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Abstract: To understand the genetic diversity of Yak populations from Tibetan and the relation-
ship among them, a total of 33 polymorphic primers were used in RAPD analysis in 11 popula-
tions including Baging Yak , Leiwuqi Yak, Dingqing Yak, Sangri Yak, Gongbujiangda Yak,
Jiangda Yak, Kangbu Yak, Sangsang Yak, Jiali Yak, Pali Yak, Sibu Yak, 8 of them were
selected for RAPD analysis of DNA of 11 Yak populations. Genetic distance indexes among
breeds and genetic similarity indexes within breeds were calculated by Nei and the phylogenetic
tree was constructed by UPGMA cluster analysis. The result showed that genetic diversity index
of Tibet yak breeds or groups varied between 0. 185 7 and 0. 405 3. Among them Pali Yak was
0. 185 7, which indicated that Pali Yak was relatively pure, the group was neat. And Gongbu-
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jlangda Yak was 0. 405 3, which displayed that group internal have more variations. In 11 breeds

or groups, the genetic diversity index respectively were: Gongbujiangda Yak(0. 405 3) >Jiangda
Yak (0.353 6) >Sibu Yak(0. 344 8)>Kangbu Yak(0. 342 8)>]Jiali Yak(0. 332 3)>Sangri Yak
(0. 282 3)>Baqing Yak(0. 279 3)>>Sangsang(0. 269 8)>Dingqing Yak(0. 259 7)>Leiwuqi Yak
(0. 224 1)>Pali Yak(0. 185 7). The eastern Tibet yak breeds or groups had higher genetic diver-

sity, and the western Tibet yak had lower genetic diversity, which indicated that eastern Tibet

may be the origin of yak. The molecular clustering relationship chart showed that Tibet 11 yak

breeds or groups could be divided into two clusters. Pali Yak was a cluster, the others were an-

other cluster. The result indicate that Tibet yak have abundant genetic diversity and significant

genetic difference among the breeds or groups.
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Table 1 List of samples used for analyses
2Bt Population 14 Code FE i BE Number of samples FFEHD S Location
REMST SS 50 REH
M EL4E 4 PL 50 e
AT KB 50 i B
AR JL 50 by B
EHES BQ 50 oEe
T pQ 10 T
KLY LWQ 25 RO H
YLK ID 50 Lk H
FH¥EF SR 50 FHE
TARVLIRFE 4 GB 50 TATILAE
i A A SB 48 WA 2L
& it 189

&2 84 RAPD BE#HL5I 4+ 5!

Table 2 8 RAPD random sequence of primers
%5 No. Bl ¥ %5 Primer number B4 %% (5'-3") Primer sequence
1 7100511-2054 GTCCCCACTC
2 7100511-2062 CCCACCTGAG
3 CPZ356-04 GGTGACGCAG
4 CPZ356-17 CCGCCTAGTC
5 CPZ356-18 TGACGGCGGT
6 NSO-153542-003 CCGCATCTAC
7 NSO-153542-004 CTCTCCGCCA
8 NSO-153542-007 CCGATCTCCC
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SR FHH R -4 0 % 4 L R 4 DNAMY,
1 %0 14 35t i W U5 M v Yk R 28 4 0l B T L A T
DNA Ry 4 J2 vk B2, JF 8 Br 48 DNA 9 & T
—20 CHAAF# .
1.4 PCR¥FIEEKZR

PCR Je W& &K 25 pL 435 10 X buffer 2.5 pL,
dNTP 2.0 mmol « L' MgCl, 2.0 mmol « L' . 5|4
2 pmol « L', TugDNA % 4 i 1 U, i DNA
100 ng.ddH,O 15.2 pul. [N 2540 .95 C FiE
2 min; 95 CZ%# 1 min,36 CiB Kk 1 min,72 C %t
ff 2 min, 35 PME¥F ;72 CZEM 5 min; 8 CIRAF.
PCR =¥y ] 1. 5% 18 B W B8 e i Uk . 70 V JE E H
vk 2 h,2 000 bp Ladder Marker /E X} B, EB 44 &,
B 3 BER AR R G An A I .
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AHIR B R BRI NN R = Fly 1 DNA #
i A I ) DNA BB G s fZ B8 D= —1In(D,
Hrp, I=1,/(IHY, [, =2X, 1,=2Y,,1,,=
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Table 3  The result of RAPD among 11 yak populations
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A TR B IR SR LA 1 20 fE A i i
R I P UK I O I R B I AL T AR R R —
HOIFHMT T 2 REL . RIEZERBEE. £
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B Z M. A —FEYLS 19097 5 A [ 4 Bl DNA By
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RAPD FERFFEA [] b Ff sl 8 1] 114 388 1% 22 0 4 J7 i
HA B Y T S R U

5|4 Primer Fric%e Number of marker  #Rric £ &% Variation of marker L 54 #% /% Polymorphism frequency
1 7 100

2 8 100

3 7 100

4 4 100

S 11 11 100

6 7 100

7 9 100

8 7 85.71

BB 60 59

I~11. BEHBEHAFA A M. DNA HX 4 F 5
i
1-11. The different individual of Baging Yak; M. DNA
marker
B 1 3|4 NSO-153542-004 FE#l 1 B S 4E 4 DNA =
MBS R

The electrophoresis patterns of RAPD products

Fig. 1
from DNA randomly amplified by primer NSO-
153542-004

M Nei [R2A A RAPD §731 4558, 1531 11
ANV LA A R TR A 38 1L ZREME SR B Hoo &R 3£
WY TAVLIRHE A TLIRAE A T A e A4 A HE A
RS RARS BRIES . RRET.VTHEE

I~11. LHILREEF A F A4 M. DNA # X5 F
JB A U
1-11. The different individuals of Gongbujiangda Yak;
M. DNA marker
Bl 2 514 CPZ356-04 BEHL 5| 14 18 T 7 iLiA4E 4 DNA
FFMBIKER
The electrophoresis patterns of RAPD products
from DNA randomly amplified by primer
CPZ356-04

Fig. 2
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A% Z FE Ve 4R B/ 4 Sl Dy 0. 405 3,0. 353 6,
0.344 8.,0.342 8.0. 332 3.0. 282 3.0. 279 3.0. 269 8,
0.259 7.0. 224 1,0. 185 7,48 53 FEl 7€ 0. 185 7~
0.405 3 Z [, BA B F @ e 2R, i
FE4FR e/ (0. 185 7) T WA AR X 5 4, BF A8 5F 5 11 1
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0. 056 45 My HL4E 2 15 R AR HE 4= 18] 19 388 14 B 7 4 K

R4 BRI EBEOMABRAZTEMSEEES
Table 4

0.555 1. [F] Iy LR A 5 HAth 25 8 A 2 3 0] 9 33 1%
iERRLIE /N

HRAERIHE N AL ZREVE Hs Bl it 18] 382 15 22 53 1
SMRIEAL 22 S b T o5 LB Gt (3R 5) FTAL: BEAR B Y
B ZRNE He=0. 361 3 R THEARNRE ZHEE Hs
=0. 211 5. Fl fE N 33 £ 22 RE PR EE 0] (1 — Gso) Oy
58. 5500 « FlviHE ] 3t 14 22 B 1 LU A1) (3 TR 2346 R B0 Gt
g A1 A5 Y6 R A IR 384 78 S o ) R DU AR S B
e AT 5 U RCAE 2 11 18 15 A0 57 T BT AE TR

The fragments shared together by every breeds and the average index of genetic distance among populations

i A PL GB LWQ KB SR BQ ID SB JL SS DQ
PL 0.8255 0.7661 0.5740 0.7523 0.7604 0.6244 0.7104 0.6566 0.6952 0.7029
GB 0.191 8 0.8533 0.7532 0.9452 0.8445 0.8576 0.8421 0.8287 0.8354 0.8705
LWQ 0.2664 0.1586 0.7071 0.8420 0.8365 0.7582 0.7815 0.7393 0.7557 0.8711
KB 0.5551 0.2834 0.3465 0.754 2 0.7512 0.806 0.7416 0.7593 0.7591 0.6895
SR 0.2847 0.0564 0.1720 0.2820 0.8885 0.8210 0.8226 0.7491 0.8398 0.8454
BQ 0.2739 0.1690 0.1785 0.2861 0.1182 0.7250 0.8036 0.7458 0.7966 0.7825
JD 0.4710 0.1536 0.2769 0.1502 0.1972 0.3216 0.8269 0.8298 0.8472 0.773 6
SB 0.3420 0.1719 0.2466 0.2989 0.1953 0.2187 0.1901 0.814 2 0.8591 0.8815
JL 0.4208 0.1879 0.3021 0.2754 0.2889 0.2933 0.1873 0.2055 0.7362  0.776 5
SS 0.3636 0.1798 0.2801 0.2757 0.1746 0.2274 0.1659 0.1518 0.3063 0.776 6
DQ 0.3525 0.1387 0.1380 0.3718 0.1680 0.2453 0.2567 0.1261 0.2529 0.2528

R b =R R BT R R A

The data above triangle are fragments shared, below triangle are the average index of genetic distance among populations

x5 FAHESRWIEBNEESEY
Table S Genetic diversity of Tibet yak populations

it Index TER BB ZRE 1 He

TR N E 2 HE Hs

HHEN R Gst FEP Nm

0.361 3
0.020 1

SE-#4) Mean
PRifEZE St. dev

0.211 5
0.013 7

0.414 5 0.706 9

MR 4 PRI RS i UPGMA dE M T
PG 11 BRI > TRISCR B (E 3. 4R
WP 1L AR T 20 0 2 R i HLAE R
(PL) g — 2. A 10 DB KRN T —2K. TEHh
10 ANMFEA R BN IX — 28, T AT VL IR FE 4 (GD)
55 HAEF SRERAE— )G RIEFHEF (BQ RN
—RRERLGFEFAWQ 55X 3 MEAF KRR
H—RE A e 4 (SBY 5 T H 44 (DQ R A —K
Ja SR RERAE R G RRIEF (SO R
h—2 s AR A (KB) 5 VLA HE 4 (D) A R )5 7] 52
ARG DRI —K GG ZHT 7 e RAERIK
M —REREGAE—E ., dB L, TATLIRES 5

HAEA A RO R X SRR R G K R
BT AT 18 5 FL T AL 1) 3t A B AT — 8 ARG PE

RINE & .
3.1 XTHABESEMEEENEESHEE

20 28 90 4F A Z |l » X 4R 4 8t 4% 2 RE M G BF
T REE P20 Z )5 W0 583 i AR Ak
M DNA A KPR IF . IWAEAR K, ZZ RN
Jo B[R] Tk 38 AL A . 4 L2408 (1 CHb) | 1L i H
HH(ALD) J5 [ & 1 (Pa) B Pk B 2 1 (APK) L 7L
i Ji S (LDHD 45 437 5 647 1 A0 SC B 5% 5 7 DNA
AKF b, EELM TR DNA . RFLP,RAPD %5 4f 3¢
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FARMATHE S . I XL e A
BB AR PE AR (AR A L R ALHE LR 6 A S A
S S EUEAT T IV B SR I 2 AR A A A R SR
BB IA) SR % 0 R S5 M P00 3 G 0% 5 W 10 451 aA
Xof e [ PG AL VU M X Y 5 MR BEREAT T mtD-
NA ) RFLP 438, 45 5 5 R 48 2F BF 4 8] 14 43 1k 7
VTG S Al B A 2 3 3 2 R 2R 1 4 A e )
RS G SE D M E A4 AR SRR T A 2K
BEIL 33 MY mtDNA P84 X (D-loop) 1Y 4 5
), Je A ) 24 Fh AR, 3 B IR [ 4R AR AL 2R
P s BN FIH RAPD FAR X 4 AR 5
FPiEAT T 2R BT, 25 B3 B 4 ASHE 2R S R b
Fofr P 35 A% A8 S5 KT o P I 35 4% A8 S L O A R Y a5t
LA S R EAFHE T S RPN R

17.329 1 it

4.509 1 4.068 5 : 52
4’—{ 71118 .
1Lk
1.6397 11.180 2 =
——————
5
Pl b B s o o ST

The data in figure are the length of branches

3 EmUANMEFEXBFEN UPGMA S FREEXR
]

Fig. 3 The UPGMA dendrogram of 11 yak populations

AR .8 a1 YR 25, 280
RE 7592 100% .1 AN51H/Z 85. 712 .8 4~5]
Pty 1g i 60 A6 Y I I S AR L 2
A1 5 VY BTHE 2R S 1Y 35t 4% 22 R P 98 B0 S 30 LA
0. 185 7~0.405 3 Z[u], PiEF HA FEsE %
FEME . b AR 2R B/ (0. 185 7)), 156 W A o 45 4k
TR AR B 55 5 1 T AR VLR HE 4 B K (0. 405 3D, IR 1%
BN RARZZ R, 78 11 DREE, Hass
ZREEFE BRI B R - T AR VA HE 4 (0. 405 3) >
TLIRFEZR (0. 353 6) =i #E 4R (0. 344 8) >R A fE 4
(0. 342 8)>FE B4 (0. 332 3) >3 H 44+ (0. 282 3)>
ELHFEA(0.279 3) >R FHEHF (0. 269 ) >T HIES
(0.259 7) > 28 5 5F4E 4 (0. 224 1) > 1ify L4 4
(0. 185 70, HLA7 V3T 7R 78 46 4 28 7 35t 1% 22 A R A X

v o T VU AR AR A R 35t 1 22 FE VAR AR 0 i 4
TR 45 VU AR B8 AT RE S A A p R P b . AR i
WEZ RS N EHSE R E RS
(0.262) JUIBHEL (0. 311) . FYE L (0. 252) . K4
FIFEA: (0. 216) ) Ho {H AH 4230 . 107 L (1 21 %
5T ZE A 2F (0. 990) 4 Xt 1y (B & AEK , Ui B W] — 4 b
PRt JIRAE % gt o ] 17 2 S 71T 2 B0 AN [ 1) 3t 4% 22
R A B AL e it 7

FEAMESE T, 8 A5 1y 4 R4 3 th 2% 717 1 W 1%
ZAMERE A R R B R R R S S
BAAE A~11 Z ] X fE /0 F i RS ik oE i
4 AFELE AN RAPD 438 B 4 3 19 7 Boic, (2 5 {0
SLAE B HGE A — B0 U R BE R UINTE 500 ~
2 600 bpZ[A], SR LT 45" BB 5T 45 He A — 2, (H X
AT H EMEE MME. XTSRS
st P B A A P 1 5 | A RANTR A DG . ARG AL
A 1L AFEA BN 483 AR R BEFAS A S = Y
(PN S SR N O3 XY | Pl (T 4 )
L1 ANFEAZE B v, BR A AR 4 L 58 B4 2 T 11 4
A i — S B R IE Ah XA 8 MR SRR
WG ZAEPERE ST 2 4 R WARGE Flid ¢ . R, A
A9 238 R 0T TR PG R 2F o A B Y 35t 4R 2R
KA Ja B TF R AT B A e L.
3.2 XTEABESRMIEHENSHE

FEAF i AP RIS PO A Bl AR 7 i =T,
Xf HGE IR A AN I B 43 36 Bl T 48 7s A T =22 18] 1)
I3 SRR SRS 0 7 B W AR W e R IS MR R
T A v 38 03 455 R B SR R T VR T L B B
I RN ORAF 32 S A R e PR P20 B2 48 T 8 19 BRI AR B

FEABEFE L AR P 5 AL B 5. ] UPGMA ik 4
RS> TR R RN VU 11 S HE 42K 7] 43
M2 KL EEELE (PL) A —38, Higy 10 MER 2
BN —2. 1EH 10 MEF KB —2rh,
TATILIEFE(GB) 5% H ¥4 (SR) S R A — 2 )5 7]
EHFEAFBQ RN K. REERLFEF(LWQ
5iX 3 MEF RN — KK MAFEF (SB 5T
HHEFDQRN—KGHH— KERNE KRB —
K HHRFEF (SR L RMIES (KB 5
VLIBFEA D) AR G R 57 B4 4 J L) oy — 26 I
JEHZHN T N R R — KRG, |
PRI AL, TARVLIRAEA R H A (B A RS 55
FEAF X BE MR 2R G KR R BT . DNHL P Ak ) by 38457
EE . LATLIRYEE AL TARZ 1 X, R H A4 T 1l
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T 0L DX TR A AT ) Rl T Y b A
B AR R G R AE RV R A 2 A il o 22 ] A SR % G
FBG 5 B FE A TR h b X5 1l p b X SR H A
ARG N2 W FE A 5 T 1 X A R A A B A
FiRE RS UL » 50 B 75 4 A 1 371 O B — 285 DAty R g
ST RS SR A A R R s 2R
N AR — 28, (HX X 11 A ) 2 EUE R
JETE I WF 5 #B AH X A 0, BT DL IE 43 2 1 R ik
ZHOS A R BT R B A RS AR
Tl e sk DA S At DNA $7i0 55 2 05 il — P 50k .
3.3 XTEBEFSWHEFHNEEREES R

FSCREEN R RAPD £ R % 6 Ff g (1 358 1%
ZREVEAT IR R B R e E 3 A ) i Bt =
JETE 0. 426 7~0. 510 1 Z[a], T 5 J&@ Fh 2 18] W] 7%
0.198 6~0.328 6 i) . BLHI 2 A ¥y Fft 1] Y 3% % 5%
G R A 0 e 5 R AR RE R R R — 5 | T
My Bt i 2, B B S b bR . 35 AT A AR
i BSORR 2 i 2R TR SR R R 35 A R M
22 e s A AR AL B0 T IR FF 0 A 0 R R PR R AR
WL BT AR P R B R LA
FLFR AR R A AR A 1 a8t A% 25 S/ FU(E 0. 574 0,
BRI 2 MR EA — & Wt e R . I Rese
T3 343 A 1 VU A4 S AR EL R H g ) X 52 5
HXF 5 )5, 5 AN A B A BAR /D & 2k TR A i K
FTEl P ER (0 J PR R (1 2 B B 45 5 N 22 24 b X 4
2 b i S P R R AN A R LR ST TR 4

4 & it

A FE 38 A3 % P B IR X 11 AR AR R AT
RAPD it & Z APk S =R U5 R A0 R o 2t 5T, 2 B
VURCFE A A B & s 2 FE M 33X 02 V8 JECHE 4
b HF 22 K Je FGE 48 3 N A A 455 AR AR 1 st 15 S
0 2K ok 55 B R AR T i R B AR ) O DR R U
PUECHE A b A AT 43 o 2 KA RIA AR 4R o — 2,
Hoax 10 MEF B 7 —2K.

S % Ak
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