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Abstract; Coelomactra antiquata Spengler, 1802, called Xishishe in Chinese, is a bivalve, which belongs to the phylum
Mollusca, the class Bivalvia, the order Veneroida, the family Mactridae and the genus Coelomacira. The species is
distributed widely in the western Pacific Ocean, along the coast of Indochina, Japan, Korea and China. C. antiquata has a
wide but erratic distribution in China from Taiwan, Guangdong and Hainan Provinces in the south northward to the
Shandong Peninsula. C. antiquata, a commercially important clam in aquaculture, is one of the most critically endangered
species in China. It has experienced severe population declines due to habitat destruction and overfishing during the last two
decades. The depletion of natural resources encouraged development of culture techniques for this species, in order to
satisfy the demand of the market and maintain the wild population. However, cultivation may result in reduction of genetic
diversity unless we know the genetic background of the species. Therefore it is necessary to investigate the genetic structure
of this species. Molecular markers have been very useful for analysis of genetic structure. Among many types of molecular
markers, we selected the ribosomal TRNA gene first internal transcribed spacer (ITS1). It is widely used in genetic
variation and phylogenetic studies of animals and plants because of its high rate of molecular evolution. In recent years, the

usage of ITSI to assess genetic variations in bivalves has increased. To study the genetic variability, five wild stocks of C.
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antiquata were collected from Shandong Rizhao (RZ), Jiangsu Lianyungang (LYG) and Qidong (QD), Fujian Changle
(CL), Guangxi Beihai (BH) in China, and the genetic variation was analyzed based on ITS1 nucleotide sequences of
rDNA. PCR amplification with the primers ITS1-F and ITS1-R was performed and the PCR products were cloned and
sequenced. DNA sequences were analyzed using DNAStar, and were aligned in ClustalX. The phylogenetic trees were
constructed using Neighbor-Joining method (on MEGA 4.1) and Maximum likelihood method (online: http://www. atge —
montpellier. fr/phyml/). Analysis of molecular variance (AMOVA) was performed by Arlequin3. 11. The results showed
that the ITSI region ranged in size from 816 to 843 bp. 118 sequences were obtained from 93 samples of five stocks of C.
antiquata, and 153 polymorphic sites were detected. The proportion of polymorphic sites was 18.3% , in which parsimony
informative sites were up to 63. Intrastock genetic distance was 0.72% — 1.06% whereas interstock genetic distance was
0.74% —3.38% . Significantly, higher genetic variation was observed between the CL stock and the other four stocks
(3.09%—3.34% ). Further, AMOVA analysis revealed a substantial genetic differentiation in the CL stock ( F, =0.670
-0.702, P<0.001). Phylogenetic relationships of these individuals were analyzed using NJ and ML methods with Mactra
chinensis Philippi as an out-group. Phylogenetic analysis showed that CL species formed a monophyletic clade whereas the
other non-CL species formed a separate clade. Combined with previous findings, this evidence strongly supports CL C.
antiquata as a distinct geographical population. In this study, the analysis of ITS1 nucleotide sequences of C. antiquata
geographical stocks revealed the genetic structure and phylogenetic relationship of five wild stocks of C. antiquata in typical

coastal regions, which provides the molecular basis for genetic breeding and resource protection of the species.
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PGJiti T ( Coelomactra antiquata Spengler,1802) S J8 W5e 4, 7 ke H , igWHAL, UG WHJE , B AR 016 TR
PUHERAY H A SR ok E b BV e B . IR E DKM KIS A e . PSR, R
A ERERE T 5ES WAEEE BARERNEFME. EENR, b TR GG KITY, KA R%E
FHE T ERBIR, A RRERSUR, WIRGE YA 7E AR . VU R R IR A A T s e R
B N KT T G AT B — Sl ™ R A e R b B PO H R AR e R e, FEE S
K F A FARie R G R A UK T

HIZAEYZNEAR rRNA B 5 — MR EIFRX (ITS1) #)  Z bl FIEYs e R MR G K EMR, K
SESf , TR XS TR B AE 22 W b BB AR 220 . ARBRFE il A0 LR JTL 95 R A P9I 5 />l
FHRHATIME T ITS1 AT, 18 n EE AR X P S A S REE R R, NP %
AR 5 ] FR LA SR IS AR , S st 2 B P 2EE 7 LR W2 25t
1 R E
1.1 L

ARG A LA A PU 5 40 5ok B LR B B, VL0 E 2 MIE o A B I, 18 8K AR R s
AV (R 1) B RN CBEREE 4 CRAESH . 1A, M GenBank T % 4 ANF 51 A5 FIE RS54 5
7 SDO, EU183532 ( 3R 4 #ib 5 %01 ) ; JSO, EU195802 ( YT. 3, EL 1A SR £ Hi A A1) ; CLO, EU195801 (K 4&) ; SHO,
EU195803 (#hypys) 81,

1.2 DNA $#2B(% PCR 1

Pii T 3L 41 DNA $REUH CTAB/Z& F B K 46 B-S A Hh3R . eyt e sk ™ | s koA I 7 B8 1
PCR #i 4, ITS1 EF ¥ #8] 4K ITS1-F: 5’ GGTGAACCTGCGGATGGA3', ITS1-R: 5’ GCTGGCTGCGCTCT-
TCAT3', PCR J% ¥ £5{4 :94°C FiAs ¥ 4min J533E A PCR JE3F, B :94°C A5 455 ,55°C 1B K 455 ,72°C #E#H 1min,
IHAT 35 MES . TEALEHRIG 72°C LA 8min, 3= YH 1. 0% BRARHEEE RS B 1K 7 8, GoldView JL €5, 5
J 45 & 4t ( ChemidocXRS, Bio-Rad A H] ) ISR Z5 R IFHAK
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Table 1 Collection data and GenBank accession numbers of ITSI sequences of Coelomactra antiquata

37 HAR Fr3% A SRR GenBank % &
Stock Sample. No. Sequence No. Sample location GenBank assesion No.
H I RZ 17 21 H I, e HM159073-HM159083
E = LYG 17 20 HETUE, IR HM159084-HM159094
JaZ5 QD 16 21 A&, Bl HM159095-HM159105
Jb¥# BH 20 23 dti HM159106-HM159117
K4k CL 23 33 KR, Bk GU644449-GU6444464
£t Total 93 118

1.3 WF K Fe3)5Hr

PCR /=4 & W ¥k K2 J5 , F§ EZ- 10 Spin Column
PCR Products Purification Kit( BBI) i & #i B] 454 1F
dife, ¥ ik 5 B9 PCR 7= 4 & # 3 # {& pUCm-T
(BS433 pUCm-TVector, BBI) |, ¥4k 3| K 7 #F H & 5%
AYiML DHS o, 3% A T AW TR ARE FRA FRH
MR, FH—&aP WBCREFH PCR ¥ B e X [
F¥ o FIF DNAStar k{460 A ) SeqMan i {4 Fide [ 214
Chromas X 1E JZ ] ITS1 J7 31 # 47 4 % FI N THXS, F
ClustalX F17FF 5 HL X, F§ MEGA4. 1 8R4 47 1 IR
H AT, % B Kitmura- 2-Parameter distance XY 2 5
ZI((Kimura, 1980) 713838 £ BE B , 7 FH 4B 4% ( Neighbour-
Joining , NJ) ¥ F1 5% K ALISR ( Maximum likelihood method ,
ML) ARG, i@ 4 1000 R E & KIS 1 B RA %K
(bootstrap ) BUEIRICTE X Lo F Arlequin 3. 11 {4
T F I £ 8T (AMOVA)
2 ZR5H5m
2.1 ITS1 JF3IHRRZ ST

PCR 4 £ v Féé a3 W 1) W i 3R A9 P i 75 1TS1
275, KB 816—843bp, FFSI K EAFEL Sk, CL
B ITS1 43>8 S Bl (short sequences, S) F L %l (long
sequences, L) FiFp2EAY S &I ITS1 K& 816—817bp,
L I K B 2 834—839 bp, RZ.QD.LYG F1 BH Bf{k
ITS1 K B4 1 7€ 833—843 Z [a], &%k L 4, S AUJF
B ITS1 7E 5" %4 — Bt 19 Mgk ( GAAGTCCGCTTC-
TACTGTC) Wyt K 7 5. ITS1 F3IF3¥ G+ C F &
(60.80% )HEBH T A+T S8, CLEAG+CE&E
(61.33% )BT FHoAt 4 EEHK (60. 63% —60.75% ) .
FPo) 2 X JG B, 28 S A6 5 o B L AR 18. 3%
(1537 837) , Hp MiAEBNM AL 7.5% (63/ 837),
R . PUT CL BEARR) 23 NMER) 17 FhEE A

111111111 1222233333 3334445555 5667777777 888

2233333333 4444445689 9001355679 9138801134 5574454678 9142337788 122
3503456789 0167893551 2590348020 4978933606 5906776699 1163675716 378

RZ2f GGETCCTTGE AGTTTACTCC AAC-GACGET TCCTACGAGT TTAATAGTTG ATGTTTCTTC 6CC

CUURTETTTT IR U UTAR 6 ¢ RCee T
.-..A GTT.TT.C.C ACGT....AR 6C....GC.. ...
.-..A G.TCTT.C.C ACGT...CAA 6C....GCC. ...
.-..A G.TCTT.C.C A.GT.G..AR GC....GC.. ...
..T..A G.TCT..C.C A.GT....AA 6C....GC.. ...
..T..A G.TCT..C.C A.GT....AA 6C....6C.. A..
.-..A GTT.TT.C.C ACGT....AA GC....6CC. ..T
..T6.T. .-..A G.TCT..C.C A.GT....AA 6C....6C.. ...
CL13d ..T6.T.CTA CT6.CG6-..T T.T6..-..A GTT.TT.C.C ACGT....

CL13h ..TG.T.CTA CTG.CG-..T T.TG..-..A GTT.TT.C.C ACGT....

CL14b ..TG.T.CTA CTG.C6-C.T T.TA..-..A G.T.TT.C.C A.GT

CL15a ..TG.T.CTA CTG.CG-..T T.TG..-..A G.T.TT.C.C ACGT....

CL15b ..TG.T.CTA CTG.C6-C.T T.TG..-..A GTT.TT.C.C ACGT....

CL15c ..TG.T.CTA CTG.C6-..T T.TG..-..A GTT.TT.C.C ACGT....

CLi7a ..TG.T.CTA CTG.C6-C.T T.TA..-..A G.T.TT.C.C ACGT....

CLO  ..TG.T.CTA CTG.C6-..T T.TG..-..

B1 54 BEEES TSI ZEBREAEBMA LR
Fig. 1 The parsim-informativen sites alignment of the ITS1

neucleotide obtained from five stocks of Coelomactra antiquata
RZ: HJRBEA, LYG: 3% = s B4, QD Ji AR, CL: KR BEIK,
BH. b # ik

(1 RTTHE) BA 22 M ICEARRALR, ARSI TR b 4 kA B8 sk (18 1
INFTHE) o Ay 4 MEHATRHMA NI ZAR RO H . 76 93 MMA 118 ANFFIsp A 63 FhILR Y, BEfAE
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JHEILRARD(RE 24, FEFER LYGSa HE =M H IR 2 MRS, QD10a f 5 ARFHAR H FEEH AL
2, AR RE B AREAE .
2.2 BEAERSH

HRAE PE T M BT AL W BRALE K 5 MBI BG4 (A58 RZ.LYG 71 QD ##K) , Rifg JLm 4
(f34E CL.BH BHA)2 M4, BT 2500k (AMOVA) f55 2 AR5 ANFEAAR 8] FRE 1A P 37 i a8t 45 48
SRS RS AR FoRR , RSS2, AMOVA A4S R s, V5 BER 9 L N BE IR () 3576 1R
R BHE AR S, AR S I TUAR 3 BORIE TR AL BRI (8], BT (5 SR R 41.80% , J5 3 1 40.69%
H H CL B 5 HAth 4 MFHARIE KA TR KBBHE 536 (Fg = 0.670 —0.702,P <0.001) (£3) . {HSE, RZ,
LYG QD 71 BH4 MFAR] )38 2 858 (Fp = 0.020—0.064) (K 3) o N ik—2B b a5t 1% 2251,
i NJ SEAG AR B 18] ) AE A A A RBE B R BE (R 3) o R 3 W LIE ), BE R A B (Z FEBS 7E 0. 74% —
3.38% i), CL #£{A 5 LYG QD .RZ 1 BH B4 8] {18 5185 Jy 3. 17% —3. 38% , ifii LYG.QD .RZ F BH #f
RZ BB E R R 0.74% —1.03% ., BHANBREEE R 0.72%—1.06, Fijti#E BH #HA/EMIEAE
SRIRBHAGE , T -5 #0005 5 PG i E PR B, (B2, ITS1 ¥9kHE /R BH ##A 5 #0881 LYG QD \RZ B A%
GRFIE , RFERE LM

x2 BEEABHEREERNSTFHTEST(AMOVA)
Table 2 AMOVA analysis of genetic variation in stocks of Coelamactra antiquata

1R AE SRR TR LA IR hi BAESIE 4 L/ % BEWKE
Source of variation Sum. of squares Variance components  Percentage of variation P

#H [8] Among groups 184.380 1.52916 Va 17.51 =0.3900
20 NFhEE[E] Among stocks within group 255.241 3.55275 Vb 40. 69 <0.001
FhEEN Within stocks 416.068 3.64972 Ve 41.80 <0.001
431 Total 855.689 8.73163 100

®3 BEEES MEEEMEXEEERN Fo BEERE

Table 3  Pairwise distance matrix of ITS1 sequences among 5 C. anfiquata stocks and Fg; significance check

FEIK Stock RZ LYG QD CL BH

H i RZ - 0.00845 0. 00874 0.03171 0.00739
E=HE LYG 0. 05828 - 0.01030 0.03380 0.00874
JAZ QD 0. 02024 0.06381 - 0.03361 0.00922
K4 CL 0.67032 *** 0.67633 *** 0.70151 *** - 0.03248
Ju¥E BH 0.04151 0.06345 0. 06000 0.69192 *** -

AR T BTN Forfls * * o« FORZEFEE (P <0.001) 5 Xf Lk b AR 8% B B

2.3 RGEREBHH

HRAE A [ 25 R B 2 [] f) 388 1% BE 5, DA G R B 4% o = 45 1) ( Mactra chinensis Philippi, Mch) (3% %5 :
DQ132790) Mg, MR P IETE 5 AN RIBIRAEAR NI 73 F R G (18 2) F1 ML A%, NJ W E 454032 BT
%2 1000 YK Bootstrap L343 HT /G ¥HZ X LR E A H (BDBEAS ) o NI AR ML #3595 = K433, CL B
K1 23 MR (17 FEEE ) IR BERE (85% ) BR—32, 734N RZ LYG QD 1 BH4 MHE(A ) 46 Ffi L
HAI R 55 — K3, AN E MG IR 25 =32 . H &l 2 W] L, CL BHAR LIS 4 A b [R]— > b3 DX 33 i)
EHRBR—X 4 MHHEREFE BRI CXES, ITS1 75 AH U5 AR ] 1) #3855 7 AH e AN 58
&—3, Vi BH Bk S EG R AR IR T, {2 ITS1 ¥R Bn 8A B Btk 44k
3 i
3.1 TPujliis ITS1 P3¢

PUtiTE ITS1 PN ER MR BE 2 . APFR A S MRHATIIET 1TS1 PP A EEMFEEL, 73
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Hlaw# S BAML A, S B ITS1 3 B0 814—817bp, L AU B0 833—843bp, L BUFFFILE S ARk

WHEM . S BUFS) R A THRARBHER KM,
JRRIRBHARRFEYE P 51 . 7E VG & 19 1TS1 Jp 3 s, Bk
KABMIRFE (1—19 MA%) , XERIFHFIIKE
ZHMEMFEERRE, &KW ESRK/AEAF IS5
19bp; P ITS1 B HRERFER ., BHRERN
ROl U AL R 18. 3% , ] g il A B A2 1] 382 1% 20 A 4
HEEEME R VM TS P EMENFEZ S,
TEVERETE 5 RERR 93 AN krh  JEH 63 FhREF AL,
Hoep A 1B AMMRET ZrakEN 300 F 32 4, [/ —
RN F 2—4 AR, F—MERZH 4 FEEE
AL 05 S BUFN L BIBFPR AR S . ABFSR R ILPUIEH
ITS1 FPAFAE I R AR E 2R

BWER rRNA B[R] 4 %% %[0 R X (42 4% ITS1 Al
ITS2) I FEREZAYIRNEA 28 I LK B[R
A, BRI P 51 1o B — 2, — AR AR L 20 BT i T 7% 2% SR AN
RN Z A 2R EHEETRNTZMEA, %
K 4H N 22 2544 (intragenomic polymorphisms IGPs) 7R £
A R SR TS, A B R a1 HROK R A
a1 e N g s R Y S gy R
fEo ASCRIETIIE 5 MEHE N BAAE K BRI
AP TTST, 33 Fh 22 S S5 A6 25 K] [] ) 22 5 i 2 R [
IRz, R _EHERMAZ, ARk —B 05,
L4 ITS1 f) PCR 4 3 7 ) it 9K [ 4R /R X A B4R
RATRESR B AR [ #5 DL, X AR BRI AT4 S 1R 1TS1
SIHTE RE% 7 TR E 2 ekE . BARVEMEE TSI F77E
IGPs IR, AHEFE K I, E R Ko vb, K IR U it 5 A5
RBIE—E, X G5B M FMIFE D EES AFLP™ |
AFLP 5 16S rRNA 3t [H" B 55 45 5 — 35, X A 4 B
% ,ITS1 ) IGPs UG X VUi H RE R R G & A Hr 5 %
WA KR
3.2 BHABRIERRHT

FHARB LR, Fo (B FT AR S BEAR 8] 1 3845 0
WAREE , — & ForfHAE 0. 00—0. 05 Z [A] KR /AL BE 55,
7£0.25 KL EFR ekt . Pl CL Bk S
RZ LYG.QD #I BH ##{K 8] () Fs {4 0. 670—0. 702
(£3) UL RBHA R £ TR E 0. B R
FHA LIS 4 DRHAIRN B For{E24 0.020—0. 064, 7] I
X 4 ANEEARE g R R S B R A P E k. P
T 4ABHACILZR H BB, VLR E AR, K R) I
FEIL G B ER T 45 R B , TE 5 — X B A
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RZ14a
RZ8a
LYG5a
LYGI3a
SDO
BH13a
QD11
LYG2b
QDla
BHS8d
QD3¢
BH8b
BHS5a
BHS5e
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LYG7a
BH14a
RZ3a
RZ9%a
QD10a
BHla
BH4a
LYGIx
LYG2G
LYG2a
BHI12a
RZ10b
JSO
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QDI12¢
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QD5a
RZ13a
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QD3f
RZ10a
QD5b
LYG8a
BH6a
LYGI17b
BH10a
RZ3d
CL13c
CL11d
CL11h
CL11c
SHO
CL14b
CL4a
CL15¢
CL9a
CLO
CL15a
CL17a
CL13a
CL13h
CLI15b
CL6a.
CL13d
Mch

FHEE ITS1 FE 5 2 FE 2 NJ #

Fig.2 NJ tree of based on ITS1 Genotype of C. antiquata
RZ: H WA, LYG: & = M B, QD J3 R B, CL: KARBHIE,
BH: Jt¥# ¥4 ,SD0 . JS . SHO, CLO : GenBank T #5J¥%)] , Mch: #Mi
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5 R A RBTSE 2 CL B A 5HE 3 ML RS IF ) AFLP 430745 5 BR , 1 35 J6 7 R QLR
R AR R R (RREEK AR M) FEE T B3R 5 225 (Fsp =0. 696—0.746) 1 ;165 rRNA B[ - BUMT 2% ,
B (KR M) (A CBIBR iR B R R ZR) J7 it 5 a8 1% 0 Ak K (Fep =0.959, P <0.046) o ABFFEEER
AIREARS 3 LR (LR BB TIIRE B AR AR) W L AR srE (el A R s h =5
(RFZEERS Dy 0. 032—0. 034) , KARHH 1A B~ 3 HIEAZ 7L (Fo = 0.670—0.702,P < 0.001) . T4
BRI IB TSR, N2 B8 BT STIESR , KRR O 2L B A B IR A 450 1t B AR o

AR VYt R o B AR X B P, JUHR TS S BV A1 R W R VAR R (AP BH A S TR 3
ANEEA(RZ LYG 1 QD FEfA) 82 A ARSS o 33 Uk WAL 098 PO e 75 72 k165 72 rp 5 31 P it 75 A7 72 IE W 10
RFA TG, SOl N Tiai S N T RE W, LA E R A AR — B0, Bhs" [
BEBT T4 RN PR SRR A RIRE X ROE, SR ARBHARE 2 X R, U7 RAPD 20T 45 R B
PRI BT L AR, SUSAR BRI L R RO X S AR ST R AR B, BRIT Y ITS1 434745
RN KR P RIS AR FLA B OB T 5 R R KR BHATE B T 20 ST R B, BRI 2
— AR BRI ALSBRARIT DI ) R AL R A . B, FRE VIR AR RER T R
RBHACYILER A RV, TEEZHRD TIRCIRSRKIE. BAPRSRE R RHES I
BRGRRE, S REHERGRRET
3.3 RIRBRAGRAE MU E T

AWFTEER B VIR KRR A A T B8 BB A b , T B AR SRR A 5 JEL b o A ) 7 7 2 PR 32 )
e, LAY SRR B ILANE D EARPOK AT RER PG T 41 Ry Bl EE R, HOv7EBFER
5—10 Ay (ol IER VUl S A1) B A O FEA KRR TIK & 248 71. 7% , 2 RAR T8 MR,
T RAL T AR 7 (AR P 5 4 A B B R o LA, 47 5—10 A Rlivii = i 58 _ETH it PR 7
VAt 7 4l S A BRI SRR 4 8, BELIGT T R L P 35 B s o AEBAE Y 68 A1y, B ISR
L AEERPEEE R X AR TP RIR, 5 LR AR A KRR E R R TR B S  BUAE 1 15 1 i o
X122 S TE R PR 5 BT T, AR P RS TP 5 4 S . AR RO T & W R A L, R IR
PRI UK Y AR SRS IR W AR O A A R o BB 1 BRI T TR G B K K i b A
BRI BT AR . BRI A AR E G T AR I IR AT BRI B X D VU T AR AP T AR B T
ARG o MR PR T AL T — IR AR B B DO T B R AR R IR AR B
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