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t § mains® lugj® and § 1t d § € arch as 1i ./This A\ thylatizn  Crasspstrea gig
tudy Jocuf d go six T prductignt lat 2 gﬁ ang cym-
at d|tfi ir diff ¥ nt © hg i,1in § & € xaf syfyn apd DNA
thylati,n \aft 1m t“cc n iplyid and digl,id Wyst 15 in /' IntrodQgtio
1 Ny 1‘ myf m,§ cular im grmatfyn. Y g nad
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t &€ n dl'«f.lld and tri\lyid in v g A s: putfive ty 18571 L Sugy, th andg G1s wugh ¢ [all,cat
gI?R. G & ¢ x)\f ssigm .,l putgtive g  as & /a§ d in iyl T adal & € KA (N 4T th \qnd
vids | hif 141 COER triplyid/ st sh.,“c, high 1€ x)f s- sistan€ (Alf n and g I Qaruff- O
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oyt 15, § € aling nurfi rgus diff F at € x\f € d E &,
Jhich 1y i d iundz;uﬁ atal ini.,lpmati.,n in mgf cular
m chanismp. Hy S € 1ourth 1 study 1 ycusing ya candidaf
Efisal g gf at rimpgrtan | hich & € 3 s gu fyrt.

Af v ¢ Mductignt 1aE d gﬁ s hg® S nclyf d in
C. gigas _ hich mak s study ,u candidaf kgﬁ 5§ asi §.
G s ig ¢ d in gynadal & 1\nf nt “C, ¢ first ch,-
€ nascandidst § & 5. B sid s, § & 5 cyntri uting ty, § x
€ @ tminatign € ¢ alsy cyusid ¢ d & cauf Bs illy® t al.
(2014) imﬂica? dths & 5§ 5 ,nbsi ¢ Vo1 th impaif d

% . .
gari t,& & sis. Finally, six cly& d § & s (Cg-DM1, Cg-
Foxl2, Cg-SoxE, Cg-B-catenin, putative Vg and cgER)
f 1at dty§ x & ¥ 1minatiyn and gynadal & 1\ at Vc’ t
chyf n as candidd® § £ 5 t, ig® stigst F m,f cular
it chanism und 1 s 1 in C. gigas.

Itis © 1l kg, n that tf ecurf o€ i sF 1ff in trip]yid
ig o5 E 8 ©X\F ssign chanf s, th n it rings angtfi 1
of stiyn, hyy & B i Eatly® F F§ 65§ g
lat d? ExE \f141th T gulatyry € off u€ s, § &€ x)\¥ ssigm
is alsy contry/f & y© \if £ tic mydificatiya such as DNA
ifi thylatign, RNA igf if § o€ and s, (2 (CR 2 2007;
gtl;}mg ist® t al. 2010). An incf asing numg 1y studl s
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Table 1 Prirfi 1§ of o€ s uf digs§ altirfi quantitai® PCR

G A Prinf 1 g qf u€ (5'-3)

EF o EF ACCACCCTGGTGAGATCAAG
4 EF ACGACGATCGCATTTCTCIT
Cg-DM1 DM CCATGGAGTGGTGTCCGC
DMA$B GTTGCCTITCTGCTATCAGGG
Cg-FoxI2 aFyx1292 AATATCAGGGATGGGCACAA
sFyx12A81 GTCCTTGGGTGCAGGAACTA
Cg-SoxE $,xEqPCRYL  GCCATTCAAGGAGAAAACGA
,xEqPCRAS1  FGTAAGAGCTGGYCCAGGATG
Cg-B-catenin

analy® § & © x)\J ssiym (I ak and $chmitt§ u 2001). *h
f laj® mRNA§ €15 ©F nymalf® d t,, EF transcripts
using th l.,ll.,wingf.ﬂmula, N =100 * 2(CFF CCeE &)

Bisulfite modification and sequencing analysis

G ngmic DNA _as® xtract d itym 6 samfi ftiss§ s 141
RNA isglatign using modiff d A8 9yl chlyiy ytm Moty
cyl (Li€ t al. 2006). DNA c4uf atratign  as quantiff d 4o
NanyDr,j, (¥R 1m,, Fish 1 ¢ atific) and tA in® grity _ as
cf ck y agar,§ § 15§ ctryph,f sis. ¥, hundf d nan,-
gram é)n.,mic DNA  as isulft -mydiff & y tA M th-
ylamy__ DNA M dificatiga Kit (EPIGENTER), accy1ding
ty th ﬂ.,t.,c,,l? cymrfi od &y manuiactu§ 1. All i six
candiddf § f s “C, § last WitB th § o, dataty, § tth
Tull § ngth and ups®® am nync ding § gign o & & 5. O\G
islands ¢ 1A six candida® § & s ©§ § arch din Autatj©
Momet 1§ gign (tA upstt am ngnc,ding ¥ gigas and th
i.,ll.,wing 100 af air in cyding ¢ gign, 2000~100 )
and all th © x us using (ulif M thPrin 1 & siga s.;twg?
(httya// oo urgyf 8 .grg/mt thygind 1/ind x1.html).
. v . .

Blslﬁg‘f PCR (BS-PCR) \yirf 15 & ¢ & sigh d _af d
W thisulfif -m,qiff  DNA t, amyliy C\G islands
(Ta & st All tA PCR jp,ducts “? § ¢ pardt d yu 1.5%
agar,§ § 1, \uriff d using tA anPf ) C,lum DNA G 1
Extractiga Kit ($ang,a, China) and tf o clyf d. F 0 ) si-
§¢ ¥ cym inant eyt s € ach samy§ ¢ § qf nf d
using Big D§ ' rminat,r Cyct ¢ off acing Kit (¢ 1. 3.1,
ANAS d Bigsyst ms) 4o an ABI PRISM 3730 (Apls d
Biysyst ms) autymatic § ¢ff o€ 1. A% 1 isulff f at-
i nt, unrf thyld d cytysii & aminad®  ty, uracil  hit
th  5-ifi thylcytysifi ¢ mains unchan§ d. Baf & (u this
ctit ria, th 1 thylatiga status cquld & & ¢ 1miff 4. Cyn-
sid ring tB Tact that cytysifi gut o ® et xt o a O\G
dinuct i is al_ays unrf thyldf d, 1R € fic§ ncy ¢ 1R

isulfif  m,dificatiyn _as calculsf d y tH aum®1 4
cytysifi cyg® 1t d ty uracil & i d o % tytal aume 1 v
Cytysif .

Results
Histological analysis of triploid and diploid oysters

In C. gigas, th gynad is a diffuf grgan _ ith nurfi 1us
tu uf 5 ig agindt d in a cyufi cfj tiss@ , surryund & tR
dif stj€ syst m. Expansi,n o B gynadal tu Wt s in (R
g,nadal af ag arf s 1yadly during tf - cyclic &€ Iyt at
at th © xg of ) A stgraf tiss§ . Gynad cyaditign  as
arad d _y histyl,gical analysis accyrding ty, I§ 1th 1in® t al.
2001). ¢am§ s _ith t§ af 1 8 myaths S atstaf
I g.,na:al €€ Lyt ot (Fig. 1), Whi‘f th AR 1s With
10 mgaths & ¢ at staf III (Fig. 2). Diff ¥ u€ s in garft -
ty€ & sis cyuld & discyS T d 1 € n diplyid and tri]id
w1 ith tliﬁ.,idc xhi iting distur® d garf t,§ & sis.

AllE 34 triplyid sampd s‘; ct sh.«; d significant
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Fig.1 Mat and§ mat garfi t,§ & sis at sta§ Ilin diplyid and trin-
l,id C. gigas. F maf shy, ing & rminal liff a§ 114m 44gemia (Og) ty,

L?v ft 11,8 nic yecyt s (Oc) with,éut (@) ot 4 ith (b) IcK d (arrow-
head)f tract d (asterisk) auct i 141 dikl.,i‘i and triplyid oyst s,

f ductiyn in gynadal & © Iaf at,  hich \; ¢ §% mif d
ty & R-aa 1m acc,ading t,, Jouauwx® tal. (2010).

$taf I is assyciat d ith, @€ 11,8 & sis inf mat s and

» £ W . . .
N yaf R Wh,,‘f § rminal lifi ag in mat 5. At this
staf , § x § ¥ rminatign  as pgssi § 141 b.,th dipl,id and
trip]yid ¢yst 15. Dikl,,idé‘macf § (1*blg. 1a) \F € ot d yy2e
nia (Og) and \f,, i 11§ nic ey 5 (Oc) ith an® ysin,-

. S Y . .
zhilic nuct glus  hit R trip]yids Sh,,v‘? d § 1minal liff -
af it lycK d o1 § t1act d nuct i (Fig. 1,). Byth diplyid
(Fig. Ic) and tripl,id (Fig. 1d) maf s in stag IMyf € ot da
§ rminal € 11 1iff a§ including sk rmatyg,mia (9)8), sk 1-

) s ,

matycyt s (#)c) and sf rmatids (¥) Whi‘f s ¢ & rmi-
nal € 1lin tI’L]./id sh,,\; dacdard mastiatiya o 1ycking
€ € ats.
v

gtag I c 1t shgmds t, a1if g,mad cyntaining mainly
matuf eyt s 41 sk 1maty, ja. Diplyid ¥ mat 87 400 ¢
(Fig. 2a) a\f£ at d p\,lygemal in shaf , filling th g,madal
tu uf 5. In tri\lyid y arian (Fig. 2, ), matuf garfi & 5 af
al ays Af § ot ut ¢ ss nurfi ryus ith 1yckingS € ats in
t ouct iy §rminal € lls. Q arian in triplyid Gy§ s
A € of d a cymtiouum i § rminal € 11 1i§f af it gy
wwewiia and \f {1148 nic yyopft s y hich is €% mif d
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£ sk cf€ ly. Mat s€ xhi iting t _ hyf § rminal liff a§ including
sk rmatygemia (SpY), sk Imat!,cﬁ ¢ (Spc) and sf, rmatids (S)  ithgut
(©) ot ith (d) lycking” © ats 141 diplyid and trip]yid 4yst Is,\% sk c-
€ 1y. CT cym unctj® tissfi

as B2 aaft 1 accyrding ty, Jyuaux® t al. (2010). In mat
ot 18, a cp.,ntinuum o B rminal € 11 1iff af _ ith a lar§
ma 4tity o4 sk rmatids and sf rmat,, 4a “? AEAN |
in th diplyid and triplyid. In dipl,id matf s (Fkl)g. 2¢),
€ xpond & gonadal tu uf s jull i matu§ garfi € s “c, ¢
'/bg 1€ d,N,H ¢ as th “trip]id (Fig. 2d) zF § of & ¢ duf &
aum?® 1 4 matut sf rmaty ,a and th gynadal af a cqm-
taiff @ a lar§ 1 \art y cym unci® styraf tiss§ than diy-
1yid maf <.

Expression of six candidate genes in triploid
and diploid oysters

;ix § 6 sf lat dty§ x & ¢ iminatiyn and g,nadal & © 1-
J nt (Cg-DM1, Cg-Foxl2, Cg-SoxE, Cg--catenin,
putative Vg and cgER) ¢ ¢ ch,f n as candida® § & s.
Baf d yn £ ud 1 and gynadal & © IoAnf nt, all th sam-
A s af classiff & inty 1gur groups: y arian at sta§ 1I
(Q .2tI), y arian at staf III (Q .$IID), & stict at staf
11 (P .910) and € sticf at staf 111 (F 941D 7R ari-
atign :,f g8 € x\f ssigm at v g,,nad’al &, LAt at
staf s in triplyid and diplid 4yst 15 D sh.,v,n in Fig. 3.



Fig.2 Mat and § ma matuf staf s i garfl t,8 & sis in diplyid
and trijlid C. gigas. aDiplyidf maf s)§ € ut gynadal tu uf s (GT)
1l g matuf garfi ¥ 5, BT as triNlyids b€ xhi it lycking® € ats
(1,cF & uud i: asterisk; & ar cyt,lasmic a§ a: Arrow). ¢ Diplyid

Imallth § £ 5, jaly tyw § & s display sigaificant, aria-
tign €t S¢ n diplyid and triplyid 4ys® 1s: putative Vg at
y atian & € 1ypnf ot sta§ 11 and cgER at y arian & € I-
oAl nt sta§ I Fyr th diff § o€ x\f <f d § & 5, thE®
myf indj iduals af add d i€ ach graup ty quantil y
§ &€ x\F ssign and (R F sults i all six sam\§ s (includ-
ing th \f, igus thi® )af gi®nin¥at 3 Whichimtﬁ 1
comfirtlt d th accuracy. Fof xalof & % gulatyry i cha-
nism in § & € x\f ssign, th DNA i thylatiga status in
6 1, 8855 F analy® dinth i,,u,,wing.

E ciency of bisulfite modification

In i@ 1 t,5 alua® tf € fficT acy o 1B isulfit m,di-
ficatiyn s¥ \, th cytysifi cyg® 15iyn 1at qut o B
cott® xt i CAG dinuct id _ as® xamifi d. & of ncing
§ sults shy, C d that almgst aﬁ th cytysif  as cA mi-
cally cyg® 1% d t, uracil Withc ffict mcy ach 99%6
TR high cyg® 15i,a° ffict ncy indica® d th alidity 4

isulfi€ mdificati,n and nsuf & tF accuracy ¢ K 14l-
P,,Wingf sults.

mat s \§ € o gynadal w Wt s jull o man§ garf § s K § as iy
1yids€ xhi it § du€ dtu uf 5 (d). CT cym unci® tissf ; Og Oygymia;
Oc O4c¥t; Spg gﬁ 1mat, g nia; S ;ﬁ rmatid; Spz :ﬁ 1maty, 4a

DNA methylation analysis of di erently expressed genes

DNA 1t thylatiga analysis ,as cynduct d qo € 4 & & ¢
(putative Vg at o arian & © [\ ot staf 1T and CER at
arian & lyArf ot staf 1) _hich ©§ diff § atly
€ XY 5§ d in dip]yid and trip]yid 4yst s Six C\G islands
© ¢ ,und in putative Vg _ith & in Autati©  arym,f 1
? gign ( 213t, 97 ) anz i€ in® xyus € xyn 5,7, 8,9,
13). Tn CER, 4aly ° C\G islands © § i und in® x,as
(1w island in® xyn | and (& in® x4m 2, 6, 10¢ ach) and
n " E.,und in\utaj® p\rymyf 1§ giym.

Ta§ 2 shyC d th ppirfi 1 § of o€ s t, amplily C\G
islani)s. Sinf :ﬁ ER-C)\G?2 islands is tyy l4ng ty suck ss-
Tully ampliry and cl f | it & am)Jliff d using v ALim-

€15, sing isulfif mgdificatiyn and § qff ncing, ti DNA
ofi Yhylatiya' \a 1o i all tF C\G islands € § characf 1-
i€ d and th § sults “? § gi®ninTat 4. p./l putative Vg,
DNA 1fi thylatign g a1y "bg P din G six
C\G islands _ ith alm.,sp all th Cytysifi cyg® 1§ d ty ura-
cil. ¥R lack i ff thylatign _ as cynsist ot in dijlid and
triplyid oy<F 15 in sp® o B &iff § 0t § §€ x\§ ssign. Fyr
CGER, t,,y CAG islauds (ER-CG4 aud ER-CG5) Iy d in

1=
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Fig. 3 R al tifi R¥-PCR tramscripts quantificatiyn £ laj® t,f lyn- & stict at staf II, Te.St € stict at “fag 1L, QR § latj® quantity,
gatign 1actyr in 4 &, 1ufi ntal sta s g trinlyid and diplyid 4ys- aIbmaJy units.  alfl s af an+9$EM o triplica® s
€ 15. OVStIl y arian at sta§ 1L, OVSHIl y arian at staf III, Te.Stl v
Table 3 K al tifi R¥-PCR tamy§ ID Putative Vg caER
transcripts quantificatiyn b
¢ 1af‘}c tyS l,gatiyn 1actyt in i Di Tri Di
putative Vg and caER
1 0.0850 11.3446 0.0069 0.0014
2 0.0380 6.3813 0.0034 0.0016
3 0.0531 3.9370 0.0036 0.0024
4 0.0236 3.6503 0.0085 0.0011
5 0.0130 7.0858 0.0050 0.0017
6 0.0642 6.7123 0.0071 0.0009
z% g 0.0461+0.0225 6.5186+2.3470 0.0057+0.0017 0.0015+0.0004

N=100 * 2(C'EF CtCg-§ & )

€ xom 6 and 10\; ¢ highly i thylaf d, whi‘? th A1 th?cC
islands € ¢ hardly o thyla? d. TR o thylati,n p\aff 1 4
ER-CG \gas similar f, t\fc 0 diplyid and triplyid ¢ysE 1s
With an g 1af i thylatiyn § € 1¢, © 96.67% (Fig. 4).
'1m1131 Jith ER-CG4, th cytysii in C\G dinuct tid

> as almgst 1 thylat d in ER-CGS5 (Fig. 5). ¥A 1fi thyla-
tiyn ¥, 1in triplyids (96.90%) G5 2 lit} high 1 than that

@ Springer

in dip]ids (95.47%), ut th diff ¢ u€ _ asn,t significant.
IS s\ff R similarity 3 3 1ag i thylatiyn L r“cc 0
dipl,id and iyl id oyt 1s, 1B lcatign o DNA IR thyl-
atign _as quit diff § nt: th first® ight C\G lyci  as all
i thylat d in trip],id v hit in A diplyid, 5o 1.,ci c¢
unnt thylat d, and A gad,sit qtuatl.,nv as o § 1€ d in
th last o CAG lyci; at th 1,ci 2284, i thylatiya 18 in
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Table 4 DNA 1fi thylatiya § € 1 o putative Vg and CgER ia friylyid
and dipg]yid oyst 15

< << <<<

CAG islands ID T1i (%) Di (%)
2-CGl1 1.11 2.22
2-CG2 0.91 091
2-CG3 3.00 2.00
2-CG4 2.86 3.57
2-CG5 0.00 0.91
2-CGo6 1.81 2.73

ER-CG1 0.00 0.00

ER-CG2 3.08 3.85

ER-CG3 3.33 1.67

ER-CG4 96.67 96.67

ER-CG5 96.90 95.47

triplyid v sigaificantly high 1 than that in di)],id Which
is in cymsist o€ with § 8 € x\f ssigm g R‘C,c n dixlyids
and trip]4ids.

Discussion

Triplyid animals af § & rally cynsid T d ty & o1t
With th abE o€ o, § 1t garfi 5. In C. gigas, v tyf s

Triploid
1588 1599 1605 1618 1628 1639
—O—O0—— O~
@ — @& @ D O D
@ @ @ D D D
@@ — @ D D
@ — @ @ D D D—
]  @——@—@& @ @ D
@@ @ @ @ @

i

900000000 0000000000 0009000000

(96.67

(96.67

0000000000 0000000600 000
PPP0009000 2020000000 00

%

(96.67%)

Fig. 4 DNA i thylati,n \a s ;i ER-CG4 ¢ x,n 6) in thf¢ diy-
lyid and trip]yid (ys? 157 arian at staf TIL ¥R first line indica® s
th 1ycali atigas o studi d CAG s s F 1 d R § of u€ i caER
coding § giga. Numbers on the left § § 1 t,, the® &iff § nt ,ys§ 1s.

o garfi 18 nic paf 1m “C, ¢ & scri® d y Jguaux® t al.
(2010): e-paft 1, \1,ducing a undan? gark &g With almgst
th sarfi § cundity as di)],ids and fpaf 1n, hich is assy-
cidt & ith 1,cK & garfi 18 & sis and yaly £ mauf
garfi € 5 cyuld € o € 1€ d at § xual maturity. X o 1R
triplyid oyt 15, taifi d in this study \; 13N A BN
R-aaft 1o hich i§ a cymmga \f 0y ngn sin€ th £ 1-
€ nta§ 1 e-paft 1o is much 1, % 1 in nataf . Histyl, gi-
cal y § 1 atign in this study shyS d that garfi t,8 & sis
dama¥ _as m,§ € rigus inf méﬁ s than mat s  hich is
in acc.,lgans jith Jyuaux® t al. (2010). HyS € 1, in tR
cryssing® xK 1inft ot € £ €€ n trip],id and diplgid ¢ysE 15,
triplyid § mat ¢ Ll.ﬂukg myf Ale8 1y than trip],id mat s
(Guy, 2004). Cyusid ring th § ¢, 1i rally paradyx \fi -
g nym, “c, could inf 1 that y,0yF A1 du€ &y tripl,id
mat s might © m,§ § 1t than sf rmat,, a A1edu€ d
y triplyid maf s.

RUlE aing @) is f \f cursyr o Volk a8 in o hich
is'a sgur€ o nutS ats during arly &, Lyanf at J& m 1y-
vaic & € 1arf ot Putative Vg § & s Waly® xaf st d
in¥ mat .yt 15 and 0yt in mat 5. o th tripl,id oyst 15,
th € x)f ssign ¢ this § & & & la§ d. At sta§ 11, Puta-
tive Vg hardly® x\f st d in trip]4id Which is significantly
IS 1 than that in dinl,id mat s, A'F as, atstaf 10, (R

€ x\Y ssign inct af o 1apidly and T ach d tA sarfi © x)\f s-
sig®,€ 1 ith diklyids. TR & 1a§ & xf ssign + Putative

Diploid
1618

—
w
=3
o

1599 1605

._.
I
(N
2/ &
-
N
o
ey

000000
00000
9oy

}

(95.00%)

(96.67%)

0000000000 0090000600 000
9000000000 0000000600 400
1000000000 000007000 t00

(983377

Filled and open circles & oy i thylat d and unrfi thylat d sif s,
£ sk cf€ ly. Each line § \f § nts off € off o€ dclyfi . PR £ 1€ nt-
af indic:;ﬁ s th fi thylatiya § € 1 (under the line), calcula® d as th
numg 1y 1fi thyld dCdj i& dby tytal numg 14 Cinall C\G sit
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Vg might indu€ @ 1a§ d syntf sis o yylk p1,% in and t6 0
infld o€ garf t,§ & sis.

TRC sty 0§ € \fyt ER)isafi mC1 4, th nud ar
£ € Myt suf namily, yhich cyuld ini) t,© st1,6 n and
¢ guldt ¢ preductign thrgugh \rgmgting o1 ¢ Af ssing
tar§ t § f 5. Functign ¢ ER is ¢ arly® sta_ lisK & in,© 1-
& r1at (Pak@ I¢ t al. 1991). H, C,Vc 1, lit? * as kn.,wn in
igt 1t 1t € o cially in th mgllusk. In § ¥ § ars, an
inct asing aum® 1 o € 1F rat tyf 7 € x % 1yids has
€€ p discy,® T d, ut th cignaling path ays and 1uncti,a
DR 1yids b3S nyt € of lucidef 4 hich mak s (R
significan€ 1 ER in § \lyductiyn und 1 @ _af . $tudf s
in scall,), sugf % d that® € cts o th & 1.,13;9 in gcall.,k

o - Y e 3
may © achi © d thrqugh actj atiyn o ER in th \14€ 55 ¢
§ xudl maturatiyn ( gug and Cryll 2003, 2007). N € 1th -
% ¢5, t _ inding inci§ n€ and § gulatign in § & € x)\f s-
sign € S n€ gi1,f 0 and ER € § n,t1,und in Aplysia
californica (¥hyat,n® t al. 2003), Octopus vulgaris (K ay
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PE, iyus studf s in C. gigas '/bE 1€ & yth \ysit)€ and
£ gaj® ¥ gulatiyn (Olsyn and R.,E N 2014; Rj G ¥
€t al. 2013). In qur study, th d&iff ¢ oty © x\f sf 4
§ i (putative Vg) € t € o dipl,id and tripl,id hg® an
antyximet DNA 8 thylatiyn §,€ 1 hich indica  thar
DNA nf thylatiya might oyt § gula® © x)\f ssigm in st
§ & 5. In CgER, hy S ¢ 1, & spft R similar tytal nf th-
ylatign ¥ € 1, nft th}//\?ati.,n \aft 1n in indj idual 1ycus hg®
a cymsist nt tf nd _ith § & © x\f ssign. This situatign
¢ minds us ty caf a gut oyt .,ngy tytal it thylatiyn § € 1
U alsy th indj iduzkfl lycus imrutuf studs s.
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