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Genetic diversity and classification status of wapiti
(red deer) in northwest of China
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Abstract: [Objective] The research was conducted to explore the genetic diversity and classification
status of wapiti(Cervus elaphus)in northwest of china,to provide research materials for scientific protec-
tion and utilization of red deer. [Method)] The whole D-loop sequences of five wapiti subspecies (Talim
wapiti, Altai wapiti, Tianshan wapiti, Gansu wapiti and Alashan wapiti 108 samples in all) were amplified
and sequenced,the base composition and nucleotide sequences variation analyzed, phylogenetic trees built,
the genetic diversity and classification status of red deer in northwest of China studied. [Result) There
were 40 different haplotypes,the haplotype diversity (Hd) was 0. 998=40. 006, nucleotide differences (P7)
0.04140. 005, average number of nucleotide differences K = 36. 08. The NJ and MP phylogenetic trees
showed that, Talim wapiti had further genetic distance with another subspecies, which should be clustered
in different wapiti types;the gene exchange was found in Altai wapiti, Tianshan wapiti and Gansu wapiti,
suspiciously due to the hybridization caused by introduction in different populations. [Conclusion) Rich ge-
netic diversity exists in wapiti in northwest of China. China red deer may have originated in Europe, for
gene exchange is found in different populations.
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i (Cervus elaphus) fEFRE A 8 P,
SRR IR (C. e. songaricus) 3 B AR W Fp (C.
e. yarkandensis) B JRZEW. R (C. e. sibiricus) . H iy
WA (C. e. kansuensis) FuJfii 3 W (C. e. alashani-
cus) DU JI W (C. e. macneilli) . VG 38 W (C. e.
wallich) MZRIL W F (C. e. zanthopygus)™ , Hrp 5
ARG A T PE A X H AT AP b B RE
5 vty o Bl 28 A 35 A% B R Y R G MR SR AR L R 43
TR FW . FUEIFHR B E LTS
JEAME R b HP 5 By ol i s 45 SRR L X
Ly 5 RE AR 7 WS 2R AE B S AR B AT AT RE G 2 DA
[l A AR . k52 5 MBI ST 25 R W, Rl 5
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b JFE 5t 1% 722 S AR X AR i F IR A SRR R — B H
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B o T ELFE PN k20 5 T 94 b B RE R AR G52 A% BIAR A %
35 BB R GEVEIE ST 0 AT L B 47 8 45 M i 5% T 4K
R SEAR W S D-loop FF 41 .
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IR P-AF 58 VG AL T EETE AR I8 AR A A IR AR AR DL
ARG AL LUIITR AT fift 3 [ D4 6 b X 5 JRE 45 1 1A
(14 388 72 BT IR PR L SR R G BE AL O 4P AR 2 A
FH S JRE A% B YR AR LB ST
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Table 1 Number and Sources of sample
T RE B AR5 W % i K Hh
Population and abbreviation Sequencing number Sampling site
WK C. e. yarkandensis 25 s A2 Weili county of Xinjiang
Bl /R Z& T jE C. e. sibiricus 17 Hrim b di Beitun city of Xinjiang
KL JE C. e. songaricus 22 BT Yi’ning city of Xinjiang
o N A B R 0 e B B
HINBRE C. e kansuensis 33 Su’nan county of Gansu, Qilian and Datong county of Qinghai
[ 7 35 D FE C. e. alashanicus 11 T Yinchuan city of Ningxia
1.2 DNA $2E 1.5 HIESWH

K E O R W/ Pk PR I R Y R
DNA
1.3 5l#i&it K PCR ¥ &

TR SIH 3E GenBank W C % 22 10 T JiE 28 ks
PRIEP 4 5 31 (5 55 2 NC_007704) [ 47 % 3.
EEESI ¥ (P JE %R 5'-CCTCATACCAATCAC-
CAGCACAATC-3', 514 (P2) J¥ 31 5'-GGT-
GTGGCTGTTCAAGGTGTCG-3', 5| ¥y i I g
RAEYHE ARG BRA A A .

PCR WK F A 15 pL, Hd g DNA 1 pL,
10X buffer 1. 5 uL.dNTP 1.5 uL, 3% P1.P2 %
0.75 uls Taq B 0. 15 pL,ddH,0 9. 35 pL, FBi 4
.95 C AR 5 min; 94 “CA5 4 30 5,53 “CiB k 30
$,72 CHEMf 1 min,40 PEFF;72 CHEf 10 min, $f
Y=Y T 4 CORAE.

1.4 FINE

PCR =¥ 1 10 g/L (% By B W 56 e v kA )
PEBRY B R AP RE 3% WA T A TR AR
IR 55 B2 B 14T Il 4l 4k B s

KA 108 45 5 iE 4k ki /& DNA D-loop
J¥ 5148 Contig Express FPF Pf £ AL IE J5 2E 15058 B
HIFES) 985 F CLUSTALX #4347 6] 35 % 91 o
XFJE S Af 5y F #E s AL oA i MEGA 4.1 % 5E
PEMBESZ2BM08. MRS TFREWN, N
DNASP 5. 1. 0 # g1t 43 Hr S A5 T Z M B (HdD |
BAT IR Z FE B (P UL BP9 AT IR 22 R UKD
1.6 RBREE

K53 M RN e T 5 X A 5% TP 4% 1 RE AR AR K
FH AR S A0 43 5 AE AN R A S, BRI R .
PR E i, TLM; B /R 28 5y B AET s Rl B L, TS;
HN B RE GSs BTy 38 15 i NX AU 5 1 507 R TR
B P 25 A5 B 55 B8 BE L Napus il & K 5 i,
Canada; 3¢ 8 5 i , USA; %[5 5 JiE , UK &) 2 F1) 5 g
Hungary ; 5 KH| 5 JiE . Ttaly ; #5488 . Sika.,

2 gER 550

2.1 LGREEK Dloop 2FFIHIMBE AR
2 AT H1,.5 A S BERER D-loop 427 51 I 4%



44 P AL AR MBI A2 4R (A SRR 2 B 9% 38 %

BEAR Z (BB FE 4 AR, T.CLA LG B3k A0 S35 & 1£ D-loop FF A AT 8= .
B R 32.1%,22.1%,30. 0% F1 15. 7% , G B At
%2 LMK 5 ANDEEE D-loop F 5 E A MM L&

Table 2 Base composition in D-loop sequence for five red deer populations in northwest of China %

BEIK Population T C A G A+T G+C
WAL C. e. yarkandensis 32.2 22.9 29.4 15.5 61.6 38.4
Pl IR ZE e C. e. sibiricus 31.5 22.7 30. 2 15.5 61.8 38.2
KWL RE C. e. songaricus 31.7 22.3 30.3 15.7 62.0 38.0
HR B RE C. e. kansuensis 32.3 21.7 30.2 15.8 62.5 37.5
B4 38 S FE C. e. alashanicus 31.8 22.2 30. 1 16.0 61.8 38.2

2.2 DREFHNRERSHN b DA 3 ARG, Hd Jy 0. 72740, 068, Pi

5ALhFEREMR 108 MARILTE SCT 40 AN EAE Jy 0.006 840, 002,47 15 A AR AL H 15 A 1] 2
AL H P BRZBE S E AETS B 58 BEARSES  FEAA
) TLM1 B8 A O AR BER I L2288 40 2.3 S REEME Dloop £2FFINERSH
AR L) Hd 2 0. 998 £0. 006, Pi iy 0. 041+ XA B BEREAR 40 AN PR B 51 R 4T HE X L &5
0.005, PI/RZFEILEA 3 DHAEAL, Hd 0. 721+ BB 5A 226 4L /215 BALEA 118 4>,
0.079,Pi 24 0.0154-0. 008, 47 61 MNREAEN LM 59 GSELAH A KBl R B0 124, i FIE R AR D BT A A
AR AR B RIS EA 10 ARG AL, Hd 2 1K D-loop J¥ 41 5 HABRE (R M L . 75 173~248 bp &b
0.90+0.036,Pi 4 0.022+0.001 8,4 67 54 B 1 Bi S 76 bp B F A, 3 RIS A SRS FE BR 3k
(LA ST AT 2905 B I LR DA 9 Nl AR B Lo i e s BT AT A B R R 25 7
#,Hd 4 0.683+0.10,P; 50.017+0.006,4 113 B K=36. 08, Bl R ok ¥ /Wi Lb ) R=2. 349, i@ id
ASRAFAL R 33 AR AME B AL B SR 16 XA BEOR ] 35 4% B B3 40 B (3% 3) R B0, B LR 5 JiE
FELAE L, Hd 2 0,919 +£0.032, Pi i 0. 011 = S5HAL 4 A S JEE R A 1] 5t 4% B 8 et
0. 004,47 118 MRAZL AN 24 A T] 2945 AL A5, 5 B

£ 3 ALMKSANDEHEGEEEESSN

Table 3 Genetic distances between five red deer populations in northwest of China

I W] /R 2% 5 g WHEARSE Hw R FNITEEY W] L 3 T g
Poplulation C.e. sibiricus  C.e. yarkandensis C. e. kansuensis C. e.songaricus  C. e.alashanicus
Bl IRZ& L RE C. e. sibiricus 0
WH R C. e. yarkandensis 0.058 0
Hil D RE C. e. kansuensis 0.037 0.073 0
KT JE C. e. songaricus 0.035 0.075 0. 030 0
[ $7 3% D FE C. e. alashanicus 0.034 0.071 0.027 0.026 0
2.4 DEBEERSHELROHE ANERE A BT IR 28 CH N LR L A BT R 3 H E S A

VIRERE (Tragulus napu) B JF ¥ (GenBank % % 4 (Canada . USA) i G FE B 453, 5 M5 46 fE (Si-
K5 AF264000) 1R AN EHE 455 T A BEAR 41 4> ka) [A] R 2B T . 85 BLKR 5 g W) 5 B 55 JEE (UK,
BT AL T 31 CRE R ] 3 52 4% 2 43 50 ) D Bz Hungary Ttaly) 260 1 38 R 5 i 5 H f B
MEGA 4. 1 #4443 il 2k F 48 #2 % (Neighbor-joint- A 1] 352 4% B 2 A A A R B ATE
ing, NJ) 1 K i 491 (Maximum-parsimony , MP) . A
W T RGBSR s, 1 o B
TR Y NT R MP R R AR AL 6 Fh S5 48 7 FE A IR AR o A e 2 R
VLRERE R AR RS, 5 AN E BEREAR 402 2 A 2R AR RO ey A YOG F [ P I A g A 22
R ZEHE 3 R By R AN A 4 AR 23 8 T [F] S B AE 58 45 2 R WY L B JEE A% S A (] R 3K B A
KR, ALK e ZREE R EE . RFR EI, P

BT PRI 2 A4S LAY A% YL 555 Gen- At 5 > S BEREAILA 40 DSBS BRI R B S S
Bank 23475 B #8535 RE AN 46 BE T 91 74 2 NJ R BHAD A 1AL s, g iR Bg
(K 2), HE 2 T UL, BTG S e S AERE 43 0 R R 2 2 Il ST B R s SRS R 2 R B KR T TR 2 M B A
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Fig.1 NJ tree and MP tree of different haplotypes of red deer populations in northwest of
China based on mtDNA D-loop gene
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