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, 1 mmol/L EDTA) ,25uL  10% SDS, 10 uL
, K (20 mg/mL) , 557C ,
/ ;
R , 12 000 r/min 30 min, 70%
2, 50 pL . 0.8%
’ 40°0'0"N
5 30°0'0"N
1
BH \3_ % SRR —20°00"N
1.1 sampling spot
’ | |
( 1) 110°0'0"E 125°0'0"E
| | J
> 30 95% 0 500 1000 km
> 1 1
1.2 DNA BH: ; DD: ;LS: ; QHD:
95% 0.1g, s RZ: .
15 mL 450 1L Fig. 1 Map of sampling site of Solen grandis

STE (150 mmol/L NaCl, 50 mmol/L Tris-HCI,

BH: Beihai population; DD: Dandong population; LS: Lyusi popu-
lation; QHD: Qinhuangdao population; RZ: Rizhao population.

F1 HHRXENE. e, HE
Tab. 1 Site, date, and the amount of the samples in this study
population sampling site latitude and longitude  sampling date number
L (BH), . L . 21°27'N 109°26'E 2012-01-30 200
Beihai population Tieshan Harbor, Beihai, Guangxi
. (LS) . . 32°04'N 121°37'E 2008-07-26 100
Lyusi populaton Lyusi Harbor, Nantong, Jiangsu
. (RZ) . . 35°22'N 119°33'E 2012-10-18 150
Rizhao population Shijiu Harbor, Rizhao, Shandong
. (QHD) . . . 39°41'N 119°17'E 2012-12-10 100
Qinhuangdao population Dapuhe town, Qinhuangdao, Hebei
(DD) 39°50'N 124°07'E 2012-12-15 120

Dandong population

Donggang Harbor, Dandong, Liaoning
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DNA Mg 1.5 mmol/L, 0.2 mmol/L dNTPs, 1.0
1.3 SSR pmol/L , Tag 1.0 U, 100 ng
[10] 14 : 94°C 5 min; 94°C
, PCR 40s, Ty 305, 72°C 1 min,
2 35 , 72°C 10 min
14 PCR ABI3730 ,
25 uL, 1xPCR Buffer,

T2 SRR, FH K PCR mMEMH

Tab. 2 Microsatellite loci, primer sequences and conditions of PCR

(5'-3") /'C (5'-3% /'C
locus primer sequences (5'-3") ann. temp locus primer sequences (5'-3") ann. temp
F: tttcagtaataaagcgacg F: aagggtagtcccaggtct
5g03 R: gactctggtaagaaggattg 46 Sel3 R: ccgtgttttactgaggtce 38
F: tcatctacaatcccacce F: ccaaggaagatacaacgca
Sg04 R: ctttattcattttcctacget 30 Sgl6 R: gccgacccagtgatgag 58
F: atcaataagacagcgttcag F: aaatgtgaaagtgcctac
503 R: tatcccaatatcatagect 46 Sgl8 R: taatgctcaaactaccga 46
F: acccagaccacaagaagca F: caggataatgtgactgggtg
Sgl0 R: gggcggtgaagtgaagata 65 Sg22 R: tatcagagggtatcaacaaca 30
F: atgaacattccgeccaca F: tcaacctatgttacccttttac
Sell R: cccctteactttaatttettetg 38 Sg23 R: cttcagttagattgggagca >0
F: ctggatggtaagggttcaa F: tgttcttttcttttacccte
Sel3 R: ctgcaaatcactaagctaagac 38 Sg24 R: tatgtaaagcaatggaaag 46
Sql4 F:. tcgttagatgtttactttggtt 53 Sg26 F:‘ tcectggagtatgaacaac 50
R: cagtatcacgccgcagac R: gatacggacgcagaaaa
1.5 108 118 133 143 141
MICROSATELLITE ANALYSER (MSA, , LS , BH , DD ,
Dieringer and schlotterer, 2003) 8~22 199
5 (47) , Sgd  Sg23
(An) ( , 2 PIC 0.696~0.853,
Allelic richness, Ag) (Fixation index, , Sgl5 0.696,
Fi) (H.) (H,) Sg04 0.853
(Fy) ,  GENEPOP V3.3 (Raymond & 14
Rousset 1995) , Fy  0.039~0.098, 0.05 3,
POPULATIONS Sgl5 Sg22 Sg24, 3
(http: //bio-informatics. org/~tryphon/populations/) , 11 Fy 0.05~
UPGMA 0.10, 5
STRUCTURE 2.2
, Hardy-Weinberg 14
5 )
2
( 3): Sgl6 DD
21 14 5 , (14 5
Hardy-Weinberg ) 1.11%, Hardy-

14 5 Weinberg
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2 Sg23( ) Sg04( )
Fig. 2 Genotype of the microsatellite loci Sg23 (left) and Sg04 (right) in Solen grandis
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Tab.3 Allele number, Global Fy, PIC and Hardy-Weinberg equilibrium from 14 microsatellite loci among 5 wild populations
of Solen grandis

Sg03  Sg04  Sg05 Sgl0  Sgll  Sgi3  Sgl4  Sgl5  Sgl6  Sgl8 Sg22  Sg23  Sg24  Sg26

DD 7 9 7 7 9 13 6 7 Sx* 6 6 10 6 10
QHD 8 11 7 9 6 16 6 8 5 7 12 9 5 9
RZ 8 11 9 12 11 11 7 7 7 9 13 8 9 11
LS 9 14 10 11 11 12 7 6 8 8 14 12 10 11
BH 10 15 8 12 10 14 6 6 8 8 14 10 7 13

total 11 22 13 15 16 22 8 9 10 11 16 15 12 19
Global Fy 0.065 0.083 0.062 0.065 0.067 0.098 0.097 0.046 0.080 0.065 0.039 0.069 0.048 0.062
PIC 0.807 0.853 0.819 0.832 0.802 0.852 0.751 0.696 0.730 0.821 0.835 0.804 0.709 0.852

s kR P<0.01. BH: ,DD: ,LS: , QHD: ,RZ:

Note: “**” means P<0.01. BH: Beihai population; DD: Dandong population; LS: Lyusi population; QHD: Qinhuangdao population; RZ: Rizhao
population.

2.2 5 23 5
5 5 Fy ( 9),
LS : 10.2 14 0.039 0~0.094 7, DD
10.13, RZ BH 0.0947,LS RZ

, 0.875 0.826,LS 0.039 0, 5

0.815, ,  0.809 5 , (P=

, LS 0.007>0, 4 0.000 1)
<0, BH : Nei(1972) , POPULATIONS
~0.093, DD ,  —0.088( 4) Dy 5) , 5

x4 AMBESAIHEE WIMRIENSHEELTRER

Tab. 4 Genetic and variation at fourteen microsatellite loci assessed for the 5 Solen grandis populations

population Am Ar Ho H, Fis
DD 7.7 7.71 0.837 0.769 —-0.088
QHD 8.4 8.38 0.812 0.791 —-0.026
RZ 9.5 9.45 0.875 0.826 —-0.059
LS 10.2 10.13 0.809 0.815 0.007
BH 10.1 10.1 0.858 0.785 —-0.093

: BH: , DD: , LS: , QHD: ,RZ: .

Note: BH: Beihai population; DD: Dandong population; LS: Lyusi population; QHD: Qinhuangdao population; RZ: Rizhao population.
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Tab. 5 Genetic differentiation and genetic distance between 5 Solen grandis populations

DD QHD RZ LS BH
DD 0.1412 0.2240 0.2730 0.3056
QHD 0.0391** 0.1888 0.2050 0.3209
RZ 0.0586** 0.0468** 0.1643 0.2677
LS 0.0857** 0.0568** 0.0390** 0.2851
BH 0.0947** 0.0940%* 0.0792%* 0.0869**
s Ratoiol P<0.01. BH: ; DD: ; LS:

; QHD: ;RZ:
Note: The data below diagonal mean genetic differentiation (Fy) and above mean genetic distance (D,) . “**”means P<0.01. BH: Beihai
population; DD: Dandong population; LS: Lyusi population; QHD: Qinhuangdao population; RZ: Rizhao population.

0.141 2~0.320 9, DD (8] ,
QHD , RZ LS , 5 6
QHD BH ,
5 UPGMA 3 ,
DD QHD , ,
;RZ LS ;4 ,
BH ( ) )
4) , K=2 , DD QHD ,
s 3 5 KZS s s b
DD QHD , ,
Yuan MV
(121 AFLP
3
(Siliqua minimai)
3.1 (Sinonovacula constricta) 3
DNA , 3 DNA
DD 5 )
Sun [V cDNA
QHD
[14]
Rz ¢DNA 5
- LS , 2~7
BH ’ [15] ,
| | | | 8~22, PCR
0.15 0.10 0.05 0.00
14
35 UPGMA 0.696~0.853 Botstein
BH: : DD: ;LS: ; QHD: (el , PIC>0.5 ,
s RZ: 0.25<PIC<0.5 , PIC<0.25
Fig. 3 Cluster dendrogram among 5 populations of
Solen grandis 14

BH: Beihai population; DD: Dandong population; LS: Lyusi
population; QHD: Qinhuangdao population; RZ: Rizhao
population.
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BH: ; DD: ; LS: ; QHD: ; RZ:
Fig. 4 Bayesian clustering analysis of the 5 wild solen grandis populations
BH: Beihai population; DD: Dandong population; LS: Lyusi population; QHD: Qinhuangdao population; RZ: Rizhao population
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0.039 0, 5
5 , (P=0.000 1)

:RZ (0.826) LS (0.815) QHD (0.791) BH (0.785) ,
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Microsatellite analysis of genetic diversity of five wild populations of
Solen grandis (Dunker)

ZHANG Zhiwei, CHEN Aihua, ZHANG Zhiyong, LU Qingin, ZHANG Chaohui, YAO Guoxing, CAI Yongxiang,
WU Yangping, CAO Yi, ZHANG Yu

Jiangsu Institute of Marine Fisheries, Nantong 226007, China

Abstract: The grand jackknife clam Solen grandis (Dunker, 1861) is a commercial marine bivalve that is found in
coastal waters of China, Japan, and Korea from the shallow subtidal to depths of 20 m. It has high nutritive and medical
value according to traditional Chinese medicine. In addition, it is adaptable and has high growth rates and great market
potential. Currently, this clam is only available from natural sources. Over the last few decades, however, overfishing
and environmental pollution have caused dramatic declines in natural stocks of S. grandis, and production is low and
unstable. Fortunately, methods of artificial breeding and cultivation of the jackknife clam are developing. Previous
studies on S. grandis focused primarily on morphological and ecological characteristics, allozyme analysis, and evalua-
tion of its nutrition components. Little is known about the molecular ecology of S. grandis or its genetic background.
Thus, it is important to evaluate genetic differences among populations along the coast of China. In this study, 14 mi-
crosatellite DNA markers were used to examine the genetic diversity and differentiation among five wild populations of
the grand jackknife clam. A total of 150 samples were collected from Dandong (DD) in Liaoning Province, Qinhuang-
dao (QHD) in Hebei Province, Rizhao (RZ) in Shandong Province, Lyusi (LS) in Jiangsu Province, and Beihai (BH) in
Guangxi Province. Comparisons of 199 alleles among the five populations showed that, in the fourteen loci, polymor-
phism information content (PIC)values ranged from 0.696 to 0.853 with high polymorphism. The number of alleles
ranged from 8 to 22 and the average number (4y) and richness(4r) of alleles were 14.2 and 11.05, respectively. Ex-
pected (H.) and observed heterozygosity (H,) ranged 0.769-0.826 and 0.809-0.858, respectively, suggesting high levels
of genetic diversity in all populations. Only the Sg/6 locus in the DD population deviated significantly from
Hardy-Weinberg equilibrium, further indicating stability in the genetic diversity of all populations. The genetic distance
among the five populations ranged from 0.141 2 to 0.340 9, with minimum and maximum distances between DD and
QHD and between DD and BH, respectively. The UPGMA tree indicated highest similarity among geographically close
populations, clustering DD with QHD and RZ with LS, the structure of which was confirmed by Bayesian cluster
analysis. The F were 0.039 1- 0.094 7, suggesting a moderate degree of differentiation among the five wild popula-
tions. Overall, the results suggest a high level of genetic diversity and differentiation among five grand jackknife clam
populations from geographically distinct locations along the coast of China. Precaution should be taken to protect the
germplasm of this species, particularly when designing stock enhancement programs.
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