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A biallelic microsatellite DNA analysis for natural hybrid Crassostrea oysters

Takeshi Iwasaki', Tomomi Tanaka', Yusuke Iidzuka', Yasuhiro Hishida®, Sheng-Tai Hsiao’,

and Futoshi Aranishi'

Abstract: Pacific oyster Crassostrea gigas and Portuguese oyster C. angulata are morpho-
logically related species that are sympatrically distributed at nearshore blackish areas in
the subtropical zone of East Asia. Although these two species have thus far been known as
inter-fertilizable under controlled conditions, molecular-based studies on mitochondrial DNA
analysis verified obvious genetic differences between them. Huvet et al. (2004) reported a
novel microsatellite DNA marker enabling to discriminate allelic sequence variants for C.
gigas and C. angulata. In this study, we developed a rapid, reliable, and secure PCR-RFLP
analysis of the biallelic microsatellite marker to diagnose hybrid oysters between C. gigas and
C. angulata in wild stocks. An array of wild oyster specimens of C. gigas haplotypes and C.
angulata haplotypes collected from Japan, Taiwan, and Korea were subjected to PCR ampli-
fication of the microsatellite marker and subsequent RFLP assay using FastDigest® Bsp14071
restriction enzyme, followed by microchip electrophoretic diagnosis of both PCR and RFLP
products. It took about 2 hours for the whole process of our analysis, and the frequencies of
biallelic variants observed in C. gigas and C. angulata haplotype stocks were at the equivalent
level of those of the previous report. In addition, a high frequency of the allelic variants for C.
angulata in C. gigas haplotype stock in Tokyo Bay suggests the occurrence of natural hybrid
oysters between C. gigas and C. angulata.

Key words: Crassostrea gigas, Crassostrea angulata, natural hybrid, microsatellite locus,
microchip electrophoresis
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< ¥ )& Crassostrea @ 71 F 313 Fl i K O 4 1
M i ARERIREIMECTH Y, FFITRT YT
D B Tld~ #F C gigas & RV N HIVHF C
angulata @ 2 FEASEEFE & X LT\ 5 (FAO, 2003).
H AR 2 5 & 9 5 il fE o C. gigas 1X, 100 4F

A=A NT)T, TN FEFTBEEINTEY,
B%E (TSR T A EE S LT B (Chew, 1990;
Matthiessen, 2000). —J7, MWD C. angulata |3,
BEOMEIHOB 2 b Afide, CIRELTERE L
BTS2 O AU S B CRICEESI N TS
D (F, 2009), F/oM I -1 w8 TH 19 ALK,
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1970 SR ANTE & CTHE ST 72 (Comps, 1988). =
D & HIZC angulata | ZIZHEE L IS — 10 v STERAT
BN AE T B L= — 7 R S - 7208, BIETIX
BEDPAEORFECTH 5 LIEH I LT (Boudry
et al., 1998; O’Foighil et al., 1998). 7B, I —1 /3
T, 16 AEHDE ML LT I TRV b
MANOBIHIMEZ OGN TNEE) TH D,

C. gigas 1% 1793 4|2 Thunberg |2 X V) H A DTE %
e LT, $7/-C angulata 13 1819 4£12 Lamark |2 X
DAV M FNVOLERIEL LT, EICHAmIRDENIC
LY pfEIC SN, Lo L, TOROIRESHE
(Ranson, 1948) X% Bt 924 (Gaffney and Allen, 1993),
7 A YA L4558 (Mathers et al., 1974; Mattiucei and
Villani, 1983) TIEXMAED Y/ = AP EZFR-E L T
7o =77, RIKBER CORERPMEN T EIE
D3 B 7 & (Parache, 1989; Soletchnick et al., 2002),
L OB HEMAERLZNFHIRESINLTYS
(Goulletquer et al., 1999; Haure et al., 2003). 72, it
SERBENIIZFERE LTV 50 T BT ClE, 3
N2> K1) 7 DNA (Boudry et al., 1998; O’Foighil et
al., 1998; fi{3%, 2008; =, 2008) B X V1% DNA
(Huvet et al., 2000) & & (2T CH &2 BIm 2
ROFERINTEBY, FETE Y/ = AFIIGE S
NTwab, HL, FEEBRERET CIAmMERN O F1 2
RO L & CIEE R AEFPEE SN TEY, fHE
AN T THDHZ ELFEFETHS (Huvet ef al.,
2001, 2002). X 512, 1970 FEAR LI O FEMR T 7 C.
gigas D NEHIFEAEIZ L 1) (Ruano, 1997), MWjffAHS[H
P50 A9 5 RV b THIVE LD Crassostrea A
HClx, W #ERTF~A 70774 b —h—
CG44 H D 53t T BARZSHEE R o MBS s S T
W5 (Huvet et al., 2004). ARWfFzeClx, WifdE A5 FE T
BN BT ¥ 7 BEIRIZ B \WT T 4 — )b Nl
I &) BRSO 2 IRER T 5720, CG44 D
MEPOEECTERBE RO T HET AL LD
2, ZOBHAMERE L7z

#

HAOHHE (BARE) & U (FEIREE, B
HB X OVHRE), BEOBEYEES X BREOR
FHE M S FREE | 72 Crassostrea fEMEDOHN, I b3 K
1) 7 DNA OFEFEE (b4, 2006), F h 7 0o—A
c b IcE R 7= v b [ #Efn T (8%, 2008)
F 7212 168 1) K — 4 RNA #{5T (EIF, 2008) %
L LizmTadEicL, C gigas LIRE ST

20 Mk B £ O C. angulata & [6)5%E S L7z 21 fifk %
M L7z &2 S PR % 78t L, DNA BHE it
$5FET-20C THEARFEL 72,

x B H &

DNA R

47/ 1 DNA L, SRS 7 7> & R 3% —SDS-
Proteinase K {212 HEV 3% | 72 (Aranishi and Okimoto,
2004, 2005; Aranishi, 2006; Aranishi and lidzuka, 2007) .
P 78¢5 #9 20 mg % 200 pl o fifi 11 (10 mM Tris-
HCI pH 7.5, 20 mM EDTA pH 8.0, 1% SDS, 4 M
urea, 25 ug Proteinase K) {Z8R& L, 55C 12T 60 45
MFHEINEL L 72, 25 ul @ 5 M NaCl 2L <45
WIRA L7212, 7/ — VAT (phenol : chloroform
isoamyl:alcohol = 25:24:1) B X U7 0 TR )V A VAR
(chloroform : isoamyl alcohol = 24 :1) |2 & D AFH L,
glEfed =8/ —)VIZ X ) L L7-. DNA L % =
5 7 — VT LTI CH e L 727, 10TO.1E ¥
2 (10 mM Tris-HC1 pH 7.5, 0.1 mM EDTA pH 8.0) |
FEE L7, %03, DNABROWEES L OHIE X
Eppendorf #1.#4 BioPhotometer (= X V) {5 L 7-.

PCR-RFLP f##f

CG44 Ji o PCR HiTiIE, MgCl, #&FEE % 3.0 mM (2
FR%< 7> Promega £1: % GoTaq Green Master Mix, 4%
0.5 uM D75 4 < —5 LU 10 ng @ DNA & T
L7z, 774 ~—OIEERYIX 5 GAAGAATGT
CATAGATTGATGG 3’ $ X 175’ CATGCCTGTTTACC
AGTATTC 3° T 54 (Magoulas et al., 1998). Techne
MBETC32H —< VI A2 5 —12% 5 PCR S
(X, 94C T2 M OMBZE, 94T T 10 B D
22V, 53C T 20 W D44/ 72C T 30 i oz
3SMEFEDEL, 2C T2 MoREMEIZLY
#T L7, RFLPf##TIZ, 1 ul @ PCR EEY), 0.17 ul
O Fermentas 1% FastDigest” Bsp14071 #|PREE 5 X
OV #i# FE <1 0 Fermentas £t % FastDigest” buffer %
L 10 Wl OFRSERIZE Y, 37C TS MRS L
7-. PCR EEW B L IFRFLP 1%, Invitrogen £t %4
SYBR Gold Nucleic Acid Gel Stain % & ¢» Eid S E T
1% DNA-1000 Reagent Kit » {E& L, ¥~ =2 7 LI
eV B BLERT A 8L MCE-202 ~ 1 7 0 F v TEK
UREDEE B MultiNA |2 X ) 7547 L 72
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TXPALEIE S CG44 FEIE, SIS 93bp D 5
A, CA SERCY 5 X 0854 bp O 3° F st oL
KHEETH Y, C. angulata RIR T 75T O 5 i
FHIF & CA FAEECH O IZ Bspl14071 | [REE S 0 205%
AL A & 21 bp OFF AR IET S (M 1), H
7T D C. ogigas B & U C. angulata 7> & PCR 34 1ig
SNZEEOFEEEIL, Z1Z711288.3 +12.5 bp
&£ 3108+ 19.8bp THhH o7z (F 1), LRI
X% CG44 JEDFIHEIL 256.5+ 163 bp & 2775+
158 bp L ENTHB Y (Huvet et al., 2004), <1
7 a5 v FELKIKE) MultiNA TIEFEBIZH 12 %
DREENFEE L Tz, B, MultiNA TliE, [FEE
e INE AV A/ NG S k- ¥ N &
TVE—=27 & LTIEL SN (K2), KW\,
PCR ) @ RFLP f##T ClE, Bspl4071 HIREEZ 12 X
D RYWHEE (= C. gigas BIxI & ET) B X OIHr
i1k (= C. angulata IR S7 #& fnT) 2545 5 7z (1K
3). FIZHI—T v 3DKTEMD C gigas BL O
C. angulata \Z BT % C. gigas TIx} 7 8 (n T 0 HEHHE
FEIX, N2 0.867~0.984 15 X 17 0.068~0.145 &
s XN TH Y (Huvet et al., 2004), AFFZE T Ol fE
(2B 5 HEHEEE 0 0.850 1 X 180.120 1ZEEH O 4
SRIE-FL T (B,

5 3
C. gigas 5’-flanking region | CA repeat

Bsp14071 site | CA repeat

| 3’-flanking region

C. angulata

| 5-flanking region | 3’-flanking region

1. Crassostrea gigas 3 X " C. angulata O 3§ 318
=T CG44 FE DR .

Fig. 1. Schematic taxon-specific structures of the biallelic
CG44 locus of Crassostrea gigas and C. angulata.

3¢ 1. Crassostrea gigas B £ O C. angulata & ¥ 1558
EHB L ORBEEEF OB EEDS X O s ET
CG44 DX T BIAT-H & SR

Table 1. Number of specimens and number and size of
the biallelic CG44 locus of Crassostrea gigas and C.
angulata together with the oyster stocks of Matsushima

Bay and Tokyo Bay
C. gigas' C. angulata® Matsushima Tokyo
Bay Bay
Number of specimens 20 21 10 10
Number of total alleles 20 25 11 10
Number of gigas alleles 17 3 11 6
Number of angulata alleles 3 22 0 4
gigas alleles/total alleles 0.850 0.120 1.000 0.600
Size of gigas alleles (bp) 2883+125 2837+ 7.8 276.1% 62

Size of angulata alleles (bp) 3108198 3138+176

! Specimens were collected from Nakaumi Lagoon, Japan, and Kyongsang Nando, Korea.
? Specimens were collected from Southern Kyushu, Japan, and Pingtung County, Taiwan.
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C. gigas & C. angulata O [H D F1 ZHEMREAER D TR
13, EEBRBEEET O & 7% 59 (Huvet e al., 2001, 2002)
FIREREE T D W ST\ 5 (Huvet et al., 2004) . C.
gigas DITIFIETH 5 T H A ¥ C. sikamea |X, 7>
Tl C gigas DT MIETH B L EZ LNT W08
(Imai and Sakai, 1961), ¥T4E D731 B (R HIFEAT 12
LD RIFETH 5 L FEIE ST\ A (Banks et al., 1993;
Aranishi and lidzuka, 2007; 3% - 5c/6, 2008). L7
L, ZOMEM O F1 AZHERIEE L AR 208
5 HFERBREE T CTIIBE S L5 (Banks er al., 1994;
H, 2002). FFo, RIRBREECIEMAERM O F1 285
KIZFER EN TRV, C sikamea OFE T A 3 85
FETIIHEDFEA T 5 L v ) @b & 5 (Hedgecock et
al., 1993, 1999). —7, FEEREREE T T C. sikamea &
A 3 ) ITHF C ariakensis D D F1 3SHEARR DIERE
B DOWITHRE SN TWb Xuetal., 2009). =D
& 912 Crassostrea B AT AFFE 2 B 1) 5 A= it g i
2 AR AV N =R A

Huvet et al. (2004) (X, C. gigas & C. angulata D[]
D Fl MR BRI 5 720 IO s o~
A r7a% 554 b~x—h—%MHEtL, WEEROZE
BDHKD CGAM JENFEHTH A LG L7z, L
AL, CG44 FED53HT 1%, PP ik L 72 PCR
WoEEZR)TZ7) VT I FOVERKIKIIZ X
0 PsE L 72, BsrGLHIREESR (Bsp14071 il [R % %
@ isoschizomer) THLFR L 72 RELP [ O Wiy %2 7
T — ZERAGKEN L D HERET B & v ) MO fE
BCchHy, FEREEELTTICBAEZEL TER
TIZZ L, 22 TRIFZETIX, FED OS5I
FEEED, LDARAEPORETRED 74—V Pk
FHZ O SIS T & 5 CG44 JED 53R 73 % B
L7z, BEHETIE, RUVT727)07 3 FPVER
URED & A D GHFEETH V) 2 hs 5 AT EE 253
L<Ew~ A r7uaFy 7EXAIKEZBRH L (Sinville
and Soper, 2007), FGIERE D EBE B L OV PCR EY) &
RFLP BEY O [R5 2 W HE L LT, KliER TED
flms b & BRI 2 £ L 2. /2, B E W
<A 7 aFy TEAKETIE, —FLEOBIEICL
) PCREW O IEME 2 SHRASE I S5 720 CG44 Ji
O CA FAEBSHEETE, — e~ A 7ut7I
A4 MEFT~NOT— 5 DAL ITRETH L. S HIZ,
Fermentas #1:# FastDigest” Bsp14071 fl] [R5 % 38 A
L, RFLP AT 2 IR 5 5 4B C & 7. 2
O ORI K1) 24 RFERE O 2500 TAEDSK) 2 s
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Fig. 2. Microchip electrophoretic diagnosis for PCR
products of the biallelic CG44 locus of Crassostrea gigas
homozygote (1), C. gigas heterozygote (2), C. angulata
homozygote (3), and C. angulata heterozygote (4).
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3. Crassostrea gigas O Bspl4071 I a7 (1) &4
Wit (2) B X C. angulata @ Bsp14071 YIWrHi (3)
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Fig. 3. Microchip electrophoretic diagnosis for PCR-
RFLP products of the biallelic CG44 locus of Crassostrea
gigas before (1) and after (2) digestion of Bsp14071 and
those of C. angulata before (3) and after (4) digestion of
Bsp14071.
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MTHRTL, KEOWMKEZ G LR TIUER S 2w
7 4 =)V RIS ol 2 0T i & 7 o 7.
WIBICEBRD 7 4 =)V FREHZ L W 5 HED
WA SERE L7z, =S BB O 20 C. gigas &
R L 72K, C gigas RIS E (5T o B 1%
1.000 THh -7z (F 1), L, RICHEBEEO C
angulata DXBBEBICBASNZE L TH, EFOH
AIEAE AR FEIZ 2 B 2 L EBRL TV D
bHIN . KIS, HEE ORI C. gigas % [ Fk
2T L7245 5, C. gigas B ST 38 (5T o B EE
13 0.600 &3 L <K<, & 512 C angulata FIxf 8
ZF- O FEEED 3138 = 176 bp THT V7D C.
angulata D988 L il L T w7z (3 1). Huveter
al. (2004) 1%, KL b HIVE RO Tavira |250 405 5
C. gigas & C. angulata DAL H BT C. gigas Tl
X ALEAE T O HBEEE DS 0.217 L A E I E R R
5 (C. angulata OFTEMZ BT A HBUHE X 0.068~
0.145), WifED HRAHAREO WM Z L2, 2
DOFLMEIHEZ 1L, BEE T MO H RS E D
HFAEDTRIEEND . 0B, MO RABHE 2 F 5T
BT, EMBERNNT AN ER Lz —ay
IRRT T H DK ADOBAERSLEERE SN
Tw5 (A, 2007).
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