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KEHRBRE SR P RE T 2. &
B LUREB M =0 N 18 DA A B 5
XG, EA T TR AR IC /AT H AR AL SRR R
AL LTEDL, LA PR SR 18 A0 = U5 P 4R i
TR RS 22 57, O 3 4 45 3 B R0
B VR ORI AR 1 B IR BRI TOR) .
AR T
1.1 ##

2009 456 H -2009 4 10 A , 7 #i {L4& K&
EAEEE =B A RMR EICRET 18 4
GRERFIR, BIARREH R BEFENER 1. RE

JE RIGRIEREA BN R S 8 R 72 T0 7K S B
T A E S E A

1.2 EFE2 DNA 128

BAFEARO.5 g SIMERHALBHG, A
500 pwL 4HE 53 v (10 mmol/dm’ Tris-Hel,
pH 347 8.0; 50 mmol/dm® EDTA, pH % 8.0),J&
S)EIMALEUBE D 1% 1) SDS Fil 200 pg/em’ f)
EHE K,55 ClHf. B GH%S R A
B2 SRR VR VIR VIR IR
BE) =25:24: 1 42501 Kk, SR V(R V
(FICEE) =241 $2E01 K, BIG A 2 AR
BHITCK Z BT, 70% 2 BE U Wi JG T4,
TE ¥ fif o 28 5h 23 6 0% BE 3H U € A% & DNA
0D, \ODo, fEL, B & FLUR BE FNSH B, BEVRE T -
20 CHR-AE

®1 GRFEREMERYE

Tab. 1 Sample sites and number of S. constricta stocks

B RS PR B AR SRR [H]
SPE ZWY WL 48 SR TH 45 REBLLL B A 28°02. 655'N 120°59.914'E 58 2009. 6
R ZYC WL A AR T8 T AR Rk 28°07.395'N 121°01.273'E 60 2009. 6
& ZNY WL R T B BT 28°11.946'N 121°06.252'E 55 2009. 6
RiYE ZNT WiTLAR AR T R L S A 28°13.762'N 121°07.557'E 60 2009. 6
WL ZQJ WVTA8 SR T I VLU VA 28°16.676'N 121°06. 952'E 59 2009. 6
W% ZHW WHIT A TR T B e S b 28°22.302'N 121°12.335'E 60 2009. 6
R ZWG W48 TR 04 T AR P RE A 28°18.554'N 121°13. 843'E 59 2009. 6
¥1l] ZHS Wit a ML 2 Bk 28°12.896’N 121°09.597'E 59 2009. 6
P ZLP WA & ML 4K 28°11.822'N 121°12.583'E 60 2009. 6
1 FZW REEE T AT B A 26°43.254'N 119°37.128'E 61 2009. 10
MEHE FMT REEE T AT A A 26°34.752'N 119°36. 954'E 66 2009. 10
=B FSD AR T = AR PIMR N 26°40. 007N 119°40.959’E 57 2009. 10
WaIT FYJ WHEAELT FEASEITA  26°45.693'N 119°37.210'E 66 2009. 10
48 FBZ EHAEZT T EAMEHEN  26°47.109'N 119°41.227'E 63 2009. 10
&RE FXW WAL TR B SERH 26°48.985’'N 119°46. 480'E 64 2009. 10
K% FCC EEA B B HE 26°34.752'N 119°36.972'E 59 2009. 10
YPIT. FS) TR B B UL B A 26°46. 833N 119°58. 434'E 64 2009. 10
B FXT EHA BN R B 26°44.102'N 119°48.529'E 42 2009. 10

1.3 SSR 5|40k & & Bz

SEEFT M TR T P 5 3 A SL 5 % T
KRG HH R R B AR A A IR S T b R R O
ok A TFERTH4IR M TEE , %319
IR KRB R BB FURBE T LR 2,

PCR 554 :94 CFiAEHE 3 min, #47 30
AEFF 94 CAFPE 30 s, Tm 3B k 30 5,72 °C ZEff
30 s, )5 72 CZEf§ 10 min, PCR WK R N 25
pL, & 10 x Buffer 2. 5 pL,Mg’* 1.5 ~2.5 mmol/
dm® ,dNTP 0.2 mmol/dm’, Tag DNA &M 1 U,
E FH5I 4 0.2 pmol/dm’ , #i 4z DNA 50 ~

100 ng, PCR 4" ;2 i =¥k FH 8% 5 P It fie
B KA I, B 23§ B AR I PUCIS, PR R
B¢, Gelpro 4.5 S T4 1Y 2670 AR HE > T B
HrEya iz,
1.4 HELE

A Popgene 3. 2" 1144 & 45 9 A 2k % it
FL R % (Effective number of alleles per locus, N, ),
WL Z44 B ( Observed heterozygosity , H, ) , #2224
4 & (Expected Heterozygosity ,H, ) , N G I [F 2 4E
1 (Nei’ s genetic diversity, H) , F|f Arlenquin
3.0 B M AR Pairwise differences & i %
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34k F& B (F-statistics, Fyp ), I+ A HEFI M % 1000)
( Permutation test) f:56 Fe )2 21 (B E IRECH
xR2 MIEs|W
Tab.2 Microsatellite primers

5 Y45 (VA= F1YFFI(5" -3") BARE/C BB FURE/(mmol/L)

GU570943 Sco-7 F CACACACTCACTCAAAC 53 1.5
R GACACATACCTTACGCT

GU570945 Sco-17 F AGTGATACGAGTGCCATA 51 1.5
R GGGAGGGAGAGATAGAGT

GU570944 Sco-20 F AGTTGGACTGGACTGTTG 53 1.5
R TGCTGGAAGGTCTTGGTT

EU272065 Sco-221 F TCAAGCTCTGGCGACAAG 51 2.0
R GTCGGTAAAGGATGTGAAG

EU272066 Sco-222 F ATCCGGGTAATCCACTCT 55 1.5
R GATGGTATGCCGTGGTAG

EU285666 Sco-400 F CCACTTGAACGTGTCATAC 48 2.5
R CCAATAACTACTTCGCCTC

EU272072 Sco-431 F TTCAATCTCCAAAATCATG 51 1.5
R AATAAAGGTGGATTAACGT

EU272073 Sco-448 F GATCAGTGCAAACTAGAAGC 55 1.5

R AATACCTATGTCCTGTGCCT

AR - 3 4 8] %) 55 o 25 R 43 32 F A Dispan
BT E BRI Nei” s B2 BERS(D,) ,IF
T Bootstrap &3 | #97 UPGMA RZiH

2 iR

2.1 BFEESHYE

S DR ORI A JBE I R A% B AR AE 22 (o
R ERgREE s, RE R ARASHENER
SR BRHRRIRIE SR BULER 3. WITLAR
TR = V5 A B0 4 SR T A 2537 5P 2

BN F BT FE 451 8. 146 ~10. 457
F17.457 ~9.947 , SE-HIIIM 244 BE4> 31k 0. 381
~0.489 F10.353 ~0. 501, 5 ¥y 28 Ze 4 BF 43 5]
J70.872 ~0.909 #10. 846 ~0.894 Nei’s HH %
BEME 45 804> 51k 0. 863 ~ 0. 899 F1 0. 836 ~
0.886 F A EHBAMME EHER TR, RIEFEN
1) 9 NG IR FEIA 8] 1) 35t 15 ZRE AR LR K, (B3
R 2K S TRE=ZDEANK 9 4
GRIRTEA

F3 4GiME 18 PMEEES MU D EMAREL SRR
Tab.3 The genetic diversity indices of 8 microsatellite loci for 18 stocks of S. constricta

AL LRSS Sco-7 Sco-17 Sco-20 Sco-221 Sco-222 Sco-400 Sco-431 Sco-448 HE
IWY N, 8.167 14.429 6.728 5.202 16.370 9.518 6.428 6.694 9.192
H, 0.339 1.000 0.638 0.055 0.552 0.571 0.434 0.321 0.489

H, 0.886 0.942 0.859 0.815 0.947 0.903 0.853 0.858 0.883

H 0.878 0.931 0. 851 0.808 0.939 0.895 0.844 0.851 0.875

ZYC N, 6.464 13.055 10.272 3.284 18.340 9.719 6.851 6.579 9.320
H, 0.386 0.960 0.517 0.093 0.444 0.381 0.286 0. 146 0.402

H, 0. 855 0.933 0.911 0.702 0.954 0.908 0. 864 0.859 0.873

H 0. 845 0.923 0.903 0.696 0.946 0.897 0.854 0. 848 0. 864

ZNY N, 6.348 11.880 6.821 5.967 13.964 6.375 7.399 6.419 8.146
H, 0.234 1.000 0.482 0. 060 0.375 0.447 0.326 0.120 0.381

H, 0.852 0.927 0. 861 0. 841 0.938 0.854 0.874 0.853 0.875

H 0.843 0.916 0.853 0.832 0.928 0.843 0. 865 0.844 0. 866

ZNT N, 7.594 12.272 12. 000 8.257 16.057 9.618 8.577 9.278 10.457
H, 0.293 0.915 0.467 0.000 0.466 0.522 0.340 0.333 0.417

H, 0.876 0.928 0.924 0. 888 0.946 0.916 0.892 0.900 0.909

H 0.868 0.919 0.917 0.879 0.938 0. 896 0.883 0.892 0.899
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EZ X
AL LRSS Sco-7 Sco-17 Sco-20 Sco-221 Sco-222 Sco-400 Sco-431 Sco-448 HE
7QJ N, 5.217 14.826 7.443 4.923 11.121 10. 648 7.710 5.451 8.417
H, 0.259 1.000 0.561 0.063 0.400 0.388 0.383 0.436 0.436
H, 0.816 0.943 0.873 0. 805 0.918 0.915 0. 880 0.824 0.872
H 0. 808 0.933 0. 866 0.797 0.910 0.906 0.870 0.817 0.863
ZHW N, 6. 867 13.192 11.921 6.083 16.153 9.852 6.636 5.576 9.535
H, 0.364 0.978 0.467 0.040 0.500 0.549 0.450 0.275 0.453
H, 0.862 0.935 0.924 0.844 0.948 0.907 0.856 0.829 0. 888
H 0.854 0.924 0.916 0. 836 0.938 0.899 0. 849 0.821 0. 880
WG N, 8.035 14.817 9.345 5.440 16.307 7.959 9.969 7.104 9.872
H, 0.327 0.917 0.458 0.049 0.582 0.521 0.463 0.271 0.448
H, 0.884 0.942 0.901 0. 826 0.947 0.884 0.908 0.867 0.895
H 0.876 0.933 0.893 0.816 0.939 0.874 0.900 0.859 0.886
ZHS N, 6.508 12.293 13.312 6.914 15.527 14.384 8.093 5.157 10.274
H, 0.296 0.962 0.593 0.073 0.447 0.525 0.357 0.119 0.422
H, 0. 856 0.927 0.933 0.863 0.948 0.938 0.884 0.813 0.895
H 0. 846 0.919 0.925 0. 855 0.936 0.931 0.876 0. 806 0. 887
ZLP N, 4.665 14.954 7.038 7.234 14.839 9.225 6.752 9.223 9.241
H, 0.456 0.982 0.483 0.121 0.333 0.344 0.472 0.177 0.421
H, 0.793 0.942 0. 865 0. 869 0.945 0.906 0. 860 0.900 0. 885
H 0.786 0.933 0.858 0. 862 0.933 0.892 0.852 0.892 0.876
FBZ N, 7.756 12.950 11.578 5.537 16.409 10. 580 9.156 5.610 9.947
H, 0.400 1.000 0. 500 0.069 0.597 0.528 0.625 0.286 0.501
H, 0.879 0.933 0.921 0.827 0.947 0.914 0.899 0.829 0.894
H 0.871 0.923 0.914 0.819 0.939 0.906 0.891 0.822 0.886
FSD N, 6.135 8.598 6. 694 4.353 16.243 9.797 5.636 3.838 7.662
H, 0.280 0.922 0.213 0.118 0.532 0.373 0.439 0.214 0.386
H, 0.846 0.892 0. 860 0.778 0.949 0.907 0.830 0.746 0.851
H 0.837 0.884 0. 851 0.770 0.938 0.898 0.823 0.740 0.843
FCC N, 5.499 10.022 7.567 5.809 18.619 8.705 9.778 5.583 8.948
H, 0.292 1.000 0.458 0.096 0.597 0.346 0.458 0.305 0.444
H, 0.827 0.911 0.877 0.836 0.955 0.893 0.905 0. 828 0.879
H 0.818 0.900 0. 868 0. 828 0.946 0.885 0. 898 0.821 0.871
FSJ N, 4.374 11.014 8.780 5.365 13.926 10.209 7.557 6.731 8.495
H, 0.233 0.930 0.484 0.109 0.603 0.393 0.516 0.219 0.436
H, 0.778 0.917 0.893 0. 820 0.936 0.910 0.875 0.858 0.873
H 0.771 0.909 0. 886 0.814 0.928 0.902 0. 868 0.851 0. 866
FXW N, 4.092 12.454 8.209 5.002 18.285 9.590 7.301 4.935 8.734
H, 0.245 0.979 0.268 0. 065 0.508 0.131 0.469 0.156 0.353
H, 0.763 0.929 0. 886 0.807 0.953 0.903 0.870 0.804 0.864
H 0.756 0.920 0.878 0. 800 0.945 0.896 0.863 0.797 0.857
FXT Ne 4.683 10. 452 8. 469 5. 850 15.611 8.177 3.493 5.539 7.784
H, 0.317 1.000 0.610 0.125 0.524 0.385 0.286 0.286 0.442
H, 0.796 0.917 0.893 0. 840 0.947 0.889 0.722 0.829 0.854
H 0.786 0.904 0. 882 0.829 0.936 0.878 0.714 0.819 0.844
FMT N, 5.956 12.278 10. 181 7.242 13.676 8.072 6.846 5.816 8.758
H, 0.161 0.963 0.231 0.197 0.484 0.328 0.387 0.212 0.370
H, 0. 840 0.927 0.909 0. 869 0.934 0.883 0. 861 0.834 0.882
H 0.832 0.919 0.902 0.862 0.927 0.876 0.854 0. 828 0.875
FYJ N, 5.341 12.659 8.074 3.840 12.718 10.279 7.545 5.134 8.199
H, 0.277 0.957 0.349 0.152 0.530 0.391 0.508 0.231 0.424
H, 0.819 0.931 0. 883 0.745 0.928 0.910 0.874 0.811 0.863
H 0.813 0.921 0.876 0.740 0.921 0.903 0.868 0. 805 0. 856
FZW N, 4.798 9.975 4,587 3.452 15.674 7.431 5.960 7.779 7.457
Ho 0. 130 1. 000 0. 220 0.109 0.674 0. 289 0. 357 0. 326 0. 388
H, 0. 800 0.910 0.792 0.718 0.947 0.875 0.842 0.881 0.846
H 0.792 0.900 0.782 0.710 0.936 0. 865 0.832 0.872 0. 836
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2.2 EEEESK

IREEM =B 4 18 REA ] 58 12 7
ISR Fo fE LR 4, Z5RK M, 18 HEARE K
B MLIE TR 0.000 1 ~0.052 3, 2% 3 4[]
HA—ERgfe b, b FXW 5 FZW BRA[H]
DU R R . RIEE A9 R E 8 15
SALE 0.000 4 ~0.025 4, 8% /NF 0.05,
ZUENK 9 AR E KL L E
0.000 1 ~0.052 3, FXW F1 FZW #£A&4b, H Al
A REMAR IR B LR/ T 0.05
2.3 BEEEEMBRLSN

F T DR AR TG ) 4 05 A% T Ak ] £
Nei’ s BEHRRES (D, ) W3R 5 P, A 6] 1% B

B F0.0852 ~0.295 4 8], HH FCC F1 ZWY
BRI B A5 BE B ot , T FBZ 5 ZYC B [a] 8%
PR B At

T D, JE 53 5I# 2 UPGMA RGW (&
1), UPGMA ZEMEER BIR, 18 PNERIRHE AR
By R 2 433, Hp—AN4r 3, ZNY #E{k 5 ZLP
AT RRE, ZREIKRSE 2Q). ZHW , ZYC,
ZHS ZNT BR{E—i& ; Boh—"1 L, FCC 5 ZWY
HeEI¥, 2 J5 5 FMT.FYJ FXT .FXD .FSJ . ZWG,
FXW . FZW FBZ BEAERIE(E 1), BIRR T ZWY 1
ZWG BEAARSN , HoAhWT VLA AR S — 32, T ZWY |
IWG A SR ER AR,

F4 HERBEEF -FHE(Fe, AT
Tab.4 Fg, estimates(Fg;, below diagonal) among S. constricta stocks

Bk ZWY ZYC  ZNY  ZNT ZQ] ZHW ZWG ZHS

FBZ FSD FCC FSJ]  FXW  FXT FMT  FYJ FZW

ZWY

ZYC 0.005 4

ZNY 0.0053 0.0110

ZNT 0.0170*0.0022 0.025 4*

ZQJ 0.0007 0.0059 0.0004 0.0201*

ZHW 0.023 6*0.0038 0.0252*0.0039 0.0200*

ZWG 0.0128 0.0062 0.0143 0.0078 0.0108 0.0061

ZHS 0.0128%0.0012 0.0106 0.0026 0.0088 0.0025 0.0027

ZIP 0.0068 0.00600.0092 0.0213*0.0061 0.0164*0.0097 0.012 6

FBZ 0.0235*0.0049 0.0235*0.0022 0.0152* 0.0017 0.0066 0.0030 0.0122

FSD 0.0075 0.0103 0.0098 0.0057 0.0006 0.0018 0.0052 0.0132 0.0073 0.0009

FCC 0.0208 0.0097 0.0068 0.0039 0.0135 0.0048 0.0150 0.0173 0.0144 0.0016 0.030*

FS]  0.0420*0.0116 0.0384*0.0132*0.0363* 0.0086 0.0229*0.018 5*0.0209*0.007 8 0.001 6 0.024 1*

FXW 0.0262*0.0046 0.0176 0.0092 0.0155* 0.0033 0.0066 0.0004 0.0060 0.00450.0081 0.0309* 0.0058

FXT 0.0200*0.0038 0.0203*0.0089 0.026* 0.0139 0.0137 0.0113 0.0029 0.0082 0.0036 0.0001 0.0091 0.0112

FMT 0.0295*0.0040 0.018 5*0.014 8*0.0138 0.0097 0.0162*0.0109 0.0129 0.0031 0.0007 0.0058 0.0075 0.0055 0.010 4

FYJ 0.0098 0.0033 0.0018 0.0151 0.0070 0.0083 0.0033 0.0048 0.0011 0.0084 0.0167 0.0121 0.0163 0.0028 0.0093 0.007 4

FZW 0.0026 0.0107 0.0187 0.0219*0.0176 0.0361*0.0287*0.0176*0.011 6 0.03690.0148 0.0059 0.0479*0.0523*0.0154 0.040 5*0.018 8

= FR P<0.05,

x5 GEBHKEIBEEES(D,, HALKT)
Tab.5 Genetic distance (D, ,below diagonal) among S. constricta stocks

Bk ZWY ZYC  ZNY  ZNT ZQ] ZHW ZWG ZHS

FBZ FSD FCC FSJ]  FXW  FXT FMT  FYJ FZW

WY

ZYC 0.256 4

ZNY 0.2259 0.1799

ZNT 0.2319 0.1601 0.1713

ZQJ 0.2101 0.1513 0.1226 0.1743

ZHW 0.2204 0.2064 0.1199 0.1492 0.162 8

ZWG 0.1179 0.2062 0.1530 0.1856 0.163 1 0.144 1

ZHS 0.2093 0.1603 0.1854 0.1393 0.1525 0.1553 0.150 3

ZLP 0.2024 0.1687 0.1052 0.1622 0.1131 0.1411 0.1509 0.1659

FBZ 0.1214 0.2954 0.2251 0.216 6 0.2395 0.2088 0.1577 0.2185 0.237 1

FSD 0.1189 0.2626 0.1997 0.2465 0.2216 0.2283 0.1525 0.2080 0.201 2 0.145 3

FCC 0.0852 0.2344 0.1937 0.2173 0.2025 0.2008 0.1252 0.2071 0.1894 0.1325 0.1101

FSJ 0.1170 0.2530 0.2009 0.2236 0.1961 0.1956 0.1416 0.2120 0.1827 0.1249 0.0819 0.1052

FXW 0.1421 0.1790 0.1635 0.1903 0.1251 0.1752 0.1193 0.1297 0.1457 0.1737 0.1159 0.1457 0.121 4

FXT 0.1352 0.2545 0.1998 0.2321 0.2100 0.2132 0.1398 0.2051 0.1933 0.1530 0.0926 0.1175 0.1032 0.119 4

FMT 0.1123 0.2318 0.1922 0.2327 0.1796 0.1803 0.1313 0.2020 0.1627 0.1664 0.1310 0.1092 0.1261 0.116 6 0.1250

FYJ 0.0943 0.2528 0.2145 0.2484 0.2029 0.2288 0.1194 0.2213 0.1853 0.1367 0.1096 0.1163 0.1149 0.1219 0.116 1 0.0928

FZW 0.1106 0.236 4 0.1510 0.2028 0.1823 0.1653 0.1322 0.2052 0.1769 0.1717 0.1287 0.1314 0.1303 0.151 5 0.1390 0.141 1 0.143 4
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INY
FCC
FMT
FYJ
FXT
FSD
FSJ
NG
FXW
FZW
FBZ
INT
ZHS
Z1.C
ZHW

Q]
INY
ZLP
0.10 0.08 0.06 0.04 0.02 0.00

1 EF D, #EEEEK UPGMA REKf
Fig.1 UPGMA clustering tree based on

D, genetic distance

3 g

B R BR B b AR A 9 385 SRR MK, 24
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Microsatellite analysis on genetic diversity of Sinonovacula constricta stocks
in Yueqing Bay and Sansha Bay

LIU Da-bo', NIU Dong-hong', FENG Bing-bing' , ZHONG Yu-min', LI Jia-le'*
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,Shanghai Ocean University ,Ministry of Education ,
Shanghai 201306, China; 2. Aquaculture Division ,E-Institute of Shanghai Universities ,Shanghai 201306, China)

Abstract: Genetic diversity and genetic differentiation of 18 stocks of Sinonovacula constricta in Yueqing Bay
and Sansha Bay, were investigated by using eight microsatellite loci, in order to evaluate the genetic
divergence between Yueqing Bay and Sansha Bay, protecting aquatic genetic resources and providing the basic
information of genetic breeding in sourceland of Sinonovacula constricta in China. The results of genetic
diversity showed that: the average effective allele numbers (N,) of Yueqing Bay and Sansha Bay ranged from
8.146 to 10.457 and from 7.457 t0 9.947 ; the average expected heterozygosities (H,) varied from 0. 872 to
0.909 and from 0. 846 to 0. 894 ; the average genetic diversity index of Nei’ s ranged from 0. 863 to 0. 899
and from 0. 836 to 0. 886, respectively. Those data indicated higher genetic diversity in all of the 18 stocks in
Yueqing Bay and Sansha Bay. Pair-wise Fg; values between stocks of Yueqing Bay and Sansha Bay ranged
from 0. 000 1 to 0.052 3, which indicated that there was some degree of differentiation among 18 stocks based
on Fy. The UPGMA phylogenetic trees based on D, genetic distance suggested that the 18 stocks were
divided into two groups, one of which included the stocks of ZYC,ZNY ,ZNT,ZQJ,ZHW ,ZHS and ZLP in
Yueqing Bay whereas the other one consisted of ZWY and ZWG in Yueqing Bay and FZW ,FMT,FSD,FS]J,
FBZ,FXT,FCC,FSJ and FXW in Sansha Bay. As a result, we can infer that the stocks of ZWY and ZWG in
Zhejiang province may come from Fujian Province, revealing the introduction phenomenon in the culture of
Sinonovacula constricta.

Key words: Sinonovacula constricta; Yueqing Bay; Sansha Bay; microsatellite DNA ; genetic diversity
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