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Classification of ecological types of the Chinese yak

ZHONG Jin-Cheng'*, CHEN Zhi-Hua’ , ZHAO Su-Jun’, XIAO Yu-Ping* (1. University of Electronic Science and Technology of China ,
Chengdu 610054, China ; 2. College of Life Science & Technology , Southwest University for Nationalities, Chengdu, 610041, China; 3. Sichuan Academy of
Animal Science , Chengdu, 610066, China; 4. Lanzhou Institue of Animal and Veterinary Phar ics Sci Chinese Academy of Agricultural Sciences ,
Lanzhou , 730050, China) . Acta Ecologica Sinica ,2006,26(7) :2068 ~ 2072.

Abstract: To investigate the genetic resources and to clarify the classification status of the Chinese yak, the Maiwa, Jiulong,
Datong and Tianzhu White yak were intensively studied using microsatellite DNA, RAPD and AFLP DNA markers on the basis of
our previous work on the chromosomes and blood protein polymorphisms. The overall results showed that: (1) the genetic distance
based on allelic frequencies at microsatellite loci between the Maiwa and Jiulong yak was the largest (1.506) and as expected that
two populations of the Maiwa yak had the smallest genetic distance (1 .062) . The four yak breeds were clustered into two groups,
the Jiulong yak alone in a group and the rest of three breeds in another; (2) the genetic distance between the Datong and Tianzhu
White yak was the smallest (0.0336) while it was the largest between the Jiulong and Maiwa yak (0.0414) based on the data from
RAPD and RFLP analysis. The four yak breeds again clustered into two groups with the Datong and Tianzhu White yak grouped
together first followed by the Maiwa yak; (3) the chromosome and blood protein polymorphisms analysis arrived to a similar pattern
of breed relationship. Therefore it was concluded that the Chinese yak can be considered as two types with the Jiulong and Maiwa

yak as their representatives, respectively. This conclusion is in concordance with the proposal by later professor Cai Li and his
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colleagues who classified the Chinese yak as two types of the ‘Qinghai-Tibetan Plateau yak’ and the ‘ Hengduan Mountain Alpine
yak’, but differs from other classifications proposed by others. Taking into account of the geographic distribution, ecological
factors, history and development of the Chinese yak, we believe that this classification is reasonable.

Key words: Yak; ecological group; classification

¥4 (Bos grunniens) 5316 TR 3000m LU L, URBEEFERE RN P LA RMEB UMK K+ T —,
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AL REFEEMOSHUEY AN EEEMMNAESTELAFREERBH SN, ESSHE. BEE
KA R ELTREAHTEFAN, BHER, VB REBHED BB RN BREE> AFLER, 2
HHMBERLEFPATROMER, ERELR-ABRIETROKEE,

BEMMHOETR-HRE4FHEFRNRAMESL, B 20 HE 70 FRKUK, MERELE HHER
WEZWREDIFR , ZENMARESREGRIC ARBEFCHELBERICHEFGHOBESERER DL
HETI EHRRY S PEBFGHMOIRBETEMNER, TENE3M . OFTERE LB S ERAE
XNEE HR. O SEUENES FEFRHTEBERE , MEFXNESHE R NE 4 M ERSE,
BHhEEESN BB LUBAMTFRERERY 2 MY SRANSHEENNBRAENE S LB, B
FIACHEF BBV ORF R IKIBR S WEREH 26 RRGL FREESHESHETIERE 4
Gk TR EILRAR FREFERARELR IR QE(PFEEL ¥) — P, RERE X Wl
WSS R - FREFEY RS LRAEER 3 AR, AR FREGICHREEREZRY
REE4RMSEORERD, ZSMRETREBITATY . B, V#H— S FHEPERFHRERE
RHEERIR 4, AP M T E DNABEVLY 2514 (RAPD) I A K EL 51 (AFLP)% 3 #4 T#t
FERICEAMR TEEES N EES KEEFIRABEFNS L HE S EENES R AKMMBEES
EEMMBRERY FITTFREFLXBHIE,
1 #E#IFE
1.1 REHY

R AR RN RREREES , HGEM(EE) BABERREBEERE L
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Table 1 List of samples used for analyses

e R AN Fymprye
Breeds Code The number of samples Sampling localities

FHES Maiwa yak MW1 32 PO 1145 41 JF £ Hongyuan county of Sichuan Province

FHEH Maiwa yak MW2 32 PO Jil 4 % /R 2 & Ruoergai county of Sichuan Province

LB 4 Jiulong yak JL 32 PO il JudE & Jiulong county of Sichuan Province

KB4 Datong yak DT 32 H ¥4 K38 4 3 Datong yak breeding farm of Qinghai Province

KB E 44 Tianzhu white yak TZ 28 Bl X B4 4 F 715 Tianzhu white yak breeding farm of Gansu Province

% T the same below
1.2 Sristn
AR BSIITIERA : (1) T E DNA RZEE T Z; (2) 2 H 4 DNA B RAPD . AFLP #5ic; (3) ¥ Ak K
X B, X MY S kg MK L (4) MBS T A Hb RLE R EMER,
1.3 Siati sk
BHAKREHBRRERS TEREER, ABEEREATREEMNT  HFRES LB EN® H#HTH%,
2 4RE59W
2.1 MTE DNA EFEFRMEA
EHREALZEFHN IO NN DEMRCH ZERF (ERENLRE 2 MK NRBES KEEF KR
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R4 S IMRENREZRERT TR, RERTEARKNEMERRR HET 5 ME4 BEKEK
REEHER (R 2), FARCERELFH THARXE(E 1), AERTUEL , ZERSNRES HiRE
BEB B K (1.506) , F E AR 4 P BHA Z (6] IR 2 BE B 8/ (1.062) o 5 MEA BHIRBE R W B R3E, I )I Ll s
FRMR—RE MRS HEARY XK, RERSHAITBEESENKFLEEERN K, RKERFM

A4S EMENERLRAI X, RAEXHLERELXE N —KE,
2 SHESFBHEEANRKBEER FHAE 4 (L) MW

FEHA (R MW2 :|

Table 2 Euclidean genetic distances between populations of yak
B BR K@ {585 B Euclidean distance
Breeds MW1 MW2 JL DT TZ KBEEA4DT
MW1 1.062 1.506 1.349 1.289 RWAEETZ |
MW2 1.062 1.222 1.251 1.121
L 1.506 1.222 1.436 1.396 hleRS L
DT 1.349 1.251 1.436 1.191 E1 AREERENRERXE
TZ 1.289 1.121 1.396 1.191

Fig.1 Clustering dendrogram map of different yak populations

2.2 E:F4 DNA ) RAPD #l AFLP #RiCHI B

4% RAPD il AFLP Fiff 4 T AR ICH DTSR, A Rogers WBREEBARTBETEERS (BERE
B) N4 KBRS MR A4S 6 RAPD AFLP 5 BE % DR(F 3,% 4),

3% RAPD 531745 5%, A Rogers BIFEBARITE 4 MEF MMM BREER, ARIITEL, ZEES
54 FEESSKERS FEREGSXNARS W BEF S KBRS U BRG S XES KE
BESKAAESNBEERS5H 0.0412.0.0410.0.0383,0.0386.,0.0414.,0.0336,, H o R#IESMAEE
RGBS /N0.0336) , LB E MR BE £ HBREEE S K (0.0414),

3 FEFBkE RAPD MIEEEH 4 EFBE AFLP BIEER
Table 3 Genetics distances between the five breeds for RAPD Table 4 Genetics distances between the five breeds for AFLP
= ] Rogers BB {5 BE B Genetics distances of Rogers %4 B Rogers )i {5 BE B Genetics distances of Rogers
Breeds MWw2 JL DT TZ Breeds MW2 JL DT TZ
MW2 0.0412 0.0410 0.0383 MW2 0.0268 0.0262 0.0259
JL 0.0412 0.0386 0.0414 JL 0.0268 0.0279 0.0282
DT 0.0410 0.0386 0.0336 DT 0.0262 0.0279 0.0253
TZ 0.0383 0.0414 0.0336 TZ 0.0259 0.0282 0.0253

I AFLP 31745 R, Rogers B EEBE AR TR 4 MEF RF M BREER HRITUFH, FEES
SRS FEREFSERS FEESFSXUARS BB S SKERS W BBF 5SXAES . KE
BASXHAESKBREERD 5N 0.0268.0.0262.,0.0259.0.0279.0.0282.0.0253, HF,XRHAEL MK
W4 MBERR/N0.0253) R EMARES BEEHIE(0.0282), W RS RAPD AT B4 RM
—B, ATEEMMAERSIESBAPRIMRERR,BIER 3.4 WEIE, X 4 MESF S ##AT Neighbor-Joining
BAo¥ (& 2,3) ,RAPDAFLP M FE RSB H 4 MEF BMHBERIF AR, A bBEEH BN —
R HEINMEFLGHRI -, KEEFARIABFEREN KT LEARI— R REERELE#
EREFRI KL, ARLERSNARCKBEREAAAMDE DNAMAFBNER - LR X &
FABARNBENST ESEE SHERE RIS EREREA -,

FHAEA (R 3E) MW2 FHEHA (F R %) MW2
Ki@¥4 DT j——' Kii¥4 DT —
KB4 TZ - WML TZ — -
R4 TL ‘ JukRE4 JL
H2 FRE4SBEN RAPD REHE H3 FREFBEEN AFLP BXE

Fig.2 The RAPD clustering dendrogram graph of different yak breeds Fig.3 The AFLP clustering dendrogram graph of different yak breeds
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2.3 PEAERER R

FAC 1 Y o AR B 5T B9 JL B 4 2F (Jiulong yak, JL) 2 HE £ 4 (Maiwa yak, MW1) | 7 ] 4% 4 (Zhongdian yak,
ZD) 3R %% 4 (Huanhu yak , HH) .75 98 (£ 8% ) 4% 4= (Tibetan yak , TB) \BF4E 4 (Wild yak, WY ) iy 3¢ .k BE B} 47
BENN,ER(RS, B AOEWH 6 MELRBASNFE, A BESF PAES BHRES FEF I K F
BERESMABMES T K,

£5 RRLEGEBETHNEFABAMERRY 1 a%4 ZD
Table 5 Distance coefficient on chromosome characteristics among yak FiMES: TB
group RES TL
S Breeds MWL JL HH zZD TB wY B4k WY :l— B

MW1 0.376  0.243 0.477 0.468  0.526
L 0.376 0.411 0.313 0.358  0.256 RERF MW —
HH 0.243  0.411 0.461 0.410  0.555 ¥4 HH —
ZD 0.477 0.313 0.461 0.234  0.339
TB 0.468 0.358 0.410 0.234 0.366 B4 R ARBERROKISERSE
wY 0.526 0.256 0.555 0.339 0.366 Fig.4 Cluster on chromosome characteristics for yak groups

2.4 MBEEA TEH Hb MR EEMAEHRAE

R nBEEAESHEFRNTRESE  UBES FEES KBS FHES MBES (Jiali yak,
1) AR ¥4 (Yadong yak, YD) o FHX 6 MEA KB T M Hb AN BREMEHITREINT, 4R (K6, E
YR MBS EAESMEERS T RESHEE—E, AFFRRSAHES KBS ZEEFHEE,

6 IE TOR Hb GR35 5 N G 226 BY (61 ) 26 T 34 MRt T

Table 6 Distance coefficient on Tf and Hb gene frequencies among yak THRHESE YD

group RS L

5hff Breeds JL MW1 TZ HH X YD

L 1.459 1.057 1.057 0.499  0.436 WS HH ———
MW1 1.459 2.001 1.805 1.550  1.591 rue41tz ——M—— -
TZ 1.057 2.001 1.414 1.095  0.789 F e MWI
HH 1.057 1.805 1.414 0.560  0.789
I 0.499 1.550 1.095 0.560 0.317 BSs Z4ABEK T MRERREREE
YD 0.436 1.591 0.789 0.789 0.317 Fig.5 Cluster on Tf and Hb gene frequencies for yak groups

3 it

REMMEBHLATW IR MAMBEENAZ ERSXEB TR RS MR E KL WERLEE
XA, EAHARMOEYERE, SAEFHIEPESRESRHOENER, fEBMNANREILMRE
PR P R A TE B A BB K B

BEGHHERSENEFINFERRAFEEEL, —ERE4HEMANA L. KEH 20 L
70 ER PP LK S REFFEHAT T ERANEAENIARR, BHTEHIRER, TEHA U
T3F OB ECKRERFOESHEAIE A ERIERTXMME MR KRR N FHXE HE
MEURGHEH VAFKF EERES AR SESHRNAR, K& EES S AEETR LB (SHRE)
MEREFER (BB HRAESKE XA 8 M AMEER HPAE S A RMHEIIACPEF R E).
BEELREF FEQFEPAES UBES ARNBLEESS, AR EERFIRAEZERS T
WEFES BMNES KREF%. O SIATREELSENTE WX ER WSS R AWK %L
STARN, RS YRR " MR HE, X B 25 MRS B ENER AR 20 ANEXFENTES .
FREHF SR EREF SR 3 KA, IFEER LKA M(ERCENRES FARE ARESF
) FRERY(FEQRFERES BB . EXNES HRAESS) HELB(ERCERAES FELR
TAMUAES %), OQE(PEES¥)—F P RERFFXOBBHRAFAML N - FHERE B R
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WRIFIFESER 3 MRS,

20 g 90 FRUE ,EEEGR¥EHER, AMMMEFBREZHEENTRZHN L ROESRERT
EFBIHRATE AAKFRSTFRE L, BEY NAEWKT TR THES OBEE G BREZREE, BHTH
BRHETRES MRRESF, FHMNBILES FIREES, PENTERYG W EEYG FHES%7
AMARFRESEBYEF SR 3R ARG ELRESFSEHRNELURFREES D — 3K FBEE
KREE FRENTFEEFMARBEEI I FEESMAN—F, BRIEB" HHE otDNA FBR& %4 Bk E
ESHRETHRE ATREFRAII R ARCELERES FERFMEEANES ;B RSB MNESE;
CRAEFPRAREYG FEREESMANARYS ., UEHRERRURRAEENS>XERRRMERA,

ERHRF,BIEMTE DNA B84 FEVLY ¥ 254 (RAPD) 318 5 Wi K B £ 75 4 (AFLP) 4 3 fp 43 F
BERICHEAREITHERNREE R, UALEEANNBEOSSHENRBERTR, FEE S BT H U
NEBEFMEERFARRNFNERE), XI5EISRPEEE I N BEE LR M FEERE" M
ZRE-BHY, MELMFERNSRKERERANER. NFAARBFTLRASHBEBRAED XE, B
WS L R A 43 A 3 X VT A0 E BT AR AR AR K, LB A IR L T R LA A T 2 3K 1000 ~ 2500m LS b, i 3
WU EARG  ABREETAR, BRER, WIREL TEEHH BAKEREBER A, W ER L BEEM
K EGURUEAEGNE BB B LEaES HEUARERNE AYESER REEKEN
150 ~ 180d £ ; B ARMGE A X , % T H RIa E AR BI 7= 5 AL 3MA , 28 3% £ W4 ; R b Ll B BELIGS , 46 48
BEZAHNHETRE BFSHHNATEERERE. MERB RIS IHHX . BB, BERR
B, ZEREMARHEH LETVLR BEAMEAR KR S EHFR;XEEL REAE, HBEWH, %
KBRS BERBEX, AERF TEHABX  EGUBL TR LEAESAE FREBEEG A, HE R
FRMPERNE LT BEERE BEAKY N 120~ 150d £4; X R USRI 2 F N, BEREX B
ERERK A ERERR, — B EE RN THREBEER. AL LS5 R, 8 8 L &7
“FERRER B SARNESHHERG UKBESFAHNETEENARANER, B E&EALF
HESSAFMIANESRKBESEN,
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