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Genetic diversity of three populations of the black muntjac ( Muntiacus crinifrons )
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Abstract; Black muntjac are currently threatened by habitat loss, fragmentation and human hunting, which has led to the
extinction of three subspecies in the wild. In order to design effective conservation strategies for the black muntjac, we have
investigated genetic diversity and gene flow in the black muntjac populations by analyzing about 480 base pairs of the
mitochondrial DNA (mtDNA) control region in 36 individuals sampled from Suichang, Songyang and Longquan. Black
muntjac exhibited high mtDNA diversity with thirteen variable sites and twelve haplotypes identified. Neither the estimate of
Tajima’s D nor that of Fu and Li’s D deviated significantly from the neutral selection hypothesis ( P > 0. 1) for three
populations, showing no evidence of strong selective sweeps or balancing selection. Although there appears to be reasonably
high gene flow among the three populations, these data single out the Suichang population as being highly genetically
distinct and worthy of separate conservation consideration. Therefore, it is recommended that a breeding program for the

Suichang population be established.
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B3, T RpArk , 2 S B T 3 L 2R AR 30 o

100 ZS4FRY , B LU BE R AU VL3R B b0, I A0 T L8070 AR 44 . L 4Rk, 1
X B TT %, i B R AR A 15 SR s iR , 6 B B A B 32 B B AOR, 40 X RN T4, B
FHREEI MR X AbTF 27.5 ~31°N, 117 ~121. 5°E 28], WL 7.65 7 km® . 7ELA IR X A 2 AN Fich
L, — BB A O AL RILAE L, R BRI R E W, BB A B L —4; R ERE %A
AL AEE IR A B L —, BT RERAN B KBk, BRENE B T, 1987 43
75000 ~6 000 3k, 1999 ~2000 AEHEEEE XWIT A BEFEHTLEIEE, MITLEBRERERE N 3
500 ~4 000 sk, RIEBZWH, REBFERI N 1 SR Y, BEBFESMYYRHERES ALY
(CITES) fERz: AR5 B AR H (IUCN) 4 F.4> BIKe B 5] A K3 1 f15 f& ( Vulnerable, VU) 4,
B, o T SEFER 2R R , 0 0 DU I BB R B B S S5 M AT AL

UAERBIZ RN, B S RM IR R LTS R ERENAAERE®, T AEHEmE S K
#1° Wi yR R SRR, FESYREEN TRBREESE X", £Mys, AR T —
SERBE LR B AR B PHAMES, BN, REBREATERAK . N EAHTRER
X, ) B AT BV RE B T8 BT LR AR R 4 45 10 Wik S b IR AE MV RERL B B4R, DRSS
5 R EBEE SRR EE —RRE AR, SBEEE SHkar F R, SRRt st . 1
b, NFPRERS BOE R PSR, BT BIFREE G, DRSS 2R B A R PR RS 5 251
BEHEMMT S AR IR TRNET FREEHARE RS A ERNE R, £ BRI EEMF
BESUHET, B B AR B 8 (5 R HEATRIST , LA T AR BR 6038 DL AN HEAL VS 1, I R Bl B R
PEERARTT RIS S,

B, ABFSE R T4k A DNA $5:] [X B 38 470 S B BB A A B 28 B vh 0 B9 3 SRR RE IO 345 25 RE MR
BTG, 4> IR 2% B FORE, WA BARPBERN I SRR RE , ABA T A8 1% 405 o0 B 2 BRI AR I B85 AL
PSS AR
1 H|RF*E
1.1 5K BARMR

FEE AT, ST UL B 5, HALHT ) =R A, A KA A Z I — i Tt O
B, T, ELR A REBESARMBNETAR K2 —, HPRUEL B RGP R FEREE LB
WELH 769 LAY . X EHTHEBRENK , TEEREWB L, ~FPEEHBHET S
o BEHBAHER R T BIF, M B2 5 S, UL X ( Cyclobalanopsis glauca) Y {4
AR BER ASE, KNFYRKRBRER, P XA EBEFRER,

1.2 R oo MR 2 B8 R 2
1.2.1 BERHRE

7 3 B BRRPRE T E OISR AR s HEAT B B HE (R A i i 4, IR b i 4 R B A 2 R B (LI L 2B
BEREE) , ATRSTIERE 36 B EAMREULP L BB SUMZLMERE T3k 36 £y, Frh R B RPRE 22 13 FA FHAPRE
10 f3 R RFPEE 4 By (3R 1), X TEEREG RIS FEY ST BOHAT MK R, LUHER SR I8 T R — Mg
e,

1.2.2 DNA KRB Y R

HH9EEPRZH DNA {25 A BEMAHN JEHG , RAE AN K. B/ 80785k . &8k DNA #4H X H
e 34 | MR R Genbank rf BB BELL K fk DNA 25 (B RE : AY239042) , B 43 914> 514 : MuntCR1
(5’ TCT ATT TAA ACT ATT CCC TGA TGC 3') ,MuntCR2 (5’ GTG AGA TGG CCC TGA AGA AAG AAC3'),
FANE1 43 B T3 X — 0 45 55 (RNA B 208 10 55 B8 X 3% (15414 ~ 15437 ) A2 A IX B (R 5F X 48
(15904 ~15927) .
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Table1l Summary information on the samples of Black Muntjac used in this study

SRFE L FEAEL FEamRE WMEEFTRE SR [E]
Sampling Site No. of individuals Tissue sample Observations Sampling year
WYL 3% B Suichang of Zhejiang 1 WLEA Muscl BF A wildness 2002

3 Hz 3 Skin BF A wildness 2000

18 2&{# Faecal BF A wildness 2005
HITL#APH Songyang of Zhejiang 1 WL Muscl B4 wildness 2004

3 Hz 3 Skin BF A wildness 2004

6 2&{# Faecal BF A wildness 2004
WYL JE 5% Longquan of Zhejiang 4 3&{F Faecal B4 wildness 2004

PCR 3" 3% 5z i SR 7 50 w1, HH 100 ng 4% DNA, 10 mmol/L Tris-HCl, 50 mmol/L KCl,1.5 mmol/L
MgCl, ,150 pmol/L dNTP,100 pg/ml BSA,0.3 wmol/L E|4,1.25 BAfifY Tag DNA B&H, 1EHAMH:95C
FAE 4 S min, 94°C 1 min,51°C 1 min,72°C3Ef,38 MEFF/G, 72°C &E{# 10 min,

PCR ¥ 37 FISE AR W& BE IS DNA BEIMGAFI S 4ifb)G , Gt 8 AL i e, FE AR P (M13 + ) 47
BEliF . MF7E ABL PRISM 377-96 F5ER, & — PCR =2 ~3 Nk,

1.2.3 FiE4othr

JF3145 8 A Clustal X /"™ 3647 DNA FE50HE51, AN T8, Fi MEGA2. 1 3" #4751 Hhik
TR SR, B B A SR BAf B, FH DnaSP3. 51 844! i B R L #E (Nucleotide diversity, ) | BAfE
H Z £ (haplotype diversity, h) Fl4% H B2 1 7 J& ( Pairwise divergence) , Fi43F 28 5 43 ¥7 3K 4 ( Analysis of
molecular variance, AMOVA ) ' S5 {5728 S AE FhE Py RIS BE 1D ) 4376 . F A8, 3R HES 36 25 ( Permutation
test) Kl F, BEM(FHRYON 1000) , TSR ARLEQUIN 2.0 B52rg, Fiibeia 25 i A
N, FRfhit:

N,=(1/Fz-1)/2
2 H#FE
2.1 BEEFEERIIZFR

S2ki Ak DNA #3 [X B [H 480bp i W7(15434 ~ 15913 ) it 2 AT &R BE,36 AN B BRANMARE S ZRL
& DNA #i X EH 480bp H Wi 13 MEFNLS, i T FFHCER 2. 71% , HiX 13 NERALS B9
FE IR HBEE A RBR WIS, h I E LT 12 5458 (Haplotype) (£ 2) ., H, XE BEM
BEA T AN RAERI(SI ~S07) FAFHBERMEA 4 M HAEEI(SI1.SR1 ~ SR3) B R B EMEA 2 N HAMERI(LFL
~LF2), R, & EBREMERN 1 NPA/EE(SI) SHEBRMELEZE(ER2),

L33 36 4~ B EAMARE R ZRLIR DNA #5 ] X £ 480bp f BN 12 A~ BERIEFH) (3R 3) 4047, K
BTE 3 MREMET, XERREMERAARRNBEEZHENE, RUEBEZFA ~114) BHFRERE
(0.2 ~2.1%) ,ZH R ZHEH: (0. 00883 +0.00154) , FHAth 2 MNFPEERBHE BREMARYC, : T SR B R AR AL
FHREBEFIEE . M Tajima’s D #l Fu and Li's D (HRMEBESZRKE , X 3 N BB T H ek sE AL B 7 B 5
BAHABRRE(P>0.1) , 84 W BHIER BRX 3 NREMFRIFARRNPEEE(E3),

2.2 SFRERSGHTAEER

f#/ ARLEQUIN 2.0 #4453 #r% 8,3 MHEEEER VKT 1L, X3 NEEMBENEEEBRAIEE
HIEBER(F4), 3 M BREMREARZEIRINFYZ 55 0.009, XFEHX 3 N BEMFAAMLEAR H I L
(%5),

3 itig
RREA ST LA, JEF R, SRR ERUE, INRE MR S EEEHRASE o EE, B
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£2 36 MNEREMEENE DNA FHREERHFINERM R AEARESREE
Table 2 Mitochondrial DNA control region haplotype defined and distribution for black muntjac

ks BRER BRI BERRES] AR SR TR BEE LF
Population Haplotype Variation position (n=22) (n=10) (n=4)

[122 222 333 344 4]
[915 678 228 802 3]
[063 923 365 789 3]

3% B Suichang SJ1 TATTGT TCAACCT 4 1
SI2 B O 2
SI3 B O ¢ 1
SK ..CCLLL T. 1
SI5 iiiee..GLUTG 9
SJ6 B & 1
SJ7 CGC CAC.A. G.T. 4
#APFH Songyang SR1 .G.C....G....
SR2 ..Co Ll TG
SR3 R T 4
J5 5 Longquan LF1 ..CCA. C.. .TT. 1
LF2 C.. ... .A. ... G 3

v son BAERR RS AR, BRRr 58— BAER (SI1) M 4 ik, ST.SR A0 LF 53 232 B B 5 H IH B BRI 2 28 Bl B
HI4EE Numbers( vertical ) showing the variation positions among black muntjac haplotype. The haplotypes designations SJ,SR and LF are abbreviations
for the population introduced from the Suichang, Songyang and Longquan

®3 3NMERRWESNEDNA HEESRESY
Table 3 Measures of mitochondrial DNA diversity observed in the three populations of the black muntjac

F4%# Population B¥ Total 3% B Suichang #3FH Songyang J& % Longquan
R g n 36 22 10 4
BAAZTIB No. of haplotype 12 7 4 2
AL Z RS No. of bp differences 1-13 1-11 2-6 9
AR (% ) % pairwise divergence ® 0.2-2.1 0.2-2.1 0.4-0.8 1.9
BRI ZREE Haplotype diversity * (h) 0.8950 £0.028 0.7879 +£0.065 0.7778 £0.091 0.5000 +0.265
BHBRE R Nucleotide diversity * * () 0.00875 £0.00103 0.00883 +0.00154 0.00495 +0. 00066 0.00938 +0.00497
Dy 1.0369* 1.3997° 0.5010% —-0.8294*

Dy 1.2369* 1.4373b 0.7749* —-0.8294*

Dy : Tajima’s DU'71; Dy : Fu and Li's DU8! ; « PR B 52 F kimura 2-parameter $#1(°!  Estimated using kimura 2-parameter distance!®! ; + 52
LRI A BB PTBE  Site with any missing information were completely excluded; a;: P >0.1,JE E 27 Not significant; b: P <0.05, F B FE
5% Statistical significant

I, Tk 2 21 DNA {RBUSEXRBHRESWET T BV ER ., SHAMBEL, 2EERE
SR, 720 42 90 S£-CH, EAMATEE BLE SIT IR R M ZEE R & 2L DNA, 5F H W BUs T RAFI 4
RO AR E NSNS % R T WIS AL DNA B9 3% , @5 4346 DNA s LRt HRIE AT IR
B, BT T A Tl AR AAT N AR R S S HEM PR o APFSUR AR AR,
B AT AEREE B %ot R BRAL Y L B T R 26 AR 9 DNA 3047 T 4REL, irf8 DNA F T PCR ¥4 , s 3k AT 5
iR B~ DNA [RE R 47, RZIEME Tag DNA RS HEE MR A4 A 2 R A FH 7 DNA 0, il 13X
—REMER R, WOV REERTRRE RERR OBEEE R E R RGBS T AP TR
HEREHTHMTHTRAT . LHIR BESMOZEMER Mok B RE, M HERYH , AR T’ —Mk
RT2ERN, BB O, BRI RSB, B TRES, G /MR, B XML RE, XL F
R ZEEART SNBSS T HEAT . MR ERT R TR —REME, R AR T E SN
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RRHETT S
BREZHENYMNAEAFRAEENE X,

RN, B SRR R YRR REENA ®4 RROBRENSH

FUBAUE 34 42 B8 1 1 32 2 T LA B T 65 0 26 5 % Table 4 Population parameters for black muntjac

e, BEERHEGRTN — NI A, i o oeen | RAS BRS ERI
%B - 2. 188606 3.462279

HARFSRHEFENNEIRBHNERREEE 4 0. 18597° _ L 101435

RS REBEYME EARR P EEAERT pa 0.12619" 0.31222° -

HRIMFE A EZNFEREBZ —. ACTEE ST * Jo @25 (Not significant) (P>0.05) ; Xt 8 k5 4k

R B \MFHﬁjEE 3 /l\i!i%ﬁ*ﬁﬁﬁ 36 /l\/l\ﬁg TEHER(N,) , AKX TH N F, L Above the diagonal: migration rates

BERHAIIEL, SR B 12 A2k bk DNA M7 13 (V) sBelow the diagonal: , values based on haplotypic frequencies

ANEERALE, AT FFIRER 2.71% (13/480) , &

A H BB A MBS BLG , UiHA 51 i S AR R R R A 2 ™), BT LS BE AT 0 31t N 4 o B 28 2 i

MBS, AEREEEERING, R 3 NMREME DX E BEMN 1 N RER(SI) SR HBEMLE

(F£2),FEMERNER, TRRERAX 2 M HGFEZHBREMIBWER ,BXZH TEJLT4F

RALERKERERIRMAGEITH , 15 BB S AR A WL TSI RE R . B A% A B Sk U, FoFp i R 25 i i)

HAK, RBAERABRSRE2ZR, R EAE(F,) MEER(N,) BEHEGESIRENS R

(F4), I NREMRD, XE BEMSHAARBNBESEME, 2002 ~2003 4ERREED ¥ L

Wiy LR X N B RS R MR ERTHAE, TREZUNLRBLERARP XN BERIRE N (404 +

38) 3k, & B BEMBELAR DNA il BR T REHBREEHE, HREN 2N R 24ERE B B RN

BHREENEEREZ —,

x5 BEBFIER
Table 5 Nucleotide sequence difference
1 2 3 4 5 6 7 8 9 10 11 12 SE5 Average
St 0.009
SI2 0.002
SJ3 0.004 0.002
SJ4 0.006 0.004 0.006
SI5 0.006 0.008 0.006 0.008
sJ6 0.002 0.004 0.002 0.008 0.004
SI7 0.019 0.017 0.019 0.013 0.021 0.021
SR1 0.006 0.004 0.006 0.008 0.008 0.008 0.017
SR2 0.006 0.004 0.002 0.004 0.004 0.004 0.017 0.008
SR3 0.004 0.002 0.004 0.006 0.011 0.006 0.019 0.006 0.006
LF1 0.013 0.011 0.013 0.011 0.015 0.015 0.015 0.015 0.011 0.008
LF2 0.006 0.008 0.006 0.013 0.008 0.004 0.017 0.013 0.008 0.010 0.019
BEBS 8 3% F kimura 2-parameter ##("°]  Estimated using kimura 2-parameter distance!'®]

B R EMR R A B 2 (h) B ERZHE () 5HAR 4 F2H BRI , i ( Capreolus capreolus) |
BEJRE ( Ozotoceros bezoarticus) 3% J& ( Cervus eldi) FHEAE B ( Cervus nippon) 47 HE , KPR h(0. 8950 +
0.028) 1 (0. 00875 +0. 00103 ) ¥BAK , BB NEFE (h=0.99,7 =0.011 ~0.025) " HAKK IH1E
JE(h=0.98,7=0.014 ~0.022) ™ Ja(h=0.97,7 =0.0097) ) 3 RE(h=0.89,7=0.022)  LIf:HBE
i B T A RSO B R R MR 1000 m DA B S LU AT B, 3 0 BB AR X
FHAER shYy , AR A, X TR RS | R4 RREE, Bk sy, &2
E AR BB B, 35 H 2 A 2 PR R T & 2 B R, R R 2 R s, 12 A4S A fE Rl ] 5
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KEBHBRITFIZFN 2. 1% ,D -loop REFMIUNER 6.3% /B 4", WXL BAERIT 33 T4
TG B, AL T2 DU 22 vk B SERT T 0 o XA, IR SRAL T AW sh i vk I ARl vk 8, X3 Hr b
TR AR ARG ER =4 T + 2 BRI . Tajima’s D 1 Fu and Li's D ER M4 REIX 3 R
FEAESS T Mt 5 R B R BCR B B AYR S (P > 0. 1), BRZE 2K A0 8] oK B 2R = A s PR R 7 5K O B
%, BERMMIER AL , G R REE SO H BRVK TN 32 T b A R s BB TR

—AFHRES HARTPRE AL IR ETE WA, A T e IR B R SR o SRR IR 3R S5 (U B R
R BRI AR R A ROV , B E SRR T S SRR S ER B N T RRFHE
Ui, A & R AP RE RIS R TEAR/ N ZE B R, RS R R A8 2R SR A5 R, SRR R (a] i 8
e BR, X N, <1 B, b AT AR TR AR = A A0k, B BB Pk DNA 2 R £ i Bk
MEERB R, JBTEE 08K E REAEE AL FH R SRR BRI ] N EH KT 1, $ilx 3 4
REMHRAAEER OV FEENERR, K, RS RFRE N9 1. 101435, F7EE 1 Bl TR AR
AR T A 7L FER

o R EEAT B M AR 47 B B T AR [ ik, Xof 28 DR 3 568 B 8 v ) SR B B s B AR 37, BRI e AL 7R
BERPRRH R/ K BEA R IR R BERV AR AR AL e 72 28 DR I3 P B R B BRER JB) A O ST RS, A A e
B AARTERS BT s A TR — Sext B R A B AT B . X T Joik Wk R B SRR B B A LA
B, TLARESF o BB B 22 S AR SR AN 51 B, A u B3 i (B i B RS2 3, 38 R IR )3 15 2R
WA LAZESR B AP RR AL AR BE — S AR Dy B DR R B 1 B ERB/NFRB R, ZE WK BT RS, HE BREE A 2K
R RBEFE
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