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ISSR Analysis on Genetic Structure of Six Sinonovacula constricta Populations*
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Abstract The genetic structure of six geographic populations of the razor clam Sinonovacula constricta along the coast of
China was investigated by the inter-simple sequence repeat (ISSR). The six populations were named as ND in Ningde City
of Fujian, TZ in Taizhou City of Zhejiang, CM in Chongming Island of Shanghai, HY in Haiyang City of Shandong, HG in
Hangu District of Tianjin and ZH in Zhuanghe City of Liaoning. Of the 138 ISSR loci tested, 135 (97.83%) were polymorphic
with 10 ISSR primers. The number of alleles (N), effective number of alleles (N ), Shannon’s information index (1), mean Nei’s
gene diversity (H), percentage of polymorphic bands (PPB), average values of H, H, and G for pairwise subpopulations were
analyzed with POPGENE. The results showed that the values of PPB, | and H were 61.59%~72.46%, 0.104 3~0.176 6 and 0.178
9~0.280 8, respectively for the six populations with the lowest values in ND population. The UPGMA tree based on the Nei’
genetic identity showed that ND was clustered with TZ into one clad, then with CM, HY and HG, and finally with ZH. Fig 2,

Tab 5, Ref 27
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RO, JE AR S 1] (Mollusca) X5 49 (Bivalve) 7 12 B}
(Solenidae)4 I% J& (Sinonovacula), ) R Eh M g P2 XGE 2K,
SERENURFEHN 2 —, B REEWETTN . 485550
Drse &R, i 2k AR TP e AR AT VLA, Bl 4 RO
v BRI R LLAR T I 45 b DX IR I iy DA R — e 5 | 20 P
HEATFRGH, S s | b 265 G 008 ol B0 5 5 ) DR A7 R A B R —
P8 PRI | 3 fef 15 6 008 B AR st A% S5 A R B 9T 4 1 H AR, TMIOC T
430 P RRAE I 5T 2 AR A A B | A ORISR A R R S I,
Xof A I8 4% 27 T THI 8 F 9 i 3 R X 5 7

f] B 7 41 1 52 X (] 7 3% 22 28 Pk (Inter-simple sequence
repeat, i FRISSR)JE: Hi Zietkiewicz T+ 19944F B # f) — Fifi ] 2.
J 90 o A2 DX )4 1S 22 25 0 AR IC . ISSRARICH AR B #:
R HIDI: 2008-06-18 2232 H#11: 2008-09-28
* [ 5 1 BRI 58 & 3T 1 (86311 4, No. 2006AA10A410) 1 I ifF 77
2RI H (No. Y1101)%EB)  Supported by the National High-
tech Research and Development Program (863 Program) of China (No.
2006AA10A410) and the Leading Academic Discipline Project of Shanghai,

China (No. Y1101)
*if iL{E# Corresponding author (E-mail: jlli@shou.edu.cn)

PRSI FoE W B A PRI K 2 A s A, B A
T B AL B R A 5T 40Uk 24, I e ] P X 4 I R 1
W5 32 2R R APDAN R TEEFRICE ¢, A8 SCII 38 i ISSREE AR
IR TON SRR R DAL S50, 760 TACE BT TAE AN
[i) b X3 ) R A 2 e 1 22 SN A Ak KT, Sy HL
T RIS A AL B R AR AR 2R i B AR .

1 MRS 7k
1.1 #FsRiR

20064F- FN120074F £ T [V 15 b [X R 48 45 15 64~ 7 A4 T
(F21), FFF 1 Hb 0 (A A ) ol 2 0 A Il S g ==, O H A
2R TG K 2 ] 5 45 .
1.2 EWHE
1.2.1 EFEDNARE  RAHEAH0.5 ghh L8 2105 i),
JA 500 pLZH 2R 513 28 i (10 mmol L Tris-HCI, pH=8.0;
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Table 1 Sampling time and sites of S. constricta

TR 2558 i K R SR /AL L) SRAE [H]
Population Abbv. Sampling site (E/N) Sampling time
TR ND AR TR S VT4 Shajiang Township of Ningde, Fujian (120.0/26.9) 2006.10
BIMFER TZ WL &M T RER IX 2 #545TJ% Pengjie Township of Taizhou, Zhejiang (121.3/28.7) 2007.10
SE R A CM A E A M Chongming County of Chongming, Shanghai (121.3/31.6) 2007.05
1 PR 4 HY I ZR48 W BH T 47 K145 T F 1 Hangcun Township of Haiyang, Shandong (121.2/36.8) 2007.05
DU B HG FHEH PG X 88K 1% Caijiabao of Hangu, Tianjin (117.9/39.3) 2007.05
TR ZH LT W T B A 5K A Mingyang Township of Zhuanghe, Liaoning (123.0/39.7) 2007.05

LFEDLVE , HIT0%Z B Ve U i3 )5 11, T TER . 485143
F6 B T 5E B DNARYD, D, fH, B ok B A4l
B, B E T —20 CLRAE
1.2.2 ISSREI¥IFAPCRIZE  ISSRH I HRHE & K EFAR L
K2E(UBCRBLIT A, t B TAY TRAEYH AR AR S
Ji. PCRIZ N 251 94 CHUZYES min, #1740 MG 94 °C
ZEPEL min, 52 CiB K1 min, 72 “CHEf§1.5 min, fJ572 CLE
4110 min. PCRJZ AR % 425 uL, % 10xBuffer 2.5 uL, Mg 1.5
mmol L', dNTP 0.2 mmol L, Taqg DNAR A1 U, £, FiF5
1450.2 umol L7, FAHZDNA 50~100 ng. PCRY 1477 #)4:2.0%
TENEEBERC A, FHEBY 8, THEI UR R 4t T W41 id
LR,
1.3 BiEm#
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[l — 7 s ), 4% A A R IE L, Jols B o 0 % XU A
THEAL, FIISSR A B 4 HiF4. R Popgenel 324K {171
Tt S8, o0 R T2 800 5 E 73 % (Percentage of
polymorphic bands, PPB), UL I 45 437 & PR B (Number of alleles
per locus, N)). A R HL BT (Effective number of alleles per
locus, N ). Shannon’s{% .45 %X (Shannon’s information index,
1) B G B PR Z2 HE % (Total gene diversity, H ). #EAR P EE A
Z M (Gene diversity within populations, H ). Neiffj 5[5 Z
PEH) B, & FEAR ] 382 % 43 45 4L (Boefficient of population

differentiation, G ) (G, = 1—H,/H) (Slatkin and Barton, 1989)"), Nei’
s (1978) O 38 14 1 85 (Genetic distance, D). #2#fENei’s (1978)H
BHE I Y, I Mega3. 00044 2 HE(K Y UPGMAST T R G .

2 45 R
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Shannon’s{& 35504 HI7E0.104 3~0.176 67F10.178 9~0.280 82
6], H A NDH#E A A Z AR PE R SRR
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AR i 4 PR 2 R M (H) R Y SE R 2 AR (H )T B
FABEREN 0L KOG, BB i 64~ e X BEIR I G =
0.122 8, RIFREA GG A% 28 S5 v AT 12.28% 19 78 S A- A6 T RE(AR
[], FE A P G 338 A5 78 57 47 87.72%.

90 79 A7 1] 3544 0 BS 720,016 5~0.035 71a), 18t A% /b 7E
0.052 7~0.090 4[1], Horp ZHFF A 5 HoAth T 4438t 1% HE 25 7£.0.03
PL b, A% 3 AR AE0.08LA L. i i85 40 Ak Al is 14 1 g 24 3
B BEAR - HGREK FTH Y R (0.016 5, 0.052 7)LL M TZREARFI
ND#EAK(0.018 6, 0.068 3) (F54).
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Table 2 Nucleotide sequences of 10 ISSR random primers

ElE7E A ElE712 ]l 519 19151

Primer No. Primer sequence Primer No. Primer sequence
UBCS808 AGA GAG AGA GAG AGA GC UBC824 TCT CTC TCT CTC TCT CG
UBC809 AGA GAG AGA GAG AGA GG UBC835 AGA GAG AGA GAG AGA GYC
UBCS10 GAG AGA GAG AGA GAG AT UBC836 AGA GAG AGA GAG AGA GYA
UBC8I11 GAG AGA GAG AGA GAG AC UBC841 GAG AGA GAG AGA GAG AYC
UBCS12 GAG AGA GAG AGA GAG AA UBC850 GTG TGT GTG TGT GTG TYC

B=C, G, T; D=A, G, T; H=A, C, T; Y=C, T; V=A, C, G

R3 @IERHANEEZEMSE
Table 3 Genetic diversity of S. constricta populations

LIRS A Ve ISE HREALEE A Nei’s ik [K 2 A 14 Shannon’sf5 & 48 %1 Z BN R AT
Population Individual No. N, N, H | PPB/%

ND 36 1.6159 1.1492 0.1043 0.1789 61.59

TZ 36 1.6522 1.2108 0.1423 0.2339 65.22

CcM 36 1.7029 1.2115 0.1453 0.2416 70.29

HY 36 1.7246 1.2700 0.1734 0.2780 72.46

HG 36 1.6594 1.1713 0.1219 0.2079 65.94

ZH 36 1.6884 1.2726 0.1766 0.2808 68.84

Total 216 1.9783 1.2241 0.1641 0.2845 97.83
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Fig. 1 ISSR profile of ZH population of S. constricta with primer 835
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Table 4 Genetic distance and genetic differentiation of S. constricta populations
Eﬂzl: ZH HG HY CM TZ ND
Population
ND 0.0298 0.0178 0.0258 0.0224 0.0186
TZ 0.0342 0.0184 0.0334 0.0241 0.0683
CM 0.0331 0.0178 0.0324 0.0722 0.0788
HY 0.0357 0.0165 0.0837 0.0866 0.0813
HG 0.0319 0.0527 0.0604 0.0629 0.0708
ZH 0.0891 0.0821 0.0843 0.0876 0.0904

JHAAL UL iR I S, XLk LT histfe 01k Nei's genetic distance (above diagonal) and genetic differentiation (below diagonal)
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21 (UPGMA) 4 3R 17 24017 (12). TZH##F A 5 NDRE
WERRN—3, Z 5 5CMEHA | HGREAFIHY BRI SR,
e S ZHB AR —.

—

L

TxH5e28NH

J ' |
t t i
0.010 0.006 0.000

K2 4k 6/ REK I UPGMAST F 2 o b
Fig. 2 UPGMA phylogenetic tree of the six populations of S. constricta
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SER ST, DT A AIG 38 A B ) 3544 Z AR KO, 51K
B A= W24 500, A S8R G U ek 2 0,

3.2 5k N EEE S FENIEER S

4 WA 2 A EH R A 61.59%~72.46% Z (1],
Nei’sZ RS B3 0.164 1, &5 5 3 U2 0 B35 K
(45.0%, 0.147) U813t — 2544 AH 5C g 7 D1 JSISSRATR APDAR i
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Table 5 Comparis of genetic diversities of S. constricta and other clams
S b A Ji ik NeisZHMEARE 2B MESR 275 3k
Species Location Method H) (PPB/%) References
" 7, R, IR, L, WL, At o
1% i LT, > 5 5 5 2
Gike . Liaoning, Tianjin, Shandong, Shanghai, ISSR 0.1043~0.1766 61.59~72.46 ﬂ?ﬁﬁﬁ“
S. constricta . .. This study
Zhejiang, Fujian
DU £ iy 1) LT, IR, TL95, Wit
Mactra veneriformis Liaoning, Shandong, Jiangsu, Zhejiang ISSR 0-2120~0.3420 72:50~96.67 31
R B £ )1 AL ¥, = 3 : B
Pinctada martensii Beihai, Dayawan, Sanya ISSR 0-1257~0.1260 93.62~9787 (21]
S e - N
Meretrix meretrix VL. 75 F1iL 7 Jiangsu, Liaoning ISSR 68.40~80.70 [24]
FifL A bl 7R % G A
Chlamys farreri The cultured populations from Shandong ISSR 36.21~78.70 26]
A5 DL J PG, T AR T AT ISSR 0.2457~0.2534 72.48~75.22 [19]
Penera viridis Beihai, Zhanjiang, Shanwei RAPD 0.1748~0.1901 57.14~60.78
01 i i
j;ﬁkH—)\ . Eﬂf;}z’ﬁﬂl%ﬁﬁ%ﬁi . RAPD 0.2891~0.2904 72.22~80.00 [20]
Pinctada maxima The cultured populations from Indonesia
FEH I U g X
Ruditapes philippinarum The coast of Dalian RAPD 0.1599~0.1973 38.65~7L15 (22]
et Ha i, 224k, 7R, RLI i
- Fujian, Fenghua, Shandong, Wenling, RAPD 0.2513~0.2628 73.43~84.00 [14]
Tegillarca granosa Korea
g T3, WL, K, 307, Rl
CH A . Jiangsu, Zhejiang, Tianjin, Liaoning, RAPD 0.2490~0.3070 68.90~73.30 [25]
yclina sinensis .
Fujian
B A . ~ B
M. meretrix J"Z5 1) P8 Guangdong, Guangxi RAPD 0.2088~0.2594 85.71~94.74 [23]

Z WA FIANFE(FES). 353205 D1 (Penera viridis) 019, K EkAED
(Pinctada maxima) 21 55 [G BRIl (Pinctada martensi) 21)& T
B KPR S, A /N, R EA IR F Ry X, H A%
AT (B33 A% 22 B P 22 S b 22 BE . ) A o DL S 4 Y £ s
Ifl(Mactra veneriformis) @1, EEEEA (Ruditapes philippinarum) 221
SCHA (Meretrix meretrix) 2324913 Iy (Cyclina sinensis) PIfE{&
)35 1% 22 S ARG B A F AT DL, T A b b B s 431 4 4
T ELA W 2R L 22 500, G R TR R M MR DK,
J Iz oy A TR E I, FLRE AR ) 35245 2 R PE AP — o 22
S, PR b s AR S PR T s A A
3.3 GIREEEREESUINFELRL RS

ARWETEH, 640 SRR FEIRIRIG =0.122 8, F IR
7 S o RER P B S 7 S 87.72%, 12.28% 1978 T3k F T HE
ARIR], AN [a) B AAR ) 47 7F 2 — 52 B3 4% 531K ThorpBiF 58Ik H,
BB AR B 1<0.85 (BB FE 25 D>0.15) A0 S BEAR, A Al fE 2
[ — 4 FARHEII = 0.1~0.5 (D = 0.5~0. 9); A[al¥Fia]
I =0.2~0.8 ( D = 0.2~0.8); T [A Fi AR BE{A] = 0.8~0.97 (D =
0.03~0.2) 271, 61> 4 I8 F A4 114 35t 1% #E B3 K B7E0.02~0.034E [l =2
AL, T ) AN [ e TR A 45 08 A 37 0 4 R 30 A — A
T, BAR KR B VR R B A 0 30 3 P O i B DR B8 0 T
LA T) B FER A LA AR ) A A 30 0 B R B 2y, IR R )
TSR] ) 35245 25 44

PRI R LT BRI ) SR 2 06 R A0 T . I FHISSRAR T
SR T T2 53 AR 1R I A VO A G R (M. veneriformis) i B
TR 381 A3 AR O, [R) R 32 B T a8t 4% I 5 R 80 I8 3 252 1
FHOGSE RO AR RISEE R WoR | AL T A 1 0 4R
TEBHRND) WG MR (TZ) e R A —1, ZFHKIK
5 R SRR (CM) . DU FEAR (HG)FNE FHAF AR (HY) 2R 2K,

H e S PR RER (ZH) SR AR, 3 — R 4% 50 AR Al R R BRI
TEASTEAAR I 3 A G R
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