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A5 4E 4 mtDNA D-loop X BYi& & & #E i
REEESK

TR AR AR B S AT e
(1. VHI A IR X AR AR 2= B & s BRI SE T, 7% 8500005
2. SR A E R E R R E- A E A R, PRI R K AR 610041)

FEEE W I E RIS 11 LR 2ETE 114 DAMARY mDNA D-loop [X 42 P8 41, %0 4 JCHE 4 (038 44 2 REME ZEREE) 1Y SR 406
F R R AT TRFSE, 45 RRH . OPEHEL: mtDNA D-loop X4 414 i 2l 890—896 bp,4 R 1R T .C A .G 1
He 51435004 28. 5% 25.3% 32.4% 13.8% , PERLUES: miDNA D-loop BX i Erifidt A+T, 30— & USRIt . QAL46 ) 2|
130 PSS, T BB 14.33% ; HorP BA— 27507 5 85 A, [ 2 BN BN 65.38% , R 2015 B 45 1, 5 £
AL BN 34.62% o 751 S PG | %a‘a/\%ﬂﬁrazﬁ%ﬁ#iﬁﬁ,E*ﬁﬁﬁ%ﬁ%ﬂf%iﬂ#ﬂ%ﬁ 114 % Bk 12 W 75
BAR R ALLA/G T/C NE, 5 95.61% EBHRA FEBIF LI A/T HE, 5 75% . OFF 114 AR S5 H 90 Fl L
AR ZRENE R 0. 981+0. 008, B H R 2 AL H 0. 0105620. 00701 , H415HH PUEHE 24 HoA 42 5 M S AE #1258 . @90 Fh o 50 43
R ARIFECT ) R2KHE 15 80 MrEpfif#il, 5 & s Al Y 88. 89% , it i AT HF T A M P EAE 2 281 s REFE T
A 10 FhEAERY 5 AR BRI 11, 1% 3 R REA TATTIOE I T35 B9 0k K050 2% R0 Wfi , 60
FATREA 2 MERRIR, PB4 SRR IR /0 8% ( Dxy) 7 0. 503% —1. 416% 2 8] , 243 Hr F1 AMOVA 43# s s 7
BT A AR BT SEE FR BRE LR A — 2 AR 2R o — 2K,

KR VO IEAE S ; miDNA D-loop X ; AL ZREME:

Genetic diversity and evolution relationship on mtDNA D-loop in Tibetan yaks
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2 Key Laboratory of Animal Genetics and Breeding, State Ethnic Affairs Commission and Ministry of Education, Southwest University for Nationalities,
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Abstract: To investigate the genetic diversity, clustering relationships and genetic differentiation of Tibetan yak ( Bos
grunniens) populations, we analyzed the complete sequence of the mitochondrial DNA control region ( D-loop) of 114
individuals from 11 yak populations. To clarify the origin, phylogeny and taxonomic position of B. grunniens, we retrieved
a further 48 D-loop sequences from five diverse populations of B. runniens, resulting in 162 sequences from 16 populations
in total. Results showed some nucleotide bias in the 890—896bp bp Tibetan yak mtDNA D-loop sequence, with nucleotide
frequencies of 28. 5% , 25.3% , 32.4% and 13.8% for T, C, A and G respectively. A total of 90 haplotypes were
identified, with 130 polymorphic sites (14.33% of total analyzed sites). Of these, 45 sites represented single nucleotide

polymorphisms ; while a further 85 sites were parsimony-informative. The population haplotype diversity ranged from 0. 93—
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1.00 with an average of 0. 98+0. 008, indicating a high level of genetic diversity within Tibetan yak populations. The
majority of polymorphisms were A/G and T/C transitions or A/T transversions. Polymorphisms were more frequent in the
Sangri yak and Baqing yak populations, and occurred less frequently in the Kangbu yak and Jiali yak populations. The 90
haplotypes were divided into two clusters by constructing a network relationship chart. This result suggests that Tibetan yaks
may be derived from two separate maternal lineages. The degree of nucleotide difference among the 11 populations ranged
from 0.503% —1. 416% . The Sangri and Baqing populations had the highest degree of difference, whereas the lowest
difference was observed between the Kangbu and Jiali populations. Because of this data, we suggest an apparent genetic
differentiation between the Sangri and Baqging populations. Tajima's test of selective neutrality was significant (0. 01<P<
0.05) for the Leiwuqi yak, Dingging yak, Jiangda yak, and Gongbujiangda yak populations, but not significant ( P>0.05)
for other populations. These results suggested that the Leiwugqi, Dingqi, Jiangda, and Gongbujiangda populations may have
undergone expansions. The molecular variance among groups of the 16 Bovinae populations, as well as differences observed
in the significant test, indicated that Bison bison is likely the ancestor of B. grunniens, and that there may be 2 maternal
lineages. There also appears to be a high level of genetic diversity within Tibetan yak populations. The clustering
relationship and analysis of molecular variance also suggested that Tibetan yak could be divided into two species. These
study results not only provide an important theoretical basis for assessment and selection of genetic diversity in Tibetan yak
populations, but are of great significance for elucidating the origin and classification of B. grunniens, and for the

conservation of genetic resources.

Key Words:; Tibetan yak; D-loop region of mitochondrial DNA; genetic diversity

¥E4- (Bos grunniens) s F FAE TR TEHER e m S A b, 32280040 TR 3000m D) F, DL [ 75 ik
J Ay v B LM A8 e Ll I L X LA R R R R T e R A ﬁiﬁﬁwzﬂ(
1400 277319 92% VA L, Fer DG AT 415 733120, i A LR 30% #%ﬁ#faﬁzlijxaﬂﬁifﬁ A A
HERVER], BRAESRIEOLBTAFL (A B A2 i A e AR IR SO N R B A2 7 RN SO SRR
WV FR . - IEHERA T R 5 A e A A B R R

SRR DNA ( mitochondrial DNA, mtDNA ) HA5 544 ] 8. BF ZR 4% | FE PR o3 AH 6 A2 e | oAbk 3
P, ELAERE] b ORI ] DL SRR o A 3t 1) 22 A8 M SR i, BRIV E S R R W v (B0 ) BRI T Ak
DA R R G L — S AR R o D-loop DX AR Ak RE AR AR SR AR 1E AT
SEGOCRRIE] FHN I RGPS Y WA AT ZE5r R SRR A mDNA D-loop X HS AT
52, 5 H AT PG AL A i mtDNA mf?&ﬁ‘é&ﬁ‘%%/\%’%ﬁﬁi/‘\ﬂim RGO FEAIRIE . ABEFE LAY
Fi 11 NEA B 4 R AT E AR E T HE4- mtDNA D-loop X 42751, H IU7E T4 M7 V8 S FE 4 1)
L ZREIE IR VU U A SRR 0] B R G OC R AL AL, VU RRAE AR 1518 2R VETTAN St & SR AL AR T
1 #R57EE
1.1 SEEeshP stk

MPEHER 11 ASGE AR 28 v b B AR (B 2F 114 Sk REEF ALY, 75% L BEARAF T ] 2580 5, A
T=80°CHYUKAR 45 . PR 11 B ZEBREAF B S oA WAk 1 FIE 1,
1.2 JE[FIZH DNA (4 B AS I

KA LI 4 DNA S0 & (TianGen AEYIHOAR A F]) SEBCHE R AL DNA | H BN R I H 1K R
SOM ORI DNA B4 AR BE 6 B 100ng/ WL, —20°CARA7%
1.3 mtDNA D-loop DX 81 4" 55 Szl

Z: 8 NCBI ( http ://www. ncbi. nlm. nih. gov/) I C A ¥E4* mtDNA D-loop X J¥ 41 ( GenBank Accession No:
NC_006380) ,{#i | Primer Premier 5.0 #{4F15115 14, HICHEHEIRL ( i) 5 554 PR Al ( enservice. invitrogen.
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com) &, S1¥FH) K . DF.5'-CTACAGTCTCACCGTCAACC-3"5 DR.5'-TAAGAGTCAACAGGAAGGCT-3',

PCR SR B R Bl 50l H i & AR DNAT L ®1 HAREER
(100ng/pL) , F F W3 ¥4 2L (10pmol/pL) , Taq Table 1 List of samples used for analyses
TR 25 L ALK 20 0L, Dismbﬁflli Tibet Bn::jj;(gjff; ) No. *ffziffplcs

PCR [ A A : 94°C FUZTE 4 min, 32 MG 5 Hip WA 1
(94°C A= 35 5,53°CiR K 35 5,72°C EAH 1 min) J5 B4 5B AR 10
T2°CHEA 7 min, B7HE W) 1% B E BRI HL VKRS HAEE 10
W B/ 2 38 BE SR JF T DNA I [T g i ) 2 . iﬁii 12
( AXYGEN) #F 17 f&¢ Inl Wi 43 2 4l 1k, 1 & # 3 e T o
pMDTM19-T #fA ( TaKaRa 2AH] ) I, 85 5 AL 31 2k H i L 2 10
B2 DHSo T, 7E LB P AR EE R (5 X- RIS 10
Gal IPTG Fl Amp) | 37°C it B 1537, 0 e BHH: va B 7 FREA 1
LB WEPREEIR3E (& Amp) th 37°C R 9% Sh 21, i . :
ZL W PCR %2 1 41 T 05, 44 41 K ABI . b "

3730XL 4= H 3l DNA AT e 310 5E

N
A

0 X

E1 BEEEFEESS
Fig.1 Groups distribution of Tibetan yaks

1.4 BB

FH DNAStar X5 B 790 HEAT DR Gl EuXF, IR 04T N TS . MEGA Verd. 0 #4EGE1HF 51 1 1<
RO IEZH A, DA S ZERE R A9 Kimura X020 25 5143 53] L) 4B 4% 925 ( Neighbor-Joining, NJ) /N fk
(Minimum Evolution, ME) 2R MACEII{E % (Unweighted Pair Group Method with Arithmetic means, UPGMA )
P AP R] SR 2R OC 2R ; DnaSP (4. 10. 9) B AF#EAT 2860 i RS B Z R P AL 1 R 22 R4 23 AT 5 Network (4. 1.
10) B4 4 28 BA% 780 ) 26 O R I 5 Arlequin (3. 1. 1) ZF 1 8990 F 07 2243 BT (Analysis of Molecular Variance,
AMOVA) Fl Neutrality tests B3 I HEATHELR B384 0 AL 0T Tajima’s D HPEREES
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2 ER55H
2.1 VHEHES mDNA D-loop X Ay A5 S LM
2.1.1 JPHKEE SRR AK

AWFFEIE T PR 11 MEAZERE 114 MARY mtDNA D-loop [X 42741, HAK F 2l 890—896bp , T.C A |
G 25 4 FIRZHF IR A0S X Fo 6] 20 591 R 28. 5% (28. 1% —29.0% ) \25.3% (24.7% —25.7% ) 32.4% (32.0% —
33.1% ) 13.8% (13.0%—14.2% ) , A+T &+ 60.9% ,G+C &+ 39. 1% , W VG #4E S mtDNA D-loop X &
TrOHIE AT, I — R RS L1
2.1.2 AR Z S

EIFFNIEA 130 A AT, Ho s — 23807 05 85 4, H 2B BEN 65.38% |, il 2945 B AL 45 1,
i 2T B 34.62%  JPENAE SR BRI B A A FIRR IR 5 SR R A, L L 4 S S AR R
114 W Ei 12 WK, AR AU DL A/G T/C i, i 95.61% , fEEi A8 S 2R AU p DL A/T 3=, /5
75% . S L, PERREE LR mtDNA D-loop IXAZTT R ZFEPE R 0. 01056 £0. 00701, ZEHEPY A9 AZ 1T R 22 K P UL 3R
2, HEEA MU FH RSB, 409 0. 018977 £0. 010445 1 0. 017024 +0. 009308 , 1 HE A7 4E 4= Fl 52 BRAE 4= 45
i, 43314 0. 007062 +0. 004093 F10. 007815+0. 004488 , 2K &5 T JLik , TARTLIAFES: Tajima’s D HPE:AS
55 53 (0.01<P<0.05) , AR ARE (P>0.05) , RMAKEFT TH VL, TATLIEX 4 NIRRT R B
TR 5B PO R A 2B M AZ IR Z0 I B2 ( Dxy ) WLk 3, £ 28 BE M) 19 Dxy 7E 0. 503% —1. 416% Z [M] 454k,
F BN SRR Dxy S/, 0.503% ; W HFEA SR HAEA: Dxy I K, 0 1.416% ; KU FIEA IR H
LR A & W s L ik

F2 TERIEF LK mDNA D-loop RIZHE S A1t
Table 2 Nucleotide polymorphism of mtDNA D-loop within yak groups

; AR e )@ rEZES . .
2B Groups ;f }ﬁo;\ff N\(J)it%)f)\ff Nuﬁigﬁi@iﬁe&ity Tajima’s D Tajima’s D P-value
Wit 34 1 0.016234+0. 008895 -0.33524 0.39870
EET 40 2 0.01313520. 007356 -1.67461 0.03030
T 37 2 0.013566+0. 007584 -1.66048 0.03680
A 44 0 0.017024=0. 009308 -0.67313 0.25690
PRI 40 3 0.014385=0. 008017 -1.61487 0. 04070
FH 34 3 0.018977+0. 010445 0.12123 0.58070
TARILIA 38 6 0.013957+0. 007790 -1.66212 0.03530
RS 45 2 0.014955=0. 008319 -1.55724 0. 05080
2% 41 6 0.015739+0. 008732 -1.48270 0. 06670
FREA 10 1 0.007062+0. 004093 0.11338 0.57290
W 16 2 0.007815=0. 004488 -1.17099 0.12260
x3 AREFRBEARERIEE
Table 3 Nucleotide divergence between populations
B Groups TARYLIA B SN Jr i T h= 1Lk B b RFE
A 0.785
K 1.124 0.850
Wi 1.134 0.918 1.213
TH 0.994 0.770 1.120 1.101
f3 1.231 1.028 1.323 1.272 1.203
HARE 1.035 0.796 1.144 1.154 1.025 1.259
K55 1.033 0. 804 1.124 1.119 1.008 1.226 1.061
X 0.791 0.503 1.903 0.924 0.758 1.018 0.823 0.800
e 1.095 0.840 1.186 1.197 1.088 1.308 1.121 1.102 0.871
FH 1.223 1.009 1.310 1.301 1.222 1.416 1.247 1.244 1.058 1.299

VL EESY R T 100 £%
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2.1.3 PR
HRHE TG AL miDNA D-loop X4 F 41 130 AR 5 7E 114 AN TR E H 90 R Baf A HL B f 0
Z RN 0.98120. 008 ; 17 45 R I BAS R ZFEME (R 4) A7 0.9273 2 1.0000 Z [8] , $4)F B PO AL 4= AT F

AT R

R4 ARESEFANBERSHY
Table 4 Haplotype diversity of D-loop within yak populations

B FEA L PAREARLEL PR R Z R
Groups No. of samples Number of haplotypes Haplotype diversity
Wit 11 9 0.9636+0.0510
F 557 10 10 1.0000+0. 0447
T4 10 9 0.9778+0. 0540
B 11 10 0.9818+0. 0463
VLK 10 9 0.9778+0. 0540
%H 10 9 0.9778=0. 0540
TATVLIR 10 9 0.9778+0. 0540
e 10 10 1.0000+0. 0447
% 10 10 1.0000+0. 0447
ST 11 8 0.9273+0. 0665
X 11 10 0.9818+0. 0463

HR 4 PO 4E 4+ mtDNA D-loop X HLA% B 7 51] (4 A8 537 147, 35 FH Network 4. 5 #XEAE H PO EHE - miDNA
D-loop X BAfFI R 25 I R B (K] 2) o 2550 90 FheAfE R Fp 2 AN T (11 ) , 555 T 05 80 Fhefis /iy |
7 A ER RS R 88. 89% , 1o s ASHIF T i T A3 114 VU JBAE A 2 s RS 1 Ay 10 A (i iy | B 80 S k)
11 11% ¥ B W2RBEA TAGYTOE W T OV ik KE5F 5% R H Wi, i vE e nTie s 2 4
2.2 VYGRS AL ik
2.2.1  VYREEEAR JSHE) Y 5 AL HE B N2 bt

PUSEAE AR 2SR A9 Kimura XS EGR AL IR B W3R 5, B0dE s st A 1 55 A2 Y5 By 0. 005—0. 014, FEF
Kimura SSEUHE &, 435 (N)) (/N (ME) AR F-243: (UPGMA ) X PE s AEA- 11 2 H¥
PEATRISATHT , o NJ A ME 256 RIEAF ML, NJ Fl UPGMA RKER LK 3 ik 4, 3 B, EAES
5B e RAE — i, SRS PR AR VLR e A R A — 8 T L 4 7, BRAG HE 4 M7 B A e R — il R
JE RS AR R,

x5 WEHIEF2EEE Kimura WS HIREERS

Table 5 Kimura 2-parameter genetic distance in Tibetan yak

Mt Groups  TARILIA et e Wi T A 1Lk 55 R E$
5% 0.008
[SEE) 0.012 0.009
Wit 0.012 0.009 0.012
H 0.011 0.008 0.011 0.011
e 0.013 0.010 0.013 0.013 0.012
ik 0.011 0.008 0.012 0.012 0.010 0.013
G55 0.011 0.008 0.011 0.011 0.010 0.012 0.011
W 0.008 0.005 0.009 0.009 0.008 0.010 0.008 0.008
F5 0.012 0.009 0.012 0.012 0.011 0.013 0.011 0.011 0.009
%H 0.013 0.010 0.013 0.013 0.012 0.014 0.013 0.013 0.011 0.013
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H 3;@1 64(3 \
my 6‘% H 66CH 580

H 15{}#1_‘—
H 250"H 70

Aty A

2 THEYES mtDNA D-loop X 90 F A fERI M 48X R E
Fig.2 Networt relationship chart of 90 haplotypes of mtDNA D-loop in Tibetan yak
A R —Fh BB /N IR B B D B AR B E [

2.2.2 HTFHESN

FRAE PURRIE 11 NI G T DL B VU i B A4 17 81 A% 4 TR 22 M RN SR A5 7R 2 A MV RAE 2F 11
AR A TR A LRI A T 05 22, U Fop Fon B 4y F 7 28011, JF 04T g MR 58, /0 A% 0 2
BTl ENHERIGE 6, /R 255 13 (0.01<P<0.05) ,
3 iFig
3.1 VUEHES miDNA D-loop IX 15845 £ HEE

AT E T 11 APURAEA- ST 114 NMAR mDNA D-loop X 4741, 751K Bk 890—896bp , &
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A
R

e
_r AT 1 o
ik K155

I FE Y T
N TALE

%i% 5

(A Wit

i H i

#H E-3i|

0.006 0.005  0.004 0.003 0.002 0.001 0

0.006  0.005  0.004  0.003 0.002 0.001 0
B4 ETF Kimura WS 255 K AL S LB E 8 UPGMA B

3 ETF Kimura WSHEBHNAEBESFLBHEN N BEXR ER
Fig.3 NJ tree based on Kimura 2-parameter distance in Tibetan Fig.4 UPGMA tree based on Kimura 2-parameter distance in

yak Tibetan yak

xo6 BWHIEFEBNSFHE
Table 6 Analysis of molecular variance in Tibetan yak groups

415 FI Ji 25y TR For BEVER L

Group df Variance components  Percentage of variation Significance test

I [RA, 5580, [ TARIT I, TR, R,

- 1 0. 18354 3.67 0.03669 0.01614
TH, B35, B1E, e Wi, & H ]
[ BEAR, 5628, TARITGR ], [ 1136, %,

) = 1 0. 10588 2.14 0.02036 0.02624
T, K55, B, A W6, 5 H ]
0. [ A, 588, 25555 ], [ TAR{Lik, 1L
o : . ~ 0.08141 1.65 0.01653 0.04782
iKRETH,BH, AR 6, EH )

I 1—6 DNFER 25 55114 K7 A 130 NS AL, 5 Hr BB 14.33% ;3845 90 A e A% Y | 7o i
FELR B BRI ZREME R 0. 98120, 008, TR ZFEME R 0. 01056+0. 00701 , R WA TURAE S HA £ & At e £kt
P, SERMAKR DY LIFRE 10 S FAEA TR CERE) 3£ 296 NAMACHBIFIT N G L R i SC e B g N AR
AT AN [ iy 7 7K A o 2 R R 5T % 4245 Hh ) 25 AR L, s ) 2 RE MR T VU 4 BT IR 2
BEPE S T VG R4 |, 2% W1V JREAE A T il G 28 I o S T R st 1 I R B B AT Tajima’s D {E
R, Hop 2R 5 55 T8 VLA DA VLR S B 4 i Fh s R 19 Tajima’s D {H (3£ 2) 4390 0 - 1. 67461 |
~1.66048 .—1.61487 .—1.66212 , K 5L E (0. 01<P<0.05) , PLHHIX 4 /> Fh el 28 T BE 1 Pt BEAR D 5K
B, 02, B AR IR PO X e UL [ SR 9 s i 3 0 B R GT) RE F RR e
WA 2 B R PR BB R T 28 A8 M PR RE 11T DA 7= AR 14 B 7R (S B 7 i 10 PN 48 3 A%
TR ZAREME™ | 5 A A R 7 R T VG JRCE A B AR B A Y R A B, L PR T R G AR ER B
LS AR 7R TR R A ARERRAE IR st 45 & A TR S 5,
3.2 VHRAEARBfE o1k

AW IET Kimura XS EOHE B0 PURUE A 11 D2RBEIEAT T R, 50 BB o Se R A FE 2 R AE —
A, SR 5 PR LA VU RS A S REAI 3R, T UL VG SRR 2F B S A S K, X S5 A bk ) AR P R A | B AR Y
AR MR (A 2250, JE VG RE A 70 R 98 A< R Ly M 2 R PG b B B 2 P A AR S R AR — B,

AHIFFE o VG AR 2E 1 90 FhPAMERIR 45 0 R I T T AN AR (| 2) , K HE T 405 80 Flpafs
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References :

[ 1] Wiener G, Han J L, Long R J. The Yak. 2nd ed. Bangkok: The Regional Office for Asia and the Pacific, Food and Agriculture Organization of
the United Nations, 2003.

[ 2] Committee of domestic Animal and Poultry Genetic Resources in China. Domestic Animal and Poultry Genetic Resources in China. Beijing: China
Agriculture Press, 2004 18-18.

[3] Brown WM, George M Jr, Wilson A C. Rapid evolution of animal mitochondrial DNA. Proceedings of the National Academy of Sciences of the
United States of America, 1979, 76(4) :1967-1971.

[ 4] Zhang Y P, Shi L. M. Mitochondrial DNA polymorphisms in animals; a review. Zoological Research, 1992,13(3) ;289-298.

[5] NiuYD, LIM, Wei F W, Feng Z J. Reliability of mtDNA as molecular marker and its perspective. Hereditas, 2001, 23(6) :593-598.

[ 6] Tamura K, Nei M. Estimation of the number of nucleotide substitutions in the control region of mitochondrial DNA in humans and chimpanzees.
Molecular Biology and Evolution, 1993, 10(3) :512-526.

[7] LHT,GuWW, WuQH, Yuan J, Wang W S, Lin ] H, Wang C Y. Genetic analysis of mitochondrial DNA D-loop region sequence in Tibet
hogs and Bama miniature pigs. Journal of Zhengzhou University : Medical Sciences, 2008,43(5) :933-935.

[8] Xie]Y, FengJ, Bai X, HuJ H, Gao C. Study on sequence variation of mitochondrial D-loop gene and polymorphism among four populations of
reed vole (Microtus fortis). Laboratory Animal and Comparative Medicine, 2008 ,28(5) :299-303.

[9] TLaiSJ, WangL, Liu Y P, Li X W. Study on mitochondrial DNA genetic polymorphism of some yak breeds in China. Acta Genetica Sinica, 2005,
32(5) :463-470.

[10] Guo S C, Qi DL, Chen G H, Xu S X, Zhao X Q. Genetic diversity and classification of domestic yaks inferred from mitochondrial DNA
sequences. Acta Ecologica Sinica, 2008, 28 (9) : 4286-4294.

[11] LiQF, Li Y X, Zhao X B, Pan Z X, Liu Z S, Zhang Q B, Qu X G, Song D W, Dong L Y, Li N, Xie Z. Sequencing D-loop region of
mitochondrial DNA in yak and study on its taxonomic status in Bovinae. Acta Veterinaria Et Zootechnica Sinica, 2008,39(1) :1-6.

[12] Xie WM, Su R, Zhang X M, Zhang Y S, Wang X B, Lei C C. mtDNA D-loop genetic diversity and maternal origin in Chinese swamp buffalo.
China Cattle Science, 2009, 35(5) :3-7.

[13] Jia S G, Chen H, Zhang G X, Wang Z G, Lei C Z, Yao R, Han X. Genetic variation of mitochondrial D-loop region and evolution analysis in

some Chinese cattle breeds. Journal of Genetics and Genomics, 2007, 34(6) :510-518.

1 Zheng X Z, Xu HF, Lu H J. Research progress on population genetic heterogeneity. Chinese Biodiversity, 1997,5(3) :210-216.

] Min Q W, Cheng S K. Poverty, ecology and development in Tibet. Resources Science, 2001, 23(3) :62-67.

[16] Jia L, PuB Z M. Climatic character of snow disasters in Qinghai-Plateau. Tibet’s Science and Technology, 1995,67(1) :22-24.

] Avise J C, Neigel J E, Arnold J. Demographic influences on mitochondrial DNA lineage survivorship in animal populations. Journal of Molecular

Evolution,1984,20(2) :99-105.

[18] Nei M, Maruyama T, Chakraborty R. The bottleneck effect and genetic variability in populations. Evolution,1975,29.1-10.

[19] ChenZH, Zhong J C, Hu O M, Deng X Y, La N, Lie C. A study on genetic polymorph ism in Tibetan yak and yellow cattle. Jounal of Southwest
Nationalities College ( Natural Science Edition) , 1999, 25(3) :274-277.

[20] Paulo O S, Jordan W S, Bruford M W, Nichols R A . Using nested clade analysis to assess the history of colonization and the persistence of
populations of an Iberian Lizard. Molecular Ecology, 2002, 11(4) : 809-819.

S 3k

[2] "PHEESREFERIGZE S, PREESRAETIRD. JUaT: R R, 2004, 18- 18.

http ; //www. ecologica. cn



5 1 TR 4 PERE A mIDNA D-loop X B35 £ 2 ka1 K His A5 70k, 1395
[ 4] FRW, . SRk DNA 285 RIS EDL. sh¥ 2095 , 1992 ,13(3) :289-298.

[5]
[7]

[8]
[9]
[10]
[11]

[12]
[14]
[15]
[16]
[19]

AUz 7R 2 B4 SO YRR, ORIk DNA IR SrFbric i Rl SEPE R ST A 5. 5%, 2001,23(6) :593-598.

et R R I, R, 0T BRARLT , AR S0 FHHCR A T /N BB R (AR DNA Fsihil X B2 7 50 LU AR KB R 224 ( B 2
) ,2008,43(5) :933-935.

W2 i RAAE TR | . DURN TR O B RiA DNA D-loop Z7SPERISE. S286 34 5 LA EE 2% 2008 ,28 (5) :299-303.
HAAGR, B3, X5V, 22545, th EFR R4 AR 2RI DNA 8% 2 MEDTSE. %2 ,2005,32(5) :463-470.

RN ARTIR, Bt AR IS B8R 4. ZXHE R LRI DNA (miDNA ) JEH& R S P2, A2 252241, 2008 ,28(9) :4286-4294.
ZEFTRZERAR LI TR E  XR 1L 5K BRI, JE DY R SE R, 2R T . FEAR LA DNA D-loop DX 381 I 72 K FEAE 4 WA}
RS R IY. B A R A5 3R L2008 ,39 (1) 1 1-6.

WESC2E  IREL, IS Bk Sk E N, BT T E K4 miDNA D-loop [X 38t 15 ZREPE 58 2R . o E 4R 2009 ,35(5) (3-7.

o PR R IR SR s A S R ST . AR 2R 1997, 5(3) :210-216.

B RS, T L. DU BRI AR A R R BT SRR 2001 ,23(3) 162-67.

AL, WA LT VG e JE T S L. PR ,1995,67 :22-24.

MR B & I, SRR B IDe 2, e, ZU3K. TG JE0HE A R B AR a5t 4% 2 A8 MR B 5. TG R R 24 B 24 4l ( A ARBRAE ) ,1999,25 (3) -
274-277.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.5 March,2012( Semimonthly )
CONTENTS

Statistical characteristics of eutrophication process in Dianshan Lake «---cceeeeeeeees CHENG Xi, LI Xiaoping, CHEN Xiaohua (1355)
Cadmium assimilation and elimination and biological response in Pirata subpiraticus( Araneae ; Lycosidae) fed on Cadmium diets ------
.................................................................. ZHANG Zhengtian, ZHANG Guangduo, ZHANG Hucheng, et al (1363)

Effect of co-cultivation time on camptothecin content in Campiotheca acuminata seedlings after inoculation with arbuscular

mycorrhizal fUngi  ««+eeeeesssesmmremerere et YU Yang, YU Tao, WANG Yang, et al (1370)
Relationship between frequency of sandstorms and air humidity as well as plant phenology: a case study from the Mingin desert

AT@A  +eeevermenrnenen et et e e e e e e e e e e e e e e CHANG Zhaofeng, WANG Yaolin, HAN Fugui, et al (1378)
Genetic diversity and evolution relationship on mtDNA D—lOOp in Tibetan yaks ..................................................................

....................................................................................... ZHANG Chengfu, XU Lijuan, JI Qiumei, et al (1387)
Geostatistical analysis on spatiotemporal distribution pattern of soil water content of forest gap in Pinus koraiensis dominated

broadleaved MixXed fOrest ««««s-eeeeeerereerrmrmemmmnetmiureiiiaitiaraieeaiaeeaaans LI Meng, DUAN Wenbiao, CHEN Lixin, et al (1396)
Soil nitrogen and enzymes involved in nitrogen metabolism under different vegetation in Ziwuling mountain in the Loess Plateau,

(00T T T T XING Xiaoyi, HUANG Yimei, HUANG Haibo, et al (1403)

Soil carbon, nitrogen and microbiological characteristics during bamboo high-speed growth -«-eeeeeeeeeeeieeiiiiiiii
.................................................................................... WANG Xueqin, ZHANG Qichun, YAO Huaiying (1412)
Effects of long-term increased soil N on leaf traits of several species in typical Inner Mongolian grassland «+eeeeeeeveeerieeeiiiiiiniinn.
.................................................................................... HUANG Juying, YU Hailong, YUAN Zhiyou, et al (1419)
Influence of arbuscular mycorrhizal associations on the interspecific competition between mycorrhizal and non-mycorrhizal plants ------
................................................................................. ZHANG Yuting, WANG Wenhua, SHEN Hong, et al (1428)
Structure and biodiversity of fig wasp community inside syconia of Ficus virens Ait. var. sublanceolata (Miq. ) Corner in Fuzhou ---
.................................................................................... WU Wenshan, CHEN Youling, CAI Meiman, et al (1436)
Growth and photosynthetic characteristics of Epimedium koreanum Nakai in different habitats «eeeeeeeeeeeeereeiniiii.,
.............................................................................. ZHANG Yonggang, HAN Mei, HAN Zhongming, et al (1442)
The critical temperature to Huashan Pine ( Pinus armandi) radial growth based on the daily mean temperature ««-«-ecevevevereeeeeieene.
................................................................................. FENG Xiaohui, CHENG Ruimei, XIAO Wenfa, et al (1450)
The analysis of grade diversity indices of butterfly community in the Three Gorges Reservoir Area of Yangtze River «--e-eeeeveeeeeenenns
............................................................................................................ MA Qi, LI Aimin, DENG Heli (1458)
Research on dynamic characteristics of photosynthesis in muskmelon seedling leaves — «+eeeeeererseeerenininiiiies
....................................................................................... HAN Ruifeng, LI Jianming, HU Xiaohui, et al (1471)
Effects of different winter covering crops cultivation on methane (CH,) and nitrous oxide (N,0) emission fluxes from double-

cropping paddy field ««eeeeeeereeeiiiiii TANG Haiming, XIAO Xiaoping, SHUAI Xiqiang, et al (1481)
Variations in groundwater levels and quality and their effects on vegetation in the western Grurbantonggut Desert =~ «+ee-eeeeeereeeeeeeenes
....................................................................................... ZENG Xiaoling, LIU Tong,ZHANG Weibin, et al (1490)

Carbon and nitrogen stable isotope characteristics of particulate organic matter and zooplankton in Liuxihe Reservoir -«----eeeeeeeeeeeeees
................................................................................................ NING Jiajia, LIU Hui, GU Binhe, et al (1502)
Selection of vegetable seeds native in China instead of the cress seed for evaluating the maturity of biosolids ««+rereeererereriiieaiieens
....................................................................................... LIU Songsong, XU Tianfen, WU Qitang, et al (1510)

Effects of anthropogenic nutrient input on organisms from different trophic levels in Hanfeng Lake: evidence from stable carbon
and Nitrogen iSotope ANalysis «««---««--ssseeeessmreesmrianria e LI Bin, WANG Zhijian, JIN Li, et al (1519)
Temporal and spatial distribution of phytoplankton in Liusha Bay --------- ZHANG Caixue, CHEN Huiyan, SUN Xingli, et al (1527)
Study on the supercooling of golden apple snail (Pomace canaliculata) «++--+++=+++=sssssseermeemetmitiniiaiie et
.............................................................................. ZHAO Benliang, ZHANG Jia’en, LUO Mingzhu, et al (1538)
The effects of rice growth stages on the ovarian development and take-off of Nilaparvata lugens and Sogatella furcifera «---++evveeeeees
............................................................................................. CHEN Yu, FU Qiang, LAl Fengxiang,et al (1546)
Cold tolerance of the overwintering egg of Apolygus lucorum Meyer-Diir ( Hemiptera;Miridae) ««-eeeeeeeeeeeeeeeinmariiiiini.,
.................................................................................... ZHUO Degan, LI Zhaohui, MEN Xingyuan, et al (1553)
A suggestion on the estimation method of population sizes of Niviventer confucianus in Land-bridge island =~ «+eceeeeeeeeeeeeieieienii.e.
................................................................................................ ZHANG Xu, BAO Yixin, LIU Jun, et al (1562)
The carbon footprint of food consumption in Beijing «-«+eeeeeeeeereeemiiiiiiiii. WU Yan, WANG Xiaoke,LU Fei (1570)
Anthropogenic phosphorus flow analysis of Hanshan County in Anhui Province «««««--ssseeeesesmmmresiiiiiriiiii i
....................................................................................... FU Yinyin, YUAN Zengwei, WU Huijun, et al (1578)

A laboratory study of auctions for water rights transactions in inland river basin: a case study of irrigation areas of Heihe river

DASIIL  +veeeeerenenernenunenenetntneaten et taea e et east et ea et et ea et et e ea e eeaas DENG Xiaohong, XU Zhongmin (1587)
Review and Monograph
A review of the effect of typhoon on forests ««+«-++++sserrrerersreriiniiiii LIU Bin, PAN Lan, XUE Li (1596)
Research progress on the effects of ocean acidification on coral reef ecosystems — «+oeseeeeerrerrieiniiiiiii
........................................................................ ZHANG Chenglong, HUANG Hui, HUANG Liangmin, et al (1606)
Interspecific competition among three iNVasive Liriomyza SPeCies — «++++swseessssurrrssmmmttte ittt
........................................................................... XIANG Juncheng, LEI Zhongren, WANG Haihong, et al (1616)
Indicative significance of biogenic elements to eco-environmental changes In waters «+eseeeserererarieiiii
............................................................................................. YU Yu, SONG Jinming, LI Xuegang, et al (1623)
Recent advances in studies on dissimilatory Fe( Il ) -reducing microorganisms — ««+«eseeveeseeeensen LI Huijuan, PENG Jingjing (1633)
Discussion
Ecological vulnerability research for Xilingol League, Northern China ------ XU Guangcai, KANG Muyi, Marc Metzger, et al (1643)

Scientific Note
Spatial distribution and species composition of zooplanktons in the eastern tropical Pacific Ocean off Costa Rica  ++oeeeeeeeereeeeeeennnes

............................................................................................. LIU Bilin, CHEN Xinjun, JIA Tao, et al (1654)



(ARSI B B A 2 B A ARB e AR TL, RIF)T 1981 4, T EARIEA B

(EBZ|RY2012 F£4EITRE

Ji

B BT PE R R | 40 WD R B R AR A 252 K JR 7 1) B (I8 75 S P SO 5 P AT 41 AR 25 2 BEE 7
T AN G BB R BT ROT R =0 4 5F

(A2

)y k2 A, K 16 FF4,280 1T, B N E M 70 Jo/ M, e4F 2 B 1680 T,

R & A .82-7  EISMIR R AL :M670  ARiETI*S . ISSN 1000-0933  CN 11-2031/Q
2[5 MR SRy X PTOT B, A AT e S G I R 3K, W KRB AR BB | & S5 Be A 1B

TEAFIT R

B 100085 JL R IE X XGEH 18 5 H i

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEMEME Ll

I

(010)62941099 ; 62843362

www. ecologica. cn

HATHRE XIKRE Bl ¥

5 5 F # ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semi bl S din 1981)
(ﬂéﬂ T 1981 4F 3 Hﬁ'ﬁql) emimonthly , Started 1n
F3E FSW (201243 H) Vol.32 No.5 2012
9 35 <§5i§%*&>gﬁiﬁﬁﬁ Edited by Editorial board of
Mok - U STHEE KB 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLIE 2 (010)62941099 Tel (010162941099
www. ecologica. cn : .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn Shengtaixuchao®@ rcees. ac. cn
ey S ees. ac. ¢
I ig FI? )gi S R Editor-in-chief FENG Zong-Wei
g DI
IS RL 2L A Supervised by China Association for Science and Technology
B hEESE S
cp [ RS e A A PR IF ST 0 Sponsored by Ecological Society of China
Huhil . b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M B 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H i 4 & I3 it Published by Science Press
Hihk . b AR IR LT 16 5 Add:16 Donghuangchenggen North Street,
MR B 2wt . 1RO0717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m 22
Eﬁﬁﬂéﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eﬁlﬁ 1( QIO ) 6;‘334563 Street , Beijing 100717, China 1 —n
-mail ; journal @ cspg. net Tel: (010)64034563 O /-
N - = :1: 3 o N
2l N in‘li] é%’ﬂgﬁﬁ‘] B a4 N E-mail ; journal @ cspg. net O
B T hEEERE A S BN - =0
Hidl . LT 399 {546 Domestic All Local Post Offices in China = 8
H}Bﬁlgﬁﬁ% 100044 Foreign China International Book Trading 8 S
f' %%E SRy P = Corporation - 'l:
i Al OAE S LTS5 8013 5 Add:P. 0. Box 399 Beijing 100044 , China =
ISSN 1000-0933 4= = =
N 0o ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	fm+ml-zw.pdf
	stxb201101230116.pdf
	ml-yw+fd.pdf



