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4D EFH AR ERFR.
mtDNA D-oop F 5l B9 4 #7
KT e AT BT BEe

(1 op B2 B AL s J50 A W T 5% 97 75 C 26 50 AR W AL 5 35 I OT R B, PG, 810001) (2 P BLE B BFSE RS, dbAT, 100049)
TEE . 14 mMEIESER S IE A B PVRIAE —E M A, AT E T RIFFE 4= F T A 48 4= Lok A 2 i X
(DHoop) JF3, FUBLHMERIEFAEIE , B4 . KE B ZAEWKERBMH XM RE KEW, UFoess LR
LR Doop X5 Cyt b BEFFIEMEFTHENRAEREEAFANEENNE, FAEEFTXLRE R4 EIN K4
Fp R R B - 5 I AE PP LM R A e R A N — R, ARFH BRI — R 3, RAGE 455 48 i 5
4 FMBFFELE X RE, BARENILFEMSE, MS5FBENEEEMNIMELZCREE, Fik, KRR
YRR A A S o AR TR Poephagus, FIB S5 FBESE UM G I —1E, BT FARMRER LA
EHRE , FRATHE— 2 XA R IR B D5 S0 S AT T, AR A S5 A48 1Y bR BT AR IO 42 R AR Ak 7E ROIE
KEEEAEN, B4 A4 AL KIS S, o T RROE KRG b KR F e, fE4 HBe R BR A Tm
PRI R FEVS 1 T R IR BT AR B AR L3R S b o BRI AR R SE N BF A, R R R R S A 0 LR G
FEgR . R4, LBK DNA; BHIX,; i, BIR
FESES. Q959 XERARIRED . A XEHS: 1000 - 1050 (2006) 04 -0325 -06

Taxonomic placement and origin of yaks. implications from analyses of

mtDNA D-oop fragment sequences
1,2 . 1 R L1 . 1+
GUO Songchang "~ , LIU Jianquan , QI Delin ~, YANG Jie ', ZHAO Xinquan
(1 Key Laboratory of Qinghai-Tibetan Plateau Biological Evolution and Adaptation, Northwest Plateau Institute of Biology , the Chinese Acad—
emy of Sciences, Xining, 810001, China)
(2 Graduate School of the Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: The origin and generic placement of the yak (Bos grunniens) , a large ungulate endemic to Qinghai-Tibetan
Plateau, remains unresolved. 637 bp of mitochondrial DNA control region of both wild and domesticated yaks were se—
quenced. We found that Ddoop region sequences were similarly informative to commonly used cytochrome b gene in con—
structing phylogeny for tribe bovini. Based on the genetic variation of this sequence, we firstly constructed a more discern—
able phylogeny of Bovini with high support than previous analyses. The analyses suggested that in Bovini, two monophyletic
lineages were recovered : one comprising Bubalus and the other consisting of all species of Bos and Bison. Two species of
Bison , the extinct species B. priscus and the extant species B. bison, clustered as a monophyletic lineage which is a sister
to Bos grunniens. These results suggested that yaks are more closely related to North American Bison than to other species
of Bos in Asia, and that yaks and North American bison have a common recent ancestor. Our results did not support a pre—
vious suggestion of establishing a monotypic genus ( Poephagus) to accommodate yaks. Because species of neither Bos nor
Bison clustered as respective monophyletic lineages , these two should be taxonomically treated as one genus. Based on our
results and other available fossil evidence, we discuss the historical context regarding the origin of yaks. The divergence be—
tween yaks and bison may have occurred in the Eurasia during the Quaternary climatic oscillation, when rising temperature
following the ice ages restricted yaks to the cold Qinghai-Tibetan Plateau. Bison migrated to North America through the Be—
ring L. nd Bridge and differentiated two species. It seems likely that American bison originated directly from extinct steppe
bison.

Key words: D-oop; Mitochondrial DNA ; Origin; Taxonomic placement; Yak ( Bos grunniens)
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Y4 (Bos grunniens) &4 Btsh ¥ ) A
i, GAEPIRREAL, HPAEA MR, K THEA4
B 5y 22 A — B AEAES L, RS Simpson 5§
(1945) ., Ansell (1971) K Vaughan % (1978) ¥
WEoE, 4 (Bovini) W 4 NE, M4 R
(Bos) . ¥r4J& (Bison) . /K4 J& (Boselaphus) Lk
JAEM K 24F J8  (Syncerus) . Linnaeus (1766) ¥ B
A8 T4HET; X — WA W 3 T Bohlken
(1958, 1961) MHe, AN N FmY M (&
H4) RBREAER, BREMCE SH4d B,
% A S AR R, (2, MRk B AIEE
220001, Groves (1981) N MIEA S5 B4 J@ R 4ok
RBGE, MHHE 4B RS CRERL; Ols-
en (1990) BE— 48 B4 YRGS | LS8
HZE RS EA S AT T 4R . TR, WA
H 7 MR (Poephagus) .

Miyamotoet 55 (1989) #2 & &K 43 £k ki /& DNA
FP% (16S, 12S rRNA, 3 4~ t(RNA M 5#45 D-
loop J¥ 511) ., Wall % (1992) FI fil # B & DNA
(rDNA) BRI oy U i i U0 057 0 S 7 1 4R 1Y
RGRERFR, IWRHIZG P L —8 4 i —
A Jg 3 HKR A m—AEMAKF ‘L, BA4JE . B4R
BIARER R, ST 4bitk co 3 75 1 43 #r
Janeceket 55 (1996) it — KB4 m—4 8 N
— R, W AE YRS BRSO R
[ AT B 5 5 3 R B AR K 4 8 5K 4 )&
N— . Z#f . Hassaninet Al Douzery (1999) #R 4
Cytb B py i T AR RG kT, FiK
R ARAG TIN5 3¢, BVEF 48 —4 8 X HUK 48
—3EYNK 4+ J8 37 ; Hassanin Fl Ropiquet (2004) i
—FH 3 & DNA F%) ( Lactoferrin 3% K 5 5 F |
Cytb 2R COMER) HWITTHEMARZELKES
B R4 ) R ZE WY 4 (Kouprey, B. sauveli) ) ZRSE
o8 Koy dessstn, 45RERTFFE—FEL. K
A Jm—AE M K 4 Jm 2 S B R R, HEA S RN B R
( American bison, Bison) BJZEZx KRBT, X LHf
RN ZF K HE 450 A4 )@ W 45 ( Linnaeus,
1776; Bohlken, 1958, 1961), FEHH W iZ 1% ¥ b
YERN B 4= J8 W b1, gl Sy — A AL (Olsen,
1990) , WHEEN—AT" L4 E (BFEHF RS
4Jgd) BB, SR, 7E X S8R 4 ¥R 4 A ST
MRGRBW T, T SO SR R R 2R &
R AT A AE 9 45 R R AR R K A S S B A R
—F R R K % KRB A S BAR E R SR

( Janecek, 1996 ; 1999,
Hassanin and Ropiquet, 2004 ) , M 1 K5 75 2F % 7] GE
ANE— R RARE,

FEUNEF A= 2 Tz A3 A T 56 ML IX ) B 4 T LA
YFp, tFERRAREFA (B. bison athabascae) 55
¥4 (B. bison bison) WA (Boyd, 2003) ; Tl
FEEF A (B. priscus) JE—FPE K4 SME 5 LM
PR A IR R BB Jwm sh ¥y, B 2o T A dt
X, KT RNEF A4 rY FEALAFAE Z PR BE, van Zyll
de Jong (1986, 1993) A N &M B 4 7 0 J5 I 40 i
ek, XMW EE AT EZ —, RECHMN
57 R G AL 5E R DR 4 5 55 N B 4 22 a) 1Y 2 2%
K AT (Hassanin and Ropiquet, 2004 ), >k H1fk
A 55> FARIC ORI R B A4 5 B 4R 19 36 7T AR &
HF 180 JT4EHT (Flerow, 1980 ; Hassanin and Rop—
iquet, 2004) , {H S HF 4 | FREFAR DL AES =
H Z IR R AT A A

X T AR b (Cyt b) . 128 rRNA kL
PR i e 2 1T T BT sh  Fh DL B 53R RS R S5
KABRZFR (U Kuznetsov, 2002; Hassanin and Rop—
iquet, 2004) , mtDNA ¥4 X ( DHoop) % EH
TR LR B R AL B R OC R I R e
(Phylogeography) HJ#F 5% ( 41 Troy et al. , 2001;
Jansen et al. , 2002 ; Savolainen et al. , 2002; Liu et
al. , 2006) . T FIH Cyt b @7 1Y 4 AL 504
TR Y R G R T R R AT BAR G M 400, T
R o R U A SOR R AT Cyt b B9 P51, PR 4
G R GE R B DL SA R 5 K A Tl 22 8] B 3R 40 3R
ATy Bt — 20 N B 70 7 i BEdE T IR AT ST . AT
T2 A A S SRR Doop X AR HE 4 R 1Y
RGRKEBW, TR ERDHEA | RN 4= DL K
KA E R Z M RGO R, NFEF 2
r KR P4 i - 38 A5 AR A

Hassaninet and Douzery,

1 MR 5T
1.1 AR

VR B W) 8 43 % SR - Simpson (1945) FI
Vaughanet 55 (1978 ) R ¥8IE 25 7 50 19 53 2 b5 M i2F
34058 o FATEABFE P T 2 Sk ZEAFINA
LAV 1 S PR A 1 B2 SR A SUVE S sc s p k), Horp
FHELR 230 R H T B R B AP H e ), B AR
K H A A] P E X, H AR Y AR Ddoop P T £
F GenBank, #3EHFH5 LK 1,
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Table 1 ~ Species, DNA fragments and their accession numbers in GenBank
PP
Iy it 2
Accession number
Taxon Species
D-oop
Bovidae, Capra B 12~ Capra aegagrus AB110591
Bovidae, Capra 3£ Capra hircus DQ121611
Bovidae, Bovinae FEIMEF 4 Bison bison U12948, U12959
Bovini, Bison KRN B 4= B. bonasus AF083356

FJREF 4 B, priscus
JE 4 Bos indicus

K4 B. taurus

KE4 B. frontalis
ENEEMF 4= B. gaurus
WFHEE B, grunniens
FKIEH B. grunniens

Bovini, Bos

JUH:BF 4 B, javanicus-Banteng

R4 B. primigenius
Bovini, Bubalus

Boselaphini, Boselaphus

El K 24F Bubalus bubalis

Wi F Boselaphus tragocamelus

AY748659 , AY748663
L27714 , 127733
AY378117, AF409056
AF405068
AF485067
DQ139204 *
DQ139009 *
AF162490
AF162488
AF475239, AF475170
AJ235316

, DQ139176 *

"k AR YCH T 5

" Sequences produced during this study

1.2 L[N DNA f2lit

VEERI B R . LA Z1Z) 50 mg ?{ﬁ”fktlﬂﬁﬂ
WA K JG 2 1. 5 ml Eppendorf 45 1, & DNA #2
WEW (7 dmiEm) (PRl & w5,
1998) JEmEVESC S, DNA ¥R LA 54143 O 6B 11

T B 5 A FEM 2 , IR BE B 2R BE 100 ng/pl,
-20 CHRAFE
1.3 D - loop #7351 B 4185 K e

K H] Primer premier 5.0 ( Premier Biosoft) H77
Bt nI Y, il bR AR TR IR R B L, P
M:YDF 5’ - GTAAAGAGCCTCACCAGTAT -3’ K&
YDR 5’ - TCCTGTAGCCATTGACTAT -3’ ., R H
30 Wl HE R R, NS I & 3 pM, B AR DNA
0.4 pl,dNTPs ( Takara) 1.5 pM, 10 x Buffer ( Taka-
ra)3 wl M Ex Taq 3 & ( Takara) 0.75 U, PCR 7£
ICEE %3
34 PG, 45 94 €A%
50.1 CiR K60 s; 72 C HEMH60 s; FeJm
72 CFEIMIE 4 min, P Y 1. 2% B9 BUIE B
TG IS FL Dk A 0 HG e B R/ K SE 2, PCR 4 AT
Mesite (thROTE, B difb 5 Y LI
[[ 51 %) & DYEnamic Dye Terminator Cycle Sequen—
cing Kit {7 & ( Amersham Pharmacia Biotech Inc)

AT N, 44k )5 #E Megabase 500 H 3f il /¢

{¢ ( Amersham Pharmacia Biotech Inc) F#EF7II 7,

Tpersonal thermocycler( Biometra) [ #47,
H: 94 CHUEYE 4 min,

£ 60 s;

IERPIFREMEES KT 90%
1.4 DNA 70 K di i b B2

F54 Clustal X (1.8) (Thompson et al. ,
1997) BAFHERY , FEYS F KN, UL Dna SP3.0
(Rozas and Rozas, 1999) #4720 5081, FHHE
Modeltest 3. 06 (Posada and Crandall, 1998) [ #17
BRI 3K, f S5 >R PAUP % 4.0b10 ( Swofford,
2000) #HATRGE KB oM. KA KA HER
Pl K 299 (Maximum Par—
simony, MP) . fx KMISR ¥ ( Maximum Likelihood ,
ML) HEERGELAEM, MP AT S EGEE LA
24K 58 43 BT Bootstrap #4771 000 YR #E & ; 7F ML #
Ry 200 IREER . AN, ABFSR E R H Mibayes
3.0b 4 (Huelsenbeck and Ronquist, 2()04) L1 Bayes—
lan B HERGERKEWN (ZHH: nst=6,
gamma, ngen =5 000 000,
1 000, samplefreq =100) ,

2 GRG0

¥4 Ddoop X 42K 892 bp Zi £y, A SZH FF il
R A 2R RLAK Ddoop X FBAT B FEF H], K E N
637 bp, 5 GenBank T# ¥ (F 1) HF 553
605 bp AI tLEFH), H AR 43814 B R 480 bp (%

(Heuristic search) ,

rates =

nchains = 6, printfreq =

PIE R BRI TR ) | A0 4% 190 DR AR &, Hop
MBI 161 41, NEKM 39.58% ., LLEFILE
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(Capra aegagrus) FNLE (C. hircus) AN A
TR RS KA TR R AR AN 11 AP 18 A
UL R W 4F 2 % (Boselaphini ) 5 4F ( Bosela-
phus tragocamelus) WIRGERKFR, WE 1, 7&K
MRS RFAM, CI=0.675, RI=0.76,
Length =553 ; RHEERA (GTR +1) W HEK

PIRB, —InL =3211.22,
Capra aegagrus
Capra hircus
Boselaphus tragocamelus
[— Bubalus bubulis
100/100/100 L Bubalus bubulis
%%5 100/72/&[ Bos frontalis
160 Bos gaurus
80/90/- 90/98/100 —E Bos javanicus
100/100/100 Y~ Bos primigenius
Bison bonasus
7()/_/? 30/78/95 Bos indicus

99/99/100] Bos indicus
100/99/100 Bos taurus
71/63/91 Bos taurus

B6/3 Bos grunniens
mE Bos grunniens
100/100/100L— Bos grunniens

70/64/99 Bison priscus

69/877100 Bison priscus

_/69/68 Bison bison

99/100/100 L Bison bison
Bl 1 AT DHoop MM FHIRY A WAL 12 A FPRELEW . A
BUEMKI R MP . ML H 2885 43 BT 09 323 32 DL K DL 57 /5 56 11
Fig. 1 Molecular phylogenetic tree for 12 species of Bovinae based
on D-oop sequence variaitons. Numbers on each branch indicate

bootstrap percentages obtained by MP, ML, and posterior Bayesian

probabilities respectively.

MNET T AT, A M 14 3 AR A S A R 1 e
RS, A TR SRR, AR MP . ML
bootstrap X Bayesian J&5 58 ZE°8 100% , 415
ST PR — R RRE, A TR ST
%4, H MP. ML bootstrap 32 % %2> 5k 80% #il
91% , U3 J5 55 2R ) 5 15 100% . MAIET 1 A]
e AR OK AR R R e R, B A S Y
Oy T3 i B A R S A JE R A 2 TR
dlg—4Jwm X b, & ma 4 DY oR
( B. frontalis) . EQFE WY 4 ( B. gaurus) . JI\H B 4
(B. javanicus) FJE IR 2F ( B. primigenius) 4 W —
NS, HAR W EE . FIRY R Rt , %
Y32 B MP, ML K& Bayesian 3£ 733 2 90% |
98% 1 100% . — W50 32 L, JE 4 (B. indicus) |

F4 (B. taurus) FIEKIM BF 4 (B. bonasus) 21 K
— /N ZRE, 5 Hassanin #1 Ropiquet (2004) B
FARMAT, HEAN— DD EME 46—
Ay MR | B A R0 S YN B AR 25 S R R BE
Horp AR g SE oy 3, HSET AR S RPN B A 5y —
Oy 3¢, HLBJURR AR A — A A 56 U R A 3R Y
XEEETE—E, IR gt S,
3 ik
3.1 B RGKE M 1522 S IR

AT B R G L B W WoR A4 KA e R R
AR, SR AR R — RO B A 5 0 A — e U
BB, ERRERFM D, B4 558
4 FAEMRG R R, MRME 4544 Z 0
RGRFZBIE, VBB R S5 AR 4518 A —
# (Bohlken, 1958, 1961; Groves 1981 ; Miyamoto
et al. , 1989; Wall et al. , 1992 ; Ritz et al. , 2000,
Ward et al. , 2000; Boyd, 2003 ; Hassanin and Rop-
iquet, 2004) . ZEH XA REE R, hTH4&E .
AT R, BB A g A AR s 2 (R AL R R
R, B, B PR G IF 8 — R T REE &
B [, FRATHHEF G RAWA R4 E T —
AMSLJE (Olsen, 1990) M REIWL, REKE
orirh, ARRME N — D ERARRE, S TR
SCFF, AHA R IAMUA — DRSS 500, W,
WIRTEA WA Z 28BS 5 0 b 2 AR N
R E— L5

R ARG Tz A T A, Bl AL R
LR NN E~IE 7 DI (I S N A T RS PN =3
2 RSB A K (Alroy, 20015 Guthrie, 2003
Brook and Bowman, 2004 ; Shapiro et al. , 2004) , 3
BT 4 R A0 TACSE ML IX 1 B 4 Je RAE A, 6T
HE L AE Z R0 B (COSEWIC, 2004) , 8 H—
BOWE R . R A R 2 D UG e A AT
AAE S X ——3 0 KA T BRI (T4
60 JTAEHT) HEUNEE K (299 JTAERT) , R
feZe Al M BRRR B SF R RAE R, AL S8 A0 B i
By A= et 3 Al 5T Ak Bl R A S8 UNET A 1Y PR A I R
(van Zyll de Jong, 1986, 1993) . FKATLL D-oop IX
J 5 ke 1) B, 475 2K ot ) o e DY A A Y A 1
AW FR ) FR G B s B R AR B — A AR 6
B A- 25 S —f, RUISE B4 mT Re i I T
JRE A4 5 van Zyll de Jong (1986, 1993) (1) W5
iEE



4 1] RN AR . FB A B 7 2 SR IEAT ST . miDNA Ddoop J¥ 81 B9 73 #7 329

el sE R A A e — R IR A= T2
AT NS R EAEER . ARG | Bz
FIHE AL (Weiner, 2003) . >k H Ak A1 k73 b5
IC I BERER BIAE A4 5 5 2R 1Y 3 AL & 2 T 180 JT 4R
(Flerow, 1980; Hassanin and Ropiquet, 2004 ) , Hf
THAS5H YRR E, FATEL Ddoop #8
YAV RS RK TR R A | B A e e
W4 B A ROr At A e, 5 BRI SRS RAHAT
5% DU 2 A8 DI DR i ik S S e 3, 3 ) A A
ANET ORI (BLoK B ) ke B, 508 A 22 1k i
IR/ i N i RS SN VAR i (T2 S 7 & U
(Hewitt, 1996) . ¥E4=F1 % 4 Z (8] (1 7304k o] fig & A=
TEWRIE R B, 50 TR KR & IE A A i A=
SiA X, B2 VR, BT 25 ma k) e
FH B A 1 A 1) R A A% 0 A BETE 1 9 R
J T, AL B A B R AR 09 0 A X8, I AERROTE
KB ZRICFR K 4 (5550, 1992)
3.2 DHoop XFINTE @M RPN RGEKR T
i X

Cyt b, 12S rRNA %52 (4 2 5 56 [H A% S5 12|
WHT WL L RFRNRE LT RREE,;
1 Doop X750 R AR A, FEEH TR R KF
H 15 2R O Z F i 2R Hb PR~ BF 58, Hassanin Fl Rop—
iquet (2004) FIM Cyt b J7 50 44 2 1Y 4= T2 B 534
P &R Gt b, BRI B 24— 4 — 4 i MP
bootstrap 2 £F % | Bayesian J& IR 435 A 70% F
92% ; 1 L D-doop #4932 Y & Z¢ A W 73 51 15 2 T
80% M 95% ., WAk, {LLA Cyt b 4 HE A RGE & F W
B, RER R R LR KBRS B SZHF (Hassanin and
Douzery, 1999) miF AT A D Hoop X By 5 45 2
MRGELBRRER: (1) AR ENIEF R
R TR IR SR T A SR (2) RERA
B2 HERUSMIEREZ 500, REET £
KARES 4|, BEEIERHR R (MP, ML
bootstrap 32 £ % & Bayesian J& I8 HE >R 43 51 ik 80%
91% F1100% ), &4 Fiy BRI, XHEE L
B9 E P8 A W) & ( Simpson et al. , 1945; Ansell,
1971) . FET UL EER, AT LRk = X 5
Cyt b FEF T FEM g4 T 00 R4 & & BA W A
BERME, BEAl o PR i R G

UTAER Bl 2 2 G BOR JBEE L AR 15 K 45 5
Prit) DNA {5 5, I DL ok figt e — 224X FIE 8 A 15
B 5l s K BAE Y R DNA JE LA e 4y 26 5
AR, 24 ik, B & X LR K 4 3 P

i

DNA #EAT THESE, JFIRASF T F 0 AY B2 (Hanni e
al. , 1994 ; Hoss and Paabo, 1996; Westerman et al. ,
1999) . SR, KAFME AR MED™ 3G AL K Y
DNA ¥4, T FL s Y Zehifk Ddoop DXAHXS BT,
RERC N 5 5 Wy B A I ¥ (Krings et al. , 1997,
1999 ; Ovchinnikov et al. , 2000 ), H HA B 5745
HOR 5 S R 1, XS K 485 5 B A B
T Z 8/ R G2k E 5 ik ¢ & A 5509 I A
=, FEARMR T, RATBIE Ddoop X B 43 ¥ 51 #4
ARG KB, HEI R 5 4 AT R R 56 U B A Y
HEMRS, WREEFFNRELETRLRZRME T
73§38 AL e

SE WK
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