR) aligned between positions 263 and 266 of amino
acids is needed [31]. Although DNA sequences encoding for RSRR are not fully conserved among
the species shown in Scheme 3, these sequences encode the same amino acid sequence. Analysis
results in this study have revealed that this four-amino-acid region of Thai swamp buffalo is 100%
identical to that of cattle, pig and chicken. In addition, a COOH-terminal fragment of Thai swamp
buffalo shows 99, 97 and 96% amino acid similarity to myostatin of cattle, pig and chicken
respectively. These results indicate that the myostatin of Thai swamp buffalo may have the same
function as in other livestock animals. In this study although we did not find missense, nonsense
and frameshift mutations (which can result in increased muscle mass) in any of the Thai swamp
buffalo tested, further study on a larger number of animals should be done to clarify the possibility
of mutation.
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Scheme 2.

M Q@ KL Q I s Vv Y I Y L FMULTI VA G P
atgcaaaaactgcaaatctctgtttatatttacctatttatgectgattgttgetggececa
vV DL N ENSZE QI KENUVEI KEGTLTCN
gtggatctgaatgagaacagcgagcagaaggaaaatgtggaaaaagaggggctgtgtaat
A C L WU RENTT S S R L EATIIKTIOQTI
gcatgtttgtggagggaaaacactacatcctcaagactagaagccataaaaatccaaatc
L S K L R L ETOAUPNT S KDATIIRUQUL
ctcagtaaacttcgcctggaaacagctcctaacatcagcaaagatgctatcagacaactt
L P K A P P L L EU5L I D Q F D V Q R D A
ttgcccaaggctectccactectggaactgattgatcagttecgatgteccagagagatgee
G s b G s L E DD D Y HA RTDA AUV I T
ggcagtgacggctccttggaagacgatgactaccacgeccaggacggacgeggtcattace
M P T E S DL L T Q V E G K P K CC F F
atgcccacggagtctgatcttctaacgcaagtggaaggaaaacccaaatgttgettettt
Q F s S K I Q ¥ N KL V K A Q L W I Y L
caatttagctctaagatacaatacaataaactagtaaaggcccaactgtggatatatctg
R P V KT P ATV F V Q I L R LI K PM
agacccgtcaagactecctgecgacagtgtttgtgcagatecctgagactcatcaaacccatg
K D G TR Y T G IR S L KULDMNUPG T
aaagacggtacaaggtatactggaatccgatctctgaaacttgacatgaacccaggcact
G I W Q S I DV KT VL Q NW UL K Q P E
ggtatttggcagagcattgatgtgaagacagtgttgcaaaactggctcaaacaacctgaa
S N L G I EI K A L DENGUHUDTULA AV T
tccaacttaggcattgaaatcaaagctttagatgagaatggtcatgatcttgctgtaacc
F P E P G ED GUL T PVF L E V KV T D T
ttcccagaaccaggagaagatggactgactccttttttagaagtcaaggtaacagacaca
P K R S R RDVF G LDCUDEUZR S TE S R
ccaaaaagatctaggagagattttgggcttgattgtgatgagegeteccacagaatcectega
c ¢C RY PL T VD F E AU FGWDWTI I A
tgctgtcgttaccctctaactgtggattttgaagcttttggatgggattggattattgeca
P K R Y KA NYC S G ECEUFV F L Q K
cctaaaagatataaggccaattactgctctggagaatgtgaatttgtatttttgcaaaag
Y P H T HUL V HQA ANUPIRG S A G P CC
tatcctcatacccatcttgtgcaccaagcaaaccccagaggttcagetggececctgetge
T P T KM s P I NMTL Y F NG E G Q I I
actcctacaaagatgtctccaattaatatgctatattttaatggecgaaggacaaataata
Y 6 K I P A MV VDU RZCG C s *
tatgggaagattccagccatggtagtagatcegetgtgggtgttcatga 1128
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Coding and amino acid sequences of Thai swamp buffalo MSTN gene. The first codon
is underlined. Asterisk indicates stop codon.
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Swamp buffalo 1 ATGCAAAAACTGCAAATCTCTGCTTATATTTACCTATTTATGCTGATTGTTGCTGGCCCA
cattle ATGCAAAAACTGCAAATCTCTGTTTATATT TACCTATT TATGCTGATTGTTGCTGGCCCA
Pig ATGCAAAAACTGCAAATCTATGTTTATATT TACCTGTTTATGCTGATTGTTGCTGGTCCC
Chicken ATGCAAAAGCTAGCAGTCTATGTTTATATT TACCTGTTCATGCAGATCGCGGTTGATCCA
XXX XXE *% * OKRE X XTI XALALCERE % Fhxddx *ek « * %*x * %
Swamp buffalo 61 GTGGATCTGAATGAGAACAGCGAGCAGAAGGAAAATGTGGAAAAAGAGGGGCTGTGTAAT
Cattle GTGGATCTGAATGAGAACAGCGAGCAGAAGGAAAATGTGGAAAAAGAGGGGCTGTGTAAT
Pig GTGGATCTGAATGAGAACAGC GAGCAAAAGGAAAATGTGGAAAAAGAGGGGCTGTGTAAT
Chicken GTGGCTCTGGATGGCAGTAGT CAGCCCACAGAGAACGC TGAAAAAGACGGACTGTGCAAT
Xk k Hhkkk *x® * ® % * %% * X% %*%xX % HXXXLLERX TX TXXXE XX
Swamp buffalo 121 GCATGTTTGTGGAGGGAAAGCACTACATCCTCAAGACTAGAAGCCATAARAATCCAAATC
Cattle GCATGTTTGTGGAGGGAAAACACTACATCCTCAAGACTAGAAGCCATAAAAATCCAAATC
Pig GCATGTATGTGGAGACAAARCACTAAATCT TCAAGACTAGAAGCCATAAAAATTCAAATC
Chicken GCTTGTACGTGGAGACAGAATACAAAATCCTCCAGAATAGAAGCCATAAAAATTCAAATC
X kx¥ * k% k k% * % EE K KK XK A AKX EARAALCCECY T eeeew
Swamp buffalo 181 CTCAGTAAACTTCGCCTGGAAACAGCTCCTAACATCAGCAAAGATGCTATCAGACAACTT
cattle CTCAGTAAACTTCGCCTGGAAACAGCTCCTAACATCAGCAAAGATGCTATCAGACAACTT
Pig CTCAGTAAACTTCGCCTGGAAACAGCTCCTAACATTAGCAAAGATGCTATAAGACAACTT
Chicken CTCAGCAAACTGCGCCTGGAACAAGCACCTAACATTAGCAGGGACGTTATTAAGCAGCTT
KEXHx Fhdkdk Thexeexvsw Thd XXX XTXEX Y Tx %% Xk & ¥¥w % *% Y% %
Swamp buffalo 241 TTGCCCAAGGCTCCTCCACTCCTGGAACTGATTGATCAGTTCGATGTCCAGAGAGATSCC
Cattle TTGCCCAAGGCTCCTCCACTCCTGGAACTGATTGATCAGTTCGATGTCCAGAGAGATECC
Pig TTGCCCAAAGCTCCTCCACTCCGGGAACTGATTGATCAGTACGATGTCCAGAGAGATGAC
Chicken TTACCCAAAGCTCCTCCACTGCAGGAACTGATTGATCAGTAT GATGTCCAGAGGGACGAC
KE AAEEE XXX XALLELRE F AR CE KXXXXXXXRXEE ¥ ¥ &« %
Swamp buffalc 301 GGCAGTGACGGCTCCTTGGAAGACGATGACTACCACGCCAGGACGGACGCGGTCATTACS
Cattle AGCAGTGACGGCTCCTTGGAAGACGATGACTACCACGC CAGGACGGAAACGGTCATTACS
Pig AGCAGTGATGGCTCCTTGGAAGATGATGAT TATCACGC TACGACGGAAACGATCATTACS
Chicken AGTAGCGATGGCTCTTTGGAAGACGATGACTATCATGC CACAACCGAGACGATTATCACA
¥ O¥X KK XA X XXXXXXAX *XXXX % *¥x X% ¥ kX X% *¥X X ¥¥ %%
Swamp buffalo 361 ATGCCCACGGAGTCTGATCTTCTAACGCAAGTGGAAGGAAAACCCAAATGTTGCTTCTTT
Cattle ATGCCCACGGAGTCTGATCTTCTAACGCAAGTGGAAGGAAAACCCAAATGTTGTTTCTTT
Pig ATGCCTACAGAGTCTGATCTTCTAATGCAAGTGGAAGGAAAACCCAAATGCTGCTTCTTT
Chicken ATGCCTACGGAGTCTGATTTTCTTGTACAAATGGAGGGAAAACCAAAATGTTGCTTCTTT
TEEAkK Kk HEXXLXTLTTETX X xk kX XX AXTXX XXX LAY XX TR
Swamp buffalo 421 CAATTTAGCTCTAAGATACAATACAATAAACTAGTAARAGGCCCAACTGTGGATATATCTG
Cattle AAATTTAGCTCTAAGATACAATACAATAAACTAGTAAAGGCCCAACTGTGGATATATCTG
Pig ARATTTAGCTCTAAAATACAATACAATAAAGTAGTAAAGGCCCAACTGTGGATATATCTG
Chicken AAGTTTAGCTCTAAAATACAATATAACAAAGTAGTAAAGGCACAATTATGGATATACTTG
O OKAEREREREREE CXCERREE T AR CXX R E T d & T weesee * %
Swamp buffalo 481 AGACCCGTCAAGACTCCTGCGACAGTGTTTGTGCAGATCCTGAGACTCATCAAACCCATG
cattle AGGCCTGTCAAGACTCCTGCGACAGTGTTTGTGCAAATCCTGAGACTCATCARACCCATG
Pig AGACCCGTCAAGACTCCTACAACAGTGTTTGTGCAAATCCTGAGACTCATCAAACCCATG
Chicken AGGCAAGTCCAAAAACCTACAACGGTGTTTGTGCAGATCCTGAGACTCATTAAGC CCATG
*% % *hkx * % XXX X XX AXXALXTLALRS XXX ¥X X XTXTY
Swamp buffalo 541 AAAGACGGTACAAGGTATACTGGAATCCGATCTCTGAAACTTGACATGAACCCAGGCACT

Cattle
Pig
Chicken

AAAGACGGTACAAGGTATACTGGAATCCGATCTCTGAAACTTGACATGAACCCAGGCACT
AAAGACGGTACAAGGTATACTGGAATCCGATCTCTGAAACTTGACATGAACCCAGGCACT

ARAAGACGGTACAAGATATACTGGAATTCGATCTTTGAAACTTGACATGAACCCAGGCACT
R I R

160

Scheme 3. Multiple alignments of MSTN coding sequences in four livestock animals: swamp
buffalo, cattle (GenBank accession number AY160688) [28], pig (AY448008) [29] and chicken
(AY448007) [30]. The first codon is underlined. The nucleotide positions 1126-1128 are stop
codon. Asterisks indicate consensus sequence between four species. Box indicates variations of
DNA sequence among species encoding amino acids for cleavage site (RSRR).
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GGTATTTGGCAGAGCATTGATGTGAAGACAGTGTTGCARAACTGGCTCAAACAACCTGARA
GGTATTTGGCAGAGCATTGATGTGAAGACAGTGTTGCAGAACTGGCTCAAACAACCTGARA
GGTATTTGGCAGAGCATTGATGTGAAGACAGTGTTGCAAAATTGGCTCAAACAACCTGAA

GGTATCTGGCAGAGTATTGATGTGAAGACAGTGCTGCAAAATTGGCTCARACAGCCTGAA
KkkKk Khkkkkkkk *hXkAkkkAkkkkkkkkk *hkkk *k Xkkkkkkkkdk kkkkkx

TCCAACTTAGGCATTGAAATCAAAGCTTTAGATGAGAATGGTCATGATCTTGCTGTAACC
TCCAACTTAGGCATTGAAATCAAAGCTTTAGATGAGAATGGCCATGATCTTGCTGTAACC
TCCAACTTAGGCATTGAAATCAAAGCTTTAGATGAGAATGGTCATGATCTTGCTGTAACC

TCCAATTTAGGCATCGAAATAAAAGCTTTTGATGAGACTGGACGAGATCTTGCTGTCACA
Fhkkkdk kkkkkkkk Kkkkk kkkkkkkk kkkkkkk *kk % kkkkkkkkkkk *k

TTCCCAGAACCAGGAGAAGATGGACTGACTCCTTTTTTAGAAGTCAAGGTAACAGACACA
TTCCCAGAACCAGGAGAAGATGGACTGACTCCTTTTTTAGAAGTCAAGGTAACAGACACA
TTCCCAGGACCAGGAGAAGATGGGCTGAATCCCTTTTTAGAAGTCAAGGTAACAGACACA

TTCCCAGGACCGGGTGAAGATGGATTGAACCCATTTTTAGAGGTCAGAGTTACAGACACA
*kkKkkk Khkk kk KkkIkkkk  kkk kK kK kKRR KK KkXkk  kk KKKk kKKK K

ATTTTGGGCTTGATTGTGATGAGCGCTCCACAGAATCTCGA
ATTTTGGGCTTGATTGTGATGAACACTCCACAGAATCTCGA
ATTTTGGACTCGACTGTGATGAGCACTCAACAGAATCTCGA

ATTTTGGCCTTGACTGTGATGAGCACTCAACGGAATCCCGA
IkkkKEK Kk kK kKKK Kkkx *k kkk Kk Kkkkk kk%

TGCTGTCGTTACCCTCTAACTGTGGATTTTGAAGCTTTTGGATGGGATTGGATTATTGCA
TGCTGTCGTTACCCTCTAACTGTGGATTTTGAAGCTTTTGGATGGGATTGGATTATTGCA
TGCTGTCGTTACCCTCTAACTGTGGATTTTGAAGCTTTTGGATGGGACTGGATTATTGCA

TGTTGTCGCTACCCGCTGACAGTGGATTTCGAAGCTTTTGGATGGGACTGGATTATAGCA
¥k kkkkk kkkkk Kk kk Kkkkkhkkk Kkkkkkkkkkkkkkkkk kkkkkkkk KXkk

CCTARAAGATATAAGGCCAATTACTGCTCTGGAGAATGTGAATTTGTATTTTTGCARAAG
CCTAAAAGATATAAGGCCAATTACTGCTCTGGAGAATGTGAATTTGTATTTTTGCARRAG
CCCARAAGATATAAGGCCAGTTACTGCTCTGGAGAGTGTGAATTTGTATTTTTACARARAR

CCTAAAAGATACAAAGCCAATTACTGCTCCGGAGAATGTGAATTTGTGTTTCTACAGAAA
Kk kdkkdkkdkkk Kk kkkk Kkkkkkkkk Kkkkk kkkkkkkkkkdk kkk * k% X%

TATCCTCATACCCATCTTGTGCACCAAGCAAACCCCAGAGGTTCAGCTGGCCCCTGCTGC
TATCCTCATACCCATCTTGTGCACCAAGCAAACCCCAGAGGTTCAGCCGGCCCCTGCTGT
TACCCTCACACTCATCTTGTGCACCAAGCAAACCCCAGAGGTTCAGCAGGCCCCTGCTGT

TACCCGCACACTCACCTGGTACACCAAGCAAATCCCAGAGGCTCAGCAGGCCCTTGCTGC
X%k kk kk kk Kk kk kk kkkkkkokkkokk kkkkdkkkk kkkkk kkkkk kkkkk

ACTCCTACAAAGATGTCTCCAATTAATATGCTATATTTTAATGGCGAAGGACAAATAATA
ACTCCTACAAAGATGTCTCCAATTAATATGCTATATTTTAATGGCGAAGGACAAATAATA
ACTCCCACAAAGATGTCTCCAATCAATATGCTATATTTTAATGGCAAAGAACAAATAATA

ACACCCACCAAGATGTCCCCTATAAACATGCTGTATTTCAATGGARAAGAACARATAATA
*k kk kk kkkkkkkk Kk kk kk kkkkk kkkkk kkkkk  kkk Kkkkkkkkkk

TATGGGAAGATTCCAGCCATGGTAGTAGATCGCTGTGGGTGTTCATGA 1128
TACGGGAAGATTCCAGCCATGGTAGTAGATCGCTGTGGGTGTTCATGA
TATGGGAAAATTCCAGCCATGGTAGTAGATCGCTGTGGGTGCTCATGA

TATGGARAGATACCAGCCATGGTTGTAGATCGTTGCGGGTGCTCATGA
ok kk kk kk Kkkkkkkkkkk kkkkkkkdk kk kkkkk kkkkkk

161
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Swamp buffalo 1 MQKLQISVYIYLFMLIVAGPVDLNENSEQKENVEKEGLCNACLWRENTTSSRLEAIKIQI 60

Cattle MQOKLQISVYIYLFMLIVAGPVDLNENSEQKENVEKEGLCNACLWRENTTSSRLEAIKIQI

Pig MOKLQIYVYIYLFMLIVAGPVDLNENSEQKENVEKEGLCNACMWRONTKSSRLEAIKIQI

Chicken MOKLAVYVYIYLFMQIAVDPVALDGSSQPTENAEKDGLCNACTWRONTKSSRIEAIKIQI
*kk*k *kkkkkk * *k * * *k kk kkkkkk kk kk kkk kkkkhkk*k

Swamp buffalo 61 LSKLRLETAPNISKDAIRQLLPKAPPLLELIDQFDVQRDAGSDGSLEDDDYHARTDAVIT 120

Cattle LSKLRLETAPNISKDAIRQLLPKAPPLLELIDQFDVQRDASSDGSLEDDDYHARTETVIT
Pig LSKLRLETAPNISKDAIRQLLPKAPPLRELIDQYDVQRDDSSDGSLEDDDYHATTETIIT
Chicken LSKLRLEQAPNISRDVIKQLLPKAPPLOQELIDQYDVQRDDSSDGSLEDDDYHATTETIIT

hhkkkhkhkk Khhkhkkk k Kk Khkkhkhkkkkk khkkkk *hkkkk khkrkkkhkkkkhrk * * %

Swamp buffalo 121 MPTESDLLTQVEGKPKCCFFQFSSKIQYNKLVKAQLWIYLRPVKTPATVFVQILRLIKPM 180

Cattle MPTESDLLTQVEGKPKCCFFKFSSKIQYNKLVKAQLWIYLRPVKTPATVFVQILRLIKPM
Pig MPTESDLLMQVEGKPKCCFFKFSSKIQYNKVVKAQLWIYLRPVKTPTTVFVQILRLIKPM
Chicken MPTESDFLVQMEGKPKCCFFKFSSKIQYNKVVKAQLWIYLRQVOKPTTVFVQILRLIKPM

kkhkkkk * * *khkkkkkkkk khkkkkkkkk *hkkkkkkkkx * * kkkkkkkkkkkkk

Swamp buffalo 181 KDGTRYTGIRSLKLDMNPGTGIWQSIDVKTVLQONWLKQPESNLGIEIKALDENGHDLAVT 240

Cattle KDGTRYTGIRSLKLDMNPGTGIWQSIDVKTVLONWLKQPESNLGIEIKALDENGHDLAVT
Pig KDGTRYTGIRSLKLDMNPGTGIWQSIDVKTVLONWLKQPESNLGIEIKALDENGHDLAVT
Chicken KDGTRYTGIRSLKLDMNPGTGIWQSIDVKTVLONWLKQPESNLGIEIKAFDETGRDLAVT

khkhkkhkhkhkkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhhkhkhkhkhkhkhkhkhhkhkhkkkhkhk *k * *hkhkkk

Swamp buffalo 241 FPEPGEDGLTPFLEVKVTDTPHK
Cattle FPEPGEDGLTPFLEVKVTDTPK
Pig FPGPGEDGLNPFLEVKVTDTPK RROFGLDCDEHSTESRCCRYPLTVDFEAFGWDWIIA

Chicken FPGPGEDGLNPFLEVRVTIDTPHRSRRDFGLDCDEHSTESRCCRYPLTVDFEAFGWDWIIA
kk kkkhkhkk hkkkk kkkkkkRkrkrhkkkkkkkk dkkkhkkkhkhhkhkhhhhkdkkhkkkhkhhk

RRDFGLDCDERSTESRCCRYPLTVDFEAFGWDWIIA 300
RROFGLDCDEHSTESRCCRYPLTVDFEAFGWDWIIA

Swamp buffalo 301 PKRYKANYCSGECEFVFLQKYPHTHLVHQANPRGSAGPCCTPTKMSPINMLYFNGEGQII 360

Cattle PKRYKANYCSGECEFVFLQKYPHTHLVHQANPRGSAGPCCTPTKMSPINMLYFNGEGQII
Pig PKRYKANYCSGECEFVFLQKYPHTHLVHQANPRGSAGPCCTPTKMSPINMLYFNGKEQITI
Chicken PKRYKANYCSGECEFVFLQKYPHTHLVHQANPRGPAGPCCTPTKMSPINMLYFNGKEQII

khkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhdx hhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkk %k %k

Swamp buffalo 361 YGKIPAMVVDRCGCS 375

Cattle YGKIPAMVVDRCGCS
Pig YGKIPAMVVDRCGCS
Chicken YGKIPAMVVDRCGCS

khkhkkkkkhkhkhkhkkhkkkx

Scheme 4. Multiple alignment of myostatin amino acid sequences in four livestock animals:
swamp buffalo, cattle (GenBank accession number AF320998) [32], pig (EF490986) [33] and
chicken (AF346599) [34]. The cleavage site (RSRR)is shown in the box. Asterisks indicate
consensus amino acid residues between the four species.

CONCLUSIONS

Our results have demonstrated that the 5" upstream, coding and amino acid sequences of the
Thai swamp buffalo MSTN gene show high sequence identity with other livestock animals,
especially cattle. To our knowledge, this is the first MSTN gene report for Thai swamp buffalo. The
output provides basic information that can be used in further study such as buffalo breeding.
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