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PCR [ W TE 15 pL M1 & fh AT, A 46 K 2
50 ~100 ng FEH 4] DNA,7.5 pL Ex Taq premix
Buffer,0.4 uwL 514 (045 I F i) ,0.4 pmol 2¢
YeARic B9 M13 5| 4 [ either IRD700 or IRD800
(LI-COR) ],/ ddH,0 #p5%%] 15 uL, PCR ¥ 1%
25495 CHIALYE 5 min, B2 32 MEHRE 95
CAE M 30 s, {7 255 5 MR KT BE (50 ~ 62
T)1"30 5,72 THEMH 30 s; 57 72 CLRIEAH 8
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[F] #E 47 3% BAS F- 5 45 55 (linkage disequilibrium,
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£ 5% B, & & (polymorphism information content,
PIC)
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TR A BAT e I B 43 2. (0..78) o
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Tab.1 Allele number(N, ) ,observed(H,) and expected ( H} ) heterozygosity , polymorphism
information content( PIC) and P value for testing HWE( Py, _,, ) in seven C. reevesii stocks
(i W 2 B R U LN TR IR |- ¥ WL T YLV RBH A B
loci HNYY HNHS HBJZ JSSZ SH ZJHN IXYY all stocks
(n=14) (n=15) (n=13) (n=15) (n=15) (n=15) (n=15)

Cre9 N, 4 2 4 6 6 5 11
Hg, 0.29 0.20 0.23 0.14 0.43 0.33 0.46 0.30
Hy 0.50 0. 34 0.21 0.59 0.69 0.60 0. 64 0. 60
PIC 0.46 0.31 0.21 0.54 0. 66 0.57 0.60 0.57
Py_w 0.03 0.03 1.00 0.00 0.01 0.01 0.00 0.00

Cre48 Ny 7 7 13 18 8 7 7 26
H, 0.71 0.87 0.85 1.00 1.00 0.71 0.93 0.87
Hg 0.81 0.78 0.91 0.93 0.78 0.80 0.83 0.89
PIC 0.78 0.75 0.90 0.93 0.76 0.77 0.80 0.88
Py_w 0.31 0.87 0.38 1.00 0.74 0.20 0.34 0.72

Crel4 Ny 8 6 6 8 6 9 9 13
H, 0.31 0.67 0.36 0.43 0.86 0.87 0.71 0.62
Hg 0.86 0.82 0.83 0.84 0.82 0.85 0.78 0.87
pIC 0.84 0.79 0.81 0.82 0.80 0.83 0.76 0.85
Py_w 0. 00 0.42 0. 00 0.00 0.72 0.12 0.08 0. 00

Crel07 Ny 5 6 7 8 5 6 7 9
Hg, 0.86 1.00 1.00 0.87 0.64 0.93 0.79 0.87
Hy 0.77 0.78 0.84 0.80 0.69 0.71 0.77 0.84
pPIC 0.73 0.75 0.82 0.78 0.65 0.68 0.74 0.82

Py_w 0.23 0.06 0.32 0.10 0.58 0.68 0.69 0.21

Cre22 Ny 5 5 5 10 6 5 14
Hg, 0.54 0.21 0.77 0.67 0.64 0.57 0.64 0.58
Hyg 0.68 0.56 0. 64 0.73 0.82 0.74 0.69 0.78
PIC 0.62 0.51 0.59 0.68 0.80 0.70 0. 64 0.74
Py_w 0.53 0.00 0.94 0.17 0.00 0.04 0.79 0.00

Cred6 Ny 4 5 5 5 5 6 9
Hg, 0.57 0.27 0.46 0.60 0.36 0.27 0.53 0.44
Hy 0.47 0.40 0.67 0.52 0.65 0.47 0.65 0.62
PIC 0.41 0.38 0.63 0.49 0.58 0.42 0.62 0.58
Py_w 0.31 0.10 0. 00 1.00 0.02 0.03 0.17 0.00
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loci HNYY HNHS HBJZ JSSZ SH ZJHN IXYY all stocks
(n=14) (n=15) (n=13) (n=15) (n=15) (n=15) (n=15)
Cre37 N, 11 11 11 12 15 9 12 23
Hg, 0.86 0.67 0.91 0.73 0.73 0. 64 0. 64 0.77
Hyg 0.88 0.87 0.89 0.89 0.92 0.85 0.89 0.92
PIC 0.87 0.86 0.88 0.88 0.92 0.83 0.87 0.91
Py_w 0.76 0.02 0.36 0.06 0.01 0.13 0.13 0.00
Cred5 Ny 10 7 8 9 10 8 11 25
Hg, 0.92 0.77 0.92 0.93 0.86 0.79 0.80 0.85
Hg 0.86 0.78 0.80 0.85 0.88 0.86 0.84 0.93
PIC 0.84 0.74 0.77 0.84 0.86 0.84 0.82 0.92
Py_w 0.89 0.03 0.78 0.95 0.04 0.08 0.23 0.07
FEE N, 6.75 6.13 7.38 8.75 8.13 7.00 7.75 7.41
mean g, 0.63 0.58 0.69 0.67 0.69 0.64 0.69 0.66
Hyg 0.73 0.67 0.72 0.77 0.78 0.74 0.76 0.74
PIC 0.69 0. 64 0.70 0.75 0.75 0.71 0.73 0.71
x2 T BRBENFESMNERS R
Tab.2 Number of private alleles at eight microsatellite loci in seven C. reevesii stocks
e {7 1, loci jsSan
stocks Cre9 Cred8 Crel4 Crel07 Cre22 Cred6 Cre37 Cred5 total
HNYY 1 1 2 4
HNHS 1 1
HBJZ 1 1 1 3
JSSZ 9 1 1 11
SH 2 5 1 6 14
ZJHN 1 2 1 1 1 6
IXYY 1 1 1 2 5

2.2 BEESUFEEEN

TABERR) F St 4300 0.157 1(Fyp ),
0.104 2(Fy5) ,0.059 1(Fg;) o PIPIREIRIIT For
{BAE0.014 3 F10.112 7 Z 8], &5/ NF 0.15( 3
3) ;s W43 PR 43, Herb /T 0,05 128 12
2, AF0.05 F10.15 Z A A9k 9 41; B 57. 14%
{14 I PR R A4 ) T 434k, T 42. 86 % 11 19 14 A 4% 1]
B R i o A 5 B\ YNBSS 1 o N - R S
B, IR N, (HASK T 1, JEHTE 1. 968 5
F117.183 8 Z[i](£3).

o3 ¥ 78 505 22 4y Bt (AMOVA) & 3L, AUA
5.91% (P <0.05) i35t %742 5k B TREAKR],
4R 84.29% (P <0.05) W78 Bk H THHA NS,
XKW T st L A8 7 F2 SR TSR], A4 [ 35

AR S R TR i A 5 (R 4) o

G5 WPy m] LA S WA AR 18] 55 2% 55 &R 1
i, WF S HEE, IR 4 H (HENYY) Fib)
m 7 (HNHS ) fif R 6] 59 38 1% B e i ik
(0.106 6) , 5t & AL IE 2 B fie K (0.898 9)
R R Z Bt s WAL IR (HBIZ) AL 9y B
(IXYY ) Hf AR 18] £ 382 4% 3 88 ok (0. 646 8) st
FERIITE 2R B/ (0.523 7) R R R IR
73 5h N UPGMA R Hhal LIF i, 7 R4
TR 2R D 1A~ B Ak 4 0 32 38 L 58 H (HBJIZ)
FEUR B3R — 305 W15 45 BH (CHNYY) 81 9 I
73 (HNHS) ,7L95 #5 JH (JSSZ) , L (SH) , #i
L3 T (ZJHN) AL PE R (JXYY) 6 e
BT —Z(F2).
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Tab.3 Pair-wise F; below the diagonal and the number of migrants per generation(N,, )
above the diagonal between the seven C. reevesii stocks estimated from the eight microsatellite loci
HNYY HNHS HBJZ JSSZ SH ZJHN IXYY
HNYY 13.314 8 4.338 0 12.956 6 6.802 2 9.682 5 4.869 8
HNHS 0.018 4 2.958 8 5.180 1 2.466 8 3.103 0 2.457 4
HBJZ 0.054 5 0.077 9 4.961 6 3.126 1 2.655 6 1.968 5
JSSZ 0.0189 0.046 0 0.048 0 6.047 2 11.202 1 4.766 1
SH 0.035 5 0.092 0 0.074 1 0.039 7 17.183 8 4.014 0
ZJHN 0.025 2 0.074 6 0.086 0 0.021 8 0.014 3 9.1379
IXYY 0.048 8 0.092 3 0.112 7 0.049 8 0.058 6 0.026 6
F4 TN BREENSTFERATENSN
Tab.4 Analysis of molecular variances( AMOVA ) of microsatellites in seven C. reevesii stocks
255 1 B2 ’}?%éﬁﬁj\ H7 AV S 40 Atf?ﬁl
source of variation a sum of variance perce{ltége of f'lxa.tlon
squares components variation indices
PEIATH] among stocks 6 36.297 0.12947 V, 5.91* 0.059 1
FEAAR N4 E] among individuals within stocks 95 216. 394 0.214 90 Vv, 9.80* 0.104 2
FFAG /1A ] within individuals 102 188. 500 1.848 04V, 84.29 * 0.157 1
total 203 441.191 2.192 41
i * 2R RE(P<0.05),
Notes: * means significant difference( P <0.05).
RS TABRBEEENEEES(T=Z/)MEEEUERE(L=/)
Tab.5 Genetic similarity coefficient and genetic distance of the seven C. reevesii stocks
Pop ID HNYY HNHS HBJZ JSSZ SH ZJHN IXYY
HNYY 0.898 9 0.758 2 0.859 3 0.798 5 0.850 8 0.762 6
HNHS 0.106 6 0.736 2 0.818 4 0.662 1 0.742 5 0.6758
HBJZ 0.276 9 0.306 3 0.757 5 0.653 0 0.649 3 0.523 7
JSSZ 0.151 6 0.200 4 0.2777 0.751 8 0.849 3 0.728 0
SH 0.2250 0.412 3 0.426 2 0.285 3 0.874 2 0.683 5
ZJHN 0.161 5 0.297 7 0.431 8 0.163 4 0.134 4 0.839 2
IXYY 0.271 0 0.391 9 0.646 8 0.317 4 0.380 5 0.175 3
— e 3 e
1552 3.1 BafEREnEESHLE
—{ . ARTISE B OB BT IT A 55 0 FR A
B XYY ST AT o A2 T BRI IEREIE] 130 4%
HBJZ PEIER B SEREE RS H 2 9 ~ 26 4, F
0.0 ﬁ‘;ﬁ“%_ 0 909 16. 25, 3 i 5 HA fe KA LB R B, 1
GGl

genetic distance

E 2 #R#E Nei [RiZ{ZEEEHZERN UPGMA &
Fig.2 UPGMA dendrogram based on the genetic
distance computed by Nei’s between C. reevesii stocks,

according to microsatellite DNA analysis
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S5M;0.25 < PIC <0.5 B, N ELE; PIC <
0. 25 W IRIE 20, %BFgTT 8 MM T A
PG 285 B & E e 0.57 F10.92 Z ],
SRR 0. 71, 34k 5 B 2 A RIA AT
(L TR A S50 a8 A A T S A R AR 17 35
& ZREE RN AL Z5 R 8T -
3.2 SRaFEMFENEES L

FERRL8 1% 3 A AR B For 2 M S R AR ) 52 %
2R FEREAR Y, Wright ™ Fo 00k 4 A
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R, Hogx 6 BERIR Ry o) — 3¢, Horb it e 25 BH
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TN RES159 , & BRI B R A2 A 22, Rk
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(3) SFHTHET HARFIER Y 2 R WA R0
EI A —E R

LA R B For) B 0.059 1,
ST EE S ATE Bl (Fp /v 32 0. 05 ~0.15) , {H &
FHGETI A EI IR (Fgr <0.05) , AT LAAE S
B fa SRR E AN . AMOVA 4347
Bl RE sl Rk THAN
(84.29% ) AUA 5.91% W72 5 R AFE FRARZ
[i) , 36 A [T AR 5 1 5 f A A 1] 14382 1 53 A 7K -
BAK . S AR B A7 78 1Y X AR K P as 4% 4L
A B BER P9 0 5 B st % Z AR PE A G, Al g
5 FR 0 b B B TR R R AR

FE T AR R B 44 NRA SRR
HEANHARER R DTER— S A — A 55
PR, Horp Fifg (SH) BRI R A S50 5L
iz ,ik%) 14 4~ IR (HNHS) BER /b
A 1A XSRS IR AT IS T S
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P T — e R
3.3 w4 - iR1AEFE

R AL TR I — IR AP RS T I A S
PRIZEREAAS o 114 23 A B0 38 07 12 2 AR O R, WA 2
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Microsatellite DNA analysis of genetic diversity among captive breeding
stocks of Chinese pond turtle( Chinemys reevesii )

ZHANG Yun', YU Dan-na', DU Wei-guo’, ZHENG Rong-quan'“, YANG Guang”
(1. Institute of Ecology ,Zhejiang Normal University , Jinhua 321004, China;
2. College of Biology ,Hangzhou Normal University ,Hangzhou 310036 ,China;
3. Jiangsu Key Laboratory for Biodiversity and Biotechnology ,College of Life Sciences,
Nanjing Normal University ,Nanjing 210046 , China)

Abstract; Chinese pond turtle ( Chinemys reevesii Gray,1831)is one of the main turtle species in China with
commercial and medicinal importance, and it began to attract attention as a breeding species in 1990s and
became one of the largest domestic breeding varieties. The population of farmed Chinese pond turtle increased
in China,however,only little is known on the genetic status of this species. In this study,eight highly variable
microsatellite loci were used to investigate genetic diversity and captive stocks structure of Chinese pond turtle
in China. A total of 130 different alleles were detected in all examined loci. The number of alleles ranged from
9 to 26, with an average number of 16.25 per locus. The high number of alleles per locus within these stocks
indicated the potential usefulness of these primers to characterize stock genetic structure of C. reevesii. The
results demonstrated that seven stocks showed high polymorphic information content ( PIC) values ( ranged
between 0.57 and 0. 92) , which is much higher than the standard value of 0. 5,and the observed (H,) and
expected heterozygosity ( Hy) ranged from 0. 30 to 0.87 and from 0. 60 to 0. 93, respectively. The analysis of
molecular variance ( AMOVA ) indicated that almost majority of the variance in the C. reevesii was within
stocks(84.29% ) ,and 5.91% was among stocks. All pairwise F; estimates between the seven stocks ranged
from 0.014 3 to 0.112 7 and were also significantly different from zero( P <0.05) ,which showed that a low
genetic divergence was between stocks. Hardy-Weinberg equilibrium analysis indicated that there were five loci
in great significant Hardy-Weinberg disequilibrium, and each locus in each stock test showed that there were
19.64% (11/56) loci in significant genetic disequilibrium ( P < 0. 05) ,14. 29% (8/56) loci were at a very
significant level (P <0.01) ,and the rest of the 66.07% (37/56)loci were in genetic equilibrium(P >0.05).
The most plausible explanation for heterozygote deficiency is inbreeding in this cultured stocks. Examination of
linkage disequilibrium using Fisher’ s exact test revealed that all eight loci were in linkage equilibrium( P >
0.05 for each pair of loci across all samples). The genetic distance and genetic similarity coefficient among
stocks ranged from 0. 106 6 to 0.646 8 and from 0. 523 7 to 0. 898 9, respectively. The dendrogram based on
genetic distance showed two major clusters:the stock from Jingzhou,Hubei province (HBJZ)alone was in one
cluster, which is sampled from the north of Yangtze River. The other cluster consists of individuals from
sampling localities distributed in the south of Yangtze River. The isolation within C. reevesii may be attributed
to Yangtze River,which acted as a barrier to block gene flow. Forty-four private alleles occurred within the
seven C. reevesii stocks and only one in the HNHS stock, which compares with 14 private alleles in the SH
stock. The discovery of unique alleles within the stocks supported the conclusion that these stocks had
differentiated from each other and that gene flow had been restricted among stocks gradually. Thus,it may be
possible to form a new superior broodstock with high genetic diversity by combining turtles from different
stocks ,and measures should be taken to prevent further loss of genetic diversity.
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