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lusca). #§fHZ9(Lamellibranchia). 22 Ul H (Pte-
rioida). i DI El(Pectinidae), Jil /= F 1636 K FHEAS
B, BAAMER, AKHEER. Priithig. At
FEM A, EEBR TR Z TR B, KERF
K AR T 201 248 146 MO 2= K 51 #3E5 i
UL, JET20154F ek 1 2 N TENE B
16" BRI T IR B SR, A 55 R DL
S L BRI AR AS, R,
FL AR 220 s I e AE B Y A D ARGE . RN
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B AR BOIRAS, 10K 25 A2 7= SR A0 E P DA S HE T
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1B 5 M H R gk ez, DA S s DL F 5 5%
WARY )4 Ja B8 4% B Pt 70 TAE 2 8 45 2L Al

1 MR57EE

1.1 SR

AW T T HE B DL SRS DL M AL U
SO R DIFERE B INR 1. T MEAE AR E
%€ Ja A R R AE T Io K 2B & FH - GenBank
i 2 AR ) HoAh DU S Bk 2.
1.2 LWL

EEHDNARIZEL %% Sambrook 25" 1
P/ AT RS IS ARUE 2l U AR S 192 pL B [
ZH DNAGEAT 3515 B I L VK, ASn il 5 [ 2 DNA
SERNE IFHL] pL7ENanoDrop 2000 & 7 Y66
TH 0 W B, 55 Jm M BRSO ng/uL i) TAER T4°C
AN ORAF S

5149 SEIG R SIH LigAE TREHE R
MR PR w) A BRI o ITS1IX IS 1 51 P17 )
% T /NEE B Y541, IE 3 WIF: 5'-GTTCC
CCATGAACGAGGAATTCC-3', ) IA 5l #IR: 5'-
CGCATTTCGCTGCGTTCTTC-3'; 5SH:HH 14 5
W) 51125 José Lopez-Pifion% 1 51 W15 51, A%
2% 514, 43 9 N A (AF: 5'-AACACCGGTTCTCG
TCCGATC-3"fIAR: 5'-CAACGTGATATGGTC
GTAGAC-3")#1B (BF: 5-AGCCCGGTTAGT ACTT

®1 BEIEGRRERER

Tab. 1 Sample collection information of four scallops

T4 RERS TR DL T3 A SRAEEIT [H]
Species Code Taxonomy Age Sample No. Site Time
. . Pectinidae/Pecten T
W 5 f53 D1 Patinopecten yessoensis X BEE I E S VR B R, 2—3 10 w7 Kk 2017.05
an . Pterioida/Pectinidae/Pecten von s
SR — L %
5Lk W Chlamys farreri z BER UL /5 DR B VR 2—3 10 Li ]?; 2017.05
i . Pterioida/Pectinidae/Crassadoma T K& (s
55 1 . S
& J# Ul Crassadoma gigantea Y 1 10 K51 #H TTF, £8) 2017.05

ZERILE /B RS A DR
Pterioida/Pectinidae/Argopecten

185 k5 DL Argopecten irradians H B UL H /5 VRS B LR 1—2 10 7R S 2017.05
2 MGenBankF IR BRI E M4I#F 585 2 X GenBankE RS
Tab.2 The information of related species and login numbers downloaded from the GenBank database
F 44 Species 43 #Taxonomy 5S tDNA ITS1

Chlamys distorta Pterioida/Pectinidac¥2 ¥k U1 H/f3 VR AM691822 AJ428409
Aequipecten opercularis AM691814 AJ428407
Mimachlamys varia AM691819 AJ534979
Pecten maximus AM691825 AJ428411
Mimachlamys nobilis No DQ873902
Argopecten purpuratus No GU901163
Crassostrea angulata Outgroup AY765358 AB735533
Crassostrea gigas AY765364 AB735506
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GG-3'F1BR: 5'-CGACGTTGCTTAACTTCG-3"),
PCRIIEFLMAE  PCRXMLEAMR R A25 uL,
A1 pLAE AR DNA(S0 ng/uL), 2.5 uL 10xreaction
buffer, 1.0 uL ANTP MIX (2.5 mmol/L), 1.0 pL £~
WA 5 (4510 pmol/L), 0.2 uL 1 U Tag DNAK
A1, 18.8 pLiEAt /K ; PCR N 25 1F A% : 94°C Fiids 1tk
Smin; 94°C 4814355, 50°CiE k40s, 72°C 1EH140s, 1
W38, 572 C A A 10mine. PCR™H T
1% B Wl 8 B FE VKA D, 8 BioSpin GelExtraction
KitZlifk [ s, %82 FlpMD18-TH & L, 1k 3
KT 1 2 S0 DHS o, Hk 3% B 7o B K —
T (D) AE MR B A BT XU T
BIESH  HIBioEdit7.08H7 5 5 #H2, K
F ClustalX 1.83 B AF AT g . RO AHERF . 5
ERE(h) PG R ZREETREU(H) - REIRZHE
PEIRE(n) PR E R ZE BB (k) FifE Z S
A5 FIDNAsp4. 108 A 34T o0 B ok 5, 16 H
MEGAS. VA v 5 Fh 18] 18 7% B0 55, FF R Q4%
Neighbor-Joining(NNIJE KRG K G, RGM T
KU E 24 B A5 /KT N Bootstrap(E & 7 $11000) .

2 #£R

21 FH5HR

OB DUITSIFES S 4T 40 VLAIITS TR
B3 18SHII 7 45 5 K GenBank B N 5 W15% 3. 4
e, I PCRY IEM 7, 40 DIIERAG L4246 bp
67 18SFF AN A FEAF RITS1 2K 741 ITS1
P 5K B 7E229—277 bp, 78 by DL 51 i
K, WA e R FOIR, I A s R R, 4
5 DB 5> 18S R A I A+T & B 45 N48.4%, KT
G+C& &, oFhla £ 7 MITS1F FIFIA+T & 2 1E
54.5%—58.1%, B T G+C& . HAh, 4005 I
ITS1FHI I AL A e S5 3% 4, W 5 DL, MifL
J DU A DURIER 52 f D4y 3R 2. 6+ 24 54
ORI AR IE LA B R A% R AR T ATy
AT 124 1y 4, FCARAFL RS DURTER 52 F5 DT84
A2 NSRS AT R, AR I AR AR S
AFf U DU RS T 2 FEE SRS, TR 2 R M FR 2L
DL R T 39 4% 1 R 22 5B 23 il £.0.425—0.800
0.00081—0.00486 L }20.366—2.442, FTH5 Z 4

3  PUFRE DUSS-ITSUNF45 R K% GenBank B 7 5
Tab.3 The sequencing results of 18S-/7S1 and GenBank accession No. of four scallops

ITS1 MK Total GenBank & 3% 5

No. (A+T)% K Length (bp) (A+T)% K J¥ Length (bp) length (bp) GenBank accession No.

fi g o 185
Speci ample
pecies
WRSE i UL Patinopecten yessoensis 10 48 .4 246
¥iFL W Chlamys farreri 10 48.4 246
& J8 U1 Crassadoma gigantea 10 48.4 246
175 Fi W Argopecten irradians 10 484 246

56.7 245—247 484—492  MF803049-MF803054
54.5 257—259 503—505 MF803066-MF803071
56.8 229 475 MF803081-MF803082
58.1 277 523 MF803064-MF803065

#= 4 MFHEIUTSIFINSRELT RS

Tab.4 Genetic variation analysis of the /751 sequences in four scallop

e BEEE oo PRUBIFHRE  GHMEFERE PR EmRE
Specics No. of Haplotype Polymorphic sites .Hapl_Otype Nucleotide diversity Avgrage nucletide
(h) diversity (Hy) (7) differences (k)
1575 i U Argopecten irradians 2 1 0.425 0.00081 0.425
FiFLER UL Chlamys farreri 6 12 0.800 0.00486 2.442
5 15 W Crassadoma gigantea 2 0.366 0.00077 0.366
R 95 55 W Patinopecten yessoensis 5 4 0.800 0.00252 1.242
&S5 DO NSS rIDNAFFIFLE R K GenBankH 3R 5
Tab. 5 The sequencing results of 5S rDNA and GenBank accession No. of four scallops
i 5\% f;ixp% RIRX C(Jz;;gLregi(;n EEiedl) E ,EI{\JTS " K E Total GenBank & i 5
Species No.  (A+T)% sz;)ngt (A+T)% sz;')ngt length (bp) GenBank accession No.
R 55 55 D Patinopecten yessoensis 10 46.7 120 63.7 350 470 MF803044-MF803045
¥i¥L kg L Chlamys farreri 10 46.7 120 57.5—58.3 372 492 MF803033-MF803037
& 8 Ul Crassadoma gigantea 10 46.7 120 61.9 375 495 MF803046-MF803047
¥ 5 W Argopecten irradians 10 46.7 120 58.1 421 541 MF803039-MF803043
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F B A ARAB 5 73 ) AT AL s DURIE Jd DL

M EISSFEFISHT 4R 5 DISSH 41 il
JF 45 R M GenBank B 50k 5. 1ok, @it
PCRY™ 34l 77, 47 Fsl DI 3R1GK FE 120 bp i
X A RK FEANSEINTS 2K 751 NTSFE 41
KFEAE350—421, J7 51 de AR B 6 1R 43 ) A v ol
DURNER S Fp DL o JLUR, B 2H Rl SR o, 494 5 D
1158 rDNAZs 1Y [X 77 51 I A+T & 2 45 846.7%, ik
TG+CEE; MAENTSF I FHA+TE B
57.5%—63.7%, LI T G+C & . Ak, 405 I15S
rDNA NTS/F I 1846748 5 Z5n 3k 6, 75 5
UL FSFLES DL %5 B3 DURTER 32 53 DU 43 S 3Rk 455
5¢ 20 3R, ARG BA AL, R E R AR
SALEB N2, 140 1. 4, TR A SN
T A R AR S A sl DL PR R Y 20 A R i
AT IR 2 REVE TR B DA B YR 17 R 22 B 40 A
0.533—0.842. 0.00108—0.01058. 0.533—35.726,
FI G 2 50 1) d5t v B R0 S5 ARG AEL 353 23 il DA 45 s DL
UL
22 FMENREES

FIFHARAS I B A ITS1 LA K 5Sr DNAJT 51| 53 75 %
AFh R DL HEAT A AR A PR BB, SRR 7. B
g, XLk b5 EUE N T 5Sr DNAJT HITTHSE B
13, 40 B DUAH B2 8] ()38 4% PE BS 7£0.043—0.457,
Forp s R AE NS B DUS H L DL 22 TR) 82 4% R
B, B /ME A I UL R 38 g DL TR R s A% B
M55 3 D15 AT L et DL AN IV B DL 1) 38 A B 8 43 Al
N0.096/10.413, HIK, XML HE T
ITSVF BT E A3, 4 k5 DUAH B2 (8] ()38t 4% PR 25

7£0.040—0.131, H i KA A i D15 451
DL 8] (e AR BE S, e /IMEN A B3 LS R DL
() PR 382 A% R, T D S5 A L DR i DL
WAL HE 2943 5 0M0.062F10.121. B fdk &, B T2k
JIEFT R4 RIBH BN —8 . (AWAE—ER
755, AT ITS1F 2 (M) 45 F R s J DU S IR 38
J UL TA] B 38 A% BE 250 124) IS koK T8 e I 5 5
Ji DUTE] PR 383 4% B 19.(0.121), T 45 T°5S rtDNAJF 41 1]
TR RN 2 M, (BEUE EIFFEAE220.003 .
23 RGAEW

AW TR SRS I FTA ITS1 LA J25S rDNA ]
P4, FF 454 GenBank B 85 B A HoAth f55 DL 49 AH
N A, R AR #275 Neighbor-Joining (NJ) 14 £
e B W, U R PSR 9 SN ERE . H R
GenBank #4572 7 52 0% 3K 15 (1) f3 DURHY Fh I AH o6
HHE D, A TEAU SRAF I3 55 B AT 7 A e
ik 1A 2R, B 5, BETITSUR IR I R 5
AR 25 R B R (B 1), B ANIERE GG RPN
FlAk, Fs DU 100 AP B B2 A B 1 8, BAE
FELE90% LA b, Hod 14> 5 R BE A4 Patinopecten
Crassadoma~ ChlamysVA & Mimachlamys VYA~ L
J&, IR F B 5 2N 5 3, Fe A AT ST AR 5
Ji VLIS A 2 L 5 e DL A2 A SR L DL R g s
J L6 A5 Y 2y i 5RO — 3, W 524
MREZ G B SMHFL VR, HChlamys i) —
ANFENES Mimachlamys F 2NN T 75— 75—
N A5 Argopectens Pectenlh N Aequipec-
ten =i VUG, HoA A 58 B A5 17 Jo DL 24 5
S8R IR AN, S L Em WK, &5

=6 MFhENSS rIDNAFSHRET S S

Tab. 6 Genetic variation analysis based on the sequences of 5S rDNA in four scallops

4 LRTRILE EHEMAM  RERZEEES BRI RERS PR R
Species Haplotype ~ No. of pqumorphlc Haplotype diversity ~ Nucleotide diversity AV;rage nucletide
number () sites (Hy) () differences (k)
1575 b U Argopecten irradians 5 12 0.842 0.01040 5.116
MifL i W Chlamys farreri 5 14 0.716 0.01058 5.726
& i Ul Crassadoma gigantea 2 0.533 0.00108 0.533
R 5 k51 UL Patinopecten yessoensis 3 4 0.667 0.00370 1.733
F7 MHENHNMEREEBRTA%E T RITS; X/ 758 rDNA)
Tab. 7 Genetic distance among four scallops(below diagonal is for /7S51; above diagonal is for 5SS rDNA)
Tif ey, HifL R I IR 3 I T 3 L
Species Crassadoma gigantea Chlamys farreri Patinopecten yessoensis _Argopecten irradians
7 5 W Crassadoma gigantea HoEE 0.096 0.043 0.413
ML UL Chlamys farreri 0.062 bl 0.110 0.457
WR 955 D Patinopecten yessoensis 0.040 0.054 Hkok 0.410
185 k5 DL Argopecten irradians 0.121 0.131 0.124 Hokok
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X1
X2
X3| Patinopecten yessoensis
X4
X5

Y1
66 W'Y 2‘ Crassadoma gigantea

100]

95

99 Z6 Chlamys farreri Pectinidae
2

Mimachlamys nobilis
23 E Chlamys distorta
99 Mimachlamys varia
Pecten maximus

Aequipecten opercularis

92| Argopecten purpuratus
100 H1 . .
A
9912 rgopecten irradias

| Crassostrea angulata

94

Outgroup

100! Crassostrea gigas

0.05
1 B SREEND ML TITS1T B 3 IR R et vt
Fig. 1 The Neighbor-joining (NJ) phylogenetic tree in Pectinidae constructed with the /7'S1 sequences

87/ X2
99| x3
49 X1

Patinopecten yessoensis

! ‘ Crassadoma gigantea

96| 100Ly2
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100 22 .
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66|23
30175
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90 Mi

imachlamys varia

Pectinidae

Pecten maximus

Aequipecten opercularis

81

98|H1
100 H3
100| f H2
79[ H4
57-H5
— Crassostrea angulata

Argopecten irradias

Out
1001 Crassostrea gigas utgroup

—
0.02

2 BAHARHEE(ND M2 T-5S rDNAJTF B ¥ B R R b
Fig.2 The Neighbor-joining (NJ) phylogenetic tree in Pectinidae constructed with the 5S rDNA sequences
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ZREVERR S, [N B R TR A R R R S
KRB AT SEIL I, K45 T 4R I
#54>18S rDNA A MITS1 4 FE 4 . 1655, T fEH)
18S rDNA 7 51| Clustal X Ebxt 34 & B, 45 5 U1
HEGERJEM, HA+TH =14 848.37%, (& T
GHC & &, CYFh a2 5, S s 5 T /N E %!
XSS BT Fe 418 — 35, (R 2238413 i A
J918S rDNA LS & T Y = A To 3 gL
5 R ARG R B SRR A ARk R TUITS1
Jr H B AR ] RIR PR, A ARG Bidh DL 46
N/FRIAE N AL IR AR 5, HLAFAE B S i ] &
FZ3. AiRIE, ITS1F 5505 {70 bp(EH
W Acropora longicyathus)™, i 5K 11934760 bp
(PR BUF Procambarus clarkii)”", RIT£ %%
WCRITSUR] A Rl sg A 200 Thric™ . i
Ak, AH 5T A3 45 B ULITS 1 51 ot 28 i 2 A
—EES, HA+TE E1E54.48%—58.1%, ¥& T
G+C & &, Za%h 5 InsuaZe 78 HoAth 5 UL IR 55
453, Freire% ' i, fEXGERD YT,
ITSUF HI AT & B — R AE34%—55%, AER 5
AH I FTE 2R B WS R AT & = il B2 %00
PR 1 e, L& o v
3.2 U#hEEDISS rDNAFFIHSE

5S rDNARK % 11502 H BA @ s, LK
TEAZ H PR 2 AS [R) % DUTE) & T A0 T S5 5 o, g
FISHE 7 o] KA AR Gt AR S5 ) . F 1k %
JE BAERRIC T K S RALE A Ros e, H AT
FEh O VR 2 M R U E, Wilnsua PRI 5S
rDNAXS KK -+ 35 B2 50 B UL (Pecten maximus Al
Mimachlamys varia) 34T T 124 J Ge oA g ALt 7%,
HuangZ5"”™ " FIJ15S rDNAZM BIKT A5 LG L. HF 3
5 UL UL R 7S B DU REAT T Y A S L S5 A SR HT
FLo UEAN, 5S rDNA NTSH T HA m AR F HHF A,
CAE NPT SR 7 FFRic 9 )2 N A T 3 ) 1 gt
fEit b K R4k B AR AL, JCHAEM ) 7 THA K
IR AT, 3818 T 4%
55 DUISS tDNAA T 41, Hodmts X 7513524120 bp,
7 51148 Clustal X E X 2 B0 EL A vy B 4 ] [ 9 14,
A 5 José Lopez-Pifions " $45 f) 4 %0 KM 3 1158
rDNAZw Y X 7 514 B A = B R E . SR T4 B
DINTS 1) i) F 1] [R) YR B, R BAA e, Ei
e AAEN /R 7, HAAEH BRI RKEZE,
%45 5 5José Lopez-Piion s f Hofh 3 ULk %
MRER -8 WHERARERER, 4F 5 I
NTSF A A+TE & (57.5%—63%) W & & T
GHC& &, % 5 oAb B T 25 1 — 2™, (8 55

AR 25 5tk 1 SR AT TS 45 SR AR I, 7ERT FL K
L AEAE LT R (G+C>60%) " ™, X T-i% 81 %
MIRRERE, 224 MARA FH AT VEAIRIE, HEH T
I3 AT fE 7 AN [ 42 o 308 o X B 45 K B 33 7 3 B )
ML 3 B 22 57
3.3 MFFEIITS1FI5S rDNAFSIHRET S5
r

H A0, %R 2 AT R (o) PO A5 2 2 R PR SR
B (H )38 5 2 VAL AR B A 2 RE 1 O P AN B B 4
bR, BT T PR 2R A DY, (e
P - B AN 1 A% Sl B A i — ol () LA AR,
Wb B PT A J  T) pA R B S i R i vy, (R
mfT RS AR /N, B 1 v 7 B[R] (R R,
T B FE AT B R A% 22 FEVERS LU H (B A RR
PP, w e, AT IR T ITS1F I 4 s R %
BH, AL Re DR 55 B UL AR H 8 = (F41°890.800), 7
J5 UL AR, 5 e LA ZE AN K, ELAR 5 5 DAY
ofE B SR THFLE DL, R, % T e g 2y
S50, EH AR FORAEIX (4R e DU, RS L
DU 3845 22 BRI 5% 51(0.00486), FL VR IR 3 5 I
(0.00252), 114 k5 D8 A% 2 FE K. T2k T
SSFFHIII 43 BT 45 SR BoR, A FLIR DU s A% 2 R i
(7=0.01058), H IR f5 VUE (7=0.01040), (HPHE
(138 A% 22 B KT IR0, 1 B DL st A% 2 R
IR AR B AR (7=0.00108) . I A, FhBEE1E 2 R
SEFPERG 0L RE, R RE MR AL . YRR
1 AN I B SR ECY g A AR 5T R ITS 1R )
F15S rDNA A 43 AT 45 R, I 2Rl 3L R 1 4
W a5 BAFAE— B E R, HEZ WA KX S
J UL R SR ULRNRYS FLR DL 480 2% B R A A ) adk A%
2R P (<0.0 1), 4 A 0 ol i J87 B 8 14 T 4
FrAEAT, XAl S SRR AR Y A SRR AE . &
T3 2 P DAL 1) 4 SR 2 S, — O T DR PR T R R s
B A B N K DA R R R i X PR BR 1], 73 — T U
P NGIE-JPS L pei R R i N = e aih =8 - 11 K Bei
R VLRI A 84 Z R, IX AT RE 2 T
S REAAF AN, A DB LA B3R AT AL
BH R, FO AL SAR T B — I st g 78
oAt B DT At R0E T RIS
34 MMENMIBREESRAZELE I

A 7T B IR 1 BT ITS 175 F15S tDNAFF
B, VAT AR R DUAH B2 TR R P . e, 2
FITSUF B 18 A% BE 25 o M 45 SRR W, 51 bR s
U5 5 5 DL T )38 4 P 8 AT (0.040), S5 2
FiFLES U1(0.062), 5 ¥ 53 UL 2 8] 3845 BE 55 fi
(0.121); T He A 3Ff Fsf DL 2 808 5 g DL 55 45 £ Fd DA
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Z A 3845 B B9 B30T (0.054), B34 45 B 5 224 AN
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GENETIC VARIATION AND RELATIONSHIP ANALYSIS OF SCALLOPS
BASED ON THE SEQUENCES OF ITS1 AND 5SS rDNA

LIAO De-Jie', CAO Shan-Mao', TONG Jin-Gou’, ZHOU Ying”’, YU Xiao-Mu’, LIU Yang' and WANG Xiao'

(1. Liaoning Shellfish Fine Breed Breeding Engineering Technology Research Center, Dalian Ocean University, Dalian 116023,
China; 2. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Aquatic Biology, Chinese Academy of
Sciences, Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Rock scallop Crassadoma gigantea was introduced to China in 2012, and was successfully bred in 2015. It is
in the stage of popularizing culture now. To understand the genetic relationships and the genetic variations among C.
gigantea, Argopecten irradians, Chlamys farreri, and Patinopecten yessoensis, the whole sequences of /TS1 and 5S
rDNA were sequenced after the amplification by PCR. The sequence characterization, genetic diversity, genetic dis-
tance, and phylogeny were determined by using a suite of biology softwares. Based on the sequences of /751, the num-
bers of haplotype and polymorphic sites, haplotype diversities, nucleotide diversities, and average nucleotide diffe-
rences were varied from 2 to 6, 1 to 12, 0.425 to 0.800, 0.00081 to 0.00486 and 0.366 to 2.44, respectively. In addition,
based on the sequences of 5S rDNA, their same genetic variation parameters varied from 2 to 5, 1 to 14, 0.533 to 0.841,
0.00108 to 0.1058 and 0.533 to 5.726, respectively. The result showed that all these four species had a low diversity
level (#<0.01). Based on the sequences of /751 and 5S rDNA, the genetic distance were varied from 0.040 to 0.124, and
0.043 to 0.457, respectively, which demonstrated that C. gigantea appeared to be closely-related to P. yessoensis.
Meanwhile, phylogeny trees of the genetic distances confirmed the genetic relatedness between C. gigantea and P. yes-
soensis. This work would provide basic information for future studies on germplasm resources management, as well as
on the genetics and breeding strategies of C. gigantea.
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