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Abstract: Coelomactra antiquata ( Bivalvia; Mactridae) is distributed widely in the western Pacific Ocean, along the coast
of Indo-China Peninsula, Japan, Korea and China. C. antiquata has a wide but erratic distribution, and is one of the most
critically endangered species in China. Background genetic data are critical to successful cultivation of C. antiquata,
Mitochondrial DNA ( mtDNA ) is widely used for genetic difference analysis among closely related species, since it
accumulates mutations more rapidly than most nuclear regions. The internal transcribed spacer 2 (ITS2) of the nuclear

ribosomal repeat unit is one of the most commonly applied phylogenetic markers. It is a fast evolving locus, which makes it
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appropriate for studies at low taxonomic levels. The present molecular study was conducted on partial sequences of the
mitochondrial 16S rRNA genes (16S) and ITS2 sequence from nuclear DNA to assess genetic variations in C. antiquala.
Nine wild stocks of C. antiquata were collected from Daliang ( Liaonin Prov. DL), Jimo ( Shandong Prov. JM) , Jiaonan
( Shandong Prov. JN, JD) and Rizhao ( Shandong Prov. RZ) , Lianyungang ( Jiangsu Prov. LYG,X3) and Qidong ( Jiangsu
Prov. QD XM), Changle ( Fujian Prov. CL, X1), Beihai ( Guangxi Prov. BH) and Pingtan ( Fujian Prov. X2) in China,
and the coast next to China in Vietnam (YN). We analyzed 147 sequences in total ; 74 from ITS2 (389—402bp) and 73
from 16S (306bp), Seventeen genotypes were detected from ITS2 sequences and 15 haplotypes were detected from 16S
sequences. The Changle group (CL, YN,X2) has nine exclusive ITS2 genotypes and five 16S haplotypes. The majority of
non-Changle (nCL) groups (DL, JM, JN, JD, RZ, LYG, QD, XM, BH) share one or several genotypes (or haplotypes)
among groups. The ITS2 alignment for 17 genotypes contained 401 nucleotide positions (including indels) with 23 variable
sites (5.7%) , of which 16 (4.0% ) were parsimony informative. The 16S alignment for 15 haplotypes contained 306 bp
with 35 (11.4%) variable sites, of which 24 (7.8% ) were parsimony informative. The average intergroup genetic distance
of nCL group is 0.007. The secondary structures of 9 genotypes and 5 haplotypes of CL group were different from those of
nCL group, whereas the secondary structures of ITS2 and 16S are quite similar in nCL group. The phylogenetic analysis of
ITS2 and 16S gene showed that the group CL formed a monophyletic clade with a high support (BP=98, 96) , whereas the
group nCL formed a second separate clade also with a high support (BP =98, 96). The results of this study suggests that

the C. antiquata from Fujian province may be a new species of genus Coelomactra.

Key Words: Coeclomactira antiquata; stock; ITS2; 16S rRNA ; genetic difference; secondary structure
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BRI A A P E 5 M R G A e R AT T 5 B RIS T EL R PG it R A
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HEARERZEZE L,
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1.1 AR

A FE Pt T FEAS 430 ok B AL TR 3% (DL) (FEARCH 4) (INARKEE (INLJD) (2) L7 E B # (LYG)
(32) JEA(QD XM) (34) , feE A SR (CL) (35) ) PEALIEE(GX) (16) R (YN) (1) i IX, 3 124 4~ 55
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(RZ) (2) BPEE(JM) (4) FIN(4) SFE(X2) ,LYG(X3) 50 X, 21t 23 4851, HEARFRE LR 1 %2, Hik
SIS R B R B L R Y | GenBank H A4S 2 o HH 45 BAA5 R0 w35 TR Y (R REAR K, DRI | AR 52 36 0 3 A5 80
aIEPIRIVE R 1 AN, ASSZEG BF FH SE B0 REACTE 2005 4F 12 H 31 2011 4F 12 H R4,

R®1 AEHEEITS2 ZEBREINEE

Table 1 The information of ITS2 nucleotide sequences of Coelomactra antiquata

SEE Gen, FEPBBE GenBanK WS ﬁi%(#&fﬂz)
Fre. of Gen.  GenBanK No. Population ( sample No.)
Genl 5 EU825722/FJ827075 / DQ875816 QD / GX/LYG(3)
Gen2 17 DQ232724 /DQ232725/ DQ232721 / DL3 * /D14 * XM(5)/XM(9)/IN/DL/DL
Con3 o DQ232722 / DL14 #/ EU825719 /DQ232719 / QD /DL /GX /LYG(8)/QD /LYG /QD (9)/
DQ875819 /DQ232720 /DQ232723 / EU825720 /DL2+  GX /DL *
Gend 1 FJ827076 RZ
Gen5 1 FJ827077 M
Gen6 4 EU816367/DQ875818(3) CL/CL(3)
Gen7 3 YN4 * /DQ523263 YN/CL(2)
Gen8 2 DQ523265 CL(2)
Gen9 1 FJ827078 CL
Genl0 4 EU816365 /DQ523262 CL/ CL(3)
Genll 1 EU816366 CL
Genl2 2 DQ523264 /EU816364 CL/ CL
Genl3 4 DQ523266 CL(4)
Genl4 1 FJ827079 CL
Genl5 1 EU825721 GX
Genl6 2 DQ875817(2) GX(2)
Genl7 1 EU183532 IN

Gen: LAY Genotype; DL 3%, JM.; BV IN. RS , RZ: B IR, LYG . =, QD, XM . J5 4, GX . U, YN liRg , R K E W ( =) FRAS
RIS 5 « . EAREARBERUTS

1.2 DNA 42 935 K7 510 e

BEAR . DNA 4% 2010 4F Oliverio"™" (9 77 %5 M A1 72 Lok 75 & WLIA FR R B, ik (4 DNA 52 5800 22 )5 16 Ry
ITS2 1 16S ¥4 PCR ¥ ¥4 A9#AR . ITS2 PCR 514 (primer, P) A ITS2-P1(5'GTTTCTTTTCCTCCGCTTACT3')
F1ITS2-P2(5'CACACTGAACATCGACAGCTT3") 47 #8774 450bp 747, F24% 5.8S i 28S rRNA Kk K 73 7 ]
AR 1TS2 4 Fr %1, 16S #f 4 F¥ %1 PCR 5| #) A 16S3L (5° TGAGCGTGCTAAGGTAG3') 1 16S4H (5’
AGCCAACATCGAGGTCGC3') . ¥4 ¥}y 350 bp, 7E 25 pL W AKX &, ddH, 0 17.3 pL, dNTP (10
mmol/L)0.5 pL, 10xbuffer 2.5 pL,Mg* (10 mmol/L)2.5 pL, 5[#) (25 wmol/L) 4% 0.5 wL, A7 (20—50 ng)
1 pL,Taq B (5 U/pL)0.2 wL, JNFRTH 94 °CHlAEH: 3 min, #RJ5 35 MMEH .94 CAEM: 307,52 CiR k30,
72 CHEAH 50", FeJ5 72 °C ZE{H 5 min, PCR S W 7 Bio-Rad C1000 PCR {¥ F #E4T, PCR 7=#J ] ABI-
PRISM3730 il J7 4 il )
1.3 JPHI LT

DNA J751 ] DNAStar 5P 2540 77 0 IR 77 90N TR, Clustal X2 3R¢FHE 7 BUSF i 2t
DnaSP 5.0 FAFGE T4 REAAR B B AU B I A R MEGA 4% 3 M R SIERAE THA 8 14 22 T s L i s #
# NJ ( Neighbor-joining ) il MP ( Maximum parsimony ) & 4t #£ft# ; Ffl The mfold Web Server ( http ://mfold. rna.
albany.edu/? q= mfold) #£4T DNA F1 RNA 2L Z5 4 Fiill
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K2 FEHEE16S rRNA EFEFEER

Table 2 The information of 16S rRNA gene fragments of Coelomactra antiquata

EX i EEREETE GenBanK 1115 RER (REAED)
Hap. Fre.of hap. GenBanK No. Population ( sample.No)
Hapl 13 DQ523260/JN674572/IN674571/EF491887 CL (10)/X2/X1/CL

DQ156169/DQ875815/DQ156170/DQ156173/JN674573/

Hap2 25 F1653657, EF491879 EF491884 LYG(18)/LYG1/JD/XM/X3/QD /IM/QD
Hap3 1 FJ653658 CL

Hap4 1 EF491889 CL

Hap5 1 EF491885 QD

Hap6 1 EF491883 N

Hap7 1 EF491881 N

Hap8 1 EF491888 CL

Hap9 6 D(875813/EF491886 GX (5)/RZ
Hap10 2 EF491882/EF491880 IN/IM
Hap1 5 DQ156171/2EF491878 QD(4)/IM
Hap12 1 DQ875814 LYG

Hap13 6 D(875812 GX (6)
Hapl4 5 DQ523261 CL(5)
Hapl5 4 DQ156172 QD(4)

Hap: H4%% Haplotype; JM . BDE%; IN. R ; RZ: H BB, LYG . M =¥ QDA A GX AL, K P KE W ( =) FHRFF S RFEA KIS S

2 #R
2.1 ITS2 HI 16StRNA JE[H 5115 B

A 5 VG it o5 REAR I IR T FE R AU UTIRE Y O /NI X K SBAT T P b Vi 0 b g Vi 3, JEARAS 147 2% DNA J¢
G|, Horh ITS2 JP 51 74 45,168 J¥51 73 %, ARG HEARAT PUE T 1TS2 J¥51] 68 7%,16S ¥4 56 7% (# 2) ; A
GenBank T #119 ITS2 J741 6 5%,16S J¥41 17 %%,

1 DnaSPv5 5347 1TS2 3145 17 FiE B (genotype , Gen) (Genl-17) (3 1) , BEFREE A LA H BUIER AN
Hodr Gen3 IR i 55, 4 32.4% (24/74) , Gen2 HIEUMI R IR 2, J 23.0% , KK 5%—T% 0y K A 4
Fifr, FEA 11 Pl RE R AL 1 B3R 53 3R 1.4% F1 4.1% , CLOELFE YN BEA) BERRAA S RLG 9 Fl(Gen6—14) ,
ANEHERAILE AN, GX IM N Fl RZ BEHAS A 1—2 MR A LA Genl—Gen3 Nk K ARHEIA
LS ELH A HH Gen3 S GX QD \LYG DL 4 MHASIEE ;Genl 24 GX QD \LYG 3 MRS 1L
TEREARIY TTS2 JEH RS I 7 ER S R AU 28 LS | S 7 K AR B JC 3L =2

16S JPFAA 15 45 (haplotype ,Hap) (3% 2) , HiH1 Hapl (3 4 .8 14 24 CL BEAARHA A5 H A 4 Fif
PALERY R 2 AL B REARSE ILEE 40 Hap2 A HCRS (BRI 8E & i R AR M X BER L 52 Hap9 R AL (GX) F
HHEREARILSE 0 QD M 2 NEFASEEE Hapl1,IN M 2 MEEAILEE Hapl0, KRS E =W U8 A JUERHAR R
A LIS WA 1—2 DREARREA 1 SRS Y, Hap2 A1 Hapl 1 BUARSRES, 43500 R 34.2% F11 17.8%,
LA BRI IE T 8%,

2.2 ITS2 i1 16S rRNA JF41 X437

AHIFFT AR A P it 1TS2 42 FF 91K EEAE 389—401 bp Z ], A A% TR AUHH A/ BRI Bl 42

X 1TS2 J7 31 W v B S5 J5 R4 370—380 bp F Bt /341 Luxt, ITS2 J¥#5143#7 s , 17 LR ALA 23 4
AR SO (B TA) 7 EEXY 850 5.7% (23/401) , Hoh i 2015 B A5 16 4>, 4 4.0% (16/401) , CL (AR 9 Fils
FERAA 6 AN FILEAR AL RS 226 (A8 FE T,273—275 {7/ TCT,317 S2 A9 T A1 381 iRy G, 1 H:
BRI A R A

HRHE ITS2 17 Fh I PR TR AZ 1R J3 81 A AR 53 THARE T AN [ R A [ 3t A2 B8 25 (%5 P ST o s K R, A [ e PR 7R
[i] {5 12 11 2 AR ) L 25 SRR B, CL BFAR 5 nCL BER ]9 5Z BE 2 7E 0.019—0.042 Z 1], “F-3°8 0.029, #f
PN B3 L E S R 0.005—0.022, -4 0.012, CL Al nCL B 44 [a] 55 B A P it A4 #5882 LM 2.42(0.029/
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33 %

0.012) , MiHA 1 DL JM JN .RZ LYG QD F1 GX #fAR B4 28 ISR A bt HL 5 ol — 4, 2l N A
FEES 0.003—0.014, 7344 0.007,, tHULAT UL, PRl CL #HK S nCL BEABL 22 AR .

AHEFE TN E ) 16S F B £ %00 306bp, GenBank T2 iy HoAth 1 & #5819 2 5148 19 £ T 360 bp, 51 Lt
X HHE P it 22 % )3 9 BRI, ARA I LU X 3 514 FE 15 306 bp, X 15 Ff 16S BAS R 51 LT & B, 4 35
AR T (BB, & B AL 11.40% (35/306) , Hrh 2015 B A5 24 4>, 5 7.84% , CL #A& 5 A2 f
LA 23(7.5%) AN ARG R 5 R RIILEE

RS S

VA

28 4~(9.15%)

A 112222
1237562223
8600405681

Genl TGCCGCCCGG

Gen?2 Tevienenn

Gen3 Tevieenn

Gené Tewvienans

Genb5 Tessssnss

Genl5 Tyueiosun

Genls C.........

Genl7 T.AG..CA

Gené T....T

Gen8 TT...T.

Gen7  ....... T.

Gen9 TTT...T.

Genl0 ....... T.

Genll CTT...T

Genl2 TTA...T

Genl3 T. .T.

Genli4 TTA..GT..

&3]

2222222233
3447777901
3243456197
ATGCTCTACC
....... G..
........ T.
......... G
G.ATCT...T
G.ATCTC..T
G.ATCT...T
G.ATCT...T
.C.TCT...T
.C.TCT...T
LLCLTET. .. T
.C.TCT...T
.C.TCT...T

1 TEHEE ITS2(HEE ) (A) F1 16S rRNA EFE BB (HA5H) (B) TRALS

333
358
481
CTA

G..

.CG
.CG
.CG

.CG

Q Q0o

B 11 1111111112 2222222222 22223
5556677900 0455566690 0111223347 78890
2344729034 9106735680 1346130907 96702

Hap?2 TGAAGGGCAA AGACTATTAT ACGAAATCAT CTTTT

Hap5 @ oo vl C. P T

Hap6 @ ...ovueen.. T o e et e tee eeneennane ooaoes

Hap7 it i e i i i i s TG. .....

Hap9 ittt ittt it i e seeeaas Tee cenen

Hapl0 ......... G tiieinnnn. Coviennn Too ven..

Hapll it iiie ciiiiien LGl T o

HaplZ ot ittt ittt iee et C.A.

Hapl3 ittt iiies tiie i cee Gevew vennn

Hapl5 ....... (T

Hapl GAGGAAA... TTGTGGCCGA ...GG.AT.C T...A

Hap3 GAGGAAA... TTGTGGCCGA ...GG.AT.C T.C.A

Hap4 GAGGAAAT.. .TGTGGCCGA ...GG.AT.C T...A

Hap8 GAGGARA.G. TTGTGGCCGA ...GG.AT.C T...A

Hapl4 GAGGAAA... TTGTIGGCCGA .T.GG.AT.C T...A

Fig.1 The ITS2 (genotype,Gen) (A) and 16S rRNA gene fragments ( haplotype, Hap) (B) diversity sites of Coelomactra antiquata

Gen: JEF IS ; Hap: HAA5HIfAS

BT 168 ¥ T34 AR B s A PR B AN 3, @I S RLIECT ) CL BHAS nCL FHEMRE] (9352 12 B

%3 WEE 16S rRNA EFE K REEEES

Table 3 The genetic distances based on 16S rRNA gene fragments of Coelomactra antiquata

eS| LIRS Genetic distance
Hap. Hapl1 Hap3  Hapl4  Hap8 Hap4  Hapll Hap5 Hap6 Hap9 Hap2 Hap7  HaplO  Hapl3 Hap15
Hapl
Hap3 0.003
Hapl4  0.003  0.007
Hap8 0.003  0.007  0.007
Hap4  0.007 0.010 0.010 0.010
Hapl1
Hap5 0.010
Hap6 0.010  0.013
Hap9 0.003  0.007  0.007
Hap2 0.007  0.010 0.003  0.003
Hap7 0.007  0.010 0.010  0.003  0.007
Hapl0 0.010  0.013  0.013  0.007 0.010 0.010
Hap13 0.010  0.013  0.007 0.007 0.003 0.010 0.013
Hapl5 0.010  0.013  0.007 0.007 0.003 0.010 0.013 0.007
Hap12 0.013  0.017 0.010 0.010 0.007 0.013 0.017 0.010 0.010

R AR I3 AR VU 5 B R PR 7 [ ) 38 A e
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Fig.3 Comparation of the ITS2 secondary structure of Coelomactra antiquata
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