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VLT3 3 XA S, TR LA B 3 FOBR 2 LU 8 33 226 £ ZE /8 DNA K 5 19 R0 K Cyt b JE A 4 7 1)
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JIEFN ( Pseudois nayaur szechuanensis) ., H T EMIE S ES L EE—E W1k, VUK R DL R % A RN
— ST ) BOT T R 5 A R

KEEW . Cytb; ZFY; RGdkA; MmbErEY H; 1| I

FEASES. Q346.3 XEkERIREG . A XEHS. 1000 - 1050 (2014) 04 -0366 —08

Exploring the phylogenetic relationships among species of tribe caprini

based on mitochondrial Cyt b and nuclear gene ZFY
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Abstract: To explore the phylogenetic relationships among tribe caprini and the species validity of Pseudois schaeferi in
Pseudois, the total sequence of mitochondrial Cyt b (1140 bp) and partial sequence of the nuclear gene ZFY (612 bp)
were detected in 226 fecal DNA samples of Pseudois nayaur and Pseudois schaeferi living above and below the forest line,
respectively, in the valley area of the Jinsha River. These sequences were compared to the homologous DNA sequences of
the tribe caprini retrieved from GenBank, then we reconstructed phylogenetic tree using maximum parsimony, maximum
likelihood methods, primarily to investigate the phylogenetic relationship among these species based on obtained topological
structure. The results showed that the kinship was the farthest between Ovis and other genera including Capra, Pseudois
and Hemitragus. Hemitragus jelahicus was the nearest relative between Pseudois and Capra. Pseudois nayaur and the
Pseudois schaeferi living in the valley area of Jinsha River are classified as the same branches as the Pseudois nayaur living
in Inner Mongolia, Qinghai and Sichuan. They share the same haplotypes of Cyt b and ZFY with some Pseudois nayaur and

Pseudois schaeferi living in the valley area of Jinsha River. The climatic events in history might lead to the intermigration of
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Pseudois nayaur and Pseudois schaeferi living in the valley area of Jinsha River, and male-biased dispersal promoted the

gene exchanges among different geographic populations. Thus, Pseudois schaeferi should not be classified as an independ—

ent species, we advise that Pseudois nayaur and Pseudois schaeferi living in the valley area of Jinsha River be classified as

Pseudois nayaur szechuanensis. The dwarf Pseudois nayaur should be managed independently due to the distinctive evolu—

tionary characteristics in morphology and ecology.
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(R e R a A S S P S N R S R I 2
Jm Z T i 25 G e YR R) e — ELAF AR R A, 2 A RE
(1999) it Je & K% B 3 BTk h A F (Pseudois
nayaur) MERFE (Ovis aries) W ILFE (Capra hir-
cus) HEALTI R, (AZEEAR (1993) W i BF
Az —RA T, W (1995) KM AT
FRA B, NN EAMRE %M, & w4
(2003) HRHELKK Cyt b 275 1) 45 A R a2
MILEAE | MFEAEERRRELR, LTE
TR @Fm ., I m MR R Z A R Gk A
F Y TR) RS E R 0 TR ROE

AN, HERPRES FR R A — A
EHES . Grove (1978) i I & Hei 1y i ¥
B2 2R 43 ok ST ) Ffh——P. scheaferi, {H J& T 4F
K, Feng % (2001) M ad £ piiAk i XA Y G
kB ZFYy W& 7 8 o B Ry 81 L K T o A
(2003 ) FIHZ R Cyt b )7 F153 87, #IN KR
HENAETFR— DM, F RS (2003) . Zeng
S5 (2008) 4RI FHZRIIA Cyt b R ] X T 51 43
BT ERAN SCHF B A ST B R BRI A, SR TTT7E B
AT, ARBAT HE 70 A5 LA 208 DX A AR Z L
AR LR LR R e — R SR AT X I RS
I, BRI e A 22 S B RO P A N ik 2
PRl i 22 5, BT B — L B IRA T

PAZORIAR DNA FIY e ik b i) ZE R AT O g 4%
Frictt X sh W 2K Bt R g ik (Trwin et al. |, 1991 ;
Cathey et al., 1998) , EATEEAAIE 1 & B 7 5t 4%
8 — i SCRER B M AH B AP SE Y — T, AS OR3PV
T 25 b XA AR TEARZ LA B 1Y 5 3 R A TEARK LUT
I F LR Cyt b BRI 2 7 51 A% JE K] ZFY ¥
SRSV HEATINY , RS SILETR . S m B
IR T YR AT WU 50 LL BB, SR
JE B R GRS GC A R AR 35X 94> 73
THRICRIE— D INEE R W S W R k]
R B 4 v LT 45 Ml X 73 A1 B o 3 RO S S 1 3 26
HAp

1 HR &

1.1 FEMUEEFIZEME DNA $2HL

2011 45 7 =10 H ¥ 4 U0 48 b oy efie 4 3
B R E R ZE0E 226 )y, Hob iR 4 200 -
4700 m =z S HIARERP X R (Jbdh
28°20", AR£:99°02") A EFEAH 45 fhy, WEKk2 700 -
3200 m FJeil (db4 28°177, KR4 99°167) %%
I 60 17 MR 4 100 —4 600 m PY I L yEH
B s (db4h 30°307, 7R 99°33") A F{E 55
By, W 2600 =3 100 m PUJIATELSE H SRR X 5%
RS 66 iy, BRAn IS AEAE S MIRAATE T A
5 mLIJC/K ) 10 mL iR & &, BERAA,
FIH Qiagen Stool DNA {7l & ( Qiagen, Valencia,
Califomia, USA) $&HCGEM A DNA, 4°CIR1F,
1.2 51935 PCR §71
1.2.1 Cytb ¥ 1

FIFH Primer Primer v5.0 {43 F A LM% A
FEGYFT I A BRI, Cyt b FE B 47 5
M2 AN B Ry Je PR . R — A R Bt
1%k (Cyt b -=F1: 5’ — TCTACCTCCTTGTCTTTC
-3’ ,Cyt b -R1: 5’ —CTATGAATGCTGTGGCTA -
3RBTGO (Cyt b -F2. 57 -
CTATGGCTGAATTATCCG -3, Cty b - R2:5° -
AAGTGGGAAGTCTGTGTT -3 ), ¥ W AKR Ky
50 pL & R, H A 3 mmol/L MgCl,
50 mmol/L. KCl, 10 mmol/L Tris-HCl ( pH8.3),
250 pwmol/L dNTPs, 1U Taq [i#§ (Tiangen, Beijing) ,
0.2 wmol/L 51¥), 1 wg/NEIMTE, 40 15 ng 1Y
DNA, KM FEF. 95C il 4 5 min, 95°C 48 4%
30 s, S8°CHEME30 s, 72°C #EfH 1 min, FEAT 40 4
fE¥ ., PCR ¥ 3 79 73 %141 100 bp A1 500 bp /A
i, HAE4CHAE,
1.2.2 ZFY ¥ 14

B IRy .

SHEW R s ZFY BASI Y. RSN
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(2F2F: 5’ AAG ACC TGA TTC CAG GCA GTA
3°). 5% K (UEAZFYR 5° CTT CTT ATT
GGT AGT GTA ATC ACA A) (Lawson et al. ,2002) .
PR N AR F R 50 pL AR R, HP 42453 mmol/L
MgCl,, 50 mmol/L KCI, 10 mmol/L Tris-HCl ( pH
8.3), 250 pwmol/L dNTPs, 1U Taq M ( Tiangen,
Beijing) , 0.2 pmol/L 5[4¥), 1 pg/NEILiE, Z90
15 ng ) DNA, Jz i #J¥. 95°C #lZE ¥ 5 min,
95°C A 30 s, 49°CE 30 s, 72°CHEMH] min,
1740 ME, PCR =HK/N2 K1 000 bp, H %
4 CIRFT

B

FIA Primer Primer v5.0 4R 35 2F W R H Ath
PR e RS | F R, YIS . ZFY-PA.
5’ ATT CCG TAA AGG TGT TGT 3’ ; ZTY-PB: 5’
AAG ATC AGT TGT CAT CTC 3’ . % DNA #iti /]
ZFY 55—y W= 1wl KOB KGR E R 57°C 4,
Hop v A B 55 — Ry 1 — 3., PCR
PRI R NG K 650 bp, B3E 4°CRTE
1.3 PCR ¥4tk 5 H i Beny i e

JTARAE Cyt b FL ZFY 54 58 i e a1
PCR ¥ 34 W) 2 1. 0% BERavE BEMC L Uk 70 88, K
REY R AE S FATE Z S0 — Ik, PCR ¥ 4lifk

W& (LWAET) aifb™ Y, RI5HR PCR ™Y
1% 3 i Invitrogen A ®l AT INT .
1.4 st B

F B I DNA J¥ %1 7£ Genbank #( ¥ & v #F 17
BLAST [, LABRORISME AR 55 Hbr ¥ Fl— 2, Wl
19 %) H Seqman Fll EdiSeq (DNASTAR , Lasergene
v 7.1) B T P9FEE AL IE, H Clustal X 1. 83
( Thompson et al. , 1997) A445 4 M GenBank [ 45
KEW I EJE, 4R, WK IR & YRS
(£ 1) MHEHMIFEFRSEFETFI (£2) oL
X, HH MEGA v 4.0 (Tamura et al., 2007 ) HY
Kimura S A (Kimura et al. , 1980) 158 #5¢
2 8] (A BEES . I PAUP v 4. 0b 2K (Swof-
ford et al. , 2000) FEMNT RGe & AR Mg EE, Hedd
DNA #EALEACAR A FH Modeltest 3. 06 ( Posada et al. |
1998) . FETF Cyt b bric F& Y B A A R P
Akaike information criterion (AIC) A TVM +1 + G #l
ZFY it B2 FefE R R AIC 9 HKY + 1., DL4-
(Bos taurus) VYENAMNEE, R A& K297 (Maxi-
mum parsimony ) Al fix K LK ¥ ( Maximum likeli-
hood ) H4HE FLICHIZ A 1Y R 48 A, MP Fl ML L
Ja kAAE AR, REW Ay SR EAE B 1000 )
HZ%57% (Bootstrap) K5¢ i,

K1 AXPHREINEYWH Cyt b F1 ZFY F 51
Table 1 The sequences of Cyt b and ZFY different species

GenBank % 5% 5 GenBank accession no.

Yy Fip Species

Cyt b ZFY

RN R IR 2E Capra cylindricornis
A E C. falconeri

W2 C. hircus

JEIF C. ibex

=2 C. nubiana

BF1LZE C. aegagrus

2 2E Ovis aries

B DR HEIE JR2E Hemitragus jemlahicus
4 Bos taurus

A 2E Pseudois nayaur

WA ¥ P scheaferi

KC309399, KC309400 (7)
KC309402, KC309403 (7)

AF034737 (1) AY082497 (4)
AB044309 (2) AY082499 (4)
AB044308 (2) AY082496 (4)
AF034735 (3) AY082501 (4)
AF034740 (1) A 08 502 (4)
DQ514541 (4) AY082495 (4)
FR873153 (5) AF241272 (6)
AF034733 (1) AY082510 (4)
EU807948 (1) AF241271 (6)
KC503913 (7)
KC503913 (7)

(1) Hassanin et al. (1998) (2) Mannen et al. (2001) (3) Manceau et al. (1999a) (4) Pidancier et al. (2006) (5) Barbanera et al.

(2012) (6) Lawson et al. (2002) (7) HBiFEfh (New samples)

2 X

2.1 Cytb fl ZFY 53
AT ISR B 25 3 RN 3 226 0 2R AL A b i

48 169 iy £kifk Cyt b JE R 75 Al 46 )y ZFY
FEHFA . NI AR S rf DR RN 4N W] A
B R Befg B 28 R Cyt b FE 27514 1 140 bp;
oy ZFY B FS)h 612 bp, ¥ T4 DNA FFI7E
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Table 2 The Cyt b gene sequences of other geographic populations of Pseudois nayaur
i HR Fh R SR A HhL S BAAE AL i 5 GenBank % 5% 5
Geographic group Geographic origin Haplotypes GenBank accession no.
W52 Neimenggu B 437 3 220 Alxa Zuoqi ALS EU571713 (1)
T H Ningxia PiE X Xixia District XX EU571712 (1)
% . Pingluo County PL JQ406567 (1)
22111 Helan Mountain HLS AF493575 (1)
Vgl Sichuan Bl 13l [X. Aba County AB JQ406566 (1)
A BB Muli County ML AF398368 (2)
AP E Shiqu County SQ AF398367 (2)
i f & Shimian County SM AF398366 (2)
i Qinghai ¥ %2 B Maduo County MD1/MD2/MD3 JQ406556 — JQ406558 (1)
EWE Yushu County YS AF475608 (3)
(1) ZEfifi4F (2012) (2) MM (2003) (3) B HRF (2004)
Genbank 1 #E1T BLAST LLXf, Fr A Fo#K A% QR Gy o i, ET 4 ADHAFE (555 1

FEUR AR, @?ﬁﬁiiﬂ?}“i R Cyt b FEH Y
=~ EDEF WL HRES XA FRE 26 0y . B et
IR A SERE S, 45 6y, PUJI B 38 5535 90 5 2F B 5 50

f5 A P1 /r’rELmﬁfnzﬂ P2, W JE il A P3
Mot M P2 . P4), & 29 DNEANE, 20
MG BAL S . ZFY BAE B —Ff (4 A H B A

. AT A RO XA FRE AL 48 1, TERT A ARG ALY Py) .
-AB
96 62 MD3
80 2 MD2
98 - 2 Ys
88 91| 4 ML
90
- ‘"———SM
- 99 P2 :
2 63 81 sQ
ALS

T xx
98 60 PL
85

85 HLS
61 60 Capra hircus
“ - B Capra falconeri Capra
) — Capra cylindricornis
8_7 Capra ibex
93 .
50 3 Capra nub
50 ' Hemitragus jemlahicus | Hemitragus
QOvis aries | Ovis
Bos taurus
90.0

Bl 1 3T 1140 bp Cyt b FIH ML #1 MP s3 M il 209 E4LB , 2 (Bos taurus) 1E RFAMEE,
T) B bootstrap £, - FR/NT
Fig. 1

W RESY IR ML ML (ZE) FIMP (&
50 bootstrap

Phylogenetic tree constructed with Cyt b gene (1 140 bp) using Maximum Likelihood and Maximum Parsimony analyses. Bos taurus
was used as an out-group. Nodes are numbered with bootstrap of ML (above the line) and MP ( below the line) respectively. A * -’ indi-

cates that the value is less than 50 bootstrap
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LAY R T R RR Cyt b R F S
Kimura WS =, @I AFESE A FE2ZN
ARG IR B 0 0.022 - 0. 015; 1L °F )R & ¥ Fh 2 Ja]
M LR B 0.054 —0.033, 3T ZFY 5L 550
B Kimura WS HEE &, &WITAXSRAEZ
] s AL BE 2SR 05 1L =)@ 45 W Z 18] (9 35t % BE 5
40.007 —0. 002,

2.2 FHEMUBHRFEREBRRLAEFMEBELSFZ
Ji] 4 6 R

2 MP Ml ML WA R Gk BRI LI, BT
5 RN o R RN G Ly A al R i) WO 5 B e L E ]
NG IEARARL (K1, B 2), #HPA EE 4

THIRL: IEJE . AR MBI RERE RN —X, B
FIEEAM A — K, WREBENRRSE WK
(Cytb) H (K1) A FEER I —%, HEAEKL
RARGHAM (ZFY) hEHMAFERR I — L, #*
wHERT, RANSE T, U H T IR
(A S VT A A A FREA LR N —
T EPTBE R X EERE SR, Al a5 E LA
SRARAF X 1 20 BT A0 43 SR A R D )1 R s B AT B
AR S EREGAE Cyt b AR g4 dt s T
G VD VT 23 M AT 4350 R M A A 2 2 IR A SR R
TE ZFY FRAS R AR 58 =

Capra aegagrus

71

o Capra falconeri

Capra hircus

Capra
— Capra ibex
50 Capra cylindricornis
98 Capra nubiana
96
Hemitragus jemlahicus | Hemitragus
5 =
% Pseudois nayaur )
Y pseudois schaeferi Pseudois
) Ovis aries | Ovis
Bos taurus
40.0

B2 3F 612 bp ZFY FIH ML 1 MP 4 Hrig it (9 ik LB, 4 (Bos taurus) VERANEE, WS H 500 XF B ML (£ b)) 1 MP (£k

), - /&N /NTF 50 bootstrap

Fig.2  Phylogenetic tree constructed with ZFY gene (612 bp) using Maximum Likelihood and Maximum Parsimony analyses. Bos taurus

was used as anoutgroup. Nodes are numbered with bootstrap of M. (above the line) and MP ( below the line) respectively. A ‘ -’ indi-

cates that the value is less than 50 bootstrap

3 it
3.1 FSEERE i JRBCEEK B AR F I 9009 W4T

G

M T & S W 28 AR A KR s A 2 A e
2N, A 551 DNA [ FXF PCR BN A il 4E
M (BT sE, 2008) . 7EF| HZE(H DNA 31 48

RLRFER B, REC B ML E 1 Cyt b &7
FURCRAY, FRRE 4 By 1 9F 42 LA G B4R v 2R B E 1Y)
BRCANEIE S INIRTE

Bt X2 DNA 3R AZ JE A i Bt , Zeng %5
(2009 ) TA A% 3 PR ()45 DL G A% T 2eobr 1A 35 K 45
DK, n B H e 5 DNA T4, & sh ¥t 5
e BE AR, E Y 3 ZFY NN & FRKF B
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JEARMESZIL B, 4 1R DRI — MET, AR SC LA SR
DNA KR, JeA5I¥ (2F2F, UEA-ZFYR) £
5 PCR S, 1B Kk i B R AR 2] 49°C A M T & Ak
¥ PCR =W RBiMR, JFLASIY (ZFY-PA, ZFY-
PB) Z14 PCR R, B Kl T3] 57°CH H T
SEE R e, PR 4 B e HL UK S T R R AR
FIK 25 650 bp 19 H I A BEW 914 1y, KRegd”
W R AT R R R, RS R BB HY
WAl EE

W PR B 5, TR H R B DAL
BT, XA F I AR B 85 Ky B oy 17 94
RV R R AL A5 R, il 2 Wy A R4 O SRR
AR, R 3R EU ZFY Fr Beae S W) AR £
KL AL PR D it AL bRaC i BE R AL 0 T R G R A G
FPEHEAC AL A XS L FIRA FE
3.2 FRMIERGEHL KR

R4 Cyt b 1 ZFY 53 Fittebric a1 R K
WL R LR LN 4 DR EB NP RS X
g, A BMBRERRERN—3, HF)EAMm
H—3, WL FEmpywrh5HE 3 MR %
GRFRIL, A FE . W F RIS IR R Z I8 1 2%
GRRMAESE,. (1) T Cyt b WEMRZEE
RERW, IR MIERFERBEN -, HEET
ZFY M RGE R BW LEFIRAE R EIR RN —
o WAL 22 A M 0 PR PR OR B A A5 W A A e
[ A SR 1) 23 5 B4 0 T LA A B 3 8O S R HE RS OR oF
( Hemitragus jelahicus) T£J5 1 F 5L Z ik Y
R or 225t . IWFEIREE R AAC R A b3k fm] Won s
FIm . R R IR TR B B D RO RS R AR A A
— IR S, HA, ERIERYITSE R 44 A B
Witk L R S 2 A (Allendorf et al. |
2001 ; Hosken et al. , 2002), 1LI2F )& (0 4L 50 B B HY
BAE H E M X ( Cregut-Bonnoure, 1992), & F )&
(A e i T IR T R R (Deng et al. , 2011)
EATZ AR E T REAFFE A L B, I DL
eI JR AT B8 2 AR 1 7E ] — DB 1L =6 s A e s
FIR MR LM AR B T kM EIL, Ropiquet 5%
(2005) A HZ Rk FH  ( Cytochrome oxidase 2,
Cytochrome b, 12S rRNA) Fl#% 3 [H  ( Protein Ki-
nase C iota) MEMWRZLBFWINNE R ER NZ
FEE . #SHHEE/RKFEMLFE (Capra) K
B BEMIEIRE (H hylocrius) FERFE (Ouvis) H

MRk BT AAE JR ¥ (H. jayakari) 1S
(Ammotragus lervia ) X531 — 32, H F M Gen-
Bank R fE3R7H X T /R F )@ 51 S W) Fh ZFY
oy R, PORTC R OB IR TR X P AR e S
[ R AR/ MRS BRI, B DR R
GIEE ST NNIIE S ES 2 S F 8 o S A VA R E = [T
AT AT REAATE
3.3 @ UPTLIA A A o AR A F 1 0 2R b s
Allen (1940) 1574138 1 1< 0] 19 WL 5¢ K B
HFFREAFERLLUT , SRARAMRL DL ER % B
Hr A, Groves (1978) E LA 24 1 1 L 8 6%
FHEMET, BNES T R e —A8
——P. schaeferi , ARWFFEMR I HER o F it fLhnic &
e 2w i % BT B o A DU AT T A R
TELRLAR Cyt b FRASEAL B L 5 3 T 2 b
] mtDNA SE2 FEAPIAEA . (1) XHE2E
PR (Jaramillo-Correa et al. , 2008) , X Fj L
T LS AR E] R BEAL 2 AT R 5 (2) [l 48
WA I G AP 2R B e B (Petit and Excoffi-
er, 2009) . VFZ 5T 3 B AR 36 7E [ — X 8 5 AR <5
DI T e W), a0 SR EORLAR KL R i A i S == B
%, HAZIEWPRICTEX WA T Y b 2 8] A7 7E 22
5 ( MeloFerreira et al. , 2005; Berthier et al. |
2006 ) . LAIX AR U B AR S A D
PyFpARRS SL A UE SR 2. (1) M GenBank b Hit£E 1
HE IR A Cyt b FHNERR GBS & LA
FJE Y Cyt b TFIFAEILE; (2) Feng % (2001)
bR a2 B ol R L B py s LI
N RS R ZB, BR— AT Sa
AL ZFY FEEN S TS RSN, AR A
2557 I B R A R 1) b BRI 22 ] 28 5 K S b B
PR e, AIRE S L ZFY BRI NS 7 BB RS &
FEAN  AER R T o0 A AR 4 v LU S S T Y
X4 AR RE Z 18] BeAT 7 Aok, B3k Py X
— PP ERLAL B[R AR LRI Cyt b LD R 81 115
M Kimura WSEE B A X 5% 5 L2 B3R 1%
FEY (0.022 -0.015) Ak T 1l ¢ J& 45 %) Fl 2 1]
MIRAZHEEY (0. 054 -0.033) , 4 ¥PVLAT HUiF 7>
i B RS R Rl — Rl RS F (He-
witt, 1996, 2000, 2004 ) X 4 b VLI 4 4 IX (¥ 5
IERAT W, i EEPED B 2E T A s B AR
[] 8 6 PR S8, i A 1 B4 A% BB R 22 8] 1Y o9 A1
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¥R o

Zeng 7§ (2008) FI LKL Cyt b F42 1 XA
Gy TR i E A SN [ s BRI, BR
T A )P T R (P.on nayaur ) . P4 JI| 7. Fp
(P. n. szechuanensis) #b, 52107 A E AR 0] GE A
EERE AR, 455 AR SGE T LRAR Cyt b 1
ARG, EUCR 8 VD VLI AR M A S A
la R B e Ah AT B
SEA—ERSHRS, EREET ) EBOH %
AR A S B A LR T HE AT R AP RS B

Brigt: Bz S LA ARG DRI L B
Pres B OR3P XX A K S, LA SRl b
BT (RS R AR WA A B

SE WK

Allen G H. 1940. The mammals of China and Mongolia. Natural Histo—
ry of Central Asia, 11 (2) . 1268 - 1275.

Allendorf F W, LearyR F, Spruell P, Wenburg J] K. 2001. The prob-
lems with hybrids: setting conservation guidelines. Trends Ecol Evol,
16. 613 - 622.

Barbanera F, Guerrini M, Beccani C, Forcina G, Anayiotos P, Panay-
ides P. 2012. Conservation of endemic and threatened wildlife:
molecular forensic DNA against poaching of the Cypriot mouflon
( Ovis orientalis ophion, Bovidae). Forensic Science International:
Genetics, 6: 671 — 675.

Berthier P, Excoffier L, Ruei M. 2006. Recurrent replacement of
mtDNA and cryptic hybridization between two sibling bat species My—
otis myotis and Myotis blythii. Proceedings of the Royal Society B,
273 . 3101 -3109.

Cao L R, Wang X M, Fang S G. 2003. A molecular phylogeny of
bharal and dwarf blue sheep based on mitochondrial cytochrome b
gene sequences. Acta Zoologica Sinica, 49: 198 —204. (in Chi-
nese)

Cao L R, Wang X M, Rao G, Wan Q H, FangS G. 2004. The phylo-
genetic relationship among goat, sheep and bharal based on mito—
chondrial cytochrome b gene sequences. Acta Theriologica Sinica, 24
(2): 109 - 114. (in Chinese)

Cathey J] C, Bickham J W, Patton J] C. 1998. Introgressive hybridiza—
tion and nonconcordant evolutionary history of maternal and paternal
lineages in North American deer. Evolution, 52: 1224 —1229.

Chang H. 1995. Compendium of Livestock Genetic Resources. Bei-
jing: China Agriculture Press, 67 —68. (in Chinese)

CregutBonnoure E. 1992. Dynamics of bovid migration in Western Eu—
rope during the middle and late Pleistocene. Courier Forschungsinsti—
tut Senckenberg, 153 . 177 - 185.

Deng T, Wang X M, Fortelius M, Li Q, Wang Y J, Tseng ZT, Takeu-

chi G E, Saylor ] K, Siili L, Xie G P. 2011. Out of Tibet: plio—
cene woolly rhino suggests High-Plateau Origin of Ice A ge Megaherbi-
vores. Science, 333 . 1285 - 1288.

Feng J, Lajia C, Taylor D J, Webster M S. 2001. Genetic distinctive—
ness of endangered dwarf blue sheep ( Pseudois nayaur schaeferi) :
evidence from mitochondrial control region and Ydinked ZFY intron
sequences. Journal of Heredity, 92 .9 - 15.

Groves C P. 1978. The taxonomic status of the dwarf blue sheep ( Artio—
dactyla: Bovidae). Saugetierk Mitt, 26 . 177 —183.

Hassanin A, Pasquet A, Vigne J] D. 1998. Molecular systematics of the
subfamily Caprinae ( Artiodactyla, Bovidae) as determined from cyto—
chrome b sequences. J Mammal Evol, 5. 217 -236.

Hewitt G M. 2004. Genetic consequences of climatic oscillations in the
Quaternary. Philosophical Transactions of the Royal Society of London
Series B-Biological Sciences, 359 . 183 —195.

Hewitt G M. 2000. The genetic legacy of the Quaternary ice ages. Na-—
ture, 405. 907 -913.

Hewitt G M. 1996. Some genetic consequences of ice ages, and their
role in divergence and Speciation. Biological Journal of the Linnean
Society, 58: 247 -276.

Hosken D J, Balloux F. 2002. Thirty years of evolution in Darwin’ s
Wnches. Trends Ecol Evol, 17. 447 —448.

Irwin D M, Kocher T D, Wilson A C. 1991. Evolution of cytochrome b
gene of mammals. J Mol Evol, 32. 128 - 144.

Kimura M. 1980. A simple method for estimating evolutionary rates of
base substitutions through comparative studies of nucleotidese—
quences. Journal of Molecular Evolution, 16. 111 - 120.

Lawson L J, Hewitt G M. 2002. Comparison of substitution rates in
ZFX and ZFY introns of sheep and goat related species supports the
hypothesis of male-biased mutation rates. Journal of Molecular Evo—
lution, 54 .54 -61.

Li J X. 1999. The chromosome of blue sheep research. Gansu Animal
and Veterinary Sciences, 29 (11): 5632 -5640. (in Chinese)

LiN N, Liu Z S, Wang Z H, Huang L. 2012. Genetic diversity based
on cytochrome b gene analysis of different geographic populations of
blue sheep in China. Acta Ecologica Sinica, 32 (8) : 2381 —-2389.
(in Chinese)

Liu G K, Zhou C Q, Yang Z S, Long S, Pan L, Zeng G W, Li K ],
Tang L. 2010. Comparative study on group characteristics of dwarf
blue sheep ( Pseudois schaeferi) in spring and winter. Acta Ecologica
Sinica, 30 (9): 2484 —2490. ( in Chinese)

Mannen H, Nagata Y, Tsujii S. 2001. Mitochondrial DNA reveal that
domestic goat ( Capra hircus) are genetically affected by two subspe—
cies of bezoar ( Capra aegagurus). Biochem Genet, 39. 145 —154.

Manceau V, Crampe J P, Boursot P, Taberlet P. 1999 a. Identification
of evolutionary significant units in the Spanish wild goat, Capra
pyrenaica ( Mammalia, Artiodactyla). Anim Conserv, 2. 33 —309.

Melo+Ferreira J, Boursot P, Suchentrunk F, Ferrand N, Alves P C.
2005. Invasion from the cold past: extensive introgression of moun—

tain hare ( Lepus timidus) mitochondrial DNA into three other hare



4 1 RIS . BT LRBR Cyt b ML ZFY DT YI R Z R B2 58 kAR £ & 373

species in northem Iberia. Molecular Ecology, 14 : 2459 -2464.

Petit R J, Excoffier L. 2009. Gene flow and species delimitation.
Trends in Ecology and Evolution, 24 386 —393.

Pidancier N, Jordan S, Luikart G, Taberlet P. 2006. Evolutionary his—
tory of the genus Capra ( Mammalia, Artiodactyla) ;: discordance be—
tween mitochondrial DNA and Y-ehromosome phylogenies. Molecular
Phylogenetics and Evolution, 40 739 — 749.

Posada D, Crandall K A. 1998. Modeltest: testing the model of DNA
substitution. Bioinformatics, 14: 817 — 818.

Ropiquet A, Hassanin A. 2005. Molecular evidence for the polyphyly of
the genus Hemitragus ( Mammalia, Bovidae ). Molecular Phylogenet—
ics and Evolution, 36: 154 — 168.

Swofford D L. 2000. PAUP, phylogenetic analysis using parsimony
(and other methods). Sunderland ( MA) : Sinauer Associates.
Tamura K, Dudley J, Nei M, Kumar S. 2007. MEGA4. Molecular ev—
olutionary genetics analysis (MEGA) software version 4. 0. Molecu—

lar Biology and Evolution, 24: 1596 — 1599.

Thompson J D, Gibson T J, Plewniak F, Jeanmougin F, Higgins D G.
1997. The CLUSTAL_ X windows interface; flexible strategies for
multiple sequence alignment aided by quality analysis tools. Nucleic
Acids Research, 25. 4876 —4882.

Wang Y, Wang X M. 2003. Population ecology of dwarf blue sheep
( Pseudois schaeferi). Biodiversity Science, 11 (1) : 59 - 62.

Zeng B, Xu L, Yue BS, LiZ J, Zou F D. 2008. Molecular phylogeog—
raphy and genetic differentiation of blue sheep Pseudois nayaur
szechuanensis and Pseudois schaeferi in China. Molecular Phylogenet—
ics Evolution, 48 . 387 —395.

Zhao J Y, Li J H. 2008. Analysis of factors affecting DNA extracting

from mammalian faecal samples. Journal of Biology, 25 (3): 5 -
8. (in Chinese)

Zhou C Q, Zhou K Y, Hu J C. 2003. The validity of the dwarf bharal
( Pseudois schaeferi) species status inferred from mitochondrial Cyt b
gene. Acta Zoological Sinica, 49: 578 —584. (in Chinese)

WAL 1995, FEwHLW EAEHE. Jun. hE AL AL, 67 -
68.

WmoE, TN, BRI, TRk, R E. 2004, MAHAEE E b
HWaEFHaNrafmlE, BENREREX R, BEEM,
24 (2): 109 -114.

WIS, TN, JFEEE. 2003, MAIE AR b HEEH LFIIE RS
MaFEMBAEENRE IR, IWEMR, 49 198 -204.
TR 1999, AR EEZMIR. BN EREE, 29 (4).

13 - 15.

ZEfif, XIRA, FIEE, M. 2012, RTMARGOE L KWK
P AR i HE AR RS 22 R . BB ¥R, 32 (8):
2381 -2389.

A, 1993, TR FEE dEAT. Ol .

XUEEE, JHMA, bk, e, WL, W EME, FHR, ER.
2010. XK BRAFEMFIFMELE. A8 %W, 30 (9):
2484 -2490.

FiE, EAPL 2003, FBAEEMBEAETHLITR. EWEHE,
11 (1): 59 -62.

BAETE, ZEEAE. 2008, X R 7L B 3% E DN A $& IBCAR O B &R
MR, A s ek, 25 (3): 5-8.

MR, FIFI, W EE. 2003, LRI RN (0K b K FF R
RN AL TR . S R, 49 578 - 584,



