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Abstract: Studies on genetic diversity, as the core of population genetics, reveal genetic variations of the yak (Bos
grunniens). Since the 1970s, the morphological, chromosomal, physiological, and biochemical characteristics, as well as
DNA sequence polymorphisms, in yak have been extensively investigated. Following the rapid development of molecular
genetics and DNA sequencing technology, the molecular genetic diversity of yak has become a focus in recent studies. In
this paper, the research progress on the molecular genetic diversity of yak was reviewed based on the information and

knowledge on mtDNA sequences and nucleus molecular markers, as well as candidate genes, obtained over the last 15 years.
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The future perspectives of relevant research topics were discussed to shed more light on depth understanding of the popula-

tion genomics of the yak.

Keywords: yak; genetic diversity; nuclear genome; mitochondrial DNA; molecular marker; Y chromosome

(Bos grunniens) 2000~5500 m AFLP) (Sequence-related am-
, plified polymorphism, SRAP) (Simple se-
s 1400 quence repeat, SSR)
15 000 ,
(  HEA RAPD AFLP SRAP
«C ) , &l
ol b RAPD AFLP
20 70 tal W2 RAPD AFLP
> ( ) >
DNA )
b 4 b
15 : : 3 , sl
Hel RAPD 11
3~6

U Groeneveld ™ )

, , i 4 SRAP
, 11
15 mtDNA , 12
SRAP
1 , Ramesha 1%
RAPD 3
1.1 ’
s RAPD(Shannon
LLL R & TR 0.186~0.405) AFLP (Shannon
0.130~0.268)
20
90 , (Random ,
amplified polymorphic DNA, RAPD) , SRAP(Shannon

(Amplified fragment length polymorphism, 0.014~0.146)



153

«C ) «C )
«C ) ,
, RAPD
, SSR
, SSR

( ) Ritz

20 SSR 17

[20] [21]

9 SSR

Qi®  SSr
,Li =
, 20
SSR 6 ( ) ,
( ) ;
Nguyen 28 10
, 131 SSR
117 ; 26
SSR 51 ,
0.348~0.823 ; 13 SSR
99.5% ,Qi 1 15 SSR
1 1

( ) )

[2281 4 SSR
[29 SSR
, SSR
, Zhang 3%
B 16 SSR 9
(
)
, 94.4% ,
5.6% , ( )
521 15 SSR
, Qi B SSR mtDNA
8 29
1 076

[34]

>

ILSTSO013 ILSTS050  SPS115 3

: 3

3 DNA

, 3

, SSR
(Ho 0.550~0.730; H 0.592~0.710) (Ho
0.670; Hy  0.470) (Ho 0.598~0.621; Hg
0.644~0.680) (Ho 0.625~0.705; Hg
0.618~0.690) (Ho 0.641; Hy 0.659)

«C ) ;



154 £ f# HEREDITAS (Beijing) 2013 35

©

B

RAPD AFLP SRAP SSR

31 11 4 48 ;® ,
(
) ; ®
3
SSR ,  ILSTS013 ILSTS050 SPSI15; @
, SSR
PCR ,
; ®
«C )
; ®
SSR ;
©) ( SSR mtDNA )
«C )
, SSR
SSR
, SSR
1.1.2 Y ¥ &y TARL
Y
, Y SSR
Edwards 33 INRAI26 Y
SSR Y SSR
Han B¢ 3 Y SSR
1 4 (
),
INRA126 PCR ; BM861
INRA189 Y

SSR ,
; INRA189

3 Qi B2
BMS861 , BYM-1
Y SSR , Nguyen
1261 , Y INRA126
BMS861 PCR ,
INRA124  INRAI18Y PCR
, Y SSR
Y 3 SSR
( INRAI24 INRAI89  BYM-I),
Y SSR ,
1.2
, ( GH

GHR GHRH IGF LEPR PIT-1 OB MCH4R
MyoD) ( x-CN o-LA B-LG PRL) ( HSL
FABP LPL MSTN Myf-5 CAPN CAST PRKAG3

FAS) ( MCIR) ( FSHR GDF-9 ZFX/ZFY
ZP-3 SRY SYCP3 TRO INHA hnRNPK BOULE
DAZL) ( LF TNF-a TGF-f2
HEPCIDIN MHC) ( HSP72 EPO ATP
HIF-lo GLOBIN MB EPASI LDH VEGF)
PCR-RFLP PCR-SSCP
, «C )
«C ) ,
(SNP, Single nucleotide polymorphism) ,
(GH) -
1391 1401 [41]
" 1431
GH
, GH 3'-
Msp 1 /Hpall ; GH



155

GH 1 2 4 , 3
>C ; 5
G>T -4(MC4R)
[ﬂl

>

Cai ! Ma B9

MC4R , C>T
C>A SNP , 3
, [47]
(HSL) I
, HSL 1 G>A
SNP Smal R (G)
(R); , 3

Hardy-Weinberg ;

, An D8 Bogr-DRA 2
, 4
, 5 , 3
, 2
Chen ®2
MCIR ,

5 , EYl EY2

EY3 3 , 3
, [50] [511 Xi [52]
MCIR
, 13 SNP (

( ) )
«C ) , ,
2 (mtDNA)
(mtDNA)
mtDNA
Zhao D3 mtDNA
RFLP
5 BamH
, mtDNA
mtDNA ATPase 6 ATPase 8 RFLP SSCP
4] 6 RFLP
, ; SSCP
B3l 20
5 90 mtDNA
RFLP, , 6
, mtDNA ,
mtDNA ,
1.1~2.2 1.01~1.02
Bailey D%
mtDNA D-loop ,
Han (¢ 1 4
, 239
3 mtDNA,
57.58
5 mtDNA

D-loop Cyt b ,



156 £ f# HEREDITAS (Beijing) 2013 35

; 7 ) 4 ;
2 Wang 70
B0 mtDNA 405 47 mtDNA
D-loop Cyt b ,  D-loop 48 21 mtDNA
s 51 21 mtDNA
; 3
[61~63] 10
1 mtDNA D-loop , ,
(636 637 bp), ;
) ; 42
; s ~58 ,
,Qi 4 17 32
29 428 ,
mtDNA D-loop Cyt b
, 3 , o 111
63000~136100 BP ;3 mtDNA COIII s
R 5000 mtDNA , 11
BP, ; , 3 ,
, 721 11
114 mtDNA D-loop ,
5000 BP , AMOVA ,
3 , )
. [73] 2
mtDNA D-loop ,
[65.66] mt DNA D-loop R mtDNA
, @ RFLP SSCP
, , mtDNA ,
ten Cyt b : (
Cytb 13 SNP , «C ) ; @

e8] Cyt b ,



157

@ ( )
R mtDNA
®
[ D-loop (Hd 0.9600~1.0000; = 0.0221~0.0244);
mtDNA (Hd 0.9910; 7 0.0037)]
[D-loop (Hd 0.8800~0.9251; 7 0.0035~0.0156);
mtDNA (Hd 0.9920; = 0.0029)]
, ; @
5000 BP,
;@ 3
; @ ;
® ( ) ,
( )
, ( ) ,
; ©
- @ mtDNA
;
3
( ) ,
b (
) ( )

mtDNA

SSR

mtDNA

PCR

SSR ,

SSR

20,21,61,65~67,69,70

22 282

>

2657 Mb

>

SSR
SNPs

mtDNA

GC

220

69,70

mtDNA

>

[74]



158

£ f# HEREDITAS (Beijing) 2013 35

(Single nucleotide variants, SNVs), (0.89x%
107%) (0.59x107%) 1.5 ;
13810 , 100
( 170 ) ;
490 ; 85
(Positive selected genes, PSGs)
(Adaml7  Arg2) (Mmp3)
, 5 (Camk2b Gcent3 Hsdl7b12
Whscl — Glul)
, «C )

(SNP) ;

£ % 3Lk (References):

[1] Prezewalski NM. From Zaisan Lake through the Kham re-
gion of Tibet and the head of the Yellow River. 2 nd ed.
Moscow, 1948. DOI

[2] Wiener G, Han JL, Long RJ. The Yak. 2nd ed. Bangkok,
Thailand: Regional Office for Asia and the Pacific of the
Food and Agriculture Organization of the United Nations,
2003. DOI

[3] Han JL. Yak genetic resources in China. In: Proceedings
of the regional workshop on conservation and manage-
ment of yak genetic diversity. ICIMOD, Kathmandu, Ne-
pal, 1996. DOI

[4] Steane DE. Conservation and use of animal genetic re-
sources in Asia-its relevance to yak. In: Proceedings of the
Second International Congress on Yak. Xining, Qinghai:
Qinghai People’s Publishing House, 1997: 43-49. DOI

[5] Wiener G. Yak breeds and the utilization of genetic diver-
sity. In: Proceedings of the Second International Congress
on Yak. Xining, Qinghai: Qinghai Peopli’s Publishing
House, 1997: 50-53. DOI

[6] Zhong JC. The genetic diversity of Chinese yak and its
significance. In: Proceedings of the Second International

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Congress on Yak. Xining, Qinghai: Qinghai People’s Pub-
lishing House, 1997: 65-69. DOI

. , 2002, 28(4): 42-46. DOIL
Groeneveld LF, Lenstra JA, Eding H, Toro MA, Scherf B,
Pilling D, Negrini R, Finlay EK, Han JL, Groeneveld E,
Weigend S. Genetic diversity in farm animals-a review.
Anim Genet, 2010, 41(s1): 6-31. DOIL

, . RAPD
, 1999, 25(5): 16-18. DOI
RAPD , 2002, 29(9): 19-20. DOI
, . AFLP
, 2003, 30(11): 20-21. DOI
, 2006, 26(7): 2068-2072. DOI
, , 4 RAPD
, 2007, 33(6): 5-10. DOI

AFLP , 2008,
28(2): 12-15. DOI
. ( ), 2011, 37(3): 368—
378. DOI
RAPD

,2011, 42(10): 1380-1386. DOI
SRAP

,2012, (6): 77-82. DOI
Ramesha KP, Kumar KVP, Chandrashekar K, Das S,
Saravanan BC, Pourouchottamane R, Kataktalware M.
Genetic variability of Indian yaks using random amplified
polymorphic DNA markers. Afi J Biotechnol, 2011, 10(43):
8558-8561. DOI
Ritz LR, Glowatzki-Mullis ML, MacHugh DE, Gaillard C.
Phylogenetic analysis of the tribe Bovini using microsa-
tellites. Anim Genet, 2000, 31(3): 178-185. DOI

[ 1.
,2000. DOI

[ 1. ,2001. DOI

Dorji T, Goddard M, Perkins J, Robinson N, Roder W.
Genetic diversity in Bhutanese yak (Bos grunniens)
Populations using microsatellite markers. In: Proceedings
of the third International Congress on Yak. Lhasa, Tibet,
China, 2000: 197-201. DOI

Wang MQ, Weigend S, Barre-Dirie A, Carnwath JW, Lu
ZL, Niemann H. Analysis of two Chinese yak (Bos grun-

niens) populations using bovine microsatellite primers. J


http://www.fao.org/docrep/006/AD347E/ad347e05.htm/
http://link.springer.com/content/pdf/10.1007%2Fs11703-007-0055-2/
http://www.google.com.hk/url?sa=t&rct=j&q=Han+JL%2E+Yak+genetic+resources+in+China&source=web&cd=1&ved=0CDwQFjAA&url=http%3A%2F%2Fwww.chinagene.cn%2FJwk_yc%2FEN%2Farticle%2FdownloadArticleFile.do%3FattachType%3DPDF%26id%3D21015&ei=c4TnUNR_hLSQBYuG
http://agtr.ilri.cgiar.org/documents/library/docs/yakpro/SessionB3.htm/
http://agtr.ilri.cgiar.org/documents/library/docs/yakpro/SessionB3.htm/
http://baike.baidu.com/view/1417305.htm/
http://d.wanfangdata.com.cn/periodical_hnzz200204013.aspx
http://www.ncbi.nlm.nih.gov/pubmed/20500753
http://www.cnki.com.cn/Article/CJFDTotal-BULL199905004.htm
http://d.wanfangdata.com.cn/periodical_scxmsy200209011.aspx.
http://d.wanfangdata.com.cn/periodical_scxmsy200311012.aspx
http://www.ecologica.cn/stxb/ch/reader/view_abstract.aspx?file_no=1000-0933200607-2068-05
http://d.wanfangdata.com.cn/periodical_hnzz200706002.aspx
http://d.wanfangdata.com.cn/periodical_zgcsdw200802004.aspx
http://d.wanfangdata.com.cn/periodical_xnmzxyxb201103007.aspx
http://d.wanfangdata.com.cn/periodical_xmsyxb201110006.aspx
http://d.wanfangdata.com.cn/periodical_swjstb201206014.aspx
http://www.medsci.cn/sci/show_paper.asp?id=9d901557354
http://dx.doi.org/10.1046/j.1365-2052.2000.00621.x
http://file.lw23.com/0/06/06e/06e5719d-afda-4a4a-89fb-b4198fe5104d.pdf
http://cdmd.cnki.com.cn/Article/CDMD-10733-2001002405.htm
http://agtr.ilri.cgiar.org/documents/library/docs/yakpro/SessionB3.htm/

159

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Anim Breed Genet, 2003, 120(4): 237-244. DOI

Qi XB. Genetic diversity, differentiation, and relationship
of domestic yak populations: a microsatellite and mito-
chondrial DNA study. PhD dissertation, Lanzhou Univer-
sity, Gansu. 2004. DOI

Li QF, Zhao ZB, Li YH, Li N, Wu CX, Xie Z. Con-
struction of microsatellite-enriched library of yak and
phylogenetic study of six Chinese yak populations using
yak-specific microsatellites. In: Proceedings of the fourth
International Congress on Yak. Chengdu, Sichuan, China,
2004: 109-111. DOIL

Nguyen TT, Genini S, Ménétrey F, Malek M, Vogeli P,
Goe MR, Stranzinger G. Application of bovine microsatellite
markers for genetic diversity analysis of Swiss yak (Poepha-
gus grunniens). Anim Genet, 2005, 36(6): 484—489. DOI

Qi XB, Han JL, Lkhagva B, Chekarova I, Badamdorj D,
Rege JE, Hanotte O. Genetic diversity and differentiation
of Mongolian and Russian yak populations. J Anim Breed
Genet, 2005, 122(2): 117-126. DOL

, 2006, 39(2): 389-397. DOIL
, 2008, 29(1):

25-31. DOI
Zhang GX, Chen WS, Xue M, Wang ZG, Chang H, Han X,

Liao XJ, Wang DL. Analysis of genetic diversity and
population structure of Chinese yak breeds (Bos grunniens)
using microsatellite markers. J Genet Genomics, 2008,
35(4): 233-238. DOI
5
, 2008, 16(2): 156-165. DOL

s s s s s s

22(3): 794-797. DO1

Qi XB, Han JL, Wang G, Rege JEO, Hanotte O. Assess-
ment of cattle genetic introgression into domestic yak
populations using mitochondrial and microsatellite DNA

markers. Anim Genet, 2010, 41(3): 242-252. DOI

s s s

, 2010, 45(4): 22-27. DOL

Edwards CJ, Gaillard C, Bradley DG, MacHugh DE.
Y-specific microsatellite polymorphisms in a range of bo-
vid species. Anim Genet, 2000, 31(2): 127-130. DOI

Han JL, Ochieng JW, Rege JEO, Hanotte O. Low level of
cattle introgression in yak populations from Bhutan and
China: Evidences from Y-specific microsatellites and mi-
tochondrial DNA markers. In: Proceedings of the third
International Congress on Yak. Lhasa, Tibet, China, 2000:

, 2009,

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

190-196. DOIL
Qi XB, Han JL, Rege JEO, Hanotte O. Y-Chromosome spe-
cific microsatellite polymorphisms in Chinese yak. In: Pro-
ceedings of 7™ World Congress on Genetics Applied to Live-
stock Production. Montpellier, France, 2002: 509—512. DOI
Ji QM. Construction of yak genomic library and disso-
ciated GH gene. In: Proceedings of the First International
Congress on Yak. Lanzhou: Printing House of Gansu Eco-
nomic Management Cadre Institute, 1994: 102—103. DOI
Alul
, 2002, 34(11): 15-16. DOL
, 2003, 29(2): 9-12. DOL
-1 a-
, 2004, (5): 23-25. DOL
GH
, 2008, 39(9): 1165-1170. DOI
GH
, 2010,

s s s s

PCR-SSCP
45(1): 1-5. DOI
-4
( ), 2009, 27(3): 43-50. DOIL
Cai X, Mipam TD, Zhang HR, Yue BS. Abundant varia-
tions of MC4R gene revealed by phylogenies of Yak (Bos
grunniens) and other mammals. Mol Biol Rep, 2011, 38(4):
2733-2738. DOI
Ma ZJ, Song HF, Zhong JC, David S, Wei YP, Sun YG.
Molecular characterisation of the wild yak (Bos grunniens
mutus) melanocortin receptor-4 (MC4R) gene and a com-
parative analysis with that of other Bovinae species. J
Appl Anim Res, 2012, 40(2): 81-85. DOI
(HSL) I
42(1): 370-376. DOI
An TW, Zhang H, He JW, Feng HY, Luo YZ, Han JL. Po-
lymorphic but highly conserved Bogr-DRA gene in yak
(Bos grunniens). Anim Genet, 2012, 43(2): 237-238. DOI
Chen SY, Huang Y, Zhu Q, Luca F, Yao YG, Liu YP. Se-

quence characterization of the MCI/R gene in yak (Poe-

, 2009,

phagus grunniens) breeds with different coat colors. J
Biomed Biotechnol, 2009, ID 861046, doi:10.1155/2009/
861046. DOI

MCIR
, 2011, (6): 88-93. DOI


http://dx.doi.org/10.1046/j.1439-0388.2003.00391.x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2878598
http://www.ivis.org/proceedings/yaks/2004/session2/qifa.pdf
http://dx.doi.org/10.1111/j.1365-2052.2005.01357.x
http://dx.doi.org/10.1111/j.1439-0388.2004.00497.x
http://d.wanfangdata.com.cn/Periodical_zgnykx200602025.aspx
http://d.wanfangdata.com.cn/periodical_jcst200801006.aspx
http://dx.doi.org/10.1016/S1673-8527(08)60032-6
http://so.med.wanfangdata.com.cn/ViewHTML/PeriodicalPaper_swdyx200802008.aspx
http://d.wanfangdata.com.cn/periodical_xnnyxb200903057.aspx
http://dx.doi.org/10.1111/j.1365-2052.2009.01989.x
http://d.wanfangdata.com.cn/Periodical_gsnydxxb201004005.aspx
http://dx.doi.org/10.1046/j.1365-2052.2000.00602.x
http://agtr.ilri.cgiar.org/documents/library/docs/yakpro/SessionB2.htm
http://159.226.149.45/compgenegroup/qixuebin.htm
http://info.tgnet.com/Detail/200711071784348023_6
http://www.cnki.com.cn/Article/CJFDTotal-XMYS200211005.htm
http://d.wanfangdata.com.cn/Periodical_hnzz200302003.aspx
http://d.wanfangdata.com.cn/Periodical_sccy200405008.aspx
http://d.wanfangdata.com.cn/periodical_xmsyxb200809004.aspx
http://d.wanfangdata.com.cn/Periodical_gsnydxxb201001001.aspx
http://d.wanfangdata.com.cn/periodical_qhdxxb-zr200903011.aspx
http://dx.doi.org/10.1007/s11033-010-0418-2
http://dx.doi.org/10.1080/09712119.2012.662775
http://d.wanfangdata.com.cn/periodical_zgnykx200901048.aspx.
http://dx.doi.org/10.1111/j.1365-2052.2011.02256.x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2704008/
http://d.wanfangdata.com.cn/periodical_swjstb201106017.aspx

160

£ f# HEREDITAS (Beijing) 2013 35

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

MCIR
,2012, (8): 141-145. DOIL
Xi DM, Wu M, Fan YY, Huo YQ, Leng J, Gou X, Mao
HM, Deng WD.
melanocortin 1 receptor gene (MCIR) in the Chinese ya-
kow (Bos grunniensxBos taurus). Gene, 2012, 498(2):
259-263. DOI
Zhao XB, Zhong GH, Cai L. Studies on mitochondrial
DNA RFLP of yaks and cattle-yak. In: Proceedings of the
first International Congress on Yak. Lanzhou, Gansu,
China, 1994: 96-98. DOI
Zhao XB, Wu CX, Li N, Luo XL. PCR-RFLP and SSCP of
mt-DNA ATPase6, ATPaseS in yak and cattle populations.
In: Proceedings of the Second International Congress on
Yak. Xining, Qinghai, China, 1997: 59-61. DOI
DNA
, 1998, 25(3): 205-212. DOIL
Bailey JF, Healy B, Han JL, Sherchand L, Pradhan SL,
Tsendsuren T, Foggin JM, Gaillard C, Steane D, Zakharov
I, Bradley DG. Genetic variation of mitochondrial DNA

Isolation and characteristics of the

s s

within domestic yak populations. In: Proceedings of the
third International Congress on Yak. Lhasa, Tibet, China,
Nairobi: International Livestock Research Institute (ILRI),
2000: 181-189. DOI

DNA , 2005, 32(5):
463-470. DOI
Lai SJ, Chen SY, Liu YP, Yao YG. Mitochondrial DNA

sequence diversity and origin of Chinese domestic yak.
Anim Genet, 2007, 38(1): 77-80. DOI
, s . DNA b
, 2000,
37(11): 1118-1123. DOI

s s s s s s

, , s s DNA
D-loop
, 2008, 39(1): 1-6. DOI
Guo SC, Savolainen P, Su JP, Zhang Q, Qi DL, Zhou J,
Zhong Y, Zhao XQ, Liu JQ. Origin of mitochondrial DNA di-
versity of domestic yaks. BMC Evol Biol, 2006, 6(1): 73. DOIL
: mtDNA D-loop
, 2006, 26(4): 325-330. DOI
DNA(mtDNA) . R
2008, 28(9): 4287-4294. DOI
Qi XB, Han JL, Blench R, Chekarova I, Rege JE, Hanotte
O. Understanding the yak pastoralism in Central Asian

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Highlands: genetic evidence for origin, domestication and
dispersion of domestic yak. In: Sanchez-Mazas A, Blench
R, Ross MD, Peiros I, Lin M (eds.) Past Human Migra-
tions in East Asia: Matching Archaeology, Linguistics and
Genetics. London and New York: Routledge, Taylor &
Francis Group. 2008: 427-442. DOIL
(Bos grunniens mutus) mtDNA D-Loop
. , 2009, 29(9): 4798-4803. DOI
Ma ZJ, Zhong JC, Han JL, Xu JT, Bai WL, LiJY, Cairang
DZ, Jin XY, Zhang J. Genetic diversity and demographic
history of wild yak (Bos grunniens mutus) inferred from
mtDNA D-loop sequences. Afr J Biotechnol, 2010, 9(46):
7805-7810. DOI
mtDNA Cytb
, 2009, 29(3): 8-13. DOI1
Cytb
, 2010, 46(17): 19-21. DOIL
Wang ZF, Shen X, Liu B, Su JP, Takahiro Y, Yu Y, Guo SC,
Simon YWHo, Carles V, Masami H, Liu JQ. Phylogeo-
graphic analyses of domestic and wild yaks based on mi-
tochondrial DNA: new data and reappraisal. J Biogeogr,
2010, 37(12): 2332-2344. DOI
Wang ZF, Yonezawa T, Liu B, Ma T, Shen X, Su JP, Guo
SC, Hasegawa M, Liu JQ. Domestication relaxed selective
constraints on the yak mitochondrial genome. Mol Biol
Evol, 2011, 28(5): 1553-1556. DOL
mtDNA CO/ll
,2011, 44(23): 4902-4910. DOIL
mtDNA D-loop
,2012, 32(5): 1387-1395. DOIL

s H s s s s

mtDNA D-loop

2012, 25(2): 202-217. DOI
Qiu Q, Zhang GJ, Ma T, Qian WB, Wang JY, Ye ZQ, Cao
CC, Hu QJ, Jaebum K, Denis ML, Loretta A, Boris C, Ma
J, Harris AL, Qian XJ, Lang YS, Zhou R, Wang LZ, Wang
K, Xia JQ, Liao SG, Pan SK, Lu X, Hou HL, Wang Y,
Zang XT, Yin Y, Ma H, Zhang J, Wang ZF, Zhang YM,
Zhang DW, Takahiro Y, Masami H, Zhong Y, Liu WB,
Zhang Y, Huang ZY, Zhang SX, Long RJ, Yang HM, Wang
J, Johannes AL, David NC, Wu Y, Wang J, Shi P, Wang J,
Liu JQ. The yak genome and adaptation to life at high al-
titude. Nat Genet, 2012, 44(8): 946-949. DOI


http://d.g.wanfangdata.com.cn/Periodical_swjstb201208024.aspx
http://dx.doi.org/10.1016/j.gene.2012.02.041
http://www.fao.org/docrep/006/ad347e/ad347e0y.htm
http://www.chinagene.cn/Jwk_yc/EN/article/downloadArticleFile.do?attachType=PDF&id=21015
http://www.chinagene.cn/Jweb_jgg/CN/abstract/abstract18753.shtml
http://ibrarian.net/navon/page.jsp?paperid=11817299&searchTerm=european+cattle
http://d.wanfangdata.com.cn/Periodical_ycxb200505004.aspx
http://dx.doi.org/10.1111/j.1365-2052.2007.01555.x
http://d.wanfangdata.com.cn/Periodical_xmsyxb200611005.aspx
http://d.wanfangdata.com.cn/Periodical_xmsyxb200801001.aspx
http://dx.doi.org/10.1186/1471-2148-6-73
http://d.wanfangdata.com.cn/periodical_slxb-200604002.aspx
http://d.wanfangdata.com.cn/Periodical_stxb200809027.aspx
http://mahider.ilri.org/handle/10568/2460?show=full
http://d.wanfangdata.com.cn/Periodical_stxb200909025.aspx
http://www.academicjournals.org/ajb/PDF/pdf2010/15Nov/Ma%20et%20al.pdf
http://d.wanfangdata.com.cn/Periodical_zgcsdw200903003.aspx
http://lsk.cnki.net/KNS50/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=ZGXM&NaviLink=%e4%b8%ad%e5%9b%bd%e7%95%9c%e7%89%a7%e6%9d%82%e5%bf%97
http://d.wanfangdata.com.cn/periodical_zgxmzz201017006.aspx
http://dx.doi.org/10.1111/j.1365-2699.2010.02379.x
http://dx.doi.org/10.1093/molbev/msq336
http://d.wanfangdata.com.cn/periodical_zgnykx201123017.aspx
http://www.ecologica.cn/stxb/ch/reader/view_abstract.aspx?file_no=stxb201101230116
http://www.ecologica.cn/stxb/ch/reader/view_abstract.aspx?file_no=stxb201101230116
http://dx.doi.org/10.1038/ng.2343

	牦牛分子遗传多样性研究进展 
	马志杰1, 钟金城2, 韩建林3, 徐惊涛1 , 刘仲娜2, 白文林4 
	关键词:  牦牛; 遗传多样性; 核基因组; 线粒体DNA; 分子标记; Y染色体 
	Research progress on molecular genetic diversity of the yak (Bos grunniens) 
	MA Zhi-Jie1, ZHONG Jin-Cheng2, HAN Jian-Lin 3, XU Jing-Tao 1, LIU Zhong-Na2, BAI Wen-Lin4 
	Keywords: yak; genetic diversity; nuclear genome; mitochondrial DNA; molecular marker; Y chromosome 
	 
	1  核基因组分子标记和侯选基因的遗传多样性 
	1.1  核基因组分子标记 
	1.2  核基因组侯选基因 

	2  线粒体基因组(mtDNA)的遗传多样性 
	3  结 语 
	参考文献(References):  








