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SEREMS{F 4 DNA B 5 RIREX
REEESTRHNE

B REs' AFs® £ Y EAmEY
EHRED DHERD BHH D
(1. TLIREEE R ERE 5B E sy 222005;
2. K FREE AW Bl S TS T A [ S O R R R ORI B B SR IR B 2660715
3. F BIEFERHCP ORI R SRV I RO RE IR HS 266237)

WE KR I E %17 (Ruditapes philippinarum) iy D 4t fn s T 4h &= A oF x4, 2tk
TR B A AN 4 B SR A DNA R B 3, I el SR T 36 A2 52 0 AT o it th 2 26 o S AL AT
W7k R T A S I A F RN A A, B DNA, SF38 3T Ak A Pk 4 4 5 B oL
I, DNA # B FEAT LI iE, 66 2 B By AN 4 h 42 8 % PCR &, fm X\ 10 pL PCR % 3, 100 °C
fu# 5 min, MFEHBEKEF, HmAN 0.5 uL & A8 K, HIRZEA, £ PCRISS CHEHL
60 min, 100 ‘CAr# 10 min &, 4 CH L H (77T DNA, S8 ME L4 oot b E ORI | B2k
BRI 0K 4 B A0 DNA JF 7l 3, 44 DNA WRE, &R 87, L4 DNA p#R, &it
J T4 3 16SIRNA #1 COX1 £ E B 5 4, 3 #3K4F PCR 4y oy o ik & 7 o, 7 B b B, &
1 16SIRNA frn COX1 3 A xt 3F 4 5 0 1 4 = AT 3R A% 5 2 Fn AL 047, COX1 R 3 A 14 4,
B LAY 0.937; 16SIRNA £ 5 A 13 A, 2R LHME R 0705, FF% 4 FiLL, %
T IUE oK A /NEY DL 4 b AR B B B B 4 DNA, UL &) e oy 4y Fb 45 5 s o 2 0
WARGET — A d . BB Ok, K4 R SR T MU A AR R
X#EiRm A4 DNA; D B4 d; #EE oM COXL; 16SIRNA; FEHEZ AT

FESES Q953 NIRRT A XEHRS  2095-9869(2025)04-0192-09

R E BB EEAfGHEE L i w4 R etal, 2019; Wu et al, 2022; 4%, 2022; Huan et al,
(D JE4URIFE TR SOFIHE DL S, AL R dY)  2024) FEEET, DU 4h U F AR 2 A A 1K
ERZHIE IR TR EBEL, AN, TR R e DA (4 2 B R AT (Jablonski et al,
FER A H N 100~300 pm 247, B IR, 4hdil 1983; Johnson et al, 2001; Piggott et al, 2008; Cowen
FERALA R G AE MW BE W Rk BIE A58 3% (Sun etal, 2009), 7EUEE A=, D240 i fd HER
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i FAE AR B DNA (Y8 SR BB AL A% S5 17 v iy g 193

B S e 2 DL S Fh A= K FAE T35 B9 5% #8 (Nascimento-
Schulze et al, 2021), 243k, B 4h2EE XTI 4
AREEIFRT KENIIE TR, REEPIEIREEXT
DL AR K R BT 3G A8 25 B 52 e 45 T (CF B A%
48, 2003; TEASAE, 2015, BIEIESE, 2017, EHSE,
2018; XBIEMREE, 2019; ISR, 2020; XIFESE, 2020;
FEIEZRAE, 2020).

AEA R 1 1 (Ruditapes philippinarum) &) i . T
TR IS, EEAIEEMER L R
Xk, FEREICEL T EHEMEBE S, &
A TN T % B S A A DL, e rp [ Yok 3R
FEORZ — SR, KWLk, &Em B m AL
FEHH B 7= AR 2T X 24 Ml A R 3 DR 5 RN A
VR G5 R A — S (B RIYR SR, 2016; TR 4, 2021,
FAARZE, 2023; Wei et al, 2023; Zheng et al, 2023),
TEGRAE I T N T M B R, TR Fh sk
TR, SECHIUE A A AR E M L LR .
TS 2N FF AR ) XS [A) E  OC R B R R IR AT
)RR RS A2, XU AT R 58 7 b i S 0 ] R %
JRETE AN REM . PRI, g ST SEA AT H R Y = A
DNA $REUSGB AL S ke, Xt T30 b %) o i 0
AR S B R

SR, HRT, 7R K B0 DU o R,

DNA il # & M e LA A S S B, SRR -S40

DNA $EHGA N & 554 58 ik 2 UL 4 DNA, X2
TG T AR S UG SR R, EBAERT, SR EUAR
AR, NS T US4 DNA I, FRlle
X B4 B ANMA ) DNA 42, i T HARB N,
KN DNA &AM, &5 RHEEU  J0 0 e D2k
AR IB AL 4 RN &)y H A 25 2% 45 O T A3 BT 0T 5 1 7 22 (5
RMESE, 20205 BE—45, 2023), R, @7 —Fheais ol
F4) L DNA (9 s IO ¥, X D28 1 4 5 Al
L2 AT, TRV DL FE 22 18] 119 322 38 1 LA
T DU Fof 59 U ) 4 RN £ b EL A Z A (B (Johnson
et al, 2001; Piggott et al, 2008; #RAB %, 2023), 7£ N
HorF B PRUEE M5 1% 27 55 S HL A ) I A 1z A i
FEOBRREE, 2018; T4, 2018; T 404, 2022; Qi
etal, 2022),

BEXTIETE DL 24 L DNA $2 U % F AR M5 1Y
), AHIF 5T LR e T R DL R AR A IR IS
14, HT 16StRNA Fl COX1 A, i@at PCR A
LR RIS BT HE A, EESr —FhERG . ERA DNA 2
BRRas At M 5 . DAV R FE 2 7 o T 9 5 ) £
PGV L N T 05T e % A5 7 T AR A P AR AR A
B AR SCHE

1 #R5F®
11 HRRERLE

I A B F I A b R R &R
ARRAF N RF W AT WA T I, oK
by uE, AN 25~30, KN 23~26 'C., &
KM 4> 355 (Chrysophyta) #1 £ 7 7% (Chaetocer 0s) ) I
AWK, B2dK—K, hRFERRFILNARET R
TR A22E Fy ARLLEGEM BRI A 2510, Mgl
HubrhE 6 LK, 500 HIEAETIE, X0
L AE WA N TR 2 AN & B R SE E - BT
TREA R D R4 A FE T4 d, D 4 8 A 2
Bk, SMERBFRD IR ST R A A
FEAE PR 208, e mDUAe L 224 %Rk —
YR I A5 T A RS T P Rl R A, 0% D B4 i
F 5 T 4 B4 S 4E B 6T 700~800 pL ¥ 7K Y
1.5mL B8, HWRAE WD §& 10 7#H) 7.5%
MgCLiH], BAEHE 1~2 min, 5484 R,
BRI T, IMATOK B e, HELERY
I, TIOKOETRAE, HT DNA £ FWAE
A, BTFRMEE T, B4R
ITETER, B RS 4 LR 3 200 L PCR B 48 .

1.2 4 Hi DNA R E RSN

TEREAH Z A ) PCR &, LA 10 pL PCR ZEnf
#[500 mmol/L KC1. 100 mmol/L Tris-HCI (pH 8.3).
15 mmol/L MgCl, il 5 mmol/L (NH4),SO4]. ¥ PCR
HHET PCRAX L, 7E 100 CE&MAET A 5 min, LA
SCHEL DNA HRIGAEE . #5A%H DNA 9 PCR 4
HERFIKET, IFIA 05 uL B K, 2%
PRI, 1E 55 CEM PR 60 min, Ffif5, 4
100 ‘CALFE 10 min, F 4 CE.OIHRATE DNA, UsETE
RIS AT 30 4 D FEL T 30 A5 TR, R
FEN4] DNA, i FHE fciE 55 40 T Dol 43 o BE AX
NanoDrop 2000 FIZEAE# FEIK KL DNA 1Y 57 i Fvk

1.3 PCR # &K =%l E o5

PIgfi iy DNA tside, #% 50 uL PCR AR, H
H4u 5 2xTaq Plus Master Mix Il (Dye Plus) 25 uL .,
COX1 E514 2 uL. COX1 ZIa51#) 2 uL . KHEK
16 pL A DNA 5 uL, ¥ H##)F: 94 'C 5 min;
94°C 30s, 53°C 30s, 72 °C 1 min, 40 MMEH;
72 °C 10 min, ¥t 2 pL PCR =¥ T 1.5%B 5 WEEEIR
Hr, 130 V HLPK 30 min, B0iiE 55 67 AR B BRI
AL E EHAW R —, P WA TAY TR
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T ) B A PR "l AT B T . >R MEGA 6.06 %X
ey by BH AR 7 51, LA NCBI £ e H JE A = i 41
DNA %4 2%, fliH] GeneDOC Ml MEGA # {4+
i) ClustalW #17LHLXT, R Neighbor-Joining (4B #%7%)
MR R G LB R WIRIER IR 7 51 5 £ e
E SR JFHNALE [ — 433, Dt i &0 i SRR FE i A1
T . K JH DNAsp 6.0 B AT AR r S g it
FH GeneDOC K 4%t Fr i J 51 kA 7 B DA LU X 43T o R
AR B D IE4h BURISE TS L, F] T MEGA 6.06
AT R G AR

2 RS9

2.1 DNA REREZEI K PCR =i E#

WIS IE A=A 7R 30 4~ D FELh AT 30 4
SET 4 B4 A HEAT DNA FEBUR B fvk BERG 5 . H
F 1AL, 2 ASEHAY DL AR HUAY DNA R EE
(26.14+9.32) ng/uL, Asgongo [HM 1.1620.08 . BFHEHLAY

*1 EEREWRFHHAEEZEDNA REFMKE

Tab.1 The quality and concentration of genomic DNA
from R. philippinarum larvae
FE 5 DNA ¥ £ /(ng/pL)

Sample DNA concentration Rasoraso
D-shaped larvae-2 17.9 1.00
D-shaped larvae-11 18.4 1.21
D-shaped larvae-15 20.4 1.18
D-shaped larvae-17 21.7 1.26
Umbo larvae-6 30.7 1.17
Umbo larvae-11 43.5 1.14
Umbo larvae-4 30.4 1.15
Umbo larvae-7 49.5 1.27

x2 FERRFYHRERAPCR=HHRENMRE

Tab.2 The quality and concentration of PCR products of the
genomic DNA from R. philippinarum larvae

TR
?I 0 P A PrOdUCt~ Ags01280
Primer Sample concentration

/(ng/pL)

16SrRNA D-shaped larvae-2 524.8 1.28

D-shaped larvae-11 539.9 1.28

Umbo larvae-6 525.6 1.27

Umbo larvae-11 514.6 1.26

COX1 D-shaped larvae-15 522.1 1.26

D-shaped larvae-17 537.7 1.26

Umbo larvae-4 514.8 1.27

Umbo larvae-7 517.2 1.26

DNA 4331 16STRNA 1 COX1 3|#3£4F PCR 414,
BIRTFRE R PCR Y, ¥ 1519751 03K 3, PCR
PR EL UK G R LI 20 SR T 1.5 %3 REAE e Je H Dk )
PR 4 B LR 20 DNA B4 00 (B 1), 458 5oR,
DNA iR, RMEZFEHER AT, 5UE T1%
J7iEAE DNA G 8 A %) e 4l B A [BDSCR . ml o
JE S 5T T AW E IS AL PT SE 1) DNA B

M D-1 D-2 K-1 K-2 K-3

250

B AR IR A4 B P 4 DNA ALk
The gel electrophoresis results of DNA extracted
from R. philippinarum larvae

D: DJE#; K: #%T4hd; M: Marker, NIl
D: D-shaped larvae; K: Umbo larvae; M: Marker.
The same below.

Fig.1

22 REEABRREYFHERE

T COX1 JEHIF M NI 4Bty a7 28 NE
AL N R gL . T COXT M) NI
FLK: 28 A5 R 2 A~ FEE4r 2 (K 3A), Hirf, Umbo
larvae 8~15 ASEM FFR, AR — kST 195332, ik
A 16 DARNIEZREE R ) Hh—A4r 3 . FETF 16SIRNA 4
HMRGILE(E 3B), 34 MIERAERER, RS
EBEMI R 1 ARSI 3 4A/Nysz, Hdr, Umbo
larvae 15~29 MSEMBHAR H ZIE48, HA NS H A,

23 FERWFHRERFTIEEFERSH

D JE 5T T4 DNA § 3384519751, 5 NCBI
B e v A A AP B R AT ), S5 LA 4,
UESE T A & AR S B O SRR A AT, HX R R A
99%LA I, 2 MEGA #1 GeneDOC 17 DNA J¥ 4143
Mr, BB COX1 #3475 B X AN W) st 1% 15 = i JE A
TR A) R TR K, BASEE N 98.4% (&l 4A);
16STRNA 0 RE XA [t Yk SE A 22 0 A1 2 HU A T 1Al
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WA AR AT L DNA fY  RICR IR 73845 23 A v i 195

%* 3 FFEREEWTFLH DNA K PCR ¥ 55|55
Tab.3 PCR primer sequence for amplification of R. philippinarum larvac DNA

5|4 Primer 5|97 %1 Primer sequence (5'~3") F Bt Fragment length/bp
COX1 F: GGTCAACAAATCATAAAGATATTGG 500
R: TAAACTTCAGGGTGACCAAAAAATCA
16SrRNA F: CGCCTGTTTATCAAAAACAT 625
R: CCGGTCTGAACTCAGATCACGT
A (bp) M D-2 D-11 U-6 U-11 B (bp) M D-15 D-17 U4 U-7
2 000
2 000 1500
1500 1000
1000 750
750 500
500
250 250

16STRNA
& 2

COX1

EHE IR 174 L DNA PCR = #HL Tk (A: 16STRNA; B: COX1)

Fig.2 Electrophoresis of the PCR products of the R. philippinarum larvae (A: 16SrRNA; B: COX1)

g
g

.l

& 3

'“LIJ

c‘?.nq%
J%E%%B 5, e
5

]

R v FE A = I 474 . Neighbor-Joining #l(A: 16STRNA; B: COX1)

Fig.3 Neighbor-Joining tree of different batches of R. philippinarum (A: 16SrRNA; B: COX1)

Y, BB N 98.2% (Bl 4B). FHIA )7 B4R HL4)
HREAE N T DL 2P Fh AR e o

XTINAR SRR 228 Fy AL RSN BER Y
A 2R 52 T4 AT A B B, S5 R R,
COX1 FfEHRIAEAT 14 Fh(E 5A), Ef1Z A SR
B 0.001 2~0.006 2, Hir, B4 H-3 i MA R 2 |
A7 5 A HyoOR %8 H-1. H-2. H-5 fil H-6,

SR A 3 AR, PRI ZREME 0.937, BAfEAY
ZREME KA . 16SIRNA L3R 13 Fpopfssl 4
BRI 2 ] (AL BE B R 0.001 2~0.031 1, LABAAE Y
H-5 D RETE—, 255 & BCR(E 5B) . Hp
R AR H-S AR, 18 MK, BN
AL, HYK, BfEA H-2. H-8 F H-9 4M 5k A
2 AN, BAERIZREYE R 0.705,
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RP-COX 1:
Unmbod:
Unho-7: 9

D-shaped-15: 8

D-thaped 17: 8

L3 RS G A C TACTGGTTGAACAGTGTA
Umbo-4 : |k
Umbo-7: |
D-shaped-15:
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RP-COX 1:
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D-shaped-11: &
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D-shapod-2: [ReREEtE
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Fig.4 Alignments of COX1 and 16SrRNA sequencing results with NCBI database

A: COXI1 JFHIEXF; B: 16SIRNA J¥41 L Xt
A: Sequence alignment of COX1; B: Sequence alignment of 16STRNA

E s
Fig.5
A: HT COXI1 BB,
TR B 2 A0 3R — F ot R iy B A5 1

JETF COX1 A 16STRNA 5 51l ) #1455 19 4 L 8435 750
Haplotype map for the shell-capped larvae based on COX1 and 16SrRNA sequences

B: T 16SrRNA [ 8ifE
[ % H 1 B (2 3 s R — A5 18 o R TR A 1R

A: Haplotype network for COX1; B: Haplotype network for 16STRNA.
Each circular motif stands for a unique haplotype, with the colors within the motifs indicating
different individuals of the same haplotype.

3 it

T DU 4 HUY) DNA S8 R 3t 15 %5 7
Tk, Xt T BRI USSP U 4 B o A R R
TSI AL . PR ZREVEIE . A T o O
A 15 A M 25 U T B AT 70 B Y L A (BRI
FHIS

TEX DR gttt e h, HETRZ % DNA
S IR T i SR AR DS AR R | SN L DL e SR A

K5 DNA BT R3S . L50 Be Dl 2.
DNA EE A+ /5 ki sk = B 3Rk (CATB) . +
BRI AN (SDS) IR 2% vhif 1k (GLB) AT HL
VS FIAE O (SR 2848, 2005), ABFSEER MM LT
T KA WA RV 4 i R AT A B, A T4 58
JREIMERE, B KR4S, (U Z 200~
300 um K/ HL, £ 4809 DNA $2REU 5 0] g 2%t
FE & 1 SO )RR BE A B o B, e SR AR K A
(Crassostrea gigas)ZHZ1i}, i FH MgSO, )5 B
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HIIMERA L, BARKIUT 568 DNA, {HS:8t
WERYBET- I (Wang et al, 2011), H4h, REHKLK
BB LASN B AL SURT X DL SR E , Bilan, SR A HL
TR ZE BUE B U2 2k D1 (Pteria penguin)ill 2 Fl JE 22 1)
DNA, R, [H Agsonso TEIRIR(FR—5, 2023),
A FE 1 UK AR FE eI 1 A 2 e £ &0y R P 4
BAPRANA Y DNA, HoHk B2 RN 2 52 w] i /2 J5 2 PCR Al
i S ST oK .

FER 4G DNA $EHCEEGH, SR T A AL R %
WU (OSE) S W24 it 2% wh i i (GLB) X H: I # 1 2% DL
5o DNA 21, 1500 DNA F2¥) Assonso TH 7
g 1.320 1 0.970 (Jiang et al, 2019), fEABIFEH, 4
HHEHL DNA P2 Asgonso B 1.1620.08, 1] RESE K N TE
PG FE P AETE SR AR AR 5 e DL, X522
B AF 57 25 SR — 2 (R — 4%, 2023). BbAk, FRETIF
KT — R LB f0 B AT (0 3 B DNA ) ] {8 Dl s
Jride, DRk AT B £ B AT f0 ) DNA #E17HEHL
(CUE5E, 2011, Rk, tHELMAENm S, D2y m
MENEZ, —RTE 200~300 pm A A7, BAASASAR T
A I DNA S/, Joik il G5 k4L DNA,
FHN, R FHIEE DNA (eDNA)R AL AT DL H T 25 4)
11 DNA, {HFr#2HU DNA NIR&1ME DNA, Tk
BB AL A DNA, B AT
%, BMONBEREGEBZE, 2023), AUFFEE I
TG4 B DNA Bk, ARfgE T A . Py
HRAAT AL BB B DNA P2, 1] DL B4R
RIS THE ) A By BV 25298 I SE B AL R

FE T A0 05 10 1 P 5 78 R A 8 43 B AN AUAT B
T B DU 2 35 A5 45 R4 Ntk Ak g s, a8t D1 28 st
B RAERYEAELENIESE L(BRES,
2010; ZEXUALEE, 2018; Johnson et al, 2001; Xie et al,
2023; RHAE, 2024), fEAWIR T, FF COX1 Al
16STRNA I D SEHLXS AN [F] 4L R JE A F2 03 4140 B 3t
R4, B COX1 M%EHIRE TN = T 16STRNA, A<
533 T NCBI B 2 LLXF 207 , 16SIRNA § 38 7= 4)

FEF X0 98.2% , COX1 =1 41 b Xt % 98.4%,

FKUE T4 DNA R 16SIRNA 5 COX1 F B
HBEA B B L S RE S . bAh, COX1 mlEEAS A
FEHY 2 DANERR AL TS SR A 5UX 4, Hip COX1
) H-5 PARIE R T EGEERS W R AR, |
16SIRNA X A Al % 15 5t i 4 B IX e T A FR o
PR A SR A T BRI A S A SR AR 4R, EfS
TR BRI AL AR, PR T 2 RE R B 5
2 W5 L Z AR 32 & (Saitou N et al, 1987; Avise
etal, 2000), MIEAHFIT A AAFRIZER , COX1 Al

16STRNA 43l 3% 14 Fpfn 13 Fpopfial, sfiAlZL
FEPESX 5 0.937 F1 0.705, M T 4t Baf R 2k
PEAL TR KT o 2238 EAIE L ZRE M & T3 A
B, TIRREH T4 IR 22 6 & S 3
FENIZE, 2008).

ZE L RTIR, ARWEGTEEST T — R | =k B
R ILH Y] DNA $2507, rT L E Ok KN I
54y BRI I (9 K [ 4 DNA, 48 it 2 4h ]
USSR | By 5 i i Uk 43 25 Rl DNA
JEHILERT, BRAT Bt B g AR 4] DNA, Jffig
LEIFF R &y B 35t 4% 2 S 78 R RS AL A3 BT , AU A
TR AR A PR AR R A AP S L SRAOR IR B
LA TR AR L T {8 504 8000 41 s DNA 25U %,
i ELX it bt DL 2y s A v I SR v i o A L Bh AR
b B &y 5 PR A AR B ), HAT E B R R SR
AR, 76 D 2R 46 & Fh g fgl A 25 2 G B A
T e 8 7 FH AT 55
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An efficient DNA Extraction Method from Ruditapes philippinarum larvae
and ItsApplication in Genetic Analysis

ZHANG Lei'**, XU Xinghong', LIU Zhihong>*, WU Biao™’, ZHOU Liqing™’,
LI Zhuanzhuan®®, MA Peizhen™, SUN Xiujun**"

(1. Marine Science and Fisheries College, Jiangsu Ocean University, Lianyungang 222005, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China; 3. Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao Marine Science and Technology Center, Qingdao 266237, China)

Abstract Ruditapes philippinarum—a marine bivalve mollusc known for its adaptability across a
range of temperatures, salinities, and habitats—thrives primarily in tidal flats and shallow marine areas.
It is an ideal candidate for high-density cultivation in tidal flats, making it one of the four major
cultivated shellfish in China. Genetic exchanges are prevalent among populations in adjacent marine
areas, and artificial translocation and cultivation of this species in China have affected the genetic
resources of local wild populations, notably altering the genetic structure and ecological balance of
these groups. Thus, there is an urgent need for an effective genetic identification method to assess their
genetic diversity and germplasm resource status. Efficient extraction of larval DNA is essential for
genetic research on shellfish; however, methods for extracting and identifying trace amounts of DNA
have not been widely reported. This study addresses these limitations by establishing an efficient
method suitable for individual larvae of the marine shellfish, R. philippinarum, and other bivalve
mollusks. This method can extract high-quality genomic DNA from larvae as small as a few hundred
micrometers, with the aim of providing an accurate and efficient DNA extraction method for species
identification and genetic analysis of marine shellfish larvae.

Here, D-shaped and umbo larvae were selected for DNA extraction. A rapid and efficient method
for extracting genomic DNA from a single larva was developed and successfully applied for genetic
identification and haplotype analysis. This method involved the use of physical and chemical means to
disrupt the cell structure, and release and collect DNA through thermal denaturation and rapid cooling.
A single larva was transferred to a PCR tube containing 10 pL of PCR buffer, followed by heating at
100 ‘C for 5 min and quick transfer to an ice bath. After adding protease K (0.5 uL) for digestion at
55 ‘C for 60 min, the tube was heated again at 100 ‘C for 10 min and then centrifuged at 4 C to
collect the DNA. The larval DNA quality was evaluated using a NanoDrop UV-Vis Spectrophotometer,
agarose gel electrophoresis, and DNA sequencing.

The results demonstrated that PCR products amplified by 16STRNA and COX1 showed a single
clear band of target products, corroborated by their precise sequences. This suggests that the extracted
larval DNA can be effectively used for genetic identification and haplotype analysis using these
markers. Haplotype analysis revealed 14 COX1 haplotypes with a diversity of 0.937, and 13
haplotypes detected by 16SrRNA with a diversity of 0.705. These findings indicate that the PCR buffer
DNA extraction method can yield high-quality genomic DNA from larvae several hundred
micrometers in size. This method offers an accurate, efficient, and reliable approach for species
identification and genetic analysis of shellfish larvae, with broad potential applications in genetic
research and molecular breeding.

Key words Genomic DNA; D-shaped larvae; Genetic analysis; COX1; 16SrRNA; Ruditapes
philippinarum
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