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Today, genes in the mitochondrial genome are widely used as a strong genetic marker.The purpose

of this study was to determine sequence of ND6 gene of the mitochondrial genome of Khazak
chicken and investigate the phylogenetic relationship of this region of the genome with other
chicken breeds and some fowls of around the world. 20 blood samples of wing vein were collected
from Khazak chicken of Research Center of specific livestock of Sistan and Baluchestan province.
DNA was extracted from whole blood. Then, the ND6 gene along with a portion of upstream and
downstream tRNA (854 bp) was amplified from mitochondrial genome by specific primers in
Polymerase Chain Reaction. Samples were sequenced after purification and genetic diversity was
investigated within the population. After Download similar sequences of the other mitochondrial
genome from the chicken breeds and some fowls of the NCBI, phylogenetic analysis was carried
out. The results showed that there was no nucleotide difference between ND6 sequences of native
Khazak chicken. The results of the phylogenetic tree from native Khazak chicken with other breeds
showed that the highest genetic similarity was observed from this region of the mitochondrial
genome of native Khazak chicken with HuangLang, Zhuxiang, Fiji, Philippines, Hengshan Yellow,
Jinhu Wufeng and Red jungle fowl breeds which indicates that there are a high genetic relationship
between the native Khazak chicken with the Japanese and Chinese (southeastern Asia) chicken
breeds. The least genetic similarity of ND6 sequence from native Khazak chicken was observed with
the Grus japonesis.

4[ Key words: Khazak Chicken, Phylogenetic tree, Genetic diversity, ND6 }
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1-NDE6 T TAAACC - CC CCoAATT -CCC CCCO-oACACAA CCCACOCCACA ACCTCcTACTA S0
10-NDS8 T TAAACC CC C -AATT CCC CCC A_-ACAA CCCAC-CACA A -CciTCcTA_TA S0
3-NDS& T TAAACC CC C AATT CCC CCC A ACAA CCCACT - CACA A CiTCcTA 7TA S0
2-NDE T TAAACC CC CCoAATT - CCC CCCC-oACACAA CCCACCCACA Ac-CcTCcTAa-TA S0
4-NDS TTAAACC -CC C-AATT CCC CCC A ACAA CCCACCCACA A -CiTCciAa TA S50
6-NDS T TAAACC CC C-AATT CCC CCC A _ACAA CCCAC-CACA A -CTCTA - TA SO
7-NDE& TTAAACC CC C AATT CCC CCC A ACAA CCCACC-CACA A-CTCTA TA S0
8-NDE6 TTAAACC CC C-oAATT -CCC CCC-ACACAA CCCACoCACA A-CTCTA -TA S0
e-NDS8 TTAAACC CC C-AATT CCC CCC-A ACAA CCcCcACT-CACA A-CTCcTA-TA S0
Consensus T TAAACCGCC CGAATTGCCC CCCGAGACAA CCCACGCACA AGCTCTAGTA
7 T =
1-NDE6 CAACAAACAA A CTAACAAC AAACCTCACC CA CCACCAA AAACAACCCA 100
10-NDS CAACAAACAA A CTAACAAC AAACCTCACC CA - CCACCAA AAACAACCCA 100
3-NDS CAACAAACAA A CTAACAAC AAACCTCACC CA CCACCAA AAACAACCCcA 100
2-NDS CAACAAACAA A CTAACAAC AAACCTCACC CcA-CCACCAA AAACAAcCcCcCcA 100
4-NDE& CAACAAACAA A CTAACAAC AAACCTCACC CATCCACCAA AAACAACCcCcA 100
6-NDS CAACAAACAA A CTAACAAC AAACCTCACC CA - CCACCAA AAACAACCCA 100
7T-NDS CAACAAATCAA A -CTAACAAC AAACCTCACC CcA-CCACCAA AAACAACCcAa 100
8-NDE6 CAACAAACAA A CTAACAAC AAACCTCACC CA CCACCAA AAACAACCcCcA 100
B8-NDS CAACAAACAA A CTAACAAC AAACCTCACC CcA CCACCAA AAACAACCcCA 100
Consensus CAACAAACAA AGCTAACAAC AAACCTCACC CAGCCACCAA AAACAACCCA
- -
1-NDS ACCCCACAT AATAAAACAC CoCAACTCCA CTAAAATCCA ACC A -CcaAaAaAa 150
10-NDS ACCCCACAT AATAAAACAC T -CAACTCCA CTAAAATCCA ACCoA-CAAA 150
3-NDS& ACCCCACAT AATAAAACAC COoCAACTCCA CTAAAATCCA ACC A cCcaAAa 150
2-NDS& ACCCCACAT AATAAAACAC CoCAACTCCA CcTAAAATCCA ACCo-AC-CCAAA 150
4-NDS ACCCCACAT AATAAAACAC C-CAACTCCA CTAAAATCCA ACC oA _CcAAA 150
6-NDE& ACCCCACAT AATAAAACAC C o CAACTCCA CTAAAATCCA ACCcoAa—-CAAA 150
7-NDS ACCCCACAT AATAAAACAC C-CAACTCCA CTAAAATCCA ACCcoA-CAAA 150
8-NDS& ACCCCACAT AATAAAACAC CoCAACTCCA CTAAAATCCA ACC -Ac-CAaAA 150
8-NDS& ACCCCACAT AATAAAACAC CEoCAACTCCA CTAAAATCCA ACcCcoAa—-CAAA 150
Consensus ACCCCACATG AATAAAACAC CGCAACTCCA CTAAAATCCA ACCGAGCAAA
- - -
1-NDS A ACACACCC CC CCATCAA CA TAACCAC CCCCACCTTT CcCAAAAATCAA 200
10-NDS6 A ACACACCC CcCcoCCcCATCAA CATCTAACCAC CCcCCACCTTT CAAAAATCAA 200
3-ND6 A -ACACACCC CCcC -CCATCAA CA TAACCAC CCCCACCTTT CAAAAATCAA 200
2-NDS A "ACACACCC cCcCc - ccAaATCAA CA TAACCAC CCCCACCTTT CcAAAAATCAA 200
4-NDS& A ACACACCC CCc - CCATCAA CA TAACCAC CCCCACCTTIT CAAAAATCAA 200
86-NDE6 A ACACACCC CC  CCATCAA CA TAACCAC CCCCACCTTT CcCAAAAATCAA 200
7-NDS A ACACACCC CC CCATCAA CAC-CTAACCAC CCcCcCACCTTT cCcAAAAATCAA 200
B8-NDS A ACACACCC CC CCATCAA CA TAACCAC CCCCACCTTT CcAAAAATCAA 200
8-NDE& A ACACACCC CCcoCCATCAA CACTAACCAC CcCCccCcACCTTT CcAAaAAATCAA 200
Consensus AGACACACCC CCGCCATCAA CAGTAACCAC CCCCACCTTT CAAAAATCAA




b ol (S5 55 pute b adaly 55 e bl andllas 35
Clbbus Y gams ($5AS s (5 g5 S Ol g5 Sl
- D-l00p  asb 55 0T iy Clabloe 155 5 it 0k
INDB axb S5 655 5525 pde 5 s 35 cpl &8 i
bt s Er 0!

o S sn 055 NDB 05 3815 5550 iS5 I
Lyl 3 o NCBI oL s 350 5m o JI5 L oS35 s
ol 93 5 15 awlis 5,5 BLASTN o, s BLAST
2§ NDB 05 oSaishs oot 51 ol mls a5
5 e 315 658 s 055 JINDB 55 g a L oS>
(Sl ok 305 talai 0 SV 3 0LSLe 3l &

Y e s o]

cadllas 3y90 Sladised H3 lshle slaw O5g ol Cle
S G 4 ib e o3I (S sS4 Yl ol S
2 88ls (S5 555 el KoLy ok aalllae & pai Sl SCae
Ay 5 o Lags 5 ABL Ot 5 35 (Glaf o ol Cpmer
oS oS 3 pm pr o) Comexr e ojll SSlT
5 WiE ol B i o e el o
ot & s on b il 5 lag e W 4 e 2R
oD 358 (S5 g8 Kader 2ol Lol L5 5
O bl S elaT ey Gk 7 el S5 4 oY
S Lo eJLLSJJTC.?G?LZ:M;f&ﬂLS.@AMM

Gk a5 53 abhle slans 035 oS (61 s Ll o0 555

Neighbor- gy wlely B35 K0 9 &5 15 099 E w0 (SN giun poi 31 NDB6 O eCaiiold ooy W ICh
(Mol p (S 5 4iged dd g 1o v T Lol (895 1990 Cagliv o33 sidd UliS s (59 sluel) Joining

KF954727 .1 Gallus gallus breed: Huang Lang chicken
Khazak-Iran
KY039391.1 Gallus gallus Fiji
65 | KY039437.1 Gallus gallus Philippines
i GU261709.1 Gallus gallus murghi breed:Red jungle fowl
KP244335 1 Gallusgallus breed:Hengshan Yellow chicken
KX781318.1 Gallusgallus:breed Zhuxiang
100. KR347464 .1 Gallus gallus:breed Jinhu Wufeng
KP211421.1 Gallus gallus breed: NicobariBlack
NC 001323.1 Gallus gallus
@ AP003324.1 Gallus varius I
@ EU165706.1 Bambusicola thoracica ]I
13 @ EU165707.1 Francolinus pintadeanus ]I
FJ752429 1 Pucrasia macrolopha

JF275060.1 Meleagris gallopavo :I

38'
AB073301.1 Cotumix chinensis
% KR349185.1 Tetraogallus himalayensis VI
27

KF218954.1 Lophura swinhoii
KP259806.1 Crossoptilonharmani

@ AF123910.1 Grus japonensis  ]viI




53 O (S5 4ol L (65 4S5 0l w3 Sl w5 L
o (S5 ol Ll e 5o ls Ko Al Ol g
Calee a8 (S55 (Ses5 s 6093 et $ln Ol o
Caltes gk E o (S5 ol 3 Jeol slsl s S aslizul
Olpe LU shel cpl ams 3 oSl 35 4 33 Soyg 4
ot op s S S Gl Jis o LSS sl
o Sk (Soen b S 55 o (S5 ol 5 sl
p53NDB 05 (S5 Jool b s 5o 3 dalss a3 o s S
tfn\f.sl: ol LM\}'JQJL.J} o 'tjs GAS se
b Sl o Jolae 457 1) (S5 o o a8 011 S35 a g
DLESila s ¢ o (Sl 3 (Y Kilgn £ e slasls
Aol o i 5 5l 505 K ¢ T Ky g )5
75 gl e oy b il o VY Jslae 571, (SC55

(Y Jgd) 540

8
Huang Lang
° Zhux%ng

10 Fiji

' Philippines

2 Hengshan Yellow
13 Jinhu Wufeng

! Red jungle fowl
> Hengshan Yellow
18 Jinhu Wufeng

&

(GF 335w 9 Hidrg))

o o Lo 03 s odalin S 55 & 5k Olea
(&Y Kin slag e olpen 4 wls & s S
sy s Moy 0l o U s il
Gallus Varius s 8 53 Jal § o 5 " 503 Sor § 0
(S o) Bambusicola dl o5 8,5 ( Ko o o)
55,5 5 (Js6 3 Francolinus pintadeanusdlls; 5 ,s
Meleagris 5 (o5, pucrasia Macrolopha JV
chinensis V .55 .5 (a5 0,5 gallopavo
himalayensis Tetrogallus  «( = ,u) Coturnix
5 (J365 05 ) Lophura swinhoil «(Ules st o )
VIl o5 5 55 (a5 558 Js6 5 Crossoptilonharmani
035 55 G zU Ll 2l sk ) GrUs japonesis ,

258 515 e axls 0l e 4 VI




144 )‘—6—!‘;5’“"('}1"’4:’]:‘3 AYF oyled

Bl Kb B g £y IINDE O (Sl oh 1l woyd 9 i3 Lolgd Y Jou>

Percent Identity

2 3 4 5 6 7 8 9 10 (11 :12 :13 (14 : 15 : 16 : 17 : 18 : 19 : 20

_____ 1 92.2 :89.8 i100.0i100.0:81.3 : 87.0 i1 87.8 :186.5:83.9:854:841:839:998: 1 KX781318.1

2 92.2 :189.8 i100.0:100.0:81.3 :187.0 :187.8 :86.5:83.9:854 1841:839:998: 2 KR347464 .1

3 100 :00 92.2 189.8 i1100.0{100.0:81.3 :187.0 : 87.8 :86.5:83.9:854 :841:839:998: 3 KP244335.1

4 92.2 :189.8 1100.0:100.0:81.3 :187.0 {187.8 :86.5:83.9:854 1841:839:998: 4 GU261709.1

5 5 ! ; 92.2 :89.8 1100.0:100.0:81.3 : 87.0 :87.8 : 865 :839:854 :1841:839:998: 5 KY039437.1

6 :00:00:00 89.8 :1100.0:100.0:81.3 :87.0 :87.8:186.5:83.9:854:841:839:998: 6 KY039391.1

7 :02:02:02 90.0:99.8 1998 :815:87.2:88.0:86.7 :841:852:83.9:841:100.0: 7 KP211421.1

8 184 :84:84 5 8.9:922:922:820:87.2:88.0:87.0:835:861:83.0:837:924: 8 AP003324.1

@ 9 (112111211121 112 1112 i89.8:822:87.6:887 1874 :843:86.1:856:848:900: 9 EU165706.1
g 10 : 0.0 : 0.0 : 0.0 : 0.0 : 0.0 81.3 86.5:839:854:841:839:998: 10 ,(|7<F954727.1_”‘
@ |11 :00:00:00:00:00 X 86.5:839:854:841:839:998: 11 K | |

O |12 220:220:220:i220:220:220:217 214 214 AF123910.1

13 1145:145:145:145:145:145 1143 :142 : 136 FJ752429.1

14 :1136:136:136:136:13.6:136:13.3:13.2:124 EU165707.1

15 :151:151:151:151:151:151 :148 : 145 : 13.9 KR349185.1

16 :185:185:185:185:185:185:18.2:19.0:17.8 KF218954.1

17 :165:16.5:165:165:16.5:16.5:16.8 : 156 : 15.6 AB073301.1

18 :18.2:18.2:18.2:182:18.2:18.2:185 :195:16.1 KP259806.1

19 :185:185:185:185:185:18.5:18.2:18.7 : 17.2 JF275060.1
20 :02:02:02:02:02:02:00:82:110: 02 : 0.2 :217:143 NC_001323.1

1 2 3 4 5 6 7 8 9 10 {11 12 {13

24 Siakd S o s adles Sl fol mls
() S 555 e g N5 oS s 055 oo
Ea bl S R e ) 4 5 OT S (ST s el
S 5 A STy Sy 5 05568 ¢ SY Kilsa gl
A O 5 LU 5505 sl LIy ol 3

sLiu (9 oL, s Hu BB L s ags mls
O, 5 sl ol addllas b pimen 5 (Y4A) oL,
b S s fr oS s e Lnls Ol &S (VF40)
A 5 s o 0558 3 fe sbasls s el § e lasls
Syl Cillan 3415 (6 e

S 5 dom

o 6oxS e o5 SINDB 05 5L sl sl Wlie nl 5o
LSS g b oj ol Jg s e by S
4l .23 8 15 amlin 3550 3,50 O8N, K5 5INDG
S5 Slhogas Ghls & g sbils 85 ) 6y
& A5 e s b e Cuenl Glyls AEL e gylL 5 55,00
Sysn e lasl bl 5 s, sl 0 KL S Ol s

23S o S e 53 (S5 5 O 3 ,E I3 eslizl

17 Zhengyang yellow chicken

e 5 s 2 (YY) oL 5 Oka jtays =t
Slo S  (slag o 45 b 03ls DL (15 (o S p (55 S s
Fom OAb ol JUs a il Tae LT 58 Cpr 51 i
o s Sl ey (Ko ke s S S
ol s al (Ko s S b peps00 p il SaS

s (o JSE 5 5 o la
DNA (s, » (¥18) 0 Kea 5 HU L g o5 Gladlas s
@ b bl o QIONGIAT ol o § 50 (58 520 JolST
Lie 0,588 5 05 S f ol om p o ) S sl 0l
ool 4 il Hlebl Olaises . 3505 1y (K5 Sl § o e
B3 el sl s § e 035 S Gl a3l
S5 g5 S5 2 (Y19) WL 5 Osman L.y «
055 31 D-100D b b Iy sl 2 pae n SE e
e oS ol Ol ¢S sk s bl A plouil (658 g2
S5 G S e b (Olssm 5 0948 65 0 sl bl sla
s sl slag e S N PR A |
o plT el ailate laf o L (o lias 5 g 5YLe (LS

s |y (S5 ol 3

@%ﬁ%/w O



o33 G n 55 NDB 05 55 4k Jlont 423

DiMauro, S. (2004). Mitochondrial diseases.
BiochimicaetBiophysicaActa.1658:80-88.

Hall, T.A. (1999). BioEdit: a user-friendly
biological sequence alignment editor and
analysis program for Windows 95/98/NT.
In Nucleic acids symposium series. 41: 95-
98. [London]: Information Retrieval Ltd.,
€1979-c2000.

Hiendleder, S., Lewalski, H., Wassmuth, R.,
Janke, A. (1998). The complete mitochondrial
DNA sequence of the domestic sheep (Ovis
aries) and comparison with the other major
ovine haplotype. Journal of Molecular
Evolution. 47:441-448.

Hu, Y., Zhu, Y., Pang, H. and Lan, D. (2016).
Complete mitochondrial DNA and
phylogenetic study of gionglai native black
chicken. In MATEC Web of Conferences.62:
03004. EDP Sciences.

Khodabakhshzadeh, R., Mohammadabadi,
M.R., Esmailizadeh Koshkoieh, A., Moradi-
Shahrebabak, H., Ansari Namin, S. (2015).
Study of mutations available in first-halfexon
2 of GDF9 gene in crossbred sheep born from
crossing of Romanov rams with Kermani
ewes. lIranian Journal of Animal Science
Research. 6: 395-403.

Knudsen, B., Knudsen, T., Flensborg, M.,
Sandmann, H., Heltzen, M., Andersen, A.,
Dickenson, M., Bardram, J., Steffensen, P.,
Mgnsted, S., Lauritzen, T., Forsberg, R.,
Thanbichler, A., Jannick, D., Gorlitz, L.,
Rasmussen, J., Tordrup, D., Verum, M.,
Nygaard, M., Hachenberg, C., Fisker, E.,
Dekker, P., Schultz, J., Hein, MK., Sinding,
J.(2007). CLC Main Workbench. Version
5.5.Aarhus, Denmark, CLC bio.

Kumar, S., Stecher, G. and Tamura, K. (2016).
MEGA7: molecular evolutionary genetics
analysis  version 70  for bigger
datasets. Molecular biology and
evolution. 33:1870-1874.

%ﬂ%/w

Tl abiy Sloslinal 4 5L S das Ol Ll oo anlllas opl

o 03 S e s sl s J ST 4 oS AL ol

S otz addllae pl ol WSl sl L A8 S e

Sl (Lol 5l wged $osTmer iy Sped Bl

SoAS sin p 55 odkis hiblowe Cnnd LIS Ly il

s 355 gty s S 3151 (D-LOOP o)

A 3,550 050k 55,5 dlesl 1 Golime (55 Ll 2 015

35 (6,805l o Come cpl 531y
&b

oo 5 52 (0FA0) 5 OS5 o (ale ol SLT Wl el 5 0nl !
(st dlomn Ol &35 § e 53D 0y S 4 U (S5
AVAAS Lo o D oslad . w5 el 5 ¢S5

o1 ol A Slaosas e (TAY) o pdde (g hol
Omt IS sl Ol pels laslE ple 4 Sl Ol
Lo 5 b mle (S50WES ek 5o s slaanl Ul
05 Ol nl el

YY) ST (ool o dly by f lals o (Bl
= ST 0558 05 (Sisks 5 S Loy, asllls
S5 ales Al S f e sllame o)

XYO-YFN .o Lo e oled . gl

Bai, Y. and Attardi, G. (1998). The mtDNA-

encoded ND6 subunit of mitochondrial
NADH dehydrogenase is essential for the
assembly of the membrane arm and the
respiratory function of the enzyme. The
EMBO Journal.17:4848-4858.

Bao, H., Zhao, C., Li, J.,, Wu, C. (2008)
Sequencing and alignment of mitochondrial
genomes of Tibetan chicken and two lowland
chicken breeds. Science China Life Sciences.
51: 47-51.

Bellagamba, F., Moretti, V.M., Comincini, S.,
Valfare, F. (2001). Identification of species in
animal feedstuffs by polymerase chain
reaction restriction fragment length
polymorphism analysis of mitochondrial
DNA. Journal of Agricultural and Food
Chemistry. 49: 3775-3781.



Liu, L.L., Yang Y.Q., Liu Y.T., Yang, N., Xie,
D., Zhen, H. (2018). Complete mitochondrial
genome sequence of Zhuxiang chicken
(Gallusgallus. domesticus) and its
phylogenetic analysis from D-loop region.
Mitochondrial DNA Part B. 3: 874-875.

Meadows, J.R.S., Hiendleder, S. and Kijas,
JW. (2011). Haplogroup relationships
between domestic and wild sheep resolved
using a mitogenome
panel. Heredity. 106: 700-706.

Mohammadi, A., Nassiry, M.R., Mosafer, J.,
Mohammadabadi, M.R., Sulimova, G.E.
(2009). Distribution of BoLA-DRB3 allelic
frequencies and identification of a new allele
in the Iranian cattle breed Sistani
(Bosindicus). Russian Journal of Genetics.
45: 198-202.

WA L ge sl psloa ;20 () YP o led

Oka, T., Ino, Y., Nomura, K., Kawashima, S.,
Kuwayama, T., Hanada, H., Amano, T.,
Takada, M., Takahata, N., Hayashi, Y. and
Akishinonomiya, F. (2007). Analysis of
mtDNA sequences shows Japanese native
chickens have multiple origins. Animal
genetics. 38: 287-293.

Osman, S.A.M., Yonezawa, T. and Nishibori,
M. (2016). Origin and genetic diversity of
Egyptian native chickens based on complete
sequence of mitochondrial DNA D-loop
region. Poultry science. 95:1248-1256.

Smeitink, J., van den Heuvel, L., DiMauro, S.
(2001). The genetics and pathology of
oxidative phosphorylation. Nature Reviews
Genetics. 2: 342-352.



