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FEE  PYPL D RE ( Cervus elaphus wallichi) 3 EREAT YAl A5 70 76 VG AR Fa 0 10 5% H B F TG T PG 98025 R 9 F 5 B AR D
PRI, TR Y i VS 7 G 5 b BB T N R 1) 33 A% 70 5 T LA B S SR e B2 (AL R Al , 2 T 1 LR AR B0 200 DR R A
B X 54 AR TGRS REANMA (R [ 3 NSRS, ) B9ZRRi 1K DNA Cty b ZEPRHEAT T 00 FBEA S0, 3545 T 731bp B9 H- 1T,
IR F] 24 ST, AT BE Y 3.28% , HLIX 24 A8 S0y 0 B Bl AL B 4, DR BB A A SR B e LT
14 F 5 R R IR ZREME B 0. 02781, FRE SAS 1% ZRE VRS . M\ Tajima’s D #1 Fu and Li's D {H M fE 545 5K F
X 3 AL EERREEA S T P A 5, S R A W R S (P>0. 1), BEA B S A IE D /% 3 3 /A VU R JEE A B [ 47 7 AR o
AT HE, A T8 S HT R 3 N RER ML (5. 36>Nm>1. 87) YK T 1, B3k 3 4> T BEf B ] A2 78 25 5 5 Y S R
FEAECRE 3 A XA TG 980 R Sy — AN LR T TR P A B

SRR . VYR L) B 260 DNA; Cry by 3845 ZREME ; P

Population genetic diversity in Tibet red deer ( Cervus elaphus wallichi) revealed

by mitochondrial Cty b gene analysis

LIU Yanhua,ZHANG Minghai
College of Wildlife Resources, Northeast Forest University, Harbin 150040, China

Abstract: The Tibet red deer, Cervus elaphus wallichi, is a middling and primitive living member of the Cervidae family.
Tibet red deer were once wildly distributed in Tibet, Sikkim, Nepal and Bhutan. However, in the last century their range
and number was drastically reduced because of overhunting. In 1992, the World Wildlife Fund ( WWF') announced that
Tibet red deer in the wild had become extinct. Subsequently, there were very few reports of Tibet red deer in the wild. In
July 2005, we investigated the distribution of Tibet red deer and discovered a population of red deer in southeast Tibet.
From the body size, morphometric traits and hair color, we thought it was likely to be Tibet red deer. We collected 123
fecal samples from the red deer distribution area and analyzed the cytochrome b gene sequences from the mitochondrial DNA
(mtDNA) of the samples. We used BLAST ( mega blast) at NCBI to identify sequences with the highest similarities
(>97% ) and the lowest differences (<3% ) to the published cytB sequence, AY044861, of the Tibet red deer ( Cervus
elaphus wallichi) . 105 samples were identified as having high sequence similarity to the red deer ( Cervus elaphus wallichi)
sequence. We carried out genotype analysis using eleven microsatellites to identify individuals in the 105 fecal samples and
obtained 54 different genotypes. Forensic medicine criteria and the results of data analyses allow the identification of
different individuals according to genotypes. On the basis of forensic medicine criteria, when the genotype is in full accord
with a probability of 107" then we may assume that the genotype represents either one individual or identical twins.

Tibet red deer is an endemic species in China. Systematic and detailed ecological research on Tibet red deer is almost
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nonexistent. To further understand its ecological characteristics and to effectively manage its protection, basic research is
urgently required. In this study, we investigated the genetic diversity and gene flow in three Tibet red deer populations by
analyzing 731 base pairs of the mtDNA cytB gene fragment in 54 individuals sampled from Zengqi, Woka and Baidui.
Twenty-four variable sites and fourteen haplotypes were identified. The red deer exhibited high mtDNA diversity with both
haplotype diversity (h=0.897+0.014) and nucleotide diversity (77=2.781+0.02465). The estimates of Tajima’s D and
Fu and Li’'s D did not deviate significantly from the neutral selection hypothesis (P > 0. 1) for all three populations of
deer, showing no evidence of strong selective sweeps or balancing selection. An analysis of molecular variance (AMOVA)
showed abundant gene flow (5.36>Nm>1. 87) among the three populations. Therefore, we suggest that the three

populations can be regarded as one unit for conservation and management.

Key Words: Tibet red deer ( Cervus elaphus wallichi) ; fecal DNA; Cty b; genetic diversity; Tibet

P36 55 BB ( Cervus elaphus wallichi) , 3% J& T 5 H (Artiodactyla)  FER} ( Cervidae ) | FEJ& ( Cervus) , J& 55
( Cervus elaphus) B — AR 1823 4F A WE R Cuvier 76 H0 [ PU A 1A R 25 i & R 2R 48 BB AR A 5
B HoAr 24 A VU AL RE ( Cervus elaphus wallichi) ;1841 4F | A=W 58 Hodgson £ P8k e 1 & BRIL s ¥ SL AR I A 44
NFFRE(Cervus affinis) ;1850 4F A7 S22 HA Ry VG 6k 5 E ( Cervus tibetanus ) ; BRAEFRE 22 & IENm &4 N S
FEVG RO RN, 44544 [RI R VU LS E”

VD SR g S0 R 2 o A 7 TR P AR F R M X RV & e AR OSSR i 7E 20 4D 40 4R
A, I F AR BT IR ORI PIh 2K VU TS JEE S Ry < W RE K 48 XS 42 FE4% TR LHAE Ry A b iR A T8 4
AP JIIRSE A W PSS e e, R, EAMA 22 3 O B IR REC e fh” B EAZ R
MRS . 1977 4 EBR A AR5 H ARG O A7 3 A 7R AR B TF ) — It AU L kb o b, RV 5
LEEA ZFEANEEE N NEF AT REC 2K 4, 1992 4%, A B A= A 3 4 &5 (WWF) D) GE =X & A 1
AP C 248K 50a, 2005 45, P Bh B A — NI 42 T — HL o8 B0 PR D S R B4R X A
ANE 100 4EHIT , P FEAT SR 70 AR 78 KRG UT 1L BK LA | HE A e 2 LA VR 1)) el Xt [l 4E  fE 2 1 ¢
TV D R IR A R A R A v 2 IV D RE Y S BT A3 A A VU Ll e X R H B T
B HLIXCAN T 1.0 0 km® , 3 — RERFLACA tHE A b A J O 60 AR B VA0 A P VO 0 5 RE S AE AR, st 1R 2R MR
PEr— DY R0 AT g = I, FR TR B AR % b A A7 T BB ) 5iR 583 119 B B8R 2 48 A, T — DM A Y 54415 R
FE ARS8 PRSNGSR, R, 2 1 A B RPIZ IS TR W i, ok B 1) B A DG 7 5 R A AR 1
WL G AT 5= T B

%) miDNA 2SR N ME— R B RZ S MEAE W) 5T, B HESH P 19 mtDNA R/NTE 16. 5kb 7247, DL R s (%
Fratl . HEHE R fa AR B R H A B b s B, C AU T AR s s fL i Ak
MbRic s I BLAE R F P AR R Z M SR SIERA T ) ARSI E TR H S H B3 A Hb X A P R
LRLRANM AR b HEFA, s BTz R s 46 48 5 B ITE T8 HAR S el & st % Z AR SR Rl 2
W
1 #REFEZE
L1 FRaRAEA DNA F2H

AWFFET 2005 4F- 8 A 2007 4 8 A H1 2008 4F 8 H 735 15 VUi S JBE 3 A1 X 5 H B3 IR A R 3
X, R T ARG PR BURE V2R 4 DU 0 RE 2SR S 3L 123 0y, SRAERESLI , 20 T e WU BR JEE I , PR LB T R il
B BB Y PR R AT FEMEUCAE | IR R AR B W ZEME PR AFAE 95% WK IN . R A BFAIMY ZEAEAE ok A P45
g, MR IR, AN T — AR B0 . RO, 7R SR AR 5 A v i o 2 AU P e 5 JEE
HABS A TR W53 B, TR AR RS I A58 T[] — PG 0D JEE A DR A T 22 8 M A T A 7
S, LUHEBR R IR T Rl — AR AT RE
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1978 A E = 314

DNA #2805 %5 % LA EY A vl E = 1 348 DNA $RBGR 70 &) (6 F Ul BH T i A hoitk . B D B
W B B 1 S RS AL B O N IR W, 28108 e 9 32 1500 11 25 00 o 5 03 ik, P48 900 b 1R
A BRTVE , SR 5 WU AL b ST VL 5 4 T 1) B 3 — ST A8 I, A — i 1) T8 A 9, R BT YRR 25
T, 2 FENR T 5 A IR A6 60°CIF R , (E A0 M 2L ; 240 5 00V MO A ZE O, &4k 5 B5.O 05 B E
T T —HEIE BLOAE N I — 2 1 (1 VR 4 VORI D0 VE W FROCET O, 254 B VTR, IS BILRIS FH IS
O, PR BV R4S ) B TE 2 0 AR BT JS I ADRAE U, IO UKAR T 4°C ORAFAF I
1.2 YFhsEsE

PHE5I Y Al (L-Pro:5'-GAAAAACCATCGTTGTCATTCA-3") Hl B2 ( H-Phe:5-GGAGGTTGGAGCTCTCC
TTTT-3") " AT 2% (8 B 0 %8 58, PCR I B AR R R S AW (K i) 4 BR2S 7] 42 7 1) Hotstar Tag DNA
polymerase (5U/pL) 0.3 L, dNTPs (2. Smmol/L) 5uL, BSA (lg/L) 5pL, 10 x Buffer5Spl, L-Pro, H-Phe
(20mmol/L) %% 0.5uL, DNA100ng, I K B B 2IK 2 S0pL, W 4% K 95°C HZEPE 10min, 95°C 28 M 30s,
50°CIE Kk 40s,72°CHEAf 605,40 NMEPFE 72°CHEM 10min, 4°C AT, §7HE = 281d 2% BB SR I FiL DS
Je AR & (V-Gene A T)) 2lifk . AT SO 4 5eas A IR il = Wy 4o i e e A A ide , H1ad 5 |
W1 (M13+) ST BRI KIS 9 DNA JFSITE GenBank B4 Fhff AT Blast Hdi, AR A2 28 RF i 1) Sf U5
Yk,

1.3 AU

25 M SN 1 RE SR AEAE I L1 X TR 5 [T 1 AR T B 6 PR 43 B 43 A7 120 PCR B v
RS Y16 S B | P dE A 9O R R, T e | M)A bn il ; HAb S B 25 A4 1F) 1. 2 Brid, PCR ¥)7E
ABI3130 PN A 15045047 , it 5 GeneMapper 3. 0 i E 553 ZE N K/ (Version 4.0) . R3] 1 5% PCR =¥
WIHE AT A 2 F A WG
1.4 J¥5Hr

Bt 1.2 TN B S 45 SR Clustal X BPET 64T DNA R FIHES, 3140 I T AT, il DnaSP 4. 0 #k
PR IR Z R ( Nucleotide diversity , 7 ) 1A% Z #E 4 (Haplotype diversity, h) . HI MEGA 2.1 4k
PEUS AT 80 H A AN AR SEAG I B 5 AR S S RIEAAE AL ] PAUP 4. 0b10"%' Fl MrBayes 3. 0" 444, 1 F
T KSR (Maximum likelihood, ML) K 27% ( Maximum parsimony , MP) A1 U1 317 ( Bayesian , BI) 435
T R L BW ., Ik MODELTEST 3. 06" #6563 Hk e 435 19 DNA BB AL A S 40, it [ 51 5
HRERGEW 7 X EEME(EERE N 1000), 754 H# RS W B R B ( Capreolus capreolus ) Sl
(AYS580069) MRk, USRI R G iR, [ A Arlequin 3. 17 Hf ) AMOVA ( Analysis of Molecular
Variance ) 734 7 Ak B P HE B0 ( D-statistics, @st) SFPHERIIERIRFREE (Nm) , LB RFOE - LTREE
2 H#R

FIEA AR ZEMERE At rp A 105 /AR RS2 198 W 0 s iy, nT LU TR 45 . 8 il 45 1Y
DNA J@ 5153 BLAST #KfF1E Genbank % e v #EAT HEXS , R BLIX 48 DNA J¥ 51l 55 80046 % b (9 DU B S JE Cry b
L (AY044861 ) HATRLFRIARIE , HARMIME KT 97% . I, 3X 105 A2 FE 5 B 0 V5 8 25 i 3% X
G 22 F/NT 3% K3 Cry b FER AR SRR SR A ROBIFSE > R 1 B85 51 3500 [ VO e 5 JEE , v o
109 32 A IRR 35 A FHE 38 AN (FR 1) o AIAIFTEERY 11 XRCTLAR S 19, W0 5 ) PG 5 S R S MR i i
A1 BE A B 53 B 3B 3 5 AU R 3 A it P A [ PG 0 R ISR ) B AR, TR IR A A v A
2 54 AF R HE P RS A3 R M 21 A IRR O 15 A BN 18 AN (R 1) ol T AR ARG Ak
PRI 58 42— B REAE N 107" ZEREBE TR [R] BIRUA= (0 19 S A o %) 56 R 78 5 4 — B0 A ) — A sl )
XU, CERVU S2.0 B AFRY 34 s, i TR e 57 A BB 5 IX 7 58 AR g, RIVSEE HF B 1) B SO0 15 100, 4 B 5 1)
BEA Psib WA 0. 12% BT LA, HAE R BEARIETT 45 & 52 50 45 SR 1B 20 A , 4TS DR RUAS [ A R ot 40 5 S AN )
M
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x1 AHDESRMBEEHERABEESR
Table 1 Summary information on the samples of the Red deer used in this study
RSy
it R AR 1 SRAE ] GEETEVE S B AR SR L ARG R EZ A=Y
Population Sampling Number of Identification Complete Number of Number of
location year individuals scat microsatellite haplotypes polymorphic sites
genotypes
W] Zengqi 2005 40 32 18 6 19
KK Woka 2007 40 35 15 5 14
FHHE Baidui 2008 43 38 21 7 5
B3t Total — 123 105 54 14 24

XF 54 VG FEAS FASA R mtDNA Cyr b FER AT , A5 A A 731 bp, FA I 2] 24 A48 540 15
(R hl I B e, R WA A BB IS ), SL3RA 14 A AR, Hoh B R0 2 AL 6 A3 0 IR =2 |
BAAER 1 RGBT L AR 8 IR R AL (3R 2) , FRAI B s R R VU R AR
ABARA AT ZFEE (h=0.59220. 129) AT IR ZHEME (7 =0. 546 +0. 00273 ) 5 34 HARNRE A 4005 1Y 4%
FIZREE (h=0. 807 0. 024) FIKZH R ZREE (7 =2. 490+0. 02014 ) ; HF 5 Hb X PG 58 5 i e 4K 114 B4 50 2 R
(h)}0.897+0.014 , BT TRZHENE () J9 2. 781+0. 02465 (% 2) , Tajima’s D 1 Fu and Li's D {E A& 45 52
X 3 A VU 5 JEE A AR X T Mtk A A 5 5 B O A A S I 5 ( P>0. 1),

x2 BEEDE3 EES 54 NEFEHAE mDNA Ctyb & S ST
Table 2 Analysis of the genetic diversity of mitochondrial DNA Ctyb for 54 individuals in three populations of Red deer

‘ RSP AY A= 20 4
FhE R E’ZH‘M/# % Average number Tajima 658 Fu and Li ¥556 i K i
. Haplotype Nucleotide . o, . Location of
Population K X X i of nucleotide Tajima’s D Fu and Li's D
Diversity () diversity () . Haplotype
differences
HT1 HT2 (HT3
ey 7 i . +0. . +0. . " * ' ) )
W3 Zengqi 0.807+0. 024 2.490+0.02014 8.81905 0.19626 1.43761 HT4 HT5 HT6
. HT2 HT6 HT7
Kk Woka 0.742+0.034 2.067+0.02391 4.33333 -1.19130 " -1.46075 " HTS _HTO
HT1 HT8 \HT10 \HT11
Baidui .592+0. 12! .546+0. 002 .02614 -1. * -1. * : N : A
FI3#E Baidui 0.592+0. 129 0.546+0.00273 3.026 1.06058 1.04443 HTI2 HTI3 HT14
K (TOTAL) 0.897+0.014 2.781+0. 02465 11.59143 -0.59276 * 0.14348 " HT1—HT14

*P>0.1 LR HEH

SETF R ML MP F1 BLAR , &3 3 Rl 8 25 AR T ELA B AS ) 1 DX A it 34 oK e 0 HH 4 b 3L 537 T
PR R (1) o RIS 3 AR [R] st A S AREA T 7 00 5, &5 S 2 B . 0 A1 184 300 b DX %) P 0 R e
55345 T b DX P D EE AR RE AR [E] Fse {ELR 0. 21939,%4‘%%!‘@ B R (Nm= (1/Fst=1)/2) N
2.41(Dst=0.274,P>0.05) ; 5347 T3 W b DX PG 36K 5 RE AR 5 20 A TR - b DX 78 3 5 RE A BE B AR 1] Fose
B4 0. 13645 , G BEA A 2L B ( Nm) R 1. 87 (st =0. 385, P>0. 05) 3 434 T 1K - Hb DX 1 P4 ik & RERh i 5
A3 AR T DX A0 T R L RE RN BRI IE] Fse (B4 0. 29570 , WS FEAA Ta] A JE R (Nm ) 9 5. 36 ( Dst = 0. 404,
P>0.05)(%3),

K3 ARDEMNEEREESH

Table 3 Populations parameters for Red deer

A Population AW Zengqi KK Woka F1HE Baidui
A Zengqi — 1.87 2.41
IR Woka 0.13645 " — 5.36
13 Baidui 0.21939 0.29570* —

AL T AT (Nm) S AL T TN Fst, * P>0.1 JCR#E %R
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1980 A E = 314

3 it

TEFTA RAFIE AL A5 B 107 i, 2408 DNA 737 4%

AR SRS R A — S A O 1 14 e LA m
B TETER FH A, 2508 AR I ERT AR 20 3 HT04

T AR 0 R T2 v A R S i T I 1 R B 2
JiL, I HLIC A0 B 43 2 1 Y, X R T LA B 2 A5 1Y
ALY AT EINE . AWETENH Cry b JEH5 1)
M 123 {3 fl H S8 8 105 403 PO 0 RE S (AR 5, X
A e sl Ske (1 JET PR T R S L 2 T A A A ) T B E1 %EF ML.MP # BIEMZ K TR D E mtDNA Ciy b 55
AR AT SN DNA T AT oo
P o AR O T 2, NI T PCR 93RRI e mavemss 1000,
2 B SR EEAETE H  B E— AR S T L AN BRAY  Fig.1  Phylogenetic relationships between red deer mtDNA Cty b
STUGHRE S TR BCE Z AR E 8 haplotypes constructed by the maximum likelihood maximum

WAL S REVE 1 B A YR Wy F B 75 K- J) 4 #  parsimony and Bayesian methods with Capreolus capreolus as
B . T 55— FOE miDNA O AL B P Teference group. ‘The numbers in the notes indicate the staistica

B i results obtained from 1000 bootstrap replicates; only reliability

HELEDR PSR Z A B B AR B B i IR 2 48
P, B THITIRZ S IE S IS T 4P miDNA HL45% 8
FEREAR AT 7 0 Ee ], PR AR S e — A B 1 miDNA 1) 22 35 R 38 ) A2 1 1R 22 A5k Hb PRl %) a5t A% B 2 - 29 (E
TR, A% IR 22 25 P A (0 1 DO DS B AR 1) 3 1 2R PR ) L ARG X P R 2 3 B IX A 54 4Nk
FERHETTIRSE LR B 14 DEoRitk DNA SAERL 24 AR S A7 08, AT P IR BERY 3. 28% (24/731) ,IH
KB FEAR ARG, UL 81 (0 58 AR R 2 e A e ) A% SR R — A Rt A v T IR,
HEH F AR TR A AT HE ST B8 19 55 ) S Bt G S840 ) SR B X S R WA ) B 1 S A R SR R A T
S ) o Ry EE B AR AR I 2 — o i AE 2R A0 i 2 X AR A R LB SRR i 2 T DAl g 2%
Ty KA R P 8 A AR DL 3 I A A8 S AR /N v BURPRE PG ZEENE TR TR 2 B ey A b B
ARH WL ATIFIE Lot Al Z AR MR IN , BV S RS- I IR 2 A E R 2. 78 % ik 5 H B A Wi sh WAt Lt
TR, WAEIMAE B ( Hippotragus equinus) , FLZRRIABATIRZ MR 1.9% 270 B ( Cervus elaphus)
HILRRAR R IR 2 510 0. 56% )| v [ K it M5 46 RE ( Cervus nippon ) T B9 & B AR AZ AT IR 2 bt N
2. 119%™ N6 VU 3 5 RERFARZR BRI Cry b FFAEE EF M AE, S5& ST, B 78 H X BT 7E (9 XD S
S0 L Pk AR B EE Al B 5 W AR e e I R AR R B R TR SRR A L ETIE A, P bR R S A A X RS AT L
Jok 7 8 | B0 o] — e e SR AT VT A . — 7, ZE 3R 4000m DA 49 45 568 A VI 70 28 s IX M FE N B 5 i b IX oy
Wi LR, 2R IR | =R 1 R A% AR 5 A R 1L R TR P Rl 2 A — b DX A Y D R
WiAESE . ABSRAETEIS & T VU S REA A A R IR A e AR E R AR

MFHER R G, o] LU VU PP I A 4 R M B 0 A5 43 2R R 3 AR R A B ACHE AR SR
VLUK BT 0 900 200 oAk, 3R 3 A M B AR (1] ()38t A% Bl LU 3 — B0, A B R, X — 45 2R 5 3RAT]
FHEAAE Y K AT Fst (EAHE PR T 3878 (UG 2R — B0 (3R 3) o HorP 20 A1 14 301 b X i) 4 3 25 RE b R 5 20 A
TR b XA VG 8 REFP AR R AE A N R R (Nm = 1. 87 ), SR R 32 L -H 48R AT sl i34,
R T b DX 2 ()T A B A, 50 T 3 ) Ml DX P 5D R R S B8 RN A It , 1H DB 1% 71 R 106, , i b Bl 15
IR I AN K, T Ve 3 I S ()3 4% 25 5 ( st = 0. 385, P>0. 05) o HEVCEE 38 B TR 1 11 3 Hb DX 7 74 g 2 e
FREEVE N [l — 45 SRR IT I AR
BT A S IO AR SRR B T 5 TR AR 2ETT — R A B R

C. capreolus

0.01 substitutions/site

percentages greater than 50 % are indicated
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