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Abstract; The hard clam ( Meretrix mereirix) is a commercially important shellfish in China. With the rapid development of
the aquaculture industry of M. meretrix, the demand for seed cultures has led to the over-exploitation of natural populations,
which makes stock enhancement a high priority. Stock enhancement programs that use a small number of breeders for the
production of hatchery-reared juveniles to be released to the environment may have negative effects on the genetic diversity

of wild populations due to a reduction in the genetic variability of the released stock. In this study, the genetic diversity of
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seven geographical populations ( Sinuiju in North Korea; Dandong, Geligang, and Panshan in Liaoning Province; Dongying
in Shandong Province; and Rudong and Qidong in Jiangsu Province) of M. meretrix was assessed using the mitochondrial
cytochrome ¢ oxidase subunit I (COI) gene and microsatellite markers. We obtained a total of 142 COI sequences. Each
COI sequence was 602 bp in length. These sequences contained 14 variant sites, including 12 transitions and 2
transversions. Twenty-two haplotypes were identified, with 12 haplotypes shared among populations. Population-specific
haplotypes were identified in the Sinuiju, Dandong, and Qidong population, respectively. The haplotype diversity was
highest in Rudong (h = 0.900) and lowest in Dongying (h = 0.600). The nucleotide diversity was highest in Dandong (
= 0.00350) and lowest in Geligang (7 = 0.00115). Neutral test (Fu's Fs) and mismatch distribution analysis revealed
that the hard clam experienced a population expansion event. Analysis of molecular variance ( AMOVA) indicated that
71.64% of the genetic variance was within populations and 28.36% of the variance was among populations, demonstrating
significant genetic differentiation among populations (P < 0.05). A total of 54 alleles were amplified from 280 individuals
by using 7 microsatellite markers, with an average of 7.7 alleles per locus. The mean observed heterozygosity ( H,) and
expected heterozygosity (H,) was 0.387 and 0.7996, respectively. Compared with other populations, genetic diversity in the
Jiangsu population was highest, but the difference was not significant ( Kruskal-Wallis test, P > 0.05). Among the 49
population-locus combinations (7 populations X 7 loci), 18 cases deviated from the Hardy-Weinberg equilibrium ( P <
0.05) , indicating heterozygote deficiencies. The neighbor-joining tree showed that the haplotypes were not clustered
according to geographical location, but some haplotypes from the same or neighboring locations grouped together (e.g.
Rudong and Qidong showing geographical clustering ). The unweighted pair group with arithmetic mean ( UPGMA )
phylogenetic tree showed that the Dandong population was grouped with the Jiangsu population, suggesting that the
introduced Jiangsu clam seed has contaminated the genetic background of the Dandong population. These results highlight

the need to monitor the genetic effects of releasing large numbers of juveniles.

Key Words: Meretrix meretrix; population genetic variation; COI; microsatellite; stock enhancement

SCHE (Meretrix meretrix ) 2= 3% | B B RENR 22 55 D26  FEFR L T I000] 11 | 1L AR S 3RS VL5 e &R A1) PE b
VS S A L MEAER TR SO SR M R (E R R O 1 24 7l R KRR e S b R
B 3 TR T SO R T AL T TR o P R SR, SCHA SR B T R R A R SR TR T 3T 41 R 32 [l 4
VR TR AN BRI VS Y 25 DR 3R R ), 0 P A SR R e S iR P Ay il vl T A S R R SRR R A T
W HE BRI X BRI S AR AT AE F T TR ] SO b SEURE A 1) 38 42 75 SOASTR | IO A 1A 224 b B A= U
) B T e TGV DAl DRI O R S AN () 2t SRR 1) 0138 A% 2 I, 0 38 I Sl o Jo 9 0 1 188 52 AR 4 .
AEEEX,

it R C EALBEIE L 1( cytochrome ¢ oxidase subunit I, COI) >R IE FZRi{AR DNA | FE R AR F R JEL %
P TE LT RG5O TR R AR 45 A0 0 B 245 B0 T 12 o ¥ LR ( Microsatellite ) 695 T 4% 3t 4]
SR 1—6 A A RANE A R R E 8 LR R AR S o) SR s L
MG R B R 2 T REAGRAL T SR OGRS N g A 1 P A T AR
UM, 5 B BE O SO R B AT AR S T e R b PR B RO, A SR R TR E L Oy
SCHATREAA , LR EEREAARVE A S M0 R HZER iR COT FIfd T 2 Fdnic adr TR E LT 6 A SCls B AR 1
ANTHEEREAAR 19 351 Z2 REERREIAR 34k, LIBT3 I SOl A S 9 U5 R P AVE S 4R AR B e &

1 RS

1.1 FEFCSREEF DNA $2HL
A5 BT SCUA SRR T 7 A Mo BRERAA | 4331 R B EEET UM 3L T PR AR B ANk il IR R Yo
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RFEAR KL 1) B S LR AR 40 DREAS TG A B S L, DR AE T 80% 5 HG h , T DNA #2HR, R
PR B A/ S AR BOE 20 DNA R 1% 03I 15 F Sk RTER A3 YOt BE T b 47 58 1, TR B 4tk
Fi B2 50 ng/pl %,
1.2 ZRifk cOol JFod 1

SCHGERRLAR COT 5 | 9ok 5 T30 5 |4 LCO1490 Fil
HCO02198" b THEE 334 Rk 3, b lig e 40N
4 MmCOIF: TTTAGTACTAATCATAAAGATATTG, F %
J¥51°5 MmCOIR ; TACACTTCAGGATGACCAAAAAATCA
PCR WK Z A 25.0 wL, A4 10xPCR buffer 2.5 uL
(% Mg 25 mmol/L) ,1E X544 1.0 wL(10 pmol/
L) ,dNTP 1.5 wL( %% 2.5 mmol/L) ,Taq i 1 U, BiMx
1.0 pL, PCR LN 94 C AP 5 min, 94 °C 7%
P30 5,55 CiR 2k 30 5,72 CLEMf 1min, N 35 MEFF 350
J&,72 CHEAH 10 min, PCR Fﬁ%% 1% B BEWHEE R FEL K
R s, VIR , 2% AR THEFT PCR =40 ¥
1.3 B AEIZ

) B & 2SO i TR 51 Sck T ik 2 A
PER P HROR I B 7 A D 2 AR TR R B AL 4
Bt , Hog |97 51 A5 A0 JE PR, 4507 FE R R/ TR BT 118° 120° 122° 124°E
#l GenBank # 3R 5HHEIE 1, PCR ZIERN 15 M1 AR ER R SRR
pL, W 10xbuffer 1.5 pL (& Mg™ 25 mmol/L) , I\ )X Fig. 1  Collection locations of hard clam geographical
519145 0.5 wL (10 pmol/L) ,dNTP 1.0 wL (4% 2.5  populations in this study
mol/L) ,Taq fif 0.5 U, B#% 1.0 wL, PCR F2JFH 94 C
FHASYE 5 min, 94 C7A8PE 30 s, Feid 1B KR B 30 s,72 CIEM 30 s, )i 35 MEFIG, 72 CHEM 10 min,
M TLEARIE PCR P28 10%AE 28 P RPN IR EE RS FLTK , 300 V fHHLR 1.5 h, S84MTHA R,

F1 KARPHAAT NI ERCIUEI SUEES AREMEERR FNERAXNEZRZB ES AT GenBank BERS
Table 1 Primer sequence, allele number, effective allele number, allele size, F,;, repeat motif and GenBank accession number of seven

microsatellite markers used in this study

fiisi SIS SIEPIR AR AR K/ (bp) A FHHIT  GenBank BT

Locus Primer sequence No. of alleles No. of effective alleles  Allele size (bp) Fig Repeat motif GenBank number

F:CTTCATCTATGCTTTCGTATTCG
: ) — . TCA
Mm38 R. CTGCTGGCTATGAATCAAGTG 5 4.5289 155—168 0.3552 ( ) J1266036

F:AGCCATTAGTTTTTCTTGCC
: IT , . . GTCC
Mm14 R:CTTGGTAGAGGTCCAGTAGGT 6 5.3294 200—230 06719 ( o 11266266

F:AGTTGCCTTGAAGTAAAGTCC
) . 35— . TGAT
MM8105 R, CATGATCAATCATTGGTTACA 8 6.1 364 135—164 0.5998  ( ) 11265669

F:GTCAGCGAAGATTTTAACAAA
’ ) — . TGA
1\/11\412736R:TCATCATCWCAACTCACCAT 10 7.3618 114—172 0.4373 ( ) 11270267

F:TTTTCGTCTTAATGAGGGTTA
3 ’ . — . AATC
MM3923 R, GTTTGTGAAATAGTGCTCTGC 7 6.4598 78—157 0.2995 ( ) J1261510
F:ACATCATCATCTCAACTCACC

. — . ATC
MM26715R;GTCAGCGAAGATI'TTAACAAA 9 6.4700 118—188 0.3386 ( )n J1284180
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FIH Mega 4.0'"' %} COT g T HES , 45 & N TAZ%A , FIFH DNASP ™ Gei T o5 - ARy
PR ZRENE (h) FIREEF IR ZAEVE () o AU Ardequin 3.5 B BEAMESERL(F,) , AW REAAR P9 FTREAAR ]
(94375 2 ( Analysis of Molecular Variance, AMOVA) | JF#E4T Fus Fs K36 FAZ% H R A i %t 45 20 #r . F A
TCS 1.21"2 My A5 R 25 1], LA Kimura 2-parameter B 817351 3 37 B Neighbor-Joining ( NJ ) #EAL R L K
7 DEEKIY) Unweighted Pair Group Method with Arithmatic Mean( UPGMA ) R GEHELA , B Geodis 2.6 46
B IRL  H BEAE R RAE AR O

fti 8 Gel-Pro( Media Cybernetics, USA) Gt TR ARICHE P RL, I FSTAT ™ G- TL A v o5 14 2 v 3%
DI AR LR B TS BB F ) WM AAE (H,) FIEEAR A (H,) , FUHAES B0 ( Kruskal-Wallis
test) R R FER IR 22 5 0 0 . R Adlequin THEERFASMESEEL(Fy, ) , ] Bonferroni™™ ¥4 2 8 FLAL ) i 2K
AR IE . I MICRO-CHECKER P R ok S v 3L ME R, SR R B Je 5% ( Markov Chain) J5 i34 7
Hardy-Weinberg V- 55 .

2 #R

2.1 FHARNEE DR

X7 A SO R BER Y B DNA #E17 PCR ¥, S-A R 2 ME 19 COL LK | B, 28 Mega [RIEHERY , 5 BREB
Ay ERIE A 345 142 4% 602bp Y COT JE[H A B, 25 BLAST Fe X434, B0 i - Be ol COL F31 . 551 4H %,
WRF AT G C IS 508 21.2% 45.3% 19.4% 14.1% ,A+T &1 KT G+C &, BA U] W 1o
SEA U ARt . 602bp A R Bt g th 13 AN AL (AL AUEE 2.16% ) , ALFE 11 NN 2 A4S Eidk
A Tl AFNERG 278 | LRGN 22 4~ B 7Y ( GenBank &5 5 ; KJ657746-KJ657749 , KJ657752-KJ657769 ) , 3t
TERAEAL 12 A BB 54.5% ,HapO1 B 3 A== (R B IS 0F ) FN 4 1L ), Hap02 B 6 M HEAAR 3L (1)
fif FEAR BGIFI B AL WA RIS AR ) , Hap03 8% 5 N FFARIL T (G R i 8010 RS AR RS 7R ), Hap04 8% 5
AHEAILE (WIEE 2308 0 WG RS AN ZR ) , Hap0S #% 2 AN EFAIL S (RIEERIEE1L) |, Hap06 # 3 MEFAIL S
(PHAR AR FIA 7R ) , Hap08 # 4 MREARILTE (it PFAR AR AR ZR) , Hapl3 8% 3 /RS2 (R fif | B0
FIAE) ,Hapl4 Hap15 Hap16 Fl Hap17 3 5ll#8% 2 BRI (S ARFANZR ) . Hap07 Fl Hap12 J2&47 SUOM R
A HAER ,Hap09 Hap10 A Hapl1 PR R ,Hap18 Hap19 Hap20 Hap21 F Hap22 R AREEA A

F2 ET COIFMMIEMITAIN N 7 MEENREZSH
Table 2 Genetic diversity indices for cytochrome c oxidase subunit ( COI) gene and microsatellite markers for seven populations of the hard

clam, Meretrix meretrix

AhE 0 i £ 3% S A I B T [EL
Population COol Microsatellite
n, n, h T N, H, H,
B SO 7 7 0.810+0.070 0.00249+0.00060 7.7 0.4429 0.8108
PR 8 6 0.803+0.096 0.00350+0.00095 7.6 0.475 0.8228
0 8 1< 3 4 0.603+0.131 0.00115+0.00032 7.3 0.3036 0.7936
gl 4 8 0.748+0.053 0.00180+0.00023 7.1 0.2964 0.7413
RE 3 4 0.600+0.154 0.00169+0.00055 7.3 0.3857 0.7989
AR 7 9 0.900+0.039 0.00308+0.00042 7.7 0.375 0.8107
JaR 9 13 0.875+0.046 0.00299+0.00039 7.7 0.4357 0.8188
153{1% j:fge 14 24 0.763 0.00239 7.4 0.3878 0.7996
n, : ZALEEL number of polymorphic sites;n, : L5 H4L number of haplotypes; b : BB Z REHE haplotype diversity ;7 : % HFRRZFEPE nucleotide

diversity ; N, : S FE B number of alleles; H, : MM 24 5 & observed heterozygosity ; H, : WIEE 2% 5 B expected heterozygosity
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T, SCHE T AN M B AR (9 5 AL 2 SRR 2, S B BT R R R TR 2 REE AL T R A UK (h=0.886, m =
0.00314) . FAREAREE R 2 AR BEIR (h=0.900) , AR A2 ASE BEVR (h=0.600) 5 17 R 2 FF M e
AP (=0.00350) , FRe RS2 UE BRI B RS (m=10.00115) , KMAKIE, e A L5 B9 PN HER s Hi 4K
i R AR
PR IR A5 R R Y Fus Fs fH28-11.97063 (P | S _

€0.05) (% 3) Fus Fs (HI 5] 53K T, 3 01304 (i 8 fﬁ;ﬁ%? COI F3IpIsc s 7 M EHERIEFE PRI IR TR AR
':P‘lﬁi‘lﬁ?% s éé]j—J ﬁiﬁﬁf §K$ﬁ: ° 7F§< ﬁ@ﬁm Eﬂ;ﬁ'éj\%ﬁ é} Table 3 Selective neutrality test and mismatch distribution analysis
*):F E@éﬁ%%% ,iﬁ%i)ﬁl{ﬂﬂ @J E‘J*Zﬁ@ﬁ%@ﬂﬁﬁj\?ﬁﬁéﬁmé of 7 populations of hard clam ( Meretrix meretrix ) based on

H AR MR T IO BUN A (1 2) . ST CON sequences

WU R I A R R B T e e
F1( Sum of squared deviations,SSD ) # /1N, H G811 56 A SN C2.35649(0.041 + ) 1.39258(0.014 * )
B (P>0.05) , ZRPFUWINHE SELEMARERE % 5% ~1.19527(0.195) 0.24997(0.020 * )
GREARY A | 5P ER R A R 3 WA ~1.30733(0.067) 0.02717(0.100)
SCHAZERIR COT 2520 [0 44 ) (1] 3A) oidate Ml ~1.45355(0.162) 0.01578(0.100)
K ~0.70056(0.188) 0.00222(0.950)

HRAT AR Z [B) AR B 1 AR S, AU/ B 3 2 [

JIER -3.64483(0.011 * ) 0.00796(0.440)
( Hap06 — Hap12 , Hap06 — Hap16 . Hap12 — Hap10 o L 748745(0.000 * ) 0.00417(0.360)
Hap2—Hapl 1) B8 2 575 %, FRIA 13 Mgy o
R QAP 9 Fhe By SOMIA 8 A oA i #hil) Average
PiAT 6 FhAEAL, PHAIAT 6 FheAREL MU Ay 4 TR ERE P00
FhEAAE R ACEHA 3 FhEAAS A ANARHEAR Y B R 035

—=11.97063(0.000 = ) 0.00314(0.0829)

WM BRI, (X Hap0d 22 AR M6 i 5 00 | = i
MR AR A oA, 25T Kimura USSR g g’_ 020 |
S NICF 3 B) R R RS R 2R £ o1
MRS (5 (LR X TR SRy oos

PAREIR HLAT RIS (4N Hap09 Hap10 Hapl4) , 0 2 4 6 8 10 12 14 16 18 20 22 24 26

7 AR FRIE SR E] 54 4% (0 IE A, B i PALREAIESE Pairwise difference
S S PUEON 5—10 A R4 PR 3Ly B2 XRSRERReE RLBIEE 1(COl) S ENMNLER
7'74\0 E%ﬁffﬁﬂﬁa{j,ﬁ EP ’ MM12736 E"J%’fﬁ%%& F;f:gglaqu‘ﬁ#ﬁ Mismatch distributions of Meretrix meretrix
&2 (10 1) ,Mm38 M FE KA (5 1) (R 1) 5 ol haplotypes
W SOM AT UNZR 3 AR AR i1 38 S5 467 356 DR B30
Z(N,=7.7) , BLIEER P B E AR EUR A (N, =7.1) s PHR B B2 0N 4% 5 B e (H, = 0.4750) , 4k
LA - T 0 2 A5 P e AT ( H, = 0.2964) , i b 7 AN BERI B 5 i O TR 3815 2R 1k, 7 AN RO
YR FE R ( Kruskal-Wallis test, P=0.951) AWM Z4 & B (P=0.592) AMEERF LR, 1F 49 BN S
A (T BEARXT L) A 18 AN A T 246 Fi KW 2 HWE P-4 ( P<0.05) , #]H MICRO-CHECKER i
IR T AN S PR O A o BE R R 45 S e W B8 HWE ST 18457 5 70 AS (R BRI v Y 7 A To s 5 o R I, 3%
PR AT R RN 6L P2 PCR ¥ 8 R b 2 BLR “ 52 Far " AR i Be S R R R BG4
2.2 BER[E) L AR 5

SCHE T AR COT P8 953 T A8 543 ( AMOVA ) 25 5 WL 4 BROARIA] 15824 43k R B0 F o, oM 0.28360 ( P<
0.05) , F LR/ 705 53 T REDRIRL 15725 52 4 28.36%  REVK A6 7I5 5317 71.64% , REVRIN 03816785 53k
FREAR ], TR (R] & AR 0 25 B85 704k (P<0.05) o SCHE COT BEIAR[R] F o, 1 i 28 MR B0 45 5 L3 S, W PR AR ]
F 4T 0.00714—0.45390 Z[A], HATPHRAMUNAR (F g =-0.00714) S8 SN AL L (F,=0.01018) 3 A A 4N
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Hap21

Hap04
Hap01
Hap22
LHap13

Hap15

( Hap19
Hap 05
Hapl8

Hap 08
[ Hapll
Hap 02
Hap 07
Hapl6
Hap17
Hap 09
LHapM
Hapl0

Hap 06
Hapl12

Hap20

Hap03

Scapharca subcrenata

® W@ HAK wili @ #l @ WEK 8 @ KR

B3 xth COIEFEERIMERE(A)F NI RGER(B) ,SMEEEM ( Scapharca subcrenata) Genbank Z %S AB729113
Fig. 3 The COI haplotype network and NJ tree for Meretrix meretrix, the GenBank accession number of outgroup Scapharca subcrenata

is AB729113
BRI I 2 P B e Y BT B 2 ] B O B, (B AR — A BT L o ] (R ) B B P S B s | T Pl /M 3 B Y A 1 BB, T8

Pl LAY AR B (AR AN TR ) S BETEAR

K(Fg=0.02529) AARFPIAR (Fy,=0.03713) (9 P EHK T 0.05, BEHIR AR FHARFIAIZR Z 18], B0 SO i 09 B
L Z 0], AR E RN L =Z )R R AR i 3 s Ak, LR AR IC & BEIAR ) Fo 5 0.01139—0.03935 (3%
5) , % Bonferroni #Z1E , 2 FE{AR A1 Y440 F B 3 /31 ( P<0.0083)

R4 R TANEER COL FIEEERMSFAHESHT(AMOVA)

Table 4 Analysis of molecular variance (AMOVA) of mitochondrial cytochrome oxidase ¢ subunit ( COI) gene among seven populations of

hard clam ( Meretrix meretrix)

75 SR A ER:] 3 R iy Jr 2 Wil %
Source of variation df Sum of squares Variance components Percentage of variance
HEURTE] Among populations 6 37.229 0.28077 28.36

HEUK N Within populations 135 95.75 0.70926 71.64
JAAE 5 Total variation 141 132.979 0.99003 —

FIFH Mega #4787 MR G IR RS UPGMA B (&l 4) ,7 AR R4y 32, oG il b &1L 7
MRZRE R R — K3, B R FINA AR S PR BAR I 75—, FIH Geodis &, A & 8L 7 BRI R LHE
555 1) 1 S A O (1=10.4035, P=0.0600) , {H 23 PRATEAAR T, AGH I 28] 358 4% 5 5 15 TR 7 1) 110
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R (r=0.7129,P=0.0280) .

F5 ETFLHME COLFT (X Fop , AL T) MBIERID (X Fo, WAL E) M RBFREIML
Table 5 E stimates of population genetic differentiation based on microsatellite markers ( pairwise Fy;, above diagonal) and mitochondrial

cytochrome oxidase ¢ subunit ( COI) gene ( pairwise Fg;, below diagonal) for the hard clam ( Meretrix meretrix)

Giics

Population UM FHR B R < Eiall| LUFR KE JAZR
UM — 0.01139 * 0.02678 * 0.02835 0.01271* 0.01868 * 0.02490 *
FHR 0.24667 * — 0.03006 * 0.02557* 0.01839" 0.01937* 0.02660 *
Iy ) 3 0.01018 0.38112* — 0.03476 * 0.02972* 0.03024* 0.03907 *
il 0.08710 0.40649 * 0.03823 — 0.02677 * 0.02818 " 0.03935
LUFR 0.28754 0.03713 0.41132* 0.40904 * — 0.01874 0.02780 *
KE 0.32586 0.45390 * 0.40862 * 0.19277 0.43984 * — 0.02657 *
JAZR 0.24152" -0.00714 0.35621 0.37830 0.02529 0.44328 " —
* 2 Bonferroni £ 1F 2% 5 8. 3
3 it B ey EN—
B S
VTAESER , i BE R B AR B AL TR T e vt ol K
PGS, SRR L SN RRCTESE L[ il
SRR SE R HORAE R — R SO BB T B JAAR
B 27t 45 M A B T RS FH L AR A 1 £ TITERETY T ——— .

FIRFRREA , O R B A R0, AT ok G v i 4 S R UMPGA RAch
TRLRIRN 38 % Z2REPE  AREARTR AR (AT e P A A B ¢ Fig. 4 UMPGA tree constructed from genetic distance among 7
TR AU | XF B A IR R B B 354G Wl S5 45 PR EL 48 il populations of hard clam, Meretrix meretrix
FVEM SRR SO s AR 2 — T BEA BRI R,
FEUR P38t A% ZREME AR 2 - BGE N AR S AR AR BE T BRAR Y X T 85 Rl | il ZRE TR BRI S BURIE R
FILRFRB AL TR R, SECEARE L™, R, FIH DNA 43 FAric o i A I 47 18 4% W, B
FEICTREAR S BF A R (01845 25 53 REIPAG 180 (I s R LA B R X, AR 5 R FH 4o ik CcOT g TL &2
FRICATI T SChE 7 A BRREAR 350 % ZRE 1, IR o AR 1e 0 25 535 S 7R VIR IR A0 2R R AR R A A 1 1) st
1 2R, X 5 SO BRI ISSR ST 45 SR W, Y195 30 ISSR AV 5 285 (80.7% ) 5 1L 7° UG )
P22 A5 (68.4% ) 0 BT I3 SCIA HLAT 5058 Y a8t f 305 N 6 S AN B A 1 .

LRI COT TR T30 FH 5 1941, ol LU 4 R )3 1% 22 REE B RS 1) L, AR 9 4G 3] S 2ok {4
COl JF9) By B 206 My 0.763 , B IR ZFEIE N 0.00239, 5 Tk [ HA i /K D16 [R5 722 Akl 1, B
BARA B AL 2 REE , ASBIFSTRE i A IR T3 1] 32 8 1) SO 2 P R, 45 B AR A0 R A A, (0 R BE IR R AR R
L 2R, FTRESE i T D12 COL JP8 ZREE LA Fl B RE R R DL 1, Ak, X 45 B 1A Hardy-Weinberg #:56
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SCHAREIAR AL ZREE , AFLP (205 200 F o f8 4 0.0596 , 25 F F B REAAR ) AR U 5, ASBIFSE i 7 AN S B
12|iﬂ’1 F o fHH 0.28360 , FEAAR ] & A 3 13845 434, 5 AR 5% v SCIA BURE b BRI L T8 56, X IE 45 AT Geodis
SR8 I 3 R e BT 5 2R O ( ﬂﬂiﬁ%%) HRF, NRGEHRRTE , PHRFHE ST 2 A8
Mi%%ﬁ 28 WG R VLI FR ) S b FR A L 28 HiFXA*aAE’J ST R, Wit e MRk, SCIR T IR B
ﬂﬂﬁ%i@zﬁi&Eﬁﬁtvﬂadﬁi&%ﬂﬂdﬁﬂﬁ st 4k o], PRI, SO 1 BRI S B g M BB ikt
G S b S Tl 5 RS Y 24 S Eiﬁﬁﬁﬁtamﬂlﬁﬁlﬁw o7 38 45 R R AR, A SO AR R
G4 35 1 AR BRI NS AL S5 A AR, I B2 5 B A a8t 45 Z2 FE PR W0 5 28, AR R 38 0 B
AR,

£ 2% ik ( References) :

(1] FERde hEsbE: Smsi] woem insh Jent: Bl2édiiet, 2001, 1-278,

[2] Eiéizﬁl, FERE, TRFH, KOG, SR FRIE IR SRR KR, 2005, 24(2) : 31-33.

[ 3] W&k, Dk, BHER, XITAR, FMEE, REENL SCRFRRIT RN AL RS A 2R AFLP J3Afr. sPIEDK B, 2008, 15(2)
215-221.

[4] FR, ZiE4, REE, w57, WA, KR, RS, 6 A inet D2 & 4 D3RR SIS SRR coT JEP Fr BT 41430, 17
Ff, 2007, 29(5) : 109-116.

[5] BREWME, 9%, B ETLREEK cor SERFFIRSCIR R (BRIEIMIT. GIaFH) REREXR. IW¥T5E, 2009, 30(3):
233-239.

[6] RMRE, @k, FEE, HIRE, ff, Bk, MR, BRA. BTANRMROR o SRR 1 ENFERFREILIES TR
GLR AW, EAY¥IR, 2013, 33(9) : 2744-2753.

[ 7] R4, BEE, WHE, £2E5H. GSHIKLORIAR DNA-COT 3K 75748 55 KRS G458 43 Fr . 18241, 2008, 30(3) : 109-116.

[ 8] TLEHR, skM, Bukik, 25K BTLRIA COI FPFI 53t 206 DU S % ZREPE BT 00T, IBAEEH, 2011, 30(4) : 435-440.

[ 9] Zhan A B, Perepelizin P V, Ghabooli S, Paolucci E, Sylvester F, Sardina P, Cristescu M E, Maclsaac H J. Scale-dependent post-establishment
spread and genetic diversity in an invading mollusc in South America.Diversity and Distributions, 2012, 18(10) : 1042-1055.

[10] Zhan A B, HuJJ, Hu X L, Zhou Z C, Hui M, Wang S, Peng W, Wang M L, Bao Z M. Fine-scale population genetic structure of Zhikong
scallop ( Chlamys farreri) : do local marine currents drive geographical differentiation?. Marine Biotechnology, 2009, 11(2) . 223-235.

[11] Xing K, Gao M L, Li H J. Genetic differentiation between natural and hatchery populations of Manila clam ( Ruditapes philippinarum) based on
microsatellite markers. Genetics and Molecular Research, 2014, 13( 1) ; 237-245.

[12] Lu X, Wang H X, Liu B Z, Xiang J H. An effective method for parentage determination of the clam ( Meretrix meretrix) based on SSR and COI
markers. Aquaculture, 2011, 318(1/2): 223-228.

[13] Li HJ, Liu X, Zhang G F. Development and linkage analysis of 104 new microsatellite markers for bay scallop (Argopecten irradians). Marine
Biotechnology, 2012, 14(1). 1-9

[14] LiHJ, Liu X, Zhang G F. A consensus microsatellite-based linkage map for the hermaphroditic bay scallop ( Argopecten irradians) and its
application in size-related QTL analysis. PLoS One, 2012, 7(10) . e46926.

[15] Zhan A B, HuJJ, Hu X L, Hui M, Wang M L, Peng W, Huang X T, Wang S, Lu W, Sun C, Bao Z M. Construction of microsatellite-based
linkage maps and identification of size-related quantitative trait loci for Zhikong scallop ( Chlamys farreri). Animal Genetics, 2009, 40(6) :
821-831.

[16] Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. DNA primers for amplification of mitochondrial cytochrome ¢ oxidase subunit I from diverse
metazoan invertebrates. Molecular Marine Biology Biotechnology, 1994, 3(5) : 294-299.

[17] Lu X, Wang H X, Dai P, Liu B Z. Characterization of EST-SSR and genomic-SSR markers in the clam, Meretrix meretrix. Conservation Genetics
Resources, 2011, 3(4) : 655-658.

[18] Dong Y H, Yao HH, LinZ H, Sun C S, You Z J. Development of 53 novel polymorphic EST-SSR markers for the hard clamMeretrix meretrix and

http ; //www.ecologica.cn



2 4

FRR ALK CO AR TR PRT T SO 7 D BB Y8 1L A2 57 9

[19]

[20]

cross-species amplification. Conservation Genetics Resources, 2013, 5(3) . 811-816.

Tamura K, Dudley J, Nei M, Kumar S. MEGA4: molecular evolutionary genetics analysis (MEGA ) software version 4. 0. Molecular Biology and
Evolution,2007, 24(8) : 1596-1599.

Rozas J, Sanchez-DelBarrio J C, Messeguer X, Rozas R. DnaSP, DNA polymorphism analyses by the coalescentand other methods. Bioinformatics,
2003, 19(18) : 2496-2497.

Excoffier L, Lischer H E L. Arlequin suite ver 3. 5: a new series of programs to perform population genetics analyses under Linux and Windows.
Molecular Ecology Resources, 2010, 10(3) : 564-567.

Clement M, Posada D, Crandall K A. TCS: a computer program to estimate gene genealogies. Molecular Ecology, 2000, 9(10) : 1657-1659.
Posada D, Crandall K A, Templeton A R. GeoDis: a program for the cladistic nested analysis of the geographical distribution of genetic haplotypes.
Molecular Ecology, 2000, 9(4) : 487-488.

Goudet J. FSTAT, a program to estimate and test gene diversities and fixation indices (version 2. 9. 3) , 2001[ 2005-08-23 ] .http://www2.unil.ch/
popgen/softwares/ fstat.htm.

Rice W R. Analyzing tables of statistical tests. Evolution, 1989, 43(1) . 223-225.

Van Oosterhout C, Hutchinson W F, Wills D P, Shipley P. MICRO-CHECKER: software for identifying and correcting genotyping errors in
microsatellite data.Molecular Ecology Notes, 2004, 4(3) . 535-538.

Blankenship H L, Leber K M. A responsible approach to marine stock enhancement. American Fisheries Society Symposium, 1995, 15. 167-175.
Barrett R D H, Schluter D. Adaptation from standing genetic variation. Trends in Ecology & Evolution, 2008, 23(1) . 38-44.

Beaumont A, Boudry P, Hoare K.Biotechnology and Genetics in Fisheries and Aquaculture. Singapore: Wiley-Blackwell, 2010.

BERHS, WARsE, T, MEH, iR, ¥rBE S (Meretric meretrix) MiFIFNEE ISSR /3 THRic RIS, MRUl A4 A RB
2ERR, 2004, 27(3) : 74-77.

FBICUR, SRR, B, X0Hk, WaRSE, RIS, SETLORR cor BRI FIRHRMIINEAE . Si2ARE5E, 2009, 30(1) : 17-23.
Mao Y L, Gao T X, Yanagimoto T, Xiao Y S. Molecular phylogeography ofRuditapes philippinarum in the Northwestern Pacific Ocean based on COI
gene. Journal of Experimental Marine Biology and Ecology, 2011, 407(2) . 171-181.

Avise J C, Arnold J, Ball R M, Bermingham E, Lamb T, Neigel ] E, Reeb C A, Saunders N C. Intraspecific phylogeography: the mitochondrial

DNA bridge between population genetics and systematics. Annual Review of Ecology and Systematics, 1987, 18 489-522.

http ; //www.ecologica.cn



