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Abstract; Class Bivalvia is a group of marine and freshwater molluscs with laterally compressed bodies enclosed by a shell
in two hinged parts. Bivalves have been an important source of food for humans. Clams, oysters, ark clams, scallops,
cockles and mussels are the most commonly consumed kinds of bivalve, and are eaten raw or cooked. Mactridae, also known
as trough shells or duck clams, is an important family of marine bivalve clams of the order Veneroida. Mactridae currently
includes about 350 recognized species distributed in the world. Coelomactra antiqguata ( Bivalvia; Veneroida; Mactridae )
was widely distributed along the Chinese coast, north to Dalian city ( Liaoning province) and south to Beihai city ( Guangxi

province ) , which was most abundant in Fujian province 20 years ago. C. antiquata is one of the valuable and a promising
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new candidate for aquaculture, and it had been ranked as critically endangered species in China. The research results from
morphology and molecular ( nuclear DNA and mitochondrial DNA sequences) showed that Fujian ( Zhangzhou and Changle )
C. antiquata undergone significant differentiation, and it may be a subspecies of C. antiquata or a cryptic species.
Comparative mitochondrial genomic analyses also showed that the differentiation between the Zhangzhu ( zz-) and Rizaho
(rz-) mtDNA reached the species level. The data above mentioned provide an important background to determine the
taxonomic status of Zhangzhou C. antiquata. However, the evidences to determine the taxonomic status based on the current
data are insufficient. The variation of NADH dehydrogenase subunit 5 gene (nad5) is larger than 16S rRNA gene and
cytochrome oxidase subunit 1 gene, the nad5 differences among different populations can provide more convincing evidence
for identifying the differentiation level of Fujian C. antiquata. In this study, NAD5 gene fragments of 73 samples were
amplified, including four wild populations of C. antiquata ( Rizhao, Lianyungang, Beihai and Zhangzhou) and each
population of two Macira species ( M. veneriformis and M. chinensis). Then sequenced and 480bp nucleotide sequences of
each sample were obtained. Single Nucleotide Polymorphism ( SNP) analyses were done to assess the difference level
between Zhangzhou and non-Zhangzhou ( Rizhao, Lianyungang and Beihai) C. antiquta. Results: A total of 44 haplotypes
(Haps) were detected from 73 sequences, including 29 Haps from C. antiquata four populations, 10 Haps from M.
veneriformis and five ones from M. chinensis. There are significant different haplotypes between Zhangzhou and non-
Zhangzhou groups. Four C. antiquata populations were divided into two groups: mnon-Zhangzhou group ( GP1) and
Zhangzhou group ( GP2). There are significantly different (P<0.01) on the content of T, A, G between GP1 and GP2. The
ratio of intergroup ( between GP1 and GP2) and intragroup( GP1 or GP2) nucleotide differences is 25.1—41.8. The ratio of
interspecies and intraspecies (M. chinensis and M. veneriformis) differences is 24.4—36.7. Difference between GP1 and
GP2 reaching the interspecies differences level of M. veneriformis and M. chinensis. The genetic distance among Rizhao,
Liangyungang and Beihai populations is ranging between 0.009 and 0.012. AMOVA analysis shown that Zhangzhou C.
antiquata undergone significantly high genetic differentiation ( Fg, = 0.966—0.978, P<0.01). This study suggests that

Fujian Zhangzhou C. antiquata have already differentiated into a new species.

Key Words: Coelomactra antiquata; Mactra veneriformis; Mactra chinensis; nadS; difference
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P AR BRI BRI FT A5 S | B A A VY it T 2 W it 1 I o 8 s e 08 ( Coelomactra ) R R, BERH 2
AL LR DNA Zh i) 5 R DRSPS (] PEREAR 8L 1% 22 S 40 A v B9 i BT AN W], NADHL i & 7 5 5
HE (nad5) EXGES PR AR ST (HEAZAER 168 rRNA JE[H (168 rRNA) AN % ¢ S ALEET L 1 3N
(cox 1) SERI K, W RE /R BEMRAE 5KV . ARAFGTRIETF nad5 HZATER T 5150 b [ Ut 4 MR A AR BE
IRiAL 22 5 | [A) BsF LLWS i B ( Mactridae ) %5 1 )& ( Mactra ) 08 A [ W5 W) ( Mactra chinesis ) A1 DY £ 85 W) ( Mactra
veneriformis ) [8] WU5E2EER 3 & J& N AR E] nad5 22 577KV 2 B X A A PG it 5 43 Ak 7Kk 1 1 53 ] 4 it
AR T B UEDE | A5 235 SR P4 it 75 o Jo ¢ 9L ) DR AP R T R B P B BAE R A H R

1 #RFFE
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VEILIE (12 4> Vi ; P A R (8 ) SR A L AR HBR DU AR IR (10 4 R A TR E milb i, FEARL K ER,
WA 5L 75% CBER E 285 1T, SR 21 2 B34 B DNA
1.2 DNA 2§ PCR ¢4

B WEARAT (R BB R4 20, T SDS 2R (Al K 24 41 20, -0 PR 26 (1 0, S BEDTTE 3145 5 DNA,
W H R WM P it 5 o G RO A S nadS ARSI Clustalx #RFDEFT HEXT, ARIEAIXT A SE X, 15
331514, Thm-4S-ND5F; GRG AGT CNT AYT CYG CTG G:Thm-4S-ND5R:TGA ACR CCV CCW CTR CAM
GC, PCR A Z 25 pL,#iHz 20—50 ng,dNTP (10 mmol/dm’ each)0.5 L, Taq DNA &8 [ D0090, 2= T./: )
T ) BRI ARAR ( E#EAET)] 0.3 pL(5U/pL) ,95°C HiZ 1 5 min J& , #E4T 35 DEHY . 94°C 28
PE 45 s,52—55 CiE & 30 s,72°CHEMH 1 min, fEFRZEHR)S,72°C ZEMH 10 min,

1.3 PCR = B F 5 XT3 A

PCR =148 0.8% 35 B M5 e o vk A /s, 2% 2 T b AT 0L U, PCR P=# 4 WIS [T, 76 ABL 22
H] 1) 3730x] DNA Analyzer 74X B, 57 4 BigDye terminator v3.1,

FIH DNAStar 4K F60H 1) SeqMan B3 7 5114 T4 9042, FTE IR Chromas AT & & T T
(7 % P AN A TR s A8 6 DIBRS 17 91, 3R A5 FHF EEXF 0T 1 nadS R BOATIRIT 915 L SPSS 17.0 i#E47
B 1 1t 25 5 W 2 3 AT 5 FH DnaSP vS. 1 BT S5 B 4 5 Clustalx #4177 5IXHHES , MEGA4.0 i#47
AT RRIT 9 25 550 BT - BT 28 S o5 T 2945 B A7 o5, iR 48 K2-P (Kimura 2-parameter ) T35 (5 1 25 | FH 40
1 (Neighber-Joining, NJ) ¥ R G iE LA, 2R Go M 7 S AL A 28 B 15 7K F- H bootstrap Al 11, 30 UE K B0 &N
1000; ] Arlequin ver 3.1 ¥EA7 20 777 2243 B ( AMOVA ) | BEAAK 8] 38t 14 23 AL 38 80 ( Fop ) 318 R H pairwise
difference &4
1.4 XGT2 4 488 R )% B 3 40

M GenBank T ZZ X722 ( Bivalve ) F Wi )& ( Crassostrea) 8 1Fi G D& ( Mytilus ) 4 ~Fh AT & ( Solen) 2 4~
Tt SCHE JE (Meretrix ) 2 ANFPLERAAR L, WM nadS 4790, 8IS ABIF ST 538 790 1 [ R 43, 118
JaE Pl (10 35 A B B (K2-P) A ks W i 5 =l V) PG e 25 S /KOS T 1 2 IR W FP i T3 GenBank
A L 5 A SCIHERR A

2 #HR

2.1 nad5 JPIVREAT IR & 525 5 0 A

AT ILAT VU H I W el N AR, v G R 5B | DO 06 0 = W HEAR nadS 751
73 4, DHEIG EBR5 175 Pm G S 152 480 bp 19 DNA F B, AT P51 e 5404

Vit T 4 DREHARIL 55 % nadS R BL, 2 HHA nadS 3% T.C A G P EE (%) & 1, 3k 1 ] WL 7y
T BRAE T A A &S0 BT I 3 MEHA(P<0.01) ,6 &8 RS TIHE 3 MEHA, C & 4 A
ZRAEE, MACHE | H ERE 2 SRR 4 Bt & w22 TR BE (P>0.05) o VAR IR/ b G 3L 18
ZFH) T C A G B ER (%) 48310 46.27/42.24 13.94/15.68 .20.65/20.86,19.15/21.22 , AT ¥ &>
66.92/63.10, it T A Fil G 8 (%) Z 5 3% (P<0.01) ,A FEZERARE(P>0.05),

R1 FEHEE 4 DBEE nads ZHEBRERSN

Table 1 Nucleotide differentiation analysis on rnad5 of Coelomactra antiquata four populations

HEIR L & & Base percentage/%

Population T C A G
g 42.3 aA 14.0 aA 22.8 aA 20.9 bB
H g 42.3 aA 14.0 aA 22.7 aA 21.1bB
SUPATE 42.2 aA 14.1 aA 22.7 aA 21.0 bB
T 40.8 bB 14.0 aA 20.1 bB 25.1aA

NG FRFIRTE 0.05 K 12257 B3 KE FHFRIRTE 0.01 RSP L2 5 B3
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2.2 JPHNHE T
JF 128 DnaSP 43#r , N 73 N Jp 51 2L 21 44 A fi A (Hap) (3K 2) , Kb Paiti A 29 Fi' Haps, 0/
BEUR) 10 Ffr Fp AR S Bl PU S P BN BEIAAS S Bl Haps, H BREEIR 15 Fb 3% U REIR 8 Filv LRI 3 A,
Hirp Hap2 fH % = HHAR R BRI S Hap21 Hi%E = W REACR B BB ARIL S MR S e 3 AR TG
PR 44 Fp Haps FPHI EUXTILRAT 480 A~ FUXTA7 45, Todh A/ BRI 3E , PE it % 4 FE(K 29 4> Haps 28
SRS (V) 122 4N, 1 25.4% , fTA(5 B S (Pi) 108 AN (1) o 22.5% , dbifE B IR % =BG IE115,V
P83 39 A, i 8.1% ,Pi A ki 14 4>, 15 2.9% ; v S ST DU A R A VA7 99 4>, i 20.6%, Pi {5 91 4
(E 1), /5 19.0% ;3 FiDIZEE IR,V A7 197 A, Pi 745 191 A, 435 i 41.09% F1 39.8%

11111131 1111130111 1131113131 1 3. 3. 3333 35 3333444444 44444444
22333345 )11 122233 BBETTT7BYY S00C112333 4556567790 0000011223 3334566788 9999001112 33344477

6474672549 3315703456 73234687314 T3ET023580 3921473025 8147035157 6256344580 1237925240 4682703547 3460581439 028503447
Hap 27 TATGGTTGCG ACTAAACATA AATACATAAT TITGCACAGA TGGTTACTAG GGGGATTCCA GGCATTTAAT TTACTTAGCC TGOCCAAGTA GCTGAAAACT TATGTTIC

naoaea

o

o

o ok

B R R

. TTGCG GGA. TGCGEG AGC. TGTGAG GA. CCGTGGA TCTTTCCTIG T. TGACGG. C GGTIGA. ATT CATTIGGAGG ATATGGGGTG CTCAGCGT
Hap 8 CGCACCAATT GTG. . TTGOG GGA. TGCGGE AGC. TGTGAG GA. CCGTGGA TCTTTCCTIG T. TGACGG. C GGTTGAGATI CATTIGGAGG ATATGGGGTG CTCAGCGT
Hap 4 OGCACCAATT &G TTGOG GGA. TGCGGG AGC. TGTGAG GA. - CGTGGA TCTTTCCTTG T. TGACGG. C GGTTGAGATT CATTTGGAGG ATATGGGGTG CTCAGCGT
Hap 7 CGCATCAATT G.G. . TTGOG GGA. TGCGGE AGC. TGTGAG GA. . CGTGGA TCTTTCCTIG T. TGACGG. C GGTTGAGATI CATTIGGAGG ATAT.GGGTG CTCAGCGT
Hap 5 CGCACCAATT G.G. . TTGCG GGA. TGCGGG AGC. TGTGAG GA. . CGTGGA TCTTTCCTTG T. TGACSG. C GGTTGAGATT CATTTGGAGG ATAT. GGGTG CTCAGCGT

o ] e 7 1 9 e

11111111 1111111111 122222 2333333 3333333333 3334444444 4

22345557 7778888689 9900011122 3346556638 9011112233 3465556677 8399001112 3344455688 9930123566 6

6917780140 2781257894 6925614509 5810392506 2706795814 5025891437 5301010584 3623524014 4692199902 3

Hap_35 TTTCCCTTTG TATAGGTACT GAAAAAAAGT GAAAGATCTT AGTTCTCTTT CAGCTATTTT AGTATACTTC TGTCTGAGCT TGAGATTTCT T
Hap_32 .
Hap_38
Hap_30
Hap_31
Hap_37
Hap_34
Hap_33
Hap_39
Hap_36
Hap_40 CCCTTTGCCA GTCGAAGTGC AGGGCGGGTA AGTGAGAGCC GTCATGTGCC TTTTAGACGA GTATGTACCT CAATGACAAA CAGAGCACTA C
Hap_41 CCCTTTGCCA GTCGAAGTGC AGGGCGGGTA AGTGAGAGCC GTCATGTGCC TTTTAGACGA GTATGTA. CT CAATGACAAA CAGAGCACTA C
Hap_42 CCCTTTGCCA GTCGAAGTGC AGGGCGGGTA AGTGAGAGCC GT. ATGTGCC TTTTAGACGA GTATGTACCT CAATGACAAA CAGAGCACTA C
Hap_44 CCCTTTGCCA GTCGAAGTGC AGGGCGGGTA AGTGAGAGCC GTCATATGCC TTTTAGACGA GTATGTAC. T CAATGACAAA CAGAGCACTA C
Hap_43 . CCTTTGCCA GTCGAAGTGC AGGGCGGGTA AGTGAGAGCC GTCATGTGCC TTTTAGACGA GTATGTACCT CAATGACAAA CAGAGCA.TA C

B 1 AF 3 #IIK NADS EE K BREBEIEAE B At
Fig.1 NADS gene fragments comparision of three species in family Mactridae

Hap: Hf%#; Hapd—8. WINHFA; Hap9—23. HIEEEIA; Hapl—3. dUIGHEIR; Hap2, 21, 24—29. 3% = UsHEIA; Hap30—39 . I i i #f

&5 Hapd0—44 . v [E 5 SRR 4
2.3 T nad5 F BRI AL ES

44 Ff Haps 700 4 41, H IR 35 =W AL REAR D —2L(Gpl) , TN BER S 0 55— 4L (Gp2) , VU £ 3G i)

FEAR(Gp3) H EHR IR RER (Gpd) 93—, TH A 4 N RN [a) st AL BE 28 (K2-P) . Gp2 AN AL REES (D) F
154 0.006;Gpl 4114 D {EF-3124 0.010;Gp3 4119 D fHF-31°4 0.009,Gp4 41 D {HF-341°4 0.006, Gpl F1 Gp2
A1 D {8k 0.250—0.251,Gp3 Fl Gp4 19 D i 0.220,Gpl .Gp2 5 Gp3 .Gpa Z Il D {E7E 0.304—0.365
Z A, 5 Gpl Gp2 IARIEEE 2 (BG) 5 Gpl (Gp2 N AL 2 (W6) 1 L 1H ( BG/WG) , 45 - 7R BG/
WG At} 25.1—41.8,Gp3 .Gp4 [8]() BG/BW WAl HJ 24.4—36.7 (% 3) . H M50 RN (G LA

http ; //www.ecologica.cn



8 1

w2 GF T nadS BUPGIGET EN BRI & HOKF BT —— IR IR 2 022 5K 28

2639

0. 009, 7t /N F 1 5 H

ERRBIRAL IR, PUE T N AR AR RN AR ) BG/ BW {ELTE DU i ) 1 v [

AR BG/BW LU B P, SER PO T N A S IR 3 o s AU R AR 1] Y 22 S 3 30 o i) 22 S B0 K

R2 MR 3 FILK nads HFERRBGR

Table 2 The haplotypes on nad5 fragments of Mactridae three species

difum  REUR Population  pufml  FEAK Population  gifrmy  FEAK Population g% BRI Populaion SLAEES  BEA Population
Hap 77z RzZ1LYGBH Hap 77 RzZ1LYGBH Hap 77 Rz LYG BH  Hap Mve Hap Mch
Hapl 6 Hapll 1 Hap21 2 1 Hap30 1 Hap40 4
Hap2 2 2 Hapl2 2 Hap22 1 Hap31 1 Hap41 1
Hap3 4 Hapl3 2 Hap23 1 Hap32 1 Hap42 1
Hap4 2 Hapl4 1 Hap24 1 Hap33 1 Hap43 1
Hap5 6 Hapl5 1 Hap25 1 Hap34 1 Hap44 1
Hap6 4 Hapl6 1 Hap26 1 Hap35 1
Hap7 1 Hap17 2 Hap27 1 Hap36 1
Hap8 1 Hap18 1 Hap28 1 Hap37 1
Hap9 1 Hap19 1 Hap29 1 Hap38 1
Hap10 1 Hap20 2 Hap39 1
73 4 2 2 12 14 4 7 10 8
pop. : population, Hap: haplotype;ZZ . &/ ,RZ; H B8 LYG . i% =5 ; BH . JUI ; Mve ; DU A B4 8], Mch ; [ 7
F3 BT nad5 FRZHEBRZRRESR
Table 3 Genetic distances based on nad5 nucleotide
a ﬁﬁg. — GITI Gp2 Gp3 wpP BG / WG
Group Population S 1tig H g
Gpl (L) ity HERHE 0.010
ity 0.011 25.1—41.8A
H g 0.012 0.009

Gp2 M 0.250 0.250 0.251 0.006

Gp3 DY £ i i) 0.304 0.311 0.305 0.328 0.009 24.4—36.7B

Gp4 e ] s 0.363 0.365 0.361 0.364 0.220 0.006

BG WP 4118] 4 8% B (between groups, within group genetic distances) , BG / WG . 48] 5 2H PNt A4 1 B EU . ( the ratio of BG/WG) ; Gp
(group) : 4 ,A:Gpl 55 Gp2 [A],B.Gp3 55 Gp4 [1]

2.4 PHRIRLZ S5 F 5 258 (AMOVA)
F AMOVA J7 343 B 7 Jite 7 2EL (B) AR [R] AR P9 it A5 A8 5ok R, 25 R 7R (3R 4) ,95.55% 178 S+ ok 5 T

A1), RE N 4 SR

LU H IR L) [, BER A AR 5 14 7R K, 3.56% 728 S ok IR T REAR I

A 0.89% 178 S U5 T A N REURIE], S s Uit B M A R 2 T IROR I gt AL A, MR S HIR (i =

e FNALEREAAIA] 1 F o 43 14 0.967 (P<0.01) ,0.963 ( P<0.001) 1 0.976 ( P<0.01) , YiBA M PG it 5 H IR %
W AR A AL AR K AT 5 H IR A6 5% S WA Fg, 535178 0.258 (P<0.01) F1 0.191 (P<
0.01) , H 5% ZUSHEAREIN Fy b 0.013(P>0.05) , X AN FER ] A9 352 1% 50 AL AR /1N, AL TE Y F gl 0.964
(P<0.01) , DU A UG 55 b E G IR Y F ok 0.965(P<0.01)

x4 AHEMHBEERSFHFEST(AMOVA)

Table 4 The AMOVA analysis of Coelomactra antiquata genetic difference

75 5 R A LR R IT d ARSI E Y % p
Source of variation Variance (,ompuncntis Percentage of variation

ZH[A] Among groups 47.59063 Va 95.55 <0.001
ZH P REIATH] Among populations Within groups 0.44483 Vb 0.89 <0.001
BEIKY Within populations 1.77211 Ve 3.56 <0.001
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2.5 T nadS WESE KB 72 Hap| o
LT nads 19 44 FhOAE A EE T TG T R R BE (A jfﬂggj’f £ 0
SRR o AR R % NI R 2) 2 = 100f s | 5
AL SRR MM 2 K3 (A 2,8 %), A £ A 10 Hp2 | 7
SR 2 /N (A-1,A-2) B 50K 2 /NS (B-1,B-2) . F{iglj L.
IR 3 258 AL R PR IR 0 20435 8 ST S = IOOU Hp2s | £ 5
(100% ) BERTHI—/IN 3 (A-2) , WM BE PR ] 5 0 3 s | =
T /N (A1) (100% ) i ) i A [ o £§:§;5 2
FUER S IR /02 (B-1 A B-2) (100%) . P 2 1] Cen |
BN VIG5 H R 2 W LIS PG A b2 | 2
ST G <, D T 5 5 D 3% 250 T 7 2 | S8
T TR HOAME | F
Hap 22 £
Hap 17 s
AT R 0 5 R 4 DR 2 1 e Lﬂil; z
FIFEAT T LA, R LML VG IE T (RNAs 415K JE 45 Hpl2 | & =
X AL 195 5 (RS R 45 4 LU e T 2 I
AASRI 22 5 | S 75— AU FP e R ] A il s h
2 LK BN 1 7KOF, B0 5 2 2k A 4 3 33l tap 35
ST RO (E 4 B PR A0 P RE VIR, O T s 3 B w0 | £
2o LRI AT S B ORI, sz 5 K BB st | 3
B LR VA I 2 ) B DR A 25 X B AT Bl 100l ppss | F
e, AR B B P KRR DA 1 o 30
16S rRNA Fll cox1 NI b FED (cob ) BEAT T K] B 60% Hap 33 oo 40
HILEAS, ZEHLf DNA ST H9E P, 165 rRNA Fil coxl o oo %
GBS N SR ES L i (N IOOLHH;’EL‘ %
ap =+

nadS ZATTREL 16S Fl coxl A8 SR K, FHFast 4% 25 5543
HrAEXT R, A nad5 3FwAEX K, Tt 514, 2 BT nads HRSIERL 3 R0 0 SE NJ
M AT ERE T nadS VERFRIC, ATCK 25 /T Fig. 2 The NJ tree based on nad5 of three species in
M. B, XTREZREETRER MR A i\arzl.yﬁh;;c;ja;ﬁm B S DA 050 TR O 1 TR
25t LR I LA, FRIR RS AR R SRR e S ’
], BRI, AN 2 A ofe (X T R — S 6 PR ) o ) 22
S5 AR 22 57 2 A R, AR M M S B H R, Hebert! ™ $2H T 10X KA coxl FEHE
PRI 25 S R BRI N 25 5209 10 A5 DAL WA P RER T BESZ: 2 /NFP . BT TAE I T coxl AR EEHEIR S
FE A AR ] 9 25 53 S A A B A Y S AR R R B A N I 25 53 2 R 17.8—23.5 33 KT 10, 3T nad5 K
Fofr ) 22 S SRR H T AU, AR EE T nadS BOTEMIBEAR 5 AR MR 1Y 22 7 SR MR 1 22 7 2
Fb i 25.1—41.8 1B KT 10, HBHIET coxl B 10xHLI | 125 St kB Fp ) 2 2K FE, I TH AT
I, AT R T 5V R — R Mactridae ) B985 88 ( Mactra ) HP FE G R RN DU £ A ) ] £4) 22 575 A
N2 5 O ME (24.4—36.7) 0 HOAE S AR TE N LR (H) 5 3 A N Z FU B AR, nad5 B8 RHIE B M PG it 7
B —AHR

AKWFFEIHET nad5 B (GRS R BITEIET nad5 FBEFIIR) 200 T XGEREWGE 06 08 SR8
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YIRS 4 @ 8 MR AL RE 2 (D) (K2-P) , 45 R Wor B Wi s 8 AN# el D {4 0.053—0.379, Z 84
0. 150—0.269 Z[H (F 5) , IS 4 DNFPEIE D (EH 0.011—0.317,, 244 7E 0.218—0.291 Z[H] (% 5) ., T
U5 i A KATIE ( Solen grandis ,NC_016665 ) FIHEATIE ( Solen strictus ,NC_017616) Z [A]f5 D {5} 0.210, SCHAJE
1 HAESCHA ( Meretrix petechialis ,NC_012767 ) FIHN SCH ( Meretrix lusoria NC_014809 ) [H] M AL IS 4 0.090, 1M
VUit A IR A AR (0 | H BERE U ) S MBI (8] ()35 A% B 8 0.250—0.251 (3% 3) , IU(EAE 15 )& 8 #
DU T DUJE 4 Ff DIZSRD ] PR By BBl P 5 R T SCG & 2 Fh LSS AT g 2 i DL IS ] )35t 14 R 25, 33 DA T
UE B P i 5 TN AR 5 T 3 AR 22 Sk 31 1 b ] 22 K8

VUt % oW SACERHA W 5 H IBHA R A L5 nadS SRR, BEH 3 /N FF A () A 25 81 22 i 1
G AREINBEAR S 1R 3 HEAR ) oI i 0 URBH JC R R AS 4 , A e A B b s, L DR R 1o i — 20
FE AT AT T BERIA] nadS BAF BR4L K 22 53 031, R0V i & BN S5 AR M B A Y T A LG 3 Mt
a2 AR S (P<0.01) T Hp [ G R DU A R A 3 FRAZ TR (T.C.G) & 22 S B35 (P<0.01) 5
AMOVA 3445 5 b VO it 5 RN AR 5 AR AR Y Fg, = 0.964 i H [ 06 H) 55 U £ 55 8] Y Fg, = 0.965,
W Fo EH20 IR A i 2 25 57 o AR B 2 YR S N Pt & AR T R st A% Ak

K5 ET nad5s FRHMEHRENIE R NLHEEEE

Table 5 Genetic distance of genus Crassostrea and Mytilis based on nadS fragments

BEAIT S R4 SOTEA S FEAF 5 Sample No.
Sample No. Species and submition No. 1 2 3 4 5 6 7 9 10 11
1 C. nippona NC_015248
2 C. hongkongensis NC_011518 0.158
3 C. ariakensis NC_012650 0.157  0.150
4 C. gigas NC_001276 0.245 0.212  0.219
5 C. angulata NC_012648 0.221  0.203  0.213  0.053
6 C. sikamea NC_012649 0.216  0.206  0.206  0.154  0.156
7 C. iredalei NC_013997 0.242  0.253  0.257 0.269  0.259  0.250
8 C. virginica NC_007175 0.368 0371  0.378 0.378 0.378 0.342  0.379
9 M. galloprovincialis NC_006886
10 M. edulis NC_006161 0.011
11 M. trossulus NC_007687 0.218  0.227
12 M. californianus NC_015993 0.284  0.291 0.317

FEFF LA XA AR LR B AR | H BRI IR R VUit & 4 MR DLSE 0 12 A28 B8 o 4
R KRR S AT B 3 AR R AR T B AL oAk s XU AE 28 ) K SR RN 900 20 AR A VA il o A DL
() 5 A ECR IR T 45 TR, 2 AT P it & 119 22 Sk B AR KT, 1Ak Ay T8 N A it 5 3 2K A7 P 2
B TSRS ; 5B AT 45 3 AT TAR A% L R 41 DNA F33C (1TS17 R RAPD'™) ) R (R 5L K
AHRIC (coxl AT cob'® ) SR GERT* S54 FRTEA A OR, R v [ A e v it o S5 L e BRI ) (1 22
SR TR A 25 5KV, R A e A R T AR R R A S B BV R R O G I
( Coelomactra cumingii) ,iX 2 NFBBRSEHIF ) conl SHTEERE A AR H P it 6 5 H 8 P4 it o mT A2
YRR, BRI, 1 2 B O A e PR e 5 R4 T E 4%, R R B B RN S A FRAD AR, DA PR AR R BE VR Y Tl
FREEFI
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