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Genetic diversity and genetic structure of four cultured populations of Chinese

water deer ( Hydropotes inermis ) in Zhoushan Archipelago

LIN Jiejun, BAO Yixin" , LIU Jun, WANG Yanni, ZHANG Xu
Institute of Ecology, Zhejiang Normal University, Jinhua 321004, China

Abstract ; Inter-simple sequence repeats ( ISSR) were used to analyze genetic diversity and genetic structure of four
cultured populations of Hydropotes inermis in four farms of Zhoushan Archipelago. Twenty-six ISSR primers yielded 286 loci
in 59 individuals from the four populations. Among which 184 loci were polymorphic, and percentage of polymorphic loci
(PPL) was 64.34% . Primer UBC 812 revealed the highest variation with PPL (90.91% ), whereas primer UBC 860
showed the lowest variation with PPL (37.50% ). Twenty-six ISSR primers were selected for the analyses of genetic
diversity and genetic structure in the four population. Nei's genetic diversity ( H) and Shannon’s index () at the species
level were 0. 210 and 0. 318, respectively. H values were between 0. 1571 and 0. 1895 for the four populations of
Hydropotes inermis , whereas [ values for the four populations were between 0.2277 and 0.2778. When comparing with the
results from other animals using ISSR, the genetic diversity of the cultured Hydropotes inermis in Zhoushan Archipelago is
relatively high. Among the four populations, Zhoushan (ZS) population showed the highest genetic diversity ( Na=1. 486,
Ne=1.333, H =0.190, /=0.278, PPL=48.60% ), followed by Daishan ( DS) population and Xiushan ( XS)
population. The lowest genetic diversity was found in Zhujiajian (ZJJ) population. The analyses of population genetic
structure showed that when K=4, the AK value reached maximum, which suggests that all individuals could be divided

into four groups based on their genetic data. Biological data, such as skin color collected from the four populations showed
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that most individuals from four geographical locations could be clustered into its own group. The color of the majority of DS
population was white; the color of the majority of XS population was dark grey; the color of the majority of ZJJ population
was black; and the color of the majority of ZS population was light grey. These biological data indicate that there are genetic
differences among the four populations studied. Furthermore, the coefficient of differentiation, Gst (0. 163) obtained for
the four populations with POPGENE software was similar to that obtained by AMOVA analysis (11.96% genetic variation
among four populations). In order to find out genetic relationships among the four populations, Nei’s genetic distance
(GD) and Genetic identity (GI) were calculated. The results showed that the value of GD between ZS population and XS
population was 0. 045, showing that the genetic distance between these two populations is the nearest, while the value of GD
was 0. 066 between DS and ZJ]J populations, indicating that the genetic distance between these two populations is the
farthest. GI showed a similar trend to GD. The value of GI between ZS and XS populations was the highest (0.956),
whereas the value of GI between DS and Z]J populations was the lowest (0.936). Based on these results, we suggest that
the increase of genetic exchange among different island populations of Hydropotes inermis, especially between ZJJ population
and other three populations could improve quality traits of Hydropotes inermis. In practice, we could electronically tag the
individuals of Hydropotes inermis, and systemically record the exchange information among individuals. The proposed
genetic exchange could not only improve breeding for quality traits, but also scientifically and economically manage

propagation of Hydropotes inermis.

Key Words: Zhoushan Archipelago; Hydropotes inermis; ISSR; genetic diversity; genetic structure
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Fig.1 Location of the four cultured populations of Hydropotes inermis in Zhoushan Archipelago
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Table 1 Ecological characteristics of the four islands and number of samples

b P AR B N ; FEAR i ViRt
B HT S BISTTR N RAR(REERR)

. Geographic N . . Number of samples
Name of islands . Area /km Main habitat type

coordinates (Farm scale)

W DS N.30°17" E.122°10' 104.97 SF SLF \FL 19(100)
1l XS N:30°10" E;122°10’ 22.88 BLF SLF 15(200)
KRR 7)) N.29°55'E.122°24' 70.30 BLF SLF FL 8(50)
FHUAR 7S N:30°03" E.122°08' 468.70 BLF SF W FL WL 17(150)

BLF ; [if] /4K ; SF A SLF ; L3l s FL: R W J 050 WL Sl

1.2 DNA #H

2 HABOA0R A5 SO 0 X LA A 2L T 3R R 24 DNA (4L
1.3 5kl PCR U1

ARSI 26 2% ISSR 519, 46 E & R p9n] b H T # i 10 25 (UBC 808 .809 811,816,818 827 .
830,841,844 848) 1 SA4h vt 2 ARG BT 008 E A PRI 0E A AN I Y ISSR 519 16 %
(UBC 807,810 812 815 822 823 826 834 836,840 842 855 857 858 860 .873) , 45 | Wy Y ¥ 51| Fll e fE e
MREEWE 2,
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ISSR-PCR J {4 2 B 37 #7011 s Je T 4510 Jiff 37 (9% TSSR-PCR S [ et ik 22 Ky 1 st iy, Hovp
X AEMR IR B T AL, & R 35 IRAG IR, S5O ey, AR IR IGAE] . 9738 7= 48 1. 5% BB Bl e 1 H
VK43 E5(120 V,90 min) ,ffi [} BIO-RAD $¢4MEERE AR R S8 (1 I BIO-RAD 24 w] ) FA#8 WEE
1.4 Bdandr

A Gel-Pro 4.5 Gt 25 WA H K AL, SR I RN AS [R) R R A AR 255 (045 TG, T WA mT DL 19 2%y &3
TG, H 40 A JCH T, 7R ds e B O B B 455, B o JE LA MR DNA R B =9, 3t
B RAFAEN R <0 A EE“01” e AE RS , DA UG B s i Ak oh — oo i

K JH POPGENE 1. 32 #0315 4 AR BER SRS A L IB0( Na) A BN E B (Ve) (Nei's 816 2
FEPEFREU(H) (Shannon's 28505 B35 8 (1) ME NS E 5 o (PPL) i Z RS R, T B P K- -
4L ZREMEFR AR , LR R TE] 13545 0 AL R B (Gst) | Nei's 8L 55 (GD) PG AL (GT) .

FIH Arlequin 3. 11 30 X 4R B UEA T A5 4540 19 43 T2 5243 9T (AMOVA ) |

FIH Structure 2.2 B2 % 4 AFERIEESEAT D13 20 Hr, X250 MCMC 86 B ) R AR Bl 10 A
AMEFEACT B9 MCMC ( number of MCMC reps after burn-in ) #5384 10000 ¥, K {0 1—6, 54> K {54 @ 2k
SEIBAT 5 WA KAE T R EUBR R EUE (InP (D) |, log likelihood function value) , 3 M- 4B B b 454
Ky InP(D) , FFFRHAR: AK=m x [L(K +1) = 2L(K) + L(K = 1) |+ [s x L(K) 1 ,3F5 B4 K EAARX
B AKAE, 2 L(K) = InP(D) Y, R4E K5 AK MSCHR e fefE K AR, B st G 2540 ke i
EERE 3
2 HERE5HH
2.1 26 %% ISSR 5|9y 4k 1

M2 AT LIE 5,26 2% 1SSR 519 3L 34 H 286 A7 o5, P45 P 11 2% DNA B, 519
UBC 810 434t A s BRI 219, 3545 17 AL 5 19 UBC 816 ¥ 14 H AL S BU= e 0 1, AT 7 A
A ARSI B RSB TR Z R, Y 184 N EMEN S RISE A &S Y 7 A~ 2E
PR, B 28R L2 64.34% , Horb B4 UBC 812 38 /R 78 S B i 1, 28 R 5534 90.91% , T
7141 UBC 860 M2 A1 L A 37.50% , FHLT R Wity 728 SR s IR Y, LAy ISSR 51 228 M LR A T 3
ZI8] & 2 FE 3 o5 | e — LA R i B B Uk L S5 R TR VT RCR O, DR SRR
SIS T FHAIX 26 2% ISSR 519 Al F T 151 22 REE RIIst A5 2540 1) 43407

M 1

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

B2 ISSR 514 UBC 822 7E&RS M i3 1 B ik
Fig.2 The amplification of primer UBC 822 in several individuals of Hydropotes inermis

M, DI2000;1—18 , f&/4M &
2.2 FEMERSE 2R E S
I 3 AUWELSEA FL B (Na) A BT BB (Ne ) (2B S E /3 (PPL) Nei's 45 Z REETE 5L

(H) F1 Shannon's £ 8505 BAEE (1) XL L ZAEESBORTE , R RIREFEER AL SRR AE— 2 22 5, %50
AL BB LU LA 5 RS R e ( ZS) B2 75 ( Na=1. 486, Ne=1.333 ,H=0.190,1 = 0.278,PPL= 48.60% ),k
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ISR (DS) (F5 IR (XS) IREIFIHE(Z))) , BIPFIKF 1 i35 5 2 B 2 s TR KR, K
TR A R ] - 249K TR K B A S A A — SRR B ST, 7 B2 1L B 2R Y
RO BT AR

®2 26 FK5IMERFI RERNBEREENNMFHEPNTIBETHSSTHEILE

Table 2 Names, sequences, annealing temperatures and polymorphic ratios of the loci amplified by 26 ISSR primers

s s — ) RABRARIE/C A St St
Primer name Primer sequence (5' — 3') Annealing No. of ' No. (')f . Per(:entage of '
temperature Total Loci Polymorphic Loci Polymorphic Loci
UBC 807 AGAGAGAGAGAGAGAGT 54.0 13 10 76.92
UBC 808 AGAGAGAGAGAGAGAGC 48.5 10 5 50.00
UBC 809 AGAGAGAGAGAGAGAGG 55.7 12 9 75.00
UBC 810 GAGAGAGAGAGAGAGAT 56.8 17 11 64.71
UBC 811 GAGAGAGAGAGAGAGAC 57.6 11 7 63.64
UBC 812 GAGAGAGAGAGAGAGAA 56.8 11 10 90.91
UBC 815 CTCTCTCTCTCTCTCTG 53.3 7 87.50
UBC 816 CACACACACACACACAT 50.9 4 57.14
UBC 818 CACACACACACACACAG 51.1 10 5 50.00
UBC 822 TCTCTCTCTCTCTCTCA 52.5 7 87.50
UBC 823 TCTCTCTCTCTCTCTCC 51.5 5 55.56
UBC 826 ACACACACACACACACC 57.6 11 6 54.55
UBC 827 ACACACACACACACACG 50.9 11 7 63.64
UBC 830 TGTGTGTGTGTGTGTGG 49.5 11 7 63.64
UBC 834 AGAGAGAGAGAGAGAGYT 48.4 8 4 50.00
UBC 836 AGAGAGAGAGAGAGAGYA 48.4 14 10 71.43
UBC 840 GAGAGAGAGAGAGAGAYT 53.8 10 5 50.00
UBC 841 GAGAGAGAGAGAGAGAYC 52.8 13 10 76.92
UBC 842 GAGAGAGAGAGAGAGAYG 56.1 14 9 64.29
UBC 844 CTCTCTCTCTCTCTCTRC 51.1 10 8 80.00
UBC 848 CACACACACACACACARG 51.1 12 7 58.33
UBC 855 ACACACACACACACACYT 55.7 12 5 41.67
UBC 857 ACACACACACACACACYG 59.2 11 7 63.64
UBC 858 TGTGTGTGTGTGTGTGRT 55.7 12 7 58.33
UBC 860 TGTGTGTGTGTGTGTGRA 51.4 8 3 37.50
UBC 873 GACAGACAGACAGACA 54.5 13 9 69.23
S11 Total 286 184 64.34%

E3 ISSR 5|4 UBC 841 ZEEBH MK R 1 B ik E

Fig.3 The amplification of primer UBC 841 in several individuals of Hydropotes inermis

M. DL2000;1—18 . 54k
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F3 ALANEMBRESHEER
Table 3 Genetic diversity of four Hydropotes inermis populations in Zhoushan Archipelago

G A%

Population Numbers Na Ne H ! PPL/ %
510 DS 19 1.472 1.321 0.183 0.268 47.20
1l XS 15 1.420 1.299 0.168 0.245 41.96
KRER LI 8 1.392 1.286 0.157 0.228 39.16
FHUAR 78 17 1.486 1.333 0.190 0.278 48.60
FHHEKSE Population level 1.443 1.310 0.175 0.255 44.23
By /KF- Species level 59 1.643 1.351 0.210 0.318 64.34

Na; F-HIWMELEEAIEREL Mean observed number of alleles ; Ne: 3414 3 %5 3L K% Mean effective number of alleles; H: Nei's /% ZFEPETR L
Nei's genetic diversity;/; Shannon's Z75{5 B8 4X Shannon's index; PPL: 2754V 5 43 Lt Percentage of polymorphic loci

2.3 MR LB

T AK R, 2 K=4 B, AK BAHRRME, B, B AR G 8% 25 M 2R ) AT 20 4 A
HIHE. 4 K=4 B N 4 o] DU ZES LR (popl) v, 1A 5 T K43 5 2675 LLFPHE (pop2 ) i, TR K €5,
TR FEARZIRFRE (pop3) w1, B8 7 T R0 s EAHLAS By B RE (popd ) 7, BOK 5 1 R4, Ll
e, AR I AL 15 BN TR, 25 e P A DR 3 AR 22 v ZE AR A B BOR ) 7 O 2SR o, B A5 i [l
CAFE—E P AR 25 5

H |yl e B

—
(=3
S

0.08

components in an individual

AN IR S B4 B ]
The proportion of ancestry

0 I I
1 2 3 4

AT BT A A
All individuals of the 4 populations

El4 F#ESKIES 21T STRUCTURE S T8 EIMHEE (K=4)
Fig.4 Inferred clusters based on STRUCTURE analysis using prior information of population origin (K=4)
L RIFPRERBTA AR 2 FFILFREIET A AMA 3 . RERFREMATA A4 SHLAR BRI BTA AR

2.4 SERREE L AL

WAL R B Gst BHA NS I WERP R L L IO B ZAE A5, AR5 Gst 4 0. 163, I HA 16. 30% Y%
Lo A & AEAERNEEIR] I 83. 70% ML AL R A FEFIEN . 24 Gst 78 0—0. 05 Z[H] , FEBA RN )35t 14 731k
FEEEARES ,0.05—0. 15 Z[A| R B A H SR E 404k ,0. 15—0. 25 Z 18| R BA B KMk, KT 0.25 Fi
AR R S o A AR R TR E A FE R R A% 434k, AMOV A 4347 45 St 01 e ) i (5 28 S oy A
S 11.96% ,FHEEIN 1 88.04% (36 4) , IE 45 21,

T4 EMBEMFAMBENSFERN AMOVA 27

Table 4 Analysis of molecular variance (AMOVA) within and among Hydropotes inermis populations

75 SRR A B ROT 2% 520 5y S5y %
Source of variation df Sum of squares Variance components Percentage of variation
Fh#EE Among populations 3 182.472 2.800 11.96

AN Within populations 55 1133.562 20.610 88.04

H3t Total 58 1316. 034 23.410
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2.5 FEFPEERISILOC R

TR e A AR 58 S b B ] a8 A% B B S e KB, R 0. 066, 117 75 LU Rl B A 5 Ll AR I R A i A% B S ol
0. 045 , BT A 1AL I B TP i (1, FEAYFIREIR] A i AL BE B A T 3 22 18], St AR (DL 5 L B B R B oM A T
FAEE SR, R L AR S5 B R 55 LIRS 14 38 A4 FEARLRE S B = 1 ( 6T =0..956 ), T A5 LLU R R 2R R AR A B 1) 35 A4 A
IR 2R, 0 0.936 (£ 5) .

R5 IETHEFHE Nei's iBEREE S HEERMNE

Table 5 Genetic identity and genetic distance among Hydropotes inermis populations

i Population 1511 DS 71l XS RER L)L FHLA B 7S
&1l DS — 0.947 0.936 0.948
751l XS 0.055 — 0.943 0.956
RFIR7)Z 0. 066 0.059 — 0.943
FHLA B 7S 0.054 0.045 0.059 —

LEAR A BIEE T =0 Nei's LR

3 iFig
3.1 iR R

WG ZAREMELE T SC_E SRR AR W s 1A (5 B A0 BRI, 0k SC_E DU 48 Al RS [) AR BRI AR 0] () 82 4% 2
APERRRE O SRR S A R T BT A 8 AL S, RS e — A P I IR A RE T RN IR B AR S Rk Ak 1 v
TP R R R — AT I, K XS ZREE T S A R L, 7T ISSR AR A,
AL ZRENE R R H DL Nei's 18045 ZREETE B0 (H) F1 Shannon's 2 2545 BI85 (1) XM Fank &2 15
FIF 1SSR Anicx) i 2L s 9 i A 5% v, ZE D Al oK b w5 B B %R ( Ochotona curzoniae) F) H A 0. 2306, 1 4
0.3531"%) {FHEHIE T PR45 3 UL —Fh 2R 210 H R 0. 1258 1 K 0. 2256, ZERIEE K F | |, Askari 25700 ¢ i F
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