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FF, RERIFEGBO£1) C, 3NHJE,BEHLIHM
BARHA T B R 30 2, MR E TEE 50 ~
100 g, B 1 g ZARRUPHRA, -20 CRF
&R,
1.2 EFE DNA {£E

0.1 g Z2H B RREARALEY, I A 400 pL STE
28 #p 7% (30 mmol/L Tris-HC1,pH 8.0 , 200 mmol/
L EDTA ,50 mmol/L NaCl) , B/ MAIRE &>
A4 1% Ky SDS #1200 wg/mL K& HEE K,55 C
AR, MASFERBEMNET 8 HER
F28%3h1 h,10 000 r/ min B.(> 10 min, B% B
FERIMASEREE SR (B |47 7R =
24:24:1) , 218%35 0.5 h, F T RWGE, MA%
PR P BE SR, 2 AR AR T K 2 BEUIYE DNA,
R 70% H) S B2 Ve % T4, 0 A 500 pL i TE

BRa . 752 BURANM U THR AR
B ESHE
1.3 fIDES|#MiEER PCR § 4

NEMRBHHBES W' &, BH 15 345
W, 7RI R E E LAY BARE B A0 W L RAg
HIFFFIBGt 10 X55147, 35 25 39514, il B
Y TREARRZSERAFAE M. 725 4519
Hh i 1 H R PR R B R AR 10 X B E T
Y, HFPFI& 1,

RN 2 N 3 pL buffer,0. 1 mmol/L & F
dNTP, 5|93 JE 4 0.2 pmol/L,#j 50 ~ 100 ng
4 DNA, 1 . Tag 8§, LR B BB 25 L,
mA 30 pL A ¥ 3H, 7 Eppendorf Mastercycler
Gradient PCR {X_b #4793,

R1 RATHHENI0NMIES Y

Tab.1 10 pairs of microsatellite primers

L BAEFI(S -3") BILETE HEFM(bD) KRBT B35
P-01 l;;f&i%ﬁi’;’éic%ﬁfé (GT)18 215 ~246 60 DQ371907
P-04 g‘: %ﬂ?ﬁgﬂ’éﬁgﬁéﬂgggﬁ (CA)9 121 ~125 60 DQ371911
P-05 ; ggiégi%%fgg‘éﬁ (TG)9 108 ~ 110 58 DQ371915
P-06 FI; fEﬁgngSfﬁfﬁfﬁfoﬁ&A (AC)8 123 ~125 58 DQ371916
P-09 ; gﬁ%gﬁ%ﬁé‘éﬁ%ﬁ (AC)16 153 ~ 169 62 DQ371922
P-10 ?:z?&ﬁiﬁgég:ggg&c (GT)9 132 ~ 134 62 DQ371923
P-11 FI; fEﬁgngSfﬁfﬁfﬁfoﬁ&A (AC)8 123 ~125 58 DQ371924
P-12 FI; f&?&ﬁﬁ%ﬁéﬁéﬁﬁgf (CA)10 145 ~ 151 58 DQ371917
PS - 04 };{‘ ﬁ%ﬁfﬁ%ﬂggﬁ&%fgfgf (GT)10 161 ~185 62 DQ371914
ps_11  [+ACCAGICAGGAAAGTIGACAC (s y6yyy 183 ~228 62 FJ889059

R:GCCAGTTTACCAAGAGATGGA

E: FRERFY; RERAZY.

1.4 PCR =4y e k4 il

PCR 7=4)3% F 10% JE75 M RIS BERL eI
1 xTBE ¥ ,10 V/em KRB EH K, 74 F &2
1% pBR322DNA/Mspl, HLIKZEIR )G, BUT BERE
FA K ERE 5 min, JFHBE 250 mL 0. 1% 4
ERER e 8 10 min, BRI R L B F KRB B vk 2
Wa, A 500 mL 2% S EAk44 2 @ (i AR,
0.2 g BkFER4N,2 mL 37% HIEE) ,fF 47 7850 B

BUE , AR AR B A,

BBV EITIAR, IE R, I Gene
Tools BAFXT XM T2 T W19 3 F A FE I
T ERNETHE
1.5 HEGITSSH

FIH Popgen 32 HATR T4, HAMIE
AL B VLI S5 4 B R A A RO v B R S 2
WL Z 5 B BRI B A B IR AR BE B R AL
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PR EFRESE

Z & 15 B & 8 ( polymorphism information
content, Cp, ) ¥ BOTSTEIN 21 gy A&,

Pl—l_(zpn)_(;JZZP; ) (1)

K pip; RS § TSR j AFAZEF BB
n RN FEEEE

Fi Mega 4 SR{HRERF AR R EE RS , R AT E
AL B X B R S 5 ¥ (unweighted pair group
method using arithmetic average , UPGMA) ™ %
S ABHERIRGER, LIS PRERRIE SRR R

2 HR

2.1 PCR }HzE
RS0 B 5 PG 10 ST TLE B 9, 72 oh 4

BEH 5 ANREARR I REY I MY AR, B2
RAEZEM, B 1 Faail gy P-09 fPs-11
725 ANREAE T B Y I E . 10 MR TR
RIE S DRI R 240 4SS 2R, K,
FERME LT U F, JF, MUK A1
P 48 AN B, 78 BT B BRI Fy Rt
B Fs oAk i E) 43 F 53 S EHE,
10 M E N A, PS-11 A 00 3 B 265 o 2 R B
Z(16 1) ,P-10 M P-11 JeA (2 ) (R2), B
T F SRR 2 ~ 11 4, FE08 4.8
AT Fy 05 2 ~ 124, P50 4. 8 A BT
Fy N2 ~15 4, 3F825 5.3 A B F, 2 ~
10 4, P20 4.3 4> REVEREA N 2 ~ 13 4>, F
¥ 4.8 4M(FK3),

314P-09

514PS-11

Bl #FAUEEEHERIDERWEBRERBEXKE
Fig.1 PAGE pattern of microsatellite DNA in populations of F, _; selected generations of

Yellow River population of Trionyx sinensis
1~4. BITHET, ; 5 ~8. BT F,; 9~12. B F,; 13 ~16. KiA%; 17 ~20. #JT% F, ; M. PBR322DNA/ Mspl,

R2 10 RIBARES THEERFHINEESTHESY

Tab.2 Observed parameters of 10 microsatellite loci in studied 5 populations of Trionyx sinensis

PHEREMER FHSMERHE  CPORNREE SFi’@JQ@%AE FHEBEEEER
ﬁ:ﬂgﬁi)ﬁ e a 0 e CPI
P01 4.37 6 0.586 7 0.773 5 0.710 0
P-04 1.91 4 0.366 7 0.478 8 0.393 2
P05 2.53 4 0.526 7 0.606 1 0.4929
P06 1.70 3 0.280 0 0.414 1 0.326 0
P-09 8.77 11 0.720 0 0.888 9 0.858 4
P-10 1.82 0.300 0 0.452 4 0.3453
P-11 1.90 2 0.466 7 0.462 3 0.349 2
P-12 3.34 4 0.5200 0.702 9 0.6249
PS04 2.60 4 0.500 0 0.6175 0.554 6
PS-11 8.03 16 0.786 7 0.878 5 0.8395

3.70 £2.62 5.60 +4.46

SEHYE + feiER

0.505 4 £0.165 4

0.6275+0.177 8 0.5494 £0.202 9
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Tab.3 Genetic diversity in selected generations of Yellow River and other populations of Trionyx sinensis

PEHAREAER CPHSMERH  PERNReE  PHRBREGE  THEEREESER
Ne Nu Ho He CPI
KK T, 3.32 4.6 0.530 0 0.621 1 0.548 3
HHET, 3.34 4.8 0.500 0 0.628 8 0.555 0
B T, 3.56 4.8 0.486 7 0.609 2 0.541 1
F¥ F, 3.36 5.3 0.483 3 0.594 9 0.534 0
pxiik 3.59 4.8 0.5267 0.6459 0.568 4

2.2 BEAMEESHYE

F2FHT 10 ME D RN S7E S e
BRI R G 2 DU BEMS, P4EE
TR ZHANL SR AE BRI R, A0 2%
AEH,) BEBME R 0.505 4; HiREZE K
(0.165 4) ,7£ P-01(H, =0. 586 7) \P-05(H, =
0.5267).P-09 (H, =0.720 0),P-12 (H, =
0.520 0) \PS-11( H, =0.786 7)5 i St &
REMAT  7E P-04(H, =0.366 7) \P-06(H, =
0.280 0) % P-10( H, =0.300 0)3 M fi g e &
FEMERSAG; LN FHEEFEESE, BEHERN
0.549 4 #REZ % 0.202 9,7 P-01.P-09 . P-12.
PS-04.PS-11 & 5 MUy SAMEHARE LS
(Cpy >0.5) , TiZE P-04.P-05.P-06 P-10 P-11 &
P MBREES(Cy <0.5) , RARRERB %
ZHE, XBEFREAPEREMNBREETHFA
BREN,

B3R 3 WALS PMERRT IR SRE B (H,)

T4 0.483 3 ~0.530 0, FH A& 5 (H,)
TEE N 0.5949 ~0.645 9, FHEZREESETE
B4 0.534 0 ~0.568 4,30 5 s ik
REBAEENRE S E3 NMEFTFHE
Hi F,.F, & F, i H, ¥ 0.500 0.0. 486 7.
0.483 3, H, Ky} 0. 628 8.0.609 2.0.594 9,C,,
KR K 0. 555 0.0. 541 1.,0.534 0, F£B 3 M &EF
BARR B ZFE M RE A 1 T AR R TR
2.3 BEUfHEBEEERREEXR

B R G R EEE AR
GRAWMBEEMNIENR, R Popgene 3.2 K7
NETU Sk 6] i 38 A 5 80 A AS ML R 3
m3k 4 s, 78 3 MEEFRET L F, 5 F, 28
f&HE B J% K (0. 063 6), i 1% #8 £l & $ & /b
(0.938 3) , I E KRG R ARKIE; F, 5 F,
fGHE 8BS J& /) (0. 037 3), BiE ML RE & K
(0.963 4) , LA E R G X AR

x4 HAEREHEENECERSBERERAURY
Tab.4 Nei’s genetic distance and genetic similarity of selected generations of Yellow River and
other populations of Trionyx sinensis

B T, BT, HET, K BT,
B T, 0.962 1 0.938 3 0.948 4 0.966 5
BHWE T, 0.038 6 0.963 4 0.933 4 0.956 7
EE T, 0.063 6 0.0373 0.924 8 0.958 6
i 0.053 0 0.069 0 0.078 2 0.947 3
HE T, 0.034 1 0.044 2 0.042 2 0.054 1

& MARUTREER; MAKU R EHUERLE.

i Mega 4 B{F R 98 2F R 1B 32 G BE BT,
Upgma 45 H 5 NREARRIE R BN (B 2) ,5
AR T PIS, B BRI 9 — 32, T oK
8 U B g g — 3, HE— P TIE B X R A B A
BT IR L b o

3 g

3.1 PHEEFKEEERSN
KT REREER, A —&ifE, WXz

A o SR T R S R B R
KN 5 ABEVRTEAT RAPD 407 0 , B4k py
BEZHUBRER, ZEREY NARAME
5 (PCR) FEARFFR il 4 i £ % (RFLP) 77
B X REARARH X A 3 A R 4R
& DNA B2 47 % 3R, B SRR 5 48 S e PR i 3
TEEE BB , B 15 B 5 8 MR 8 A5 FE B B
o Ty FH 22 4 ISSR 3| #xik AT
FALFIRE 8 o T 10 B A B R B SR S e
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BB SER I, 20 A0 T X A X B i R s e A
MEFHAS ARG SRS, B RA L
ERHBELZHEERTRERTER. R¥F
%" 55 RAPD $A N 15 6 B9 45 Z REpE AT
o, BREV SAKNREZHEKEER. &
WRSTHI A o T2 B R 3o 2 i B A A A3
ANVET T AR A S R A B e B 3 4% 28 S 64T
B, RIEARTN 5 AR R B AR E R
HB R, HR AR FEBRREN.

A %

HEF,
TR,
H K,
0.1 a8

B2 ET Nei's BEEEHEN
HAER TS UPGMA &

Fig.2 The dendrogram of selected generations of
Yellow River and other populations of Trionyx sinensis
based on standard genetic distance using
UPGMA method

3.2 ENEXREBRANESEXR

BEHMURPREEHERNBEEREE
TS H, BR R RS R REE, WS E2 7
PR , A RSB R T . BIRM TR M4
REVHARGH UM B, EEERNLET i
RZIE, F, 5 F, ZERRARRE,F, 5F, F4%%
RBIE,F, 5F, FGRRELETF 5F ZHEK
FRGRAR,ETF, 5F, ZRMRERR, X—
ERFARNEFTHTN, MFEE A TEFTHR
B R, RE M REEREZRBE, 555,
AR S KRR Z ARG E
K, T AG A B R EE /N, 6 BA 8 T A A AR
ZRIMEGRAREE TS5 REEZ K FR%ER
3 REFHFAREEY LS X B0
sHER
3.3 EEXBEEEEASHFENRIT

HWEF .F.F3ANMEFHANFHEE
BFREE VPN MG B RS A B
BREMR, PEF RN REEHEEAERELET
TR P30 386 T 336 B 1 B S e, RRATIAE PP AR

WH R EMM AR, A K E
B REHEENEENEFT IS, XL
B EMI IR, BT W ELRIRE, TS
TR R, Hlin, BN RER
R TR BN, B VT AR I A K BUE
B (F,) /E T 10% ~20% ;B hig 8 (G
MIED /B 2K) LEMBA(F)BET
10% 4, B2 T B ESEENZE R, B
BRI R RREMR, XFPEAET L
WIHGE — , IE T AT E g SRtk
Faitb e,

S k-

(1] EHW. PERBE[M]. L. RRIMERE DR,
200050 - 56.

(2] BEE,FXe, R, % PEAERFEEEE[M].
TN TAREF AL, 1997 :48.

(3] s ZRE XNER PHRELHERE - REWER
FREAMEREPPAG [ T]. k7254 ,2002,26 (5) :433 -439.

[4] ZBE, BER,ZRIL.% LRBXPEE=AMITH
i miDNA 2247 [J]. HEA=REE,1997,4(3) :1
-6.

[5] =W, i, ERR. PEERREFRZERK RAPD
SMFLT]. A= 2E4R,2004 ,28(2) ;119 - 126.

[6] QUE Y F,ZHU B,ROSENTHAL H. Isolation and characte-
rization of microsatellites in Chinese soft-shelled turtle,
Pelodiscus sinensis[ ]]. Molecular Ecology Notes,2007,7(6) :
1265 - 1267.

[7] BOTSTEIN D, WHITE R L, SKOLNICK M, et al. Construc-
tion of a genetic linkage map in man using restriction fragment
length polymorphisms [ J]. American Joumnal of Human
Genetics,1980,32(3) ;314 - 331.

[8] NEI M,MAMYAMA T,CHAKRABORTY R. The bottleneck
effect and genetic variability in Populations [ J]. Evolution,
1975,29(1) ;1 - 10.

[9] NEI M. Estimation of average heterozygosity and genetic dis-
tance from a small number of individuals[ J]. Genetics,1978,
89(3) ;583 - 590.

[10] S, AL, £H5F, % WA TFHAR AREHN
ISSR 44 [ J]. shilpaedrk , 2007 ,42(6) ;13 - 20.

[11] ZREFF HEE, BN, 5. SERESHER RAPD 5047
[J]. JKA A4 53R ,2005,29(2) ;167 - 171.

[12] PLOSKY Y, CAHNER A, HABERFED A. DNA Fingerprint
bands pplied to linkage analysis with quantitative trait loci in
chickens[J]. Animal Genetics,1993,24(2) ;105 - 110.

[13] Z=%c, Rk B FIEE 8 M FHERKEREEFIM
BES[T]. BsEREREEIR,2009,18(1) 1 -7.



166 E® B E R ¥ F#K 20 %

Microsatellite analysis of genetic variation in F,, F, and F, selected
generations of Yellow River populations of Chinese soft-shelled turtle,
Trionyx sinensis

ZHANG Zhi-yun', LI Si-fa', CAI Wan-qi', XIE Zhong-fu®, YIN Li-ming*”

(1. Key Laboratory of Aquatic Genetic Resources and Utilization, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China; 2. Shaoxing National Chinese Sofi-shelled Turtle Wild Strain Farm, Shaoxing 312035, China; 3. Shaoxing
Zhongya Industry and Trade Zone Co. , Lid. , Shaoxing 312035, China)

Abstract: To assess genetic variations during genetic selection of Chinese soft-shelled turtle ( Trionyx
sinensis ) , the specimens of Chinese soft-shelled turtle , collected from three selected generations (F,, F, and
F;) of Yellow River population as testing group , and their base population (F,) as well as the Taihu
population as control group, were amplified by ten pairs of microsatellite primers. The result showed that:
(1) A total of 240 alleles were detected in all examined loci. In all five populations the value of average allele
number (N,) were 4.60 —5.30, the value of average of effective number of alleles ( N,) were 3.24 —3.59;
the value of average observed heterozygosity ( H,) were 0.483 3 —0.530 0, the value of average expected
heterozygosity ( H,) were 0. 594 9 — 0. 645 9 and the value of average polymorphism information content
(Cp) were 0.534 0 —0.568 4. (2)The three selected generation’ s heredity multiple parameter H,, He and
Cp; demonstrated decreased identically, along with the increases of selected generations. It indicated that the
mass selection targeted on phenotypes such as growth, body color, body shape, produced a detectable effect
on the genetype. (3) The phylogenetic tree showed that studied five populations were clustered into two
groups, the first group consisted of the four Yellow River populations while the second group belongs to Taihu
Lake population. It indicated that a significant genetic differentiation between Yellow River populations and
Taihu Lake population existed and has not been changed by current three generations selection.

Key words; Chinese sofi-shelled turtle; Yellow River; selection; microsatellite; genetic variation



