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Abstract; Wolves were once widely distributed throughout China. The number of Chinese wolves has drastically declined in
recent years as a result of environmental destruction and habitat loss. At present, wolves in China are mainly distributed in
sparsely populated western and northern regions of the country. To protect this species, an understanding of genetic diversity
and phylogenetic relationships of wolf populations in China is necessary. In this study, we analyzed the partial mitochondrial
DNA (mtDNA) D-loop region and the Cyt b ( Cytochrome b) gene of wolves originating from four distinct geographical
populations in Xinjiang, Qinghai, Inner Mongolia, and Jilin. Using standard molecular biology techniques, we generated
sequences of the mtDNA control region hypervariable region I (HVR I) from 44 wolves, and sequences of the Cyt b gene
from 40 wolves. The resulting 582-bp HVR 1 sequence alignment contained 51 variable sites, which corresponded to 8.76%
polymorphic loci. Similarly, 31 variable sites, all base substitutions, were identified in the aligned Cyt b sequence data set.
We detected 16 haplotypes among the 44 HVR I gene sequences. The Inner Mongolian population and the population from

Jilin were found to share the same HVR 1 haplotype. When this data set was combined with previously generated Chinese

ESTH . HEARB2EIES (31172119, 31372220) ; IR A AR 4 (ZR2011CM009, ZR2010CLO14) 5 5 S A il 425 R} 5 LI 4 (i
$%) (20113705110001)

75 B H#5:2013-05-22; [ 4% H kit A A :2014-04-25

# JIAMEH Corresponding author. E-mail ; zhanghonghai67@ 126.com

http ://www.ecologica.cn



1870 JAE = 35 %

wolf sequences available in Genbank, a total of 28 haplotypes from approximately 91 Chinese wolves were identified. To
explore the genetic diversity of these geographic populations, we calculated nucleotide diversity and haplotype diversity from
the HVR 1 sequences. The population from XinJiang was found to have the highest genetic diversity. When we compared
these results with previously reported nucleotide diversities of wolves from other countries and regions, we found that
Chinese wolves had the highest nucleotide diversity. In the phylogenetic tree generated using the HVR I haplotypes, Chinese
wolves are primarily divided into two lineages. The first lineage comprises haplotypes of wolf populations from the Qinghai-
Tibet Plateau and surrounding areas. There is no obvious relationship with geographical structure among the remaining wolf
haplotype groups. Considering their high level of genetic diversity and restricted geographic distribution, we speculate that
the Qinghai-Tibet Plateau populations have evolved in isolation over a long period of time. To investigate the phylogenetic
position of Chinese wolves, we downloaded 123 mtDNA partial control region sequences from Genbank, which were
obtained from wolves primarily distributed in Eurasia and North America. In the phylogenetic tree generated from these
sequences, wolf populations from the Qinghai-Tibet Plateau are clearly separated from wolves from other regions of China.
The results of this phylogenetic analysis suggest that wolf populations in the Qinghai-Tibet Plateau of China comprise an
ancient lineage that is still extant in these higher elevation regions. Based on genetic distances calculated using Cty b
sequence data, we estimate that the two lineages diverged about 1.1 million years ago, corresponding to the time period
during which the Qinghai-Tibet Plateau was suddenly uplifted by geological processes. Based on these results, we propose

that the wolves of the Qinghai-Tibet Plateau and the widespread wolf Canis lupus chanco are not the same subspecies.

Key Words: wolf; China; genetic diversity; evolution

PARTFRIR, JB FE W H (Carnivora) , KFk( Canidae) . K& (Canis) , H TR E 1% 55 & N P | 5 7F Bk
B IRAETR R — A T BRI R A R P DI 0 DL R TSR MG T R X R R A
AHABEWIR , A T oA F N DB R N S BT 3510 TERH IX ) % EDOC TR Ao 2
RTE AR ZS 2207 T, o0 TARFI 815 ZFEIE S R G o S o 9 piEFE AR 3 /0, JF HAR AR WA A R 43 B ik A7
TEHERLZH VAR L EF N EIR 55 IR ( Canis lupus Chanco ) 5 MRVAR ( Canis lupus Lupus ) J& [f]—~ 3
F s B 5 5138 Pocock 55 Al Ellerman 55 (19 A 5% 45 38 0\ Jhy 43 A F v [ 58 9 I IR AT 52 R (C. L
chanco) — /R EFHHERH RAPAD J7 326 Hh BRI 434 5 AR . 2 5 RIS B R AF R, R LT L
A A | H R ARSI ol | P 558 ot B ARSI o AR S AR (A O 5 25 B8 A 250300 o 00 2 v 0 5 A DX AR e A 4 o
DXER I3 PP A0 A 0 AT 175 18 VU 25 B AR FIRE IR 108 e R ZR AL AR S AR AU R REAE N — LA, 9
ST SOpTimA IR B A Re R T . E IR AL 2RV A BT A LR, 50T B A AR P A A A B R
EHAFI

ZRL{K DNA (Mitochondrial DNA , mtDNA ) A2 A& Ak st AR 4l 0% DNA A BE S R 2748, R 25 A
FHRAE MBS shn s L ROARIE I 2R R4 (2 b( Cytochrome b, Cyt b) 3K 4K K47 1100—
1200 bp Z[0], I H ARy 8] Fp 4 B 22 S AR AR A IR A A B BA It M. | T Gyt b BRI TP
A GRABFNRSE X, I HAFERE FBR 0 A W B 005, T LA Cyt b BEPRJE X 34 R Ge AL BIFIE i B 11
SFARE, KRB LR TE T X ( Control region displacement loop, D-loop) 4= 1240—1360 bp, i 77 7E 3
MESF P FIHE ( Conserved sequence block) :CSB I .CSB Il #1 CSB Il WL R SN T CSB T IX 5 A —
=48 X ( Hypervariable region, HVR 1) #8125 S R b | W AT R R I A5 45 h B R G B A
UTEEAEf  RAP AR M) AT B R A BN Sk BERAE 23 2B AR AR S REAS 20 DNA RLAR IR
PRBAEE R . TR TRE S AL RE b ARG R IBORE 7 v (G 3k A% 5 3l 4 R 4R IO ff 1) 2 2Ll 3 sh )
TR ) Xk T BF A1 s Wyl B A 0l J2 G 22 i sh W) AR EOE S B, DO BT R AR 1ok A 5 1 RS 2 N
5 TR 4 ADHLIX 55 SRR HLZ B0 SR AR BURE () 7 2 5645 .l 2o 23 AR 0 2e T BOR I 3R AT 44 A
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AMELL KR D-Loop X HVR 1 FEHIH1 40 DNEDRAE Cyt b #843FE 51, X6 HEAT 38 4424 00T, R 45 o Fh R 35 1
R AR AT R G AL A

1 #MR57FE

1.1 BEACREE

AWFFETF 2011 4F 12 H Z 2012 4 6 H 435076 5 7 96 Bl i 2 b X P9 580 P EE | PN 58y 2k 3 00 A AR R
X AR T R AERE SR 55 0, HRES Z B0k B TR /MBI A B -0 (FEAR TEANVERI LR 1) o Frf 2808 FE
i —HEE T -20 C VKA TTRTE LA 4LZUVE T80 °CUKAE TP RAT , RAEJ TS ARNT G B TR IR T
BRSSO, BRI ABLBE R 5 (5 FH AR P I TRCRAR A2 1% 28 596 % - 80°C VK AR T IR AF

F1 REREFERR

Table 1 Basic information of all the wolves samples

MR R AR Bt R AR M B AL el
Geographic group Sample origin site Sample collecting site Sample number Sample type
TR HIERI%E LR B VY e I 6 KE
Qinghai population WX HiEsh Y 10 eIl d
B AN S S BT ) 2 X B Ty L R 8 el
Xinjiang population TSR i T L R b 3 M
e PSRRI AR AR X PSRRI AR AR X 3 WA 414
Inner mongolia population P 55¢ PG W SR TR AR A el 3 Fef
MR P SERTAS DK P SERTAR DK 20 Fef
Jilin population ORI T W SR TR AR A el 2 JefE
M3t Total 55

1.2 SRk
1.2.1  FE4h DNA B4R

e AR E g B B R sl 25 RE A O DNA SRR, ZR15 19 DNA & s A T H A 41 200
A, T RE S X i 5 S 50 1 A M A ST TR ARAS T B 25 8, DR DG X s R 00, AR T 9% R FH E &R $ B
2, X ] — R S 43 B ST B EPTIR , 3RA5 5 DNA 4350 8 T -20°C vKFA PR AF T FH T IR 225556, 2508 1 5 DNA /Y
P IBU{l ] 20 $2 IURA 7 £ ( QTAamp DNA Stool Mini Kit, USA) o L&, &z M UL ZH 4L DNA B2 A ] i 7
SR AR EGA & (QTAamp DNeasy Blood & Tissue Kit, USA) .

1.2.2 PCR ¥ #f

TRERARLERIX HVR 1 51497k F RF 3% mtDNA D-loop 2 — 51 48 X A4 5 51 4 B & 582 bp i FH 5

Ppxtt
L15404: 5'-CTCTTGCTCCACCATCAGC-3'
H16118. 5' -~AAACTATATGTCCTGAAACC-3’

HRAE Cyt b NI PRSFOLE, SRR 1S T FANIR @R b J5 13 KJE K2 767 bp T4, H R i

5 —BtRNAP A, 5158 AR F Primer 5.0 & Oligo 7.5, i35 9F 51 M
1.14666:5" ~-AGAGTGAATCTGAGGCGGCTT-3’
H15432.5’ -GCTTTGGGTGCTGATGGTGG-3'

TRAEHIX HVR 1 #1 Cyt b X PCR 2 W& ZAHIR] ;. Taq M 0.25 wL ( Takara),10 x buffer 4 wL,10 mmol/
LANTPs (Takara)3 wL,Hi/J5 5194 0.8 pL, BSA (Takara)0.25 pL, DA Mk DNA 1 wL, fin K @ #alik &
50 pL.

TR XA —mAE X (HVR 1 )PCR JW 440 :94 °C FA8VE 4 ming 43 F 3K 40 MEFR (94 C 30 5,53
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°C 45 s,72°C 45 s) , f%J5 72 °C 7§ 5 min, Cyt b X PCR FZ3i 55154 :94 °C FiZ8 1 4 min, 4 F 3K 40 MG
(94 °C 30 5,57 C 455,72 °C 45 s) , )5 72 °C #Eff 5 min,
1.2.3  PCR =Hy s [l iie S iy

PCR F=412R FH 1.0% 1 5 BB IE 05 58 el bk Az U, b AE &8 5 pL PCR =¥ il 1 pL 6xLoading Buffer
(Takara) ,100 V HLEHLTK 30 min, BEALZE EB YL 5 & T 540 T WK B i 4540 01T, B IR &
(QIAquick Gel Extraction Kit, USA) [AIW 2l J5 26 28 b = s b 1y 28 vl AT
1.2.4 JFH10Hr

Wy B P 91 25 SR 7E Genbank |- 28 Blast WX 5 82 P 91E IR TR . H Clustal X #F#E1T DNA J7 31 HE
G FEE TR, LA R B Cyt b 74 T T & SR (RNAP P41, JEF Kimura WSEUHE A
A ( Kimura-2-Parameter, K2P) , il i MEGA 5.0 7134 HBR AP BEAR S H1 X. HVR 1 Fl Cyt b @548 Sad 3% He 4] |
AR SRR BN (R ) Bt AL B s S SR B 0 JE AR Cyt b JF 40, 1 FH 3 £ B 8 R 434l 1) %
WA AR t=D/2a (1 5r AN A D s EEE RS o N5 T80 45 & E ARIEHFLS Y AR b
FP 3 B B T AT 2% 43 8ok T v 45 i TR b BRI R AL A B At ) T TR X HVR T P41
FH DnaSP 5.0 B 4-4a] 43 S5 R K BARE L 81 1% 2 Genbank , SRS R F5IE Bl 5 0L 3% 4, 0 M B R Z
FEME ( Nucleotide diversity , Pi) FIAETRIZHEVE ( Haplotype diversity, Hd) , 3% 1 #5845 MU Fh BE 15 4% Z AR =4I
N TSP E S IR RGERKE A AN & b ERZRLIR HVR 1 5458 K MK Genbank N2
AP ERBEFE T 20 > miDNA #2546 X5 51, 8K )5 =18 ) o B AG B, B 4B #2315 ( Neighbour-joining, NJ) LA
Genbank T 2% IRRAR LA 4442 i X 471] ( Canis latrans, Genank & 5%5 : NC_008093) AN 2 A5 B (1) R 5t
KR A A1 5 SRR AR R 45 51 bootstrap' 7 1000 YR E AL G BRI . AR AT AR S 0
A Network 4.610 ( http : //www. fluxus-engineering. com/sharenet. htm ) PARE IS Median-Joining RS
(Statistical parsimony network ) J¢ R El, M5 C AT HLAL , S 1 v IR 7E T 5400 [N 19 R 48 Ak b
£, FECT 123 RS IR ZORL AR ] X AR B () T LA 8 D RBIR B BLF 51 (B4 S AN N
EMERFEKER

2 #R

2.1 ZRiREEHIX HVR T LR 550 K A 7
SEEGARAG 44 A rh EIRZDRAR S B X85 — A8 X 583 bp FEAI, Ho NS PG L, N 52k 30 ) A ORI X, 75
TN DS, 5 W NINSE B8 ] B i A G e i 2 (3R 2) o dl ) Hext 44 NERASE I IX HVR T P31 &
PRI AR T 514 TR Y 8.76% , i A BRI 11 A4S, BlFER 7 5 40 (1), 5T
B, 88 R DNA A5 A Al RED 18 H A2 i DR 2 v 2o A R DR B A D0 015200 ANk AR 3 IR ( Numts )
35

30 M
£ 25 -

@n
o
=
v
=1
S
=]
=
2
=
e
2 20
Ke 15
Gy
fme
g 10
°
g
A [ INIRIRIND LodlLL
i:oo llljlljlljlmllllljlljl I S S T e A 1111[]1111115111
|l N O~ M~NO VW IM~wWwOoOWen© = VA OV O —n O F > AWV V> WV I — A — O WV © > QN >
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PRIL 40 5 Base substitution sites

1 PEBMMRIRENEE-SERSEMASHE
Fig.1 Variable sites distribution of HVR I in mtDNA of China Wolf
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H -G A (15 Ik PRURN G AR 5 PR 5 B 5K, X ) 7 25 B 7 g A B2 A AP AR X AR IO MR E R 75 Vg P R R
RFEHIX HVR 1 ZE 53905 Genbank H1 T 2 Se Fir i 5% 19 v B 75 1 AR JF 51 ( F1032363 ) LA K [ N 5201 T3 471
(GQ374438) Lbxt, A I AR 5 vb [ VU UR 3 5 AR RLEE AL 97.5% , i 5P B N 52 7 4 LEXT A5 2R 5 3% 4 25
AR E O T VR R SL S A AR B AR R R A A L Ho e /B 2 FE R Ry 5,71, B A A 245 A ik
FI AR

2 M X PP A R AR I X HVR T BRI E AL 3 0. AL T, C, G 3 & 18 53 51l /2 26.29% ,30.24%
16. 62%F1 26.85% , HHr A+T 14 56.53% , A7 G HESH Y L AR JE BRI A1 0Rs i (IR T KRB s W Bkl 2 )
Hi A+T 1 (60.3%—60.5%) " 6B HVR T AHXFFHABAR ST A 200 PR 41 IX Bk A 5 2875

R2 REMUFEREER

Table 2 The wolf sample sequencing results table

0 IR i
HbFRFE R b i FE RS Successful sequencing sample No.
Geographic group Sample origin site Number Sample number MEEED P X S AR X
Cytochrome b Hypervariable region

H IR W5 G 6 5 6
Qinghai population B X HQ 10 7 10
BRI S S T 1 % e X A 8 7 7
Xinjiang population I 5L Q 3 3 3
SRR MEBTEH AR X D 3 2 3
Inner mongolia population P 5% P X 3 2 2

NELEZ(NIPN H 22 13 12
AP Jilin population T AKIE T T 2 1 1
J3T Total 8 55 40 44

2.2 LRI Cyt b FENFH) K HAR

SEHGILIRAT 40 DMIRLAIAK Cyt b JFHI(FR 2) o B4 1505 Pris 21 40 450948 767 bp (97514 Clustal
XU H B B RNAP A1 51551 582 bp B9 Cyt b #B4TFS . Lo bT ) KB, A & PRAS AR A B i
PG, WXL Cyt b FHIK A TLRAAR , AR AZIE ] i R AR B ZE N (] MEGA 5.0 437 iX 40 4%
Cyt b AR I HBHIELH SN T 29.0% .C 29.6% A 29.9% G 11.6%, 582 AGFLAL 5 rfr 4t & BAS 7 45, 31
A TR 5.33% , HAS S 5 4880 1 2045 B, R AR I AT IR AL AL . 40 AR B % 4
Hi L (R) 7 28.68 , 25 b BRANRERE 0 10140 LU SR T 2.0, 5 8 Wy 4 b 5 i i B e b =X 25 90 AE 45 L AR Cyt b
WAFH G+C Fr il 41.2% , SHEMESIWIER S G+C & TE 40%—50% 2 (8 (45 R 2 B 45—
D5 G+C B8 (50.2% ) WA 5 T58 7 45, (40.2% ) AN =1V 15.(38.2% ) B & 1, RIS 158 =7 5P 4R
fiii[e] T8 & AT(£3),

£3 IR Cytb B FINERFRTREMSNEEANTFHE %

Table 3 Base compositions averagement for Cyt b partial sequenees of Wolf in the 1°,2" 3™ position of the genetic codons

Bl 2l H— L E =
Base type Complete sequence The 1*" position The 2™ position The 3" position
Ji B W 0E ( Thymine, T) 29.0 22.0 44.0 21.0

Jf W5 ( Cytosine, C) 29.6 29.7 24.2 34.7
JiIZE04 ( Adenine , A) 29.9 28.0 21.1 40.5
B4 ( Guanine, G) 11.6 20.5 10.8 3.5

2.3 HTRAREHIX HVR T A R4 H X AR i AL 2 REpE 007
T FEAF DnaSP 5.0 XF 44 A P3R45 B AR B By 503517008, emi e 16 AN A58, Hirh 5
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e PO 50 7 T W5 5 7 T ) X R R 3 AN B ARL (QH2, QH3, QH4 ) BT s Fi i P 3080 sk o] 88y 258 b [X % 5 90T
BRI 1 AT XU2, SRR N N S AT AR AR X, P R DA DL R R R L 5 2 A A A
NM2 Fll NM4, FARE ] 5 NS4S DURFPREIE 1 A58 NM3 (£ 4) , FHARETT S NSRS DURF#E Z
[ETES SN W <R £ 1 N1 T R 5 e (11 B8y B B i [ OR 5  ei d al r

T4 ZKPEEHXHAVR] BERARTRASER

Table 4 Haplotypes and variable sites within the HVR I of mitochondrial control region

EELL Genbank %555
HApHEY II111111 1111111133 3333334445 N Conbank ETReE
Haplotypes 2334555568 9903356666 7778889912 4556685894 Individuale Acoossion No. No.
3077067898 3605853458 0253684564 3080545686
NM1 ACTGTGGTTG TATTCTTCTT ATCTAACGAC H10 KC414564 Wi
NM2 CCTACTCTTA HI—H4,H6,H7, H11,H12,X1,D1, KC414565 w2
NM3 [ TeR G D3 KC414566 w3
NM4 (ORI Geovrren G HS5,T KC414567 w4
NMS Cooorren (R T....C..CG H8,X2,D2 KC414568 w5
QHI1 T Goovoerer e G, G HY KC414569 w6
QH2 GT....AG.. ..CCTCCTCC .C.C....GT ...G.CTGC. Gl KC414570 w7
QH3 GT...AAG.. ..CCTCCTCC .C.C....GT ...G..T.C. G2,HQ9 KC414571 w8
QH4 GT....AG.. ..CCTCCTCC .C.C....GT ...G.CT.C. G3,G5,G6,HQ4,HQ6, HQ7 KC414572 w9
QH5 GT....AG.. .GCCTCCTCC .C.CG...GT ...G.CT.C. G4,HQ2,HQ10 KC414573 w10
QH6 GT....AG.. .GCCTCCTCC .C.CGGT.GT ...G.CT.C. HQ!1 KC414574 Wil
QH7 GT....AG.. ..CCTCCTCC .C.CG...GT .T.G.CT.C. HQ3 KC414575 w12
QH8 GTGA..AA.C A.CCTCCTCC .C.CT...GT ...G.CT.C. HQS5 KC414576 w13
XJ1 GT....AG.. ..CCTCCTCC .C.C....GT .T.G.CT.C. HQS8 KC414577 W14
X2 e (R GoAur e A1,A2,A3,A7 KC414578 w15
XI3 e e T.G..A.. ..C.TCT.CG A4,A6,01,02,Q3 KC414579 W16
A5

AT ARE T TR BRSO /N T 3, RFF A Tajima K30 R 270 3 2 RIRIRE S ER | BT LA BURF & 4%
PR, NSRBT854 2R 530 . 1] DnaSP 5.0 SR 44 7 v [E 5 1 NS¢ OB 3 4> Fil
TE 44 DR LRSI X HVR T #7388 0t 5 i i, b BRI SRR B 2 280 Hd o 0.897 % B IR
2% Pi h 0.02278, HrEE AR AT IR Z RN R 0.942 , BH K T 5 AN FIRE 10 IH B S AR 1 AL 2 kR
PR AL IR EE , i8ad Tajima’s D Al Fu and Li’s D {EAN 255 TC B35 22 5% (P>0.10) B 3 A~
ARFRFEARXT T et 1 A 04 5 5 BE A B R i D 25 (R 5) o

RS5 HERI AP 43 NEEFRZME DNA HVR 1 2ESHED
Table 5 Analysis of the genetic diversity of mitochondrial DNA HVR 1 for 42 individuals in three populations of Chinese wolves
PERIZRE BTSN B S S

o FER IR AEEL Haplotype Nucleotide Average number Tajima 56 Fu and Li £33

Geographic group Number diversity diversity of nucleotide Tajima’s D Fu and Li's D
(Hd) (Pi) differences ( K)

== e y

I’J@ﬁﬁ . 16 0.842+0.075 0.00453+0.00108 2.64167 -1.49407 " -1.70774*

Qinghai population

yfgﬁﬁjﬁ . 10 0.644+0.101 0.00942+0.00177 5.55556 0.56153 " -0.13773*

Xinjiang population

NEZ5iki

NS . . 17 0.647+0.120 0.00511+0.00150 3.01471 -0.27259 " 0.19016 *

Inner mongolia population

JEA Total 43 0.897+0.028  0.02278+0.00122 13.23699 1.05547* -0.29042 "

x P >0.10 LREES
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M Genbank " 454 H [ 251l DX ) T2 A2 ] DX 510 20 A DR B 2ok A1 il DX R ) (BiE 22 ) o il 1
NI AR 22 5, B AFRA T BT e 1) 39 4 = A9 B B D 582 bp MR P i X 351, 26T 582
bp Y751 FEET A 3 v AR B 2R, e B 28 A B L O SR RS T 4 5 o NM2(W2)  NM4 (W4) ,QH2
(W7),QH3 (W8),QH4 (W9),XJ3 (W16) 5 LARTHTFE A& BUAY B Y 5 A DU RC (B .

a 7] b

S 3=

CoyotesMi

0.005

2 ETHEIR mtDNA FHIX 28 BERFFIHIZERN NJ B (a) FIEF A EIR mtDNA =H X 28 BEEFHIAERNMNELEHE (b)
Fig.2 Neighbor-joining tree of 28 mtDNA haplotypes based on mtDNA D-loop of China wolf (a)and Network of 28 mtDNA haplotypes
based on mtDNA D-loop of China wolf (b)

(B Rl AR 3R A 2 B A 21 i AR MR BUE 1 P R SRR AL, R — DAL 7E , T /NG AR B (1 K/ N RUE L

24 BT RGEW R

WL XF Genbank #1420 £ R LR (A il IX P 371 5 H A 9% B0 A B AR 5 3 o L 28 A~ HA
W S i H X IS 2 AR 9T & B A 2R A ] DX 5 A Tsuda, K 250 7658 iy 12 2% [ GBI & B A IR SR A%
RIEED 3 AN BRI 58 A ) A IR AL R AR B 4 S BAqE R (R ) (R NT YRR 28 A [ R A
R GV (] 2) , BRI RS, Hofth s X o5 S0 3 X A4 O AR BRGS0 I e R AR AR — S | 26 I Ml [X g 7 s [X.
ARAE AL 27 T A IR AR AL 45407 i o UEAR R ARt 5 Vil R LA T80 5 5 757 8K v B A ) B3 7
FT BRI E A R R, X 5% B S0 R—5%"7 0850 28 4 E R A5
Genbank [ N2k 123 AN AR BLAT TP 51 R NJ AR & B0, A8 75 7K e Do A G ) 0 b DX ) A 5 8 1 L ik
PO P B BEAR S 25 0 R ABGI IF 2 — 3, T A1 7 v [ Al il IX A AR B 78 5 RO AR R % G R A, I 3%
B B 1 5 M A A A G ZE S (B 3)
2.5 Skt

FTF Cyt b A, FIH B LA IERHFL S A (R b 9004 B T4 2% 7 Tl -5 vh [ 45 s R kb
AYIEAFTA], JETF Kimura XU SO B 157 b [ 45 HUR B0 A A B, v PN 52 B i 5 o ORI 35 1% 1
FEME A 0.002—0.006 MYA Bp , HANHESFEL I ] K 24 0.05—0.15 MYA Bp, T AR 5 AR5 F Al
B IR B A L IR S 0.043—0.048 , B I AS M 7 15 e fEE 5 L bty 3 o B i ) R 29 76 1.08—1.2
MYA Bp, 756 123 55 75 6 o J5 2 i/ P ) 20 e s 18] (0.9— 1.1 MY) AR
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1876
o 23
Q% Lo o &
008 %s 82 B3 &
0% %% %> 8< PESENEY
Q0% %" 5, o AIFPSS TV
9 %, % 5% LU A4 o8 R PRI NAN N
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Fig.3 Neighbor-joining original tree, computed using a nucleotide substitution model with Kimura 2 parameter distances, illustrating the

phylogenetic relationship among wolf 225bp mtDNA control region haplotypes registered in GenBank
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MRZASMEN 2.27% , 5 1 B HA b DXIRAH HL 38t A% AR MR A 1, 40 Randi 457038 53 20T mtDNA 42 11 X751
R BRI RI AR AT BR Z REE S 0.26% , Pilot ™ A5 4E RBR+ 221~ I 5 R A2 51 643 FUREE S, IF Ao 3 25 52 1
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MR M Genbank THEAFSHHPERREXEFIER

Table Reference mitochondrial control-region sequences obtained from Genbank and used in the phylogenetic analysis

FE Genbank %35 Wﬁlh E{I%@Zlﬂ X/ _ D-loop( bp) G G i IX@E
Sample code Genbank Acc. No. Subspecies Country or vegion/Conttinent Haplotypes No. D-loop region
1-CHW1 AY916807 C.l.chanco v W 597 w17 Most of 5'-CR-I
2-CHW2 AY916808 C.l.chanco o W 597 w18 Most of 5'-CR-I
3-CHW3 AY916810 C.l.chanco rp W 597 W19 Most of 5'-CR-I
4-CHW4 AY916811 C.l.chanco ] W 597 W20 Most of 5'-CR-I
5-CHWS AY916812 C.l.chanco hE T 597 w21 Most of 5'-CR-I
6-CHW6 AY916806 C.l.chanco hE T 597 w22 Most of 5'-CR-I
7-CHW7 AY916813 C.l.chanco hE W 597 w23 Most of 5'-CR-I
8-CHWS AY916814 C.l.chanco hE M 597 W24 Most of 5'-CR-I
9-CHW9 AY916805 C.l.chanco hE T 597 w2 Most of 5'-CR-I
10-CHW11 AY916816 C.1.chanco h MM 597 W4 Most of 5'-CR-I
11-CHW12 AY916817 C.l.chanco h MM 597 W25 Most of 5'-CR-I
12-CHW13 AY916804 C.l.chanco hE R 597 W26 Most of 5'-CR-I
13-CHW 14 AY916819 C.l.chanco HE MM 597 w2 Most of 5'-CR-I
14-CHW15 AY916818 C.1.chanco th M 597 w27 Most of 5'-CR-I
15-CHW16 AY916820 C.1.chanco rh T 597 w8 Most of 5'-CR-I
16-CHW17 AY916822 C.l.chanco rh DAY 597 w28 Most of 5'-CR-I
17-CHW18 AY916821 C.l.chanco h DAY 597 w7 Most of 5'-CR-I
18-CT1 FJ032363 C.l.langier o ] P R S 1263 W9 Complete D-loop
19-CT2 NC_011218 C.l.langier ] P S 1263 W9 Complete D-loop
20-CN Q374438 C.l.chanco i E MM 1250 w2 Complete D-loop
21-chl AB007375 C.1.chanco e M 673 w29 Complete 5'-CR-I
22-ch2 AB007376 C.1.chanco e M 673 w2 Complete 5'-CR-I
23-ch3 AB007377 C.l.chanco e W 673 W4 Complete 5'-CR-I
24-ch4 AB007378 C.l.chanco e W 673 W18 Complete 5'-CR-1
25-ch5 AB007379 C.l.chanco e W 673 W16 Complete 5'-CR-1
26-Rwl DQ480503 % R 1269 Complete D-loop
27-Wo251 AB480743 C.l.chanco g el 598 Most of 5'-CR-I
28-Wo0252 AB480744 C.1.chanco W ficf M 598 Most of 5'-CR-I
29-Jw229 AB480736 C.1. hodophilax H A< M 598 Most of 5'-CR-1
30-Jw237(1) AB480738 C.1.hodophilax HA R 590 Most of 5'-CR-I
31-Jw240(1) AB480739 C.1.hodophilax HA WP 598 Most of 5'-CR-I
32-Jw257 AB480741 C.1.hodophilax HA MM 598 Most of 5'-CR-I
33-Jw233 AB499819 C.1.hodophilax HA WP 1231 Complete D-loop
34-Jw235 AB499820 C.1.hodophilax HA WP 1271 Complete D-loop
35-Jw237(2) AB499821 C.1. hodophilax HA M 1102 Most of D-loop
36-Jw240(2) AB499823 C.1. hodophilax HA M 1270 Complete D-loop
37-Jw AB500701 C.Lhattai HA WP 599 Most of 5'-CR-I
38-Swl DQ480506 R BT AR MM 1269 Complete D-loop
39-Sw2 DQ480507 [ TEDK(E MM 1270 Complete D-loop
40-W3Tr AY570178 g DI 586 Most of 5'-CR-I
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FE Genbank %5 ‘ Wﬁ:. EI%%@Z/‘U-H _ D-loop(bp) A A G ?Eﬂ%ﬂlzﬁﬁ
Sample code Genbank Acc. No. Subspecies Country or vegion/Conttinent Haplotypes No. D-loop region
41-W1Ks AY570179 A DIAT 586 Most of 5'-CR-I
42-W2Qv AY570180 Ay M 587 Most of 5'-CR-I
43-W4Hd AY570181 A MM 586 Most of 5'-CR-I
44-Tw AB007374 C.1. pallipes 1) M 672 Complete 5'-CR-I
45-Twh AY333744 C.1. pallipes 21055 MM 336 3'-CR-II
46-Iwe AY333745 C.1. pallipes Ej DAV 336 3'-CR-1I
47-Twd AY333746 C.1. pallipes 21055 MM 336 3'-CR-II
48-GW-AMM AY289973 C.Lindica EEE T 1323 Complete D-loop
49- GW-AP-1 AY289974 C.Lindica EEE DA 1253 Complete D-loop
50- GW-AP-2 AY289975 C.Lindica EEE T 1272 Complete D-loop
51- GW-AP-3 AY289976 C.Lindica EEE WM 1262 Complete D-loop
52- GW-gujarat AY289984 C.l.indica E1)ES W 1292 Complete D-loop
53-HW-TW5 AY289995 C.l.chanco  EPPEE DR AL M 1296 Complete D-loop
54-HWDI1 AY333740 C.lLchanco — ENFEE DRiAELL T 335 3'-CR-II
55-HWD2 AY333741 C.lLchanco — ENFEE DAL SEHH 335 3'-CR-Il
56-Wol AF098115 C.1. wndrarum JIESN e 707 Complete 5'-CR-I
57-Wo2 AF098116 C.1lupus IEPN JeEM 706 Complete 5'-CR-I
58-W03 AF098117 C.1lupus JIESN e 706 Complete 5'-CR-I
59-Wod AF098118 C.1. columbianus YN JeEM 706 Complete 5'-CR-I
60-Wo5 AF098119 C.1. columbianus YN =l 708 Complete 5'-CR-I
61-Wob AF098120 C.1. columbianus IEN Je3EM 706 Complete 5'-CR-I
62-Wo8 AF098122 C.1. columbianus YN JesEM 708 Complete 5'-CR-I
63-Wo9 AF098123 C.1. crassodon IE-PN e 707 Complete 5'-CR-I
64-Wol0 AF098124 C.1. crassodon =N JesE 707 Complete 5'-CR-I
65-Woll AF098125 C.1. crassodon gk e 707 Complete 5'-CR-I
66-Cw DQ480508 IE-N JeE 1270 Complete D-loop
67-Lu68 FN298177 gk e 425 Part of 5'-CR-I
68-H173 AY240155 eS| JeE 1254 Complete D-loop
69-H919 AY240073 eS| e 1282 Complete D-loop
70-Coyl3 JF342907 C.L.lycaon X H de2e9 1300 Complete D-loop
71-w6 FJ213912 eS| e 603 Most of 5'-CR-I
72-w7 FJ213913 B de 602 Most of 5'-CR-I
73-Uw AF020699 S| JesE 402 Most of 5’-CR-I
74-w6 AF008136 LA TR 712 Complete 5'-CR-1
75-Swl AM711902 C.Llupus ity i el 1357 Complete D-loop
76-Sw2 NC_009686 C.Llupus Fify it el 1357 Complete D-loop
77-Sw3 DQ480504 Fig it BRI 1249 Complete D-loop
78-Spwl DQ480505 i TR 1269 Complete D-loop
79-ClupMIT1 EF380226 C.1. signatus PUPEA BRI 647 Most of 5'-CR-I
80-ClupMIT2 EF380227 C.l. signatus i R 647 Most of 5'-CR-I
81-ClupMIT3 EF380228 C.1. signatus UYL BRI 647 Most of 5'-CR-I
82-ClupMIT4 EF380229 C.l. signatus i R 647 Most of 5'-CR-I
83-wl AF344299 i il 257 Part of 5'-CR-I
84-w2 AF344300 W2 el 257 Part of 5'-CR-I
85-w3 AF344301 b= el 257 Part of 5'-CR-I
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FE S i 5 Genbank % 5%5 Wﬁﬂ. E{I%Eilﬁg/?J-l‘l _ D-loop(bp) ?Eﬂ%ﬂ[z{jﬁ
Sample code Genbank Acc. No. Subspecies Country or vegion/Conttinent D-loop region
86-w4 AF344302 s el 257 Part of 5'-CR-I
87-w8 AF005299 e el 257 Part of 5'-CR-I
88-w9 AF005300 g el 257 Part of 5'-CR-I
89-wl18 AF005306 Bof 5 T 257 Part of 5'-CR-1
90-WCRO1 GU059550 i HE R 280 Part of 5'-CR-1
91-WCR02 GU059551 i 4 HLE el 280 Part of 5'-CR-1
92-WCR03 GU059552 S HE el 281 Part of 5'-CR-I
93-WCR06 GU059555 a5 Hb A el 281 Part of 5'-CR-I
94-Ywl AB007372 C.1.lupus Hrig sCe el 673 Complete 5'-CR-I
95-Yw2 AB007373 C.1.lupus Hrig SCe BRI 372 Part of 5'-CR-I
96-wl AF338803 B/ ERA BRI 343 Part of 5'-CR-I
97-w2 AF338804 B /R B 37 Ly BRI 343 Part of 5'-CR-I
98-w3 AF338805 B /R B 37 Ly [ 342 Part of 5'-CR-I
99-w4 AF338806 % il BRI 342 Part of 5'-CR-I
100-w5 AF338807 S HL el 342 Part of 5'-CR-I
101-w6 AF338808 ik I 342 Part of 5'-CR-I
102-w7 AF338809 PYBESF el 342 Part of 5'-CR-I
103-w8 AF338810 P e el 342 Part of 5'-CR-I
104-w9 AF338811 b= el 342 Part of 5'-CR-I
105-w10 AF338812 PYBE A BRI 342 Part of 5'-CR-I
106-w11 AF487754 B JR S48 L M 342 Part of 5'-CR-I
107-wl AF115687 A0 I M 543 Most of 5’-CR-I
108-w2 AF115688 A0 I M 542 Most of 5’-CR-I
109-w3 AF115689 LRI el 542 Most of 5'-CR-I
110-w4 AF115690 7l el 542 Most of 5’-CR-I
111-w5 AF115691 LA TR 542 Most of 5’-CR-I
112-w7 AF115692 75 M 542 Most of 5’-CR-I
113-w8 AF115693 =WV N e el 542 Most of 5’-CR-I
114-w9 AF115694 LR InF T el 542 Most of 5’-CR-I
115-w10 AF115695 B B I M 542 Most of 5'-CR-I
116-wll AF115696 LLE31] S 542 Most of 5'-CR-I
117-wi2 AF115697 LI M 542 Most of 5'-CR-I
118-w13 AF115698 %= el 542 Most of 5'-CR-I
119-wl4 AF115699 BRI M 543 Most of 5'-CR-I
120-w15 AF115700 PRIMFIE el 543 Most of 5'-CR-I
121-w16 AF115701 A0 I el 543 Most of 5’-CR-I
122-w19 AF115702 VLT el 542 Most of 5'-CR-I
123-w20 AF115703 PEPEF el 542 Most of 5'-CR-I
124-Coytoe 1 NC_008093 C.l.latrans X Je2EM 1265 Complete D-loop
125-Cer21 HM755710 C.Llatrans YN e 342 Part of 5'-CR-I
126-Cer23 HM755712 C.l.latrans YN e 340 Part of 5'-CR-I
127-Cer25 HM755714 C.Llatrans =N e 340 Part of 5'-CR-I
128-Cer27 HM755716 C.l.latrans PN B3 340 Part of 5'-CR-I
129-Coytoe 2 DQ480510 C.l.latrans B deE 1262 Complete D-loop
130-Cla25 AY280938 C.Llatrans EH e 324 Part of 5'-CR-I
131-Cla27 AY280940 C.Llatrans e dt3Em 323 Part of 5'-CR-I
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