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RSB HETEF UG APEE COLAI ITST FE[A
FPAWRFIE SR RS04

Z=, TN, ¥ &, BHx v, ¥t
(TR PSR R A ERN 75X E R TS, Wit i 315211)

WE: AT M50 B R EE FFERRTAR T R 6934 S AR IR, KA COI A= ITS1 4-F 4%
XA BRAT T AR B A AR fe i AR S AR AT SR AN AR 30 AR P YRR
8 COI A B 53] K E ¥ 4 709 bp, ITS1 A7) K ETELE A 693~729 bp(3EA 746 MM &). COI A K
B BAL 5 P A 670 MEFALE (L 94.50%). 39 AT AL E (& 5.50%); ITS1 55 6945 & & A 4%
FALE 671 AN(k 89.95%), T FALE 62 AN( b 8.31%)Fr bt %k /HBENALE 13 A(E 1.74%). COI & B
B3 69 4% F k& T ITS1 A3, £ COL KR 53] s JK (A+T) g & 1 (65.84%) % T(C+G), @ ITS1
J 3 2RI (A+T) & H(37.59% )& T (C+G). COI A= ITS1 /71 44 345 36 & 5473 B BEK K
WAESNARA R, KT COl AR A3 Fe ITS1 A7 ey F ekt 2w &N £ 5 54858,
Fol B IEEERFE T FA S L, £ COl 5ol 5k enitib X & i, S 3P &
FMEGREX RSB RrEFLERM—%, THEHSEGEE. COIAITS] 55 69T 394588
EFHH AN A 5.497 F= 6.549, HHBE S AFEIEH S H A 0.007 75 F= 0.009 73, FAZRHK B 5 F A
21 A= 28, AR S AL H A 0.963 A= 0.993, I COI A= ITS1 FAF7 4+ F-4F 2] 09 FE 42 225
55N BBR SR M KT 0.5, HFIR SRR X T 0.005, RV ZAFEE S 4FH
FF, PR TRERES, AFRERANLT FERMMTRAE SR T @RI, T HZ0
B IR AR R IT AR TRARY Ao iR AR B AP LR

KEER: FEAERT, ZoLB R IE, BIVAAE; AE S AR, KBEIR0E & AALEET (COI);
MEFE B 1 (ITS1)
RESES: S917.4

XERPREED: A XEHS: 1001-5132 (2020) 06-0001-06

RO T
sl e s R T

FERTEMG M (Ruditapes philippinarum) %1
BEFEEL T T TR RS —
P AR TEIE DR g R A R 49 0 Gl
FEUCKIEZ —, =R 4000~5000t2L Rl
PER G — N B A SR IR T H 7,
YA, I R DX R RO VD PN A B Al
36000 A~m?”, AN RIRIFRTGT IR AT Fp
i), 20 42 80 4EMRIEH, W FXHFFRAH 52
FHLLL S ik, PURSFRIAZEST 8t KR TR 5

TRE) TR BOR R Z. SAy T3 IR IE BY 28 455 24
fi, PEARIFRRXRS, AT 7R URIE L
TR, RE R TR 5IER RIS IR 77K
HBTRIE SR D 4y AR R 1L B G R I FE
TEMGAFRITE, AT SR 2 H TR TE R, AT
PRIPRIE S EBCOEIE IR FIT IR, B 20 it
22 80 FHURA N TR IRIG AR RS 5 A A
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FEPERAR ST

WL B PR R AR 5L BE A, TR
P B AR R IR AR YR, R, WS RhEE
BEHE S AR PERT TR W RS &R | AR
MR E S ARG kae A EEE P, w5EaE
AP BE 2R R A A D HRGE, RE%H
SKH SSR ARCHFSE T Al FhiEA g AR,
N R ) THEbR IO SRR RIRT 4 AR
[ MR 3 AT B B AR AT T AR AL BABFIE AT,
XA ZE PR AFLP 2 FhRc A 1 4 4RSS
WAAFEHMAR EZREME. COI (cytochrome oxidase
subunit DFEEEN FLkifA DNA |, Zmiddnifm 2
FALBRIEE 1, COI 1ERhZEH RIS 2= LS
I HN T2 3N 2 —, FEPFEE . REA
BREADHT . s e fsE 2R h A &
1Z R L ITS1 (internal transcribed spacer 1)24%
BEIMZ | 18S rRNA P 5 5.8S rRNA HE A ]
ok 1 X, HAFNARS RA R B S5 A
FERAT AL ZREERE ST FbRiEZ — Y HEi
AR UL T E SR RUGT 1TS1 BB AR T H A 7
Br, COI FR g% ZAEPEF A/ D UL, G T»
ST COBERIMT TINT. . 28R, K. B,
B, M, EREE, BT, BEAEIN 10 MR
PREBRAER ZAEPERIAZ T IR 2060, (HiZ k3t
AALFEG LR TR AR,

AGEST S FER RN Ccol 5
ITS1 P BT, tristfE 2, mhosdR
X} T AT AR IR AT 8% 2 AR 7 TH AR T TR
PLR AR SRR B R SRR BRI A A i B 1R
st B A HEE L.

1 #BERE

1.1 S:3AtH

SEI SRR 2016 4E 5 HRBAT IS
IR B R X A B AEAMAE, 3 30 H@ish
XS-1 3] XS-30), “FH55K 2.56 cm, FHIEE7.0g,
3 UL BB AE DL fEIE AL E T80 Tk
FiORAE, HTHEEUEKZH DNA.
12 Fik

K H DNA $2BGRF & (OMEGA E.Z.N.A. Tissue
DNA Kit)$2BCEE K20, FAZ B2 B 13 D 450k

DNA 4 BEH i 8k G A iR E R 100
ng-uL". i H Folmer Z&!'5MY COI ZEp3 145 |4
King Z T ITS 193514, 5IEEWEL, hid
TH TR Rty A R A | &k

x1 592

ElL/EA FEA(5°—3%)
COI-F GGTCAACAAATCATAAAGATATTGG
COI-R  TAAACTTCAGGGTGACCAAAAAATCA
ITSI-F  AAAAAGCTTCCGTAGGTGAACCTGCG
ITS1-R AGCTTGCTGCGTTCTTCATCG

20 pL B9 PCR ¥ Héfk R 4048 DNA 4% (100
ng-uL™") 1uL, 10 pmol-L™ AYIE . KIa514#% 1 WL,
2xTaq Premix 10uL. 4 #4544 94 THIAS %
5min, (94 CA8M: 30s, 55 CiBk 30s, 72 CHEA
1 min)x35 MEER, 72 CTHEM 10 min, 4 THEAE.

PCR =28 1.5% BN HEEEIE DR I J5 LITE
H &y, HREMGRFI &R Rl a
MR aE)Zifbeli)E 5 pMD-19 #i44(TaKaRa) &z,
FlIGHFEAL RIAATTR TG BS540, Bisfagis
F BRE G e Bk B PH 1 Sl sk = b ifg e RN BHA
FELZS wHEA T .

XoF I 25 SR A TR IS AR S L SRR R R
f##) cot 1 ITS1 JF%1. A NCBI R i
BLAST itk & IF T EEHAM A COl 5 ITSI
KEHFE, &F5H GenBank BRSULK 1 AIA
2. iEit MEGA 5.05 FUE AL AR etk . BSE
B PRSI T, SRR, WERR
ISR (Maximum Likelihood, ML)z A& AL (H
Bootstrap {EAS I 50 L EAGE, TEIKE 1000 IK).
F ] DnaSP 5.1 AT 815 2RS4,
G ZBNLEES) . FREHIRERK) . IR
ZHPEIREL(P) . BTN ()RR R 2
(Hy)%%.

2 4R

2.1 COI #= ITS1 A& B &) 28I 48 R An L 45 36 B
PHERRIN R HESEFIRIRT col ZERFA
KA 709 bp, 4 FPEEFER) LI 2, A/T/IC/G
0973 5 64 Bk 41.70% . 24.10% . 21.30%F
12.80%, HH1(A+T) ik H(65.84%) B & T (C+G)
HH(34.16%). i%FhEE COT FL K FEA bAoA A8 Befr
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0.1

ZA8ME Venerupis variegata (GQ855268)

¥ SER RIS (RINAERIEE) Ruditapes philippinarumta (ZRF57)
THSEUS Mercenaria mercenaria (DQ399403)

LG Periglypta puerpera (IN898940)

TR 85ME Dosinia corrugata (IN898932)

HA5ME Dosinia japonica (IN898948)

UG Meretrix meretrix (DQ399401)

G Cyclina sinensis (DQ399395)

95— E3EUG Paphia papilionacea (GQ855238)

34

=}
=
)

—95: VY FAUEER] Mactra quadrangularis (JX503034)
R E R Mactra chinensis (EU118000)

L RUGRERI Katelysia hiantina (JN898939)
| gt

0.1

46

66 THFEUE Mercenaria mercenaria (DQ190445)
48 HZAREEUG Dosinia japonica (IN996733)
99 VLA BUG Protothaca jedoensis (DQ220291)
38| WL Periglypta puerpera (IN996756)

100 ¥R W Mizuhopecten yessoensis (F1595959)
L {5 U Argopecten irradians (KT161259)

EF col EREFF I p e LML %)

| it

1

81

95 FLUE Meretrix lamarckii (DQ389107)
94& UG Meretrix meretrix (DQ399410)
WSS Meretrix lusoria (DQ389108)

FUG Cyclina sinensis (DQ190446)

V SEHSREIM (R ILHERIEE) Ruditapes philippinarumta (W77

97
M‘: Bl Scapharca subcrenata (HQ612182)
Vel Tegillarca granosa (HQ612181)
100 TG Crassostrea rivularis (AY 144598)

Wbl Scapharca broughtonii (HQ612183)
} Lige

—— K5 Crassostrea gigas (FJ1356690) } R

B2 EFITSI FFIHEENEEFAFML E)

H39 AN 5.50%), PRSFOLEL 670 N1 94.50%);
A S A LS BALE 114, BRSARNIA, 28
Ay XAR A S PSRRI (S) 4 A, Hidh
BLE(S,) 14, RE(R=S/S,)H 4.0, FBREARHE
RIEFN AN,

ARSI R R ERIRAT 30 MM ITST
A BELE 693~729 bp 2 18], 4 FhsEEAY & kb L3
2, A/T/C/G BIPRS00 17.99% . 19.60%
30.35%F1 32.08%, H:H1(A+T)h H(37.59%) /T
(C+Q) I Hh(62.41%). KA MR ITS1 75 Wi
X555, AL HR IR N IREEAE N A 746 AN
FEAT A, HOP RSP 671 NG 89.95%), SE78N
62 NG 8.31%), HILAFNNLA 13 4N(1.74%);
1E 62 ANFRA 5 A T 205 B AL 29 4, By
DLRE 334y, IXBEGARA S B BRI S A, B
i s 34y, R1E A 1.67.

FR2 COIFITS] EFEAY 4 FEEE &L %
HH A T C G
COI 41.30~42.00 23.70~24.30 21.20~21.70 12.60~13.10
ITS1 17.40~18.30 19.30~19.90 29.80~30.90 31.60~32.50

30 MRIEFER IR COL ZE K FFIAI ITS1
AR AL 2 43 3R 0~0.017 F1 0.002~
0.026, FPHEPY A P38 AL #E 25 5 74 0.008 Al
0.011.

22 BEAEBAHH

FET COL B R P A et ist AL e b (B 1))
s AFERIHEEER RIS FFEN G 10 FhaTlaRE
e R A —AN KK, R IZRER S 75 hh—
X SINETEHERIG T S IR e EE, R
LR Rl

BT ITS1 P idnst i bRt (& 2) 2R
LSRRG 5 HAD 8 P s IR A—
X, ARG TSR 2> SOHZR, HAmER2E ) Sk
Rh—3Z; TEWIERHY R P RILESE R RIS
BABh A — 37, FUHIZ R S AR AR 2R A 5
Kt
23 #AESHHE

FT col FRFFYINBHE ZFEES BT IR,
SRR RIS RN 2 500 880k 39, Hfk
RIECH M 21, BRSNS 0963, FIIETR
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FERHCh 5.497, MR ZFEPETRECH 0.007 75.
BT ITS1 AN BHE ZFEE AT R, 4L
TSR RIS PP EED) 250002, SRAEREE | 3
RN | P ETIRE R TR 2 S
oyl 49, 28, 0.993, 6.549 1 0.009 73.

3 itig

SRR RMAR) CcOol BN FIHCE
¥4 709 bp, SHATERIXYEFY] A/T/C/G 4 Tt
B R 41.7% . 24.1% . 21.3%F1 12.8%,
(A+T)K 65.8%, (C+G)H 34.2%, (A+T)5HE K F
(C+G). XA TEERIAEERAREA AT, C,
G WL AT AR — bk, fldnxt =get 7™
JRMHP | BB R H ARG IE R | e
IR K 4t 2 COL 2L R sl S
(A+T)E LR T(CHG).

COI R FHN i BRI SRR IR
PR BABIE S TE 0~0.017 28], PR AL e
0.008, FHHIZFHENIKAH RN LS. RE
IR, a5 01 X oh—A- N A ¢, B
SR X IR SR B PP A R R AR = Bl ik xt
HENTE 9 NAFEFEEEIS R B E T
RSP WA AR b

SULEFEF RIS FFEER) ITS1 JPHIKRETE
693~729 bp Z [1], ¥ 30 MMAERY ITST [FH#EFTEE
Xt K IS5 P H VR AR N R R B 67 6 T g
Y15 B0 IZFPEE COL I FHHCEE#R 4 709 bp, A
TEAETFE IR NS, DOsEREES B, i ITSI
A A B XL IR E R 0.011, B KT H
COl ERFIHERFIEEES 0.008. iXJ&H
T ITS1 AgwidiEE, Frazil) HARIEEE TN,
LA B R R T MILE AR COol FEH F51.
HWRFEHIEEA LY M 1ITS FAIR bR
COI FEH FHIBE L AR 2.5 1512, ITS1 HmsdE &
HLAEAS R R R, vaiEsE 1TS1 75
{)(CHGBEE F H R F(A+T)!, bt ITS1 751
MR(A+T) 5 R T(CHO) I E H PO GligE
FEIGFH) ITS1 JFHN(C+G) H LR T (A+T), X — 4%
5Vt AH ]

SRR RSRIERINIET Col RN T
R R, SRR T 5 IR —ik, it

FERRE, XEEG PR3, TS
L HE R RRIRA A A DI2 ITS1 Py s st
BV S PP ER 2R 00 SIS Dl 54558 43 AT
A BEHHXT IR RIS VIR S, R
e iUPG et S Y TR A NEay A oy SO K P N
*%.

e B — MR SHE A%, SR
AV (H) R TR 2 REE TR (P 2 BT8R
BT COl it E MM G TR RIS PR Hy
F1 P, 435147 0.963 F10.007 75, Hi ITS1 JFHHEH
1) Hy F P, 43514 0.993 F1 0.009 73. Grant Z527 75
X ZRARR DNA BEAT)FPIIFZCET, H5X 2 A48
BINHES M T 4 25 (1) H0.5. P>0.005; (2)
Hg>0.5. Pi<0.005; (3) Hi<0.5 . P;>0.005; (4) Hg<0.5 .
Pi<0.005. ffiAAY H>0.5. P>0.005 BFiaiH#E
R B 2R EE, FAXMEEN LS
FEPESR B T—A K HARE W E R, R K
5. IR S LR R R S L SRR F
w, IF Rtk T e iRz, S A
COI FEFFAV AT . 2. K&, BN, &
WL TN, ERE BT, BFHEANEN 10 AR
) SRR AR MR IR 2 AR o K T
0.5 HIK T 0.005, FHHTEFR WA & 3EHIE
ISAFFVEEI A B ERE SR, XThE R LS
FEPETTRE SRR PRV B R R  AETR IR £
FESOZ A B A O T HAth i Fp Y 15 B RE S5 R A
P S o e o o N LT e <o S B B ]|
SEARTRUS AN ] AR 2 (0] f 7R S i R Y
5, HAFE D2 i HAT B m it e B n] B
WS HIERES | B IR A A B I AR G T
HIFRAUFIE, RIAE N T35 . 8 B B0
Y H AR BAE VTR R, SRR RS, AR
FHHG S TR I R A B 8
WAE SRR, AR NRA L AT %A R S
PN H A b PR ) 845 22 5, LU{ERESS B I Hb
fR3F . FRAFNRI S LTER SRR RIS R
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Sequence characteristics and analysis of genetic diversity based on
COI and ITS1 of Ruditapes philippinarum population at
Huangdun area in Xiangshan Port

LI Mingyun, WANG Lishan, MIAO Liang, MU Fangshen, DU Jingya
( State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products,
Ningbo University, Ningbo 315211, China )

Abstract: The present study was designed to understand the status of genetic diversity of Ruditapes
philippinarum at Huangdun area in Xiangshan Port. A total number of 30 R. philippinarum samples were
collected. The sequence characteristics and genetic diversity of COI and ITS1 molecular markers were analyzed.
The results showed that the sequence lengths of COI gene of the samples were all 709 bp and the ITS1 sequence
had total 746 loci. In addition, the sequence lengths were in the range of 693—729 bp. In COI gene sequence,
there were 670 conserved sites (94.50%) and 39 variable sites (5.50%). There were 671 conserved sites (89.95%),
62 variable sites (8.31%) and 13 deletion/insertion sites (1.74%) in the total 746 loci of ITS1 sequence. The
sequence conservation of COI gene was significantly higher than that of ITS1 sequence. In COI gene sequence,
the base content of (A+T) was 65.84% and was higher than (C+G). In the ITS1 sequence, the content of (A+T)
was only 37.59% and was less than (C+G). The genetic distance analysis based on COI and ITS1 showed that
there was no significant genetic difference between groups. The phylogenetic tree based on COI and ITS1
showed that the shellfish of the same family grouped together. The R. philippiarum of Xiangshan Port was in the
cluster of Veneridae and had the closest relationship of evolution to Vemnerupis variegata. The results of
molecular phylogenetic tree were consistent with traditional classification. For R. philippiarum of Xiangshan
Port, the average numbers of nucleotide differences were 5.497 for COI and 6.549 for ITS1. The nucleotide
diversity indices were 0.007 75 for COI and 0.009 73 for ITS1. Haplotype numbers were 21 for COI and 28 for
ITS1. Furthermore, haplotype diversity were 0.963 for COI and 0.993 for ITS1. The haplotype diversity of COI
and ITS1 were both greater than 0.5. The nucleotide diversity indices of these two sequences were both greater
than 0.005. The results indicated that the R. philippinarum population at Xiangshan Port had rich genetic
diversity and the genetic state was stable. The results provided theoretical basis for germplasm conservation and
genetic breeding of the R. philippinarum population in Xiangshan Port.

Key words: Ruditapes philippinarum; Huangdun area in Xiangshan Port; sequence characteristics; genetic
diversity; cytochrome oxidase subunit I (COI); internal transcribed spacer 1 (ITS1)
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