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Figure 4- Phylogenetic tree, A) Rooted; B) Un-rooted,

of MSTN gene’s exon sequences in different camel
species
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of MSTN gene sequence in different camel species
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Table 1- Number of gaps, differences, distance, percent identity, and identities of MSTN gene sequence in different camel species

Gaps Differences Distance Percent identity Identities
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
2 3 13 0.001 99.81 6722
3 4 7 12 25 0.001 0.002 99.82  99.63 6726 6713
4 4 7 0 11 24 1 0.001 0.002 0.000 99.84 99.64 99.99 6727 6714 6736
5 21 18 21 21 101 104 101 100 O0.010 0.010 0.010 0.010 9850 9846 9850 9852 6642 6635 6642 6643

Iranian Turkmen camel (1), Arabian camel (2), Bactrian camel (3), Wild Bactrian camel (4), Alpaca (5)
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Table 2- Number of gaps, differences, distance, percent identity, and identities of exons of MSTN in different camel species

gaps differences distance percent identity identity
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
2 0 2 0.000 99.82 1126
3 0 O 1 3 0.000 0.001 99.91 99.73 1127 1125
4 0 0 O 1 3 0 0.000 0.001 0.000 99.91 99.73 100.00 1127 1125 1128

5 0 0 0O 0O 6 8 5 5 0.010 0.010 0.000 0.000 99.47 99.29 99.56 99.56 1122 1120 1123 1123
Iranian Turkmen camel (1), Arabian camel (2), Bactrian camel (3), Wild Bactrian camel (4), Alpaca (5)
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Figure 7- Alignment and length of MSTN gene in
different species
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Table 3- percent identity and gaps of MSTN gene sequence in different species

1 2 3 4 5 6 7 8 9 10 11 7 13 14 15 16
1 9892 9857 9946 7493 7309 7154 8572 8567 8578 8576 8561 8189 7079 6278 757
21 49 9790 9883 7529 7348 7192 8544 8539 8550 8548 8533 8188 7053 6301 7527
3 | 76 93 97.93 7419 7243 7090 8626 8621 8632 863l 8615 8108 7083 6215 7445
41 19 30 9 7484 7304 7149 8515 8510 8521 8520 8504 8164 7031 6274  75.00
5 | 1590 1551 1632 1571 9253 9319 6454 6447 6455 6454 6438 6580 5320 8101  56.36
6 | 1594 1555 1636 1575 164 96.05 64.62 6456 6463 6462 6449 6603 5332 8046  56.50
7| 1707 1667 1748 1687 136 138 6322 6314 6323 6321 6306 6450 5200 8258  55.12
8 | 365 365 298 375 180 1864 1976 99.81 99.84 99.82 9850 82.88 7338 6375  76.40
9 | %3 %2 25 372 1887 1861 1973 90.64 99.63 9846 8283 7333 6367 7634
10| 356 365 298 375 1892 1866 1978 4 7 0099 9850 8201 7343 6376 7646
11| 36 365 298 375 1892 1866 1978 4 7 0 0850 8290 7342 6374 7644
12| 359 368 301 378 1889 1863 1975 21 18 21 21 677 7327 6352 7618
13| 35 495 552 503 1574 1558 1672 566 563 568 568 565 088 7766  75.82
14 | 1626 1637 1610 1645 3138 3122 3236 1526 1523 1526 1526 1529 1564 6208 66.07
15 | 1912 1873 1958 1893 344 374 224 1968 1965 1970 1970 1967 1428 2992 5816
16 | 857 828 899 838 2343 2331 2445 879 880 879 879 892 955 2093 2341
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Zebu cattle (1), Wild yak (2), Hybrid cattle (3), Cattle (4), Water buffalo (5), Goat (6), Sheep (7), Iranian Turkmen camel (8), Arabian camel (9), Wild Bactrian
camel (10), Bactrian camel (11), Alpaca (12), Przewalski’s horse (13), Ass (14), Horse (15), Human (16)
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Figure 8- Phylogenetic tree, A) Rooted; B) Un-rooted, of MSTN gene sequence in different species
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Figure 9- Alignment and length of MSTN gene in different species
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Table 4- identity percentage and differences of MSTN gene’s exon sequence in different species

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 100.00 9991 9991 9911 9654 9654 93.88 93.71 9397 93.97 9424 9371 93/79 93.71 92.02
2 |0 99.82 9991 99.02 9645 9645 9379 93.62 93.88 93.88 9415 93,62 93.71  93.62 91.93
3 |1 2 99.73 99.02 9645 96.45 9397 9379 9406 94.06 9433 9379 93.88  93.79 92.11
4 |1 1 3 98.94 9637 9636 93.71 9353 93.79 93.79 94.06 9353 93.62  93.53 91.84
5110 11 11 12 96.37 96.37 9371 9353 93.79 93.79 94.06 9353 93.62  93.53 91.84
6 |39 40 40 41 41 99.65 9406 93.88 9415 9415 9441 93.88 93.97 93.88 92.55
7 139 40 40 41 41 4 9406 93.88 9415 94.15 9441 9371 9379 93.71 92.55
8 |69 70 68 71 71 67 67 99.82 9991 99.91 99.47 96.63 96.72  96.63 95.21
9 |71 72 70 73 73 69 69 2 99.73  99.73 99.29 9645 96.54  96.45 95.04
10 | 68 69 67 70 70 66 66 1 3 100.00 99.56 96.72 96.81  96.72 95.30
11 | 68 69 67 70 70 66 66 1 3 0 99.56 96.72 96.81  96.72 95.30
12 | 65 66 64 67 67 63 63 6 8 5 5 96.63 96.72  96.63 95.21
13 |71 72 70 73 73 69 71 38 40 37 37 38 99.91 100.00 95.83
14 |70 71 69 72 72 68 70 37 39 36 36 37 1 99.91 95.92
15|71 72 70 73 73 69 71 38 40 37 37 38 0 1 95.83
16 |90 91 89 92 92 84 84 54 56 53 53 54 47 46 47

(WW)OLasS ooar 52m (1)) slal lasS g0 (V) ot s OlasS 50 () o001k o(A) Bon! S (V)hes € (V) 53 (0) e slS o(£) 518 (7)ol SIS (¥) pidim 5 S (V) 525 58
(VU okassl (Vo )l (VE)EY (1Y) Przewalski ol

Zebu cattle (1), Wild yak (2), Hybrid cattle (3), Cattle (4), Water buffalo (5), Goat (6), Sheep (7), Iranian Turkmen camel (8), Arabian camel (9), Wild Bactrian camel
(10), Bactrian camel (11), Alpaca (12), Przewalski’s horse (13), Ass (14), Horse (15), Human (16)



WWAA Lo /¥ 0jlocs YA uls [ sold pole (cla yingy a i

cyfe wng Y

SN 09 e Al LS S sy pae Jido @
5shd ca o w K 8da (Al slas S slagy 5 S
i 3 soliiead b s Giulns 51 our Lasals uleal s
dals Kimura Jue SaS 4 4S Souy Jlas! glalals
ool AL ad A Wl oo sl | (LIS
Cope o i gL € slag Rl ) ssel can

S A K
L oS 5 s Ay slass Sl & o b
35 0 550 (5 el slassal slaas o g sl LS00
ol (slansl g3 Blad 51 Lol o g sl Lads < dan o
Ly lS s oalnls wag ool S L

pladl A Ka o) g 0 (551508 5 wo S dan 3 5

.-
. .
375
375
375
375
375
375
375
375
Homo saplens (human) 375
Bos indicus (2ebu cattle) 375
Bos mutus (wild yak) 375
us xBos taurus (hybrid cattie) 375
Bos taurus (cattle) a75
sbalus bubalis (water buffalo) 375
Capra hircus (goat) 375

Ovis aries (sheep) 375
Co

m e

Sequence logo

Slide (5lada oS 5u (g S35 A~ S
Figure 11- Alignment and length of MSTN’s protein
in different camel species

b gl S 5o (Blies sae (55 I Spd (e
Ol el slasnl I o olis adsule was oo olis
€ wdbe wlie LOS ala Ho Gaiss Job 03
O 00 O e b Sad adidla saias olis Wl 8 oo

Al s 9550 slas S
O gse 59 el ol g glacls © s b
O 508 (185 o w5 LA I wlaxd 5 calid s 5o
59531 0 Jgoa 59 O Ui 48 I8 K 158 s 5 35

NIV PV



AY 2> sadiss ) o pl 0,Sdae b duslie )3 (oS 5 b (iliwgee o) JIy (JolSS 5 (Sifokd (o)

iAo (sladsS ju (ailiey gae (a5 9 g3 (o195 SLA(5ha (aly) gl wlans g (4l TL) Caaladh s 59 -0 Jgaa
Table 4- identity percentage and differences of MSTN’s protein sequence in different species

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 100.00 100.00 100.00 98.67 93.37 93.37 95.21 95.21 95.21 95.21 95.21 94.68 9495 94.68 94.15
210 100.00 100.00 98.67 93.37 93.37 95.21 95.21 95.21 95.21 95.21 94.68 9495 94.68 94.15
310 0 100.00 98.67 93.37 93.37 95.21 95.21 95.21 95.21 95.21 94.68 9495 94.68 94.15
4 |0 0 0 98.67 93.37 93.37 95.21 95.21 95.21 95.21 95.21 94.68 9495 94.68 94.15
515 5 5 5 92.04 92.04 93.88 93.88 93.88 93.88 93.88 93.35 93.62 93.35 92.82
6 | 25 25 25 25 30 100.00 94.95 9495 94.95 94.95 94.95 9441 94.68 94.41 93.88
7 |25 25 25 25 30 0 94.95 94,95 94.95 94.95 94.95 9441 94.68 94.41 93.88
8 |18 18 18 18 23 19 19 100.00 100.00 100.00 100.00 97.87 98.13 97.87 97.60
9 |18 18 18 18 23 19 19 0 100.00 100.00 100.00 97.87 98.13 97.87 97.60
10 | 18 18 18 18 23 19 19 0 0 100.00 100.00 97.87 98.13 97.87 97.60
11 | 18 18 18 18 23 19 19 0 0 0 100.00 97.87 98.13 97.87 97.60
12 | 18 18 18 18 23 19 19 0 0 0 0 97.87 98.13 97.87 97.60
13120 20 20 20 25 21 21 8 8 8 8 8 99.73 100.00 97.33
14 | 19 19 19 19 24 20 20 7 7 7 7 7 1 99.73 97.60
15 | 20 20 20 20 25 21 21 8 8 8 8 8 0 1 97.33
16 | 22 22 22 22 27 23 23 9 9 9 9 9 10 9 10

S 53 (V) AT 58S 5 (1 )iy 5L 1S 33 () o Sk sA) il S5 (V) i€ 1) 3 (0)hnslS () 51S V) eiaal SIS (Y) ks SU (V) 305 5
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Zebu cattle (1), Wild yak (2), Hybrid cattle (3), Cattle (4), Water buffalo (5), Goat (6), Sheep (7), Iranian Turkmen camel (8), Arabian camel (9), Wild Bactrian
camel (10), Bactrian camel (11), Alpaca (12), Przewalski’s horse (13), Ass (14), Horse (15), Human (16)
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Figure 2- Phylogenetic tree, A) Rooted; B) Un-rooted, of MSTN’ protein sequence in different camel species
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Introduction: The evolution of single and two humped camels dating back to 40 to 45 million years ago,
when the Camelida family was evolved during the Eocene in North America. Genus Camelini and Genus
Lamini, which includes species of Guanaco, Lama, Alpaca, and Vicugna, were evolved from the
Camelida family, about 11 to 25 million years ago. Old world camel can be divided into wild and
domestic one and two humped camels, in which wild type of one humped camel has been distanced
centuries ago (Burger 2016). Among 150,000 of Iranian one-humped camel, there are about 2,000 one-
humped (Turkmen) camels, which are the country’s major species (Ansari Renani et al 2010), whom
mainly rearing in Golestan province. Single-humped camels are used mainly for the purpose of producing
meat, milk, transport, hair, and sports (Abdel-Aziem et al. 2015; Ramadan and Inoue-Murayama 2017).
Several studies in different species have shown that the genetic polymorphisms of the Myostatin gene
can increase the lean meat (Mosher et al. 2007). The identified polymorphisms of the gene in the camel
included mutations in non-coding regions and synonymous mutations in coding regions (Shah et al. 2006;
Sajadi Zirjani et al. 2016). Myostatin or Growth differentiation factor 8 (GDF8) is a member of beta-
transforming family (TGF-p) that limits muscle mass (Wang and Mcpherron 2012). The mutation in the
Myostatin gene increases muscle mass through the growth and proliferation of its cells (Mosher et al.
2007). The Myostatin gene with its three exons and two introns, has been sequenced in wild and domestic
two-humped and domestic Arabian camel. The aim of this study was to investigate the sequence of the
Myostatin gene (Gene 1D: 105099167) of Camellus Bactrianus, Ferus, Dromedarius (Arabian) and some
other species with Iranian Turkmen Dromedarius camel. Therefore, the evolutionary relationships among
different species in terms of the sequence of this gene can be determined using phylogenetic study. For
this reason, the whole genome sequence of Turkmen camel was performed and Myostatin gene sequences
of different species were obtained from data banks.

Material and methods: The blood sample was obtained using syringe from the abdominal vein of a pure
Iranian Turkmen camel, then stored in an EDTA containing plastic tube. After extraction, one microliter
of the product was used to measure concentration using Qubit™ Fluorometer (Invitrogen, Cat. No.



Q32857). After evaluation, the sample was sent for whole genome sequencing using the Illumina HiSeq
2000 platform. After trimming the results, reads were assembled and the reads containing the Myostatin
gene were extracted from the whole data set. To compare the different species of camels, the Myostatin
gene sequence of Arabic camels, wild Bactrian camel, domesticated Bactrian camel, and Alpaca were
obtained from NCBI. Using the CLC Genomics Workbench 12 software, alignment was performed to
compare and obtain the sequences of the Myostatin gene in old and new world camels. Alignment for
comparison of Myostatin gene sequence parameters of different camel species were conducted using
CLC Genomics Workbench 12 software. Then, the number of gaps, differences, distances, identity
percent, and identity of Myostatin gene sequence nucleotides was considered in different camel species.
To study the degree and the relative time of divergence of the camel species, a phylogeny tree using
neighbor-joining method was prepared. Also, annotation information of Myostatin was used to extract
exons and introns of the gene. Then, the number of gaps, differences, distances, identity percent, and
identity of Myostatin protein sequences was considered in different camel species. The phylogenetic and
evolutionary situation of the Turkmen camel compared to many other species.

Results and discussion: Concentration of extraction product was 304 ng/pl. A total of 589,326,158 clean
reads of about 88 billion nucleotides in paired end mode with the length of 150 base pairs were obtained.
The Myostatin gene sequence was extracted from the assembled whole data set. Alignment results of
Myostatin gene sequence in different camel species showed the greatest gap, differences and distance,
and the least similarity between the alpaca species and other camel species were obtained. Also, the most
similarity obtained between wild and domestic two-humped camels. The phylogenetic tree obtained from
the gene sequence alignment revealed that Alpaca is far apart from other camel species. Among old world
camels, the two-humped camels are more distinct from the Arabian one-humped camel. The length of
the exons in different species was equal, but not the sequence, and exon alignment showed evolutionary
conservation of exon length and ultimately the protein length. Considering identity and differences of
exons and gene sequence revealed that Alpaca is more distant from other species. Also, one-humped and
two-humped camels were similar to each other. The results are consistent with the results of Shah et al.
(2006), which did not observe any polymorphism by sequencing of exon 1 of this gene. In the study of
Yi et al. (2017), domestic and wild two-humped camel were located in different branches of the
phylogenetic tree. In this study, the Iranian Turkmen camel was located in a separate branch between the
two-headed and one-humped Arab camels. Myostatin gene alignment was conducted between different
species and the phylogenetic tree showed that camels, horses, sheep, goats and cows belong to different
groups. In the study of Hedayat-Evrigh et al. (2016), it was found that one-humped and two-humped
camels were far away from cattle and horses. Homology between sheep and goat, as well as przewalski
horse and the horse were complete. The lowest homology of 92.82 was found between humans and
buffaloes. The greatest gaps of 3236 nucleotide were seen between sheep and donkeys.

Conclusion: Although there are differences between the nucleotide sequence of the introns and the exons
of Camelida family, there was no difference in amino acid sequence of the gene, which indicates the
strong protection of this gene during the evolutionary period. It can be said that numerous mutations in
the gene have been eliminated during natural selection and no evolutionary opportunity has been
provided for the mutations. The study of the homology and difference between the 16 species revealed
that the homology of the protein sequence is very high in different species.
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