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ABSTRACT

The present study aimed to determine the sequence of mitochondrial DNA genes encoding NADH dehydrogenase
subunits 1, 5 and 6, cytochrome c oxidase subunit 1 and ATP synthase subunit 6 in the Iranian single and
doublehumped camels. In this study, 10 Dromedary blood samples from Mashad slaughter house, and 15 blood
Bacterian camel's Meshkinshahr Breeding Center samples from were collected. After DNA extraction, the regions of
mtDNA was amplified by PCR and sequenced by chain termination method. Results showed that, the energy-related
mitochondrial genes showed amino acid substitutions according to their roles in energy metabolism in both camels.
ATP6 acquired the greatest changes because it controls the majority of energy production, and the COX1 acquired
the lowest changes. The phylogenetic test results showed that Iranian camels have the lowest genetic distance with
Arabian camels. Furthermore, it can be concluded that using either individual genes or a set of genes to draw a
phylogenetic tree will lead to the same result. Therefore, to perform phylogenetic studies, we can propose that using
only one of these genes can generate a tree, which represents a group of genes.
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1. Camelidae
2. Camelus dromedaries
3. Camelus bactrianus
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Table 1. PCR primers used for amplification of camel mitochondrial genes

Gene Sequence (5°-3°) PCR product length (bp)  Annealing temperature (°C)
ND1 Forward TCCAGGTCGGTTTCTATCTAT 1023 60
Reverse  AGTAGCAGTGTTTTGGCTACG
Forward CGCAACCTTTACACTACTTACA 960 61
ND5 Reverse AAGTGAGGCTGGTTGATGC
Forward CATTATTTACAGCCCTTTGCG
Reverse  TTAGTGAGGAGGCAATGGG 1073 59
ND6 Forward CTAGACCTACTTTGACTGGAG 954 58
Reverse GTGTGCGACTGAAGAGAAG
Forward ACTGGCTTCAATCTACTTCTC 765 58
Reverse AGAGAACGGCAGTGATTAG
COX1  Forward TTGAAGCAGGAGCAGGCAC
Reverse  TAGGCATCGGGGTAGTCAGAG 988 62
ATPS Forward GAAACTCTTAGTTTCGACTCC 1215 58

Reverse

TACATAGGCTTGGATCATAGC
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Table 2. Haplotype observed in the studied samples

Haplotype identified Haplotype identified

Gene in Camelus in Camelus
dromedaries bactrianus
ND1 0 1
ND5 1 2
ND6 2 0
COX1 4 3
ATP6 1 1
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Table 3. The frequency of nucleotide distribution of studied genes in Bactrianus and Dromedaries camels
Adenine  Thymine  Cytosine  Guanine A+T%  C+G%

Gene

(%A) (%T) (%C) (%G)
ND1  Camelus dromedaries Camelus bactrianus 28.1 25.7 32.2 13.9 53.9 46.1
27.8 26.9 31.2 14.1 54.6 45.4
ND5 Camelus dromedaries Camelus bactrianus 30.3 28.4 28.8 125 58.7 41.3
30.3 27.9 29.0 12.7 58.2 41.8
ND6  Camelus dromedaries Camelus bactrianus 39.2 21.0 29.5 10.2 60.2 39.8
40.0 20.5 30.3 9.3 60.4 39.6
COX1 Camelus dromedaries Camelus bactrianus 25.9 30.5 25.0 18.6 56.4 43.6
25.6 30.5 24.9 19.0 56.1 43.9
ATP6  Camelus dromedaries Camelus bactrianus 30.2 30.1 26.9 12.8 60.4 39.6
31.0 28.8 27.6 12.6 59.8 40.2
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Table 4. Comparison of Nucleotide and Amino acid substitutions among consensus sequence and reference sequences

Nucleotide substitutions Amino acid substitutions

Gene . Camelus Camelus Camelus
Camelus dromedaries - : .

bactrianus dromedaries  bactrianus
ND1 1 (position 29) 0 1 0
ND5 10 (position 243, 984, 1053, 1095, 1107, 1173, 1260, 1565, 3 (position 663, 1297 and 1 2

1677 and 1704) 1631)

ND6 0 0 0 0
COX1 6 (position 48, 103, 294, 336, 601 and 801) 1 (position 489) 1 0
ATP6 2 (position 125 and 127) 2 (position 183 and 297) 1 0

Table 5. Comparison of Nucleotide and Amino acid substitutions among Camelus dromedaries and Camelus bactrianus

Gene Size of sequenced fragment (bp) Nucleotide substitutions Amino acid substitutions

ND1 957 79 2

ND5 1820 160 20

ND6 528 48 5

COX1 1545 102 1

ATP6 681 57 8
Ego90 (pl A5 00 852y o5 Jlews GueilSy Ol gatie § O Jgaz 0 a5 jeboles
99 w‘ d,‘u lJ 9 L,,_)LJ‘)D é;éf J.AJ.) aQ ..\3194‘5‘1 :Lvl.ﬁjsg.) 9 44LQ:55A_§.: ).u..: )l o..\.o—‘wod.s 6[&&‘9_1
el a5 Wil oS Sby dol js Cuses o5 Sl S s eaiins g e sla Jlg b Sy

ol 090 cpl BanSunl s (V JS2) 2lpls S| wied o slopd 4 b o



a) ATP6

b) COX 1

VWA lies) oF 5,Lads FY 5,98 eyl ol psle

Camelus ferus (RefSeq)

Camelus bactrianus (RefSeq)

Iranian native Camelus bactrianus *
{ Camelus dromedarius (RefSeq)
Iranian native Camelus dromedarius *
1: Lama glama (RefSeq)
Lama pacos (RefSeq)

t———————= Lama guanicoe (RefSeq)

0.080

Camelus ferus (RefSeq)

Camelus bactrianus (RefSeq)

Iranian native Camelus bactrianus *

[ Camelus dromedarius (RefSeq)
Iranian native Camelus dromedarius *

Lama glama (RefSeq)
’_[ Lama pacos (RefSeq)

Lama guanicoe (RefSeq)

0.090

Camelus ferus (RefSeq)

Camelus bactrianus (RefSeq)

Iranian native Camelus bactrianus *
f Camelus dromedarius (RefSeq)
Iranian native Camelus dromedarius *
Lama glama (RefSeq)
|_E Lama pacos (RefSeq)

Lama guanicoe (RefSeq)

0.100

c) ND1

d)ND5

Camelus ferus (RefSeq)

Camelus bactrianus (RefSeq)

Iranian native Camelus bactrianus *
ICamelus dromedarius (RefSeq)
Iranian native Camelus dromedarius *
Lama guanicoe (RefSeq)
’-E_La;a glama (RefSeq)

Lama pacos (RefSeq)

0.110

Camelus ferus (RefSeq)

Camelus bactrianus (RefSeq)

Iranian native Camelus bactrianus *
I Camelus dromedarius (RefSeq)
Iranian native Camelus dromedarius *
Lama guanicoe (RefSeq)
'Er—na glama (RefSeq)

Lama pacos (RefSeq)

0.110

e)ND6 '

CLC Genomics l38ls 5 oS 4y ¢,1 S5V <+« « b g Neighbor joining g, 45 eddpm, 2l5,l5 <0 ) IS

OFF

& S Jlg L olnl BlagSes 5 alagS S5 18 4355 93,0 Aaghy (nl )3 (o2 9590 Slays 4 by e Workbench 8

2s/ NDB 5 ND5 ND1 .COX1 ATPE (sla s a5 bogs o csiyi 42 € 90 i€ b @ (sloeond di] (sl ooins

Figure 1. Phylogenic tree of study genes in Bactrianus and Dromedaries camels and reference sequences, using CLC
Genomics Workbench 8 Software and Neighbor joining method with 10000 replications. The part a, b, ¢, d and e for

ND1, ND5, ND6 and COX1 gene respectively.
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Figure 2. Phylogenic tree of all of study genes in Bactrianus and Dromedaries camels and reference sequences, using
CLC Genomics Workbench 8 Software and Neighbor joining method with 10000 replications.
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