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DNA

k&, T, T, L4548

TR KSR W E R, IR T 266003

¢ N T BRI e i = DL 2SI K 20 DNA H 3Ry, 1 28 ehn ic H 3R A BUE P 1 2 25 M (fluorescence-
labeled methylation sensitive amplified polymorphism, F-MSAP)F A, # T AR T4 TOd, 05d. 1d. 3d.
5d, 7d. 9d A 11 d)K4Wi(Crassostrea gigas)3:[F2H DNA W RALAIAE (L, 25 R, XTHRA(TEE4B 0 d)MFE
JUL55 88 20 2R ) AR R R Ab 7K 40 B 29.76%F11 29.82%; T#840FH 0.5d, 1d. 3d. 5d. 7d. 9d #l 11 d HK4H: W5
G R 41 P ALK 2 B = R R AR AR B, e, PAISE LD 2R B R B Ak K 435 36.59% . 38.86% .
43.02%. 39.30%. 51.13%. 46.79%%1 35.06%, H8ZH 2L EAAF IALKTE 5510 39.39% . 42.13%. 39.36%. 43.54%.
56.19%. 38.57%F1 28.99%; T#&Ab# 7 d A< 4w B L4k /K - B I & T HL AL AT 1 (P<0.05), 11 d B B 384k /K - FE A
WA BAIRIRZ . B Ak A SRR AT L B, PSS LS 6414 DNA HREAbAS 07 S AE 7R 22 5, W Ak Th o o7 s A
IR R (P<0.05), LI E45 M, K45 E 1t ds DNA H IR A T @ Ma, &4 T A RIFR R i 5
b5 K WAL 0, DNA WS40 54005 i B as iR 25 TR 56

s RAREE; TR ; DNA HEEL; JOEARC H B LHURY 1 2 251 (F-MSAP)
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R, W WK IR AT 2 B H i (9 5C B [N
o Y e Eeba o R % 2 A MA 1L
BB, ML R B, [R5 14 14
PR 285 FIE B a0 A 51 DNA AR 2 0
T A AT FT I EE 2 A R, [ At R UL A B
FEH ) iz . B — R, 1575 DNA
FP SN S A O G B0 77 A RE A 33 A Y B TR 3R
B, MIM7EAERFHE AR E . IR A A iR PLAE S
Jria R HEEEAE P, HAT, G DNA By
T BT ST AR R R A U, HE7E B HESHY)
s S AR A T RO, oSl W Uy T

IBFGTECD, A £ B AT T 2
ST

K 4t Wi (Crassostrea  gigas) FR K41 W5,
FZ AR PN AR X, SRR SR i
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KRS TEMAOXT KA WG 2 DNA H RAL 52 m 691

Wang 25UV Y S L AG I 7 1k, & B DNA H1 3%
Xt A it A o 28T, O&F DNA H 3E4bTE
KAt T 58 DL A 3t 450 F R E IR
frit— &

F-MSAP # K27 MSAP Hy3Lal |, Xfkd”
ST FAM 2ERRIE, 3 28015 5 kAl
DNA HIEMREM, AR5 R A F-MSAP K,
Xk A R B [8] F 528 36 A $E A% 4 15 B4 P41 57 UL RN i
HARFLHY CCGG i i H FEAL AR HEA TG,
B2 Wha X KAt 3L 4 DNA H {52
W), 5 7E R IR P38 T K 4 5 28 W 5t A% it % $ it
AHCEHE, BT BT LS

1

1.1
SELERARE AR AR T ILR T B0 2 iR K4
W5, PeIEH 100 MEREAAE, FEEWRE@~20 )%
T TEEME . TE#)E, /T 0d. 0.5d.
1d. 3d. 5d. 7d. 9dA#i11 dBEHLEEE 8 NFE
AN, BULHSENURISE S, ARFAE20 5.
1.2
1.2.1 FFH4H DNA B RAEm -
PEWCA 7E LA BE L] 2 R 24 DNA, 1 %30 I B i
HL VKA DNA A5 i, Jf B8 NanoDrop
2000 (Thermo)#& il DNA FYHeE Al i, £ 40k
1 F-MSAP

TE 4 Ay Sty T T 40 R R R SRR BE AL 100 ng/plL
1) TAEW A H
1.2.2 F-MSAP 4+tF  H 2U 1 EcoR 1 Fl Hpa
1/Msp 1 %3P 2H DNA(100 ng) #4740 &Y . 5
k5519t S % Xu U778 E R Bt
14 Hpa 1UMsp 1FREERZ L6 B 100 pmol/L, EcoR
I BAEERE LA B 10 pmol/L, 4% B4 AR i) B it
PLIRATE 94 7ZBTE 5 min, BB HIEFEM
REESS S, TR ROEEHSL (R 1) BEUI 9501 5
Pk, HIERZR N 20 uL, 16 BEREER, #
BEr= i RE 10 A5 A& TP 3 A

T SRR A 10 uL, Fleia SR 2 uL,
10x buffer 1uL, EcoR 1 # 514(5 pmol/L)0.5 pL,
Hpa 1/Msp 1Y 51%)(5 pmol/L) 0.5 pL, dNTP
0.8 pL (2.5 umol/L), rTag 41§ 0.05 uL (2.5 U/uL),
ddH,0 5.15 pnL.PCR W 5544 K: 72 781 2 min;
94 205,56 30s,72 2 min, 20 PMEH; 60
FEAH 30 min, WY 5 WFHN AR 1, T 3G 7> Yk
B 20 £ J5 A TIE R MEY 1Y

TEFHY G500 A O HLRCR R 8 X | ik
FTEFEVEY I (R 1), Hh EcoR 13&4 51 ¥)ikAT
FAM Zthric, SwEMY HIRR N 10 L, Hiy-
7=y 1.5 uL, 10xbuffer 1 pL, EcoR 1i%¥ 514
(5 umol/L) 0.5 pL, Hpa 1I/Msp 1 &Y 5|9
(5 pmol/L)0.5 pL, dNTP 0.8 pL (2.5 pmol/L), rTag

Tab.1 Primers and adapters used in F-MSAP analysis

EcoR 1 (5'-3")

Hpa I/Msp 1 (5'-3")

$3k adapters

EA2: AATTGGTACGCAGTCTAC

4" 514 preamplification primers
w519

selective amplification primers

E3: GACTGCGTACCAATTCACG
E4: GACTGCGTACCAATTCACT
E5: GACTGCGTACCAATTCAAG

EA1: CTCGTAGACTGCGTACC

E0: GACTGCGTACCAATTCA
El: GACTGCGTACCAATTCACA
E2: GACTGCGTACCAATTCATC H/M2: GATGAGTCTAGAACGGTCA

H/MA1: GACGATGAGTCTAGAA
H/MA2: CGTTCTAGACTCATC
H/M0: GATGAGTCTAGAACGGT
H/M1: GATGAGTCTAGAACGGTAG

H/M3: GATGAGTCTAGAACGGTAT
H/M4: GATGAGTCTAGAACGGTGC
H/M5: GATGAGTCTAGAACGGTGT
H/M6: GATGAGTCTAGAACGGTAC
H/M7: GATGAGTCTAGAACGGTAT
H/M8: GATGAGTCTAGAACGGTAA

B4 2.5 U, ddH,0 5.65 pL. PCR W 51N
94 7EPE2 min; 94 208,66 (BEMEHIEE 1 ),

30s,72 2 min, 10 MEH; 94 205,56 305,
72 2 min, 20 MEFF; 60 ZEfH 30 min,
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PCR 7=4) % B )5 81 ABI 3130 Genetic An-
alyzer #17 DNA WAL ZEMERD . [ Gene
Mapper V4.0 HAXTE(EHA THH 5T AT TR N
AIREIE R BAERIIEE . AR b nT S, e
AP ELEM A TR gedia o hTo
1.3

YA RE R AT AR <1, JEAAIE 07,
RRREARTE A AL <0, 170y 2 4EMEFE, KRG
PG b, <0, 17 4B MR8 R 4 . i
3BT B AR R B 7 AR SR A Excel K
g, IfE— % E-MSAP 348 E 4740 6 20 # .

2

2.1 DNA
ANFEGIHE LT S RAEEES, K
LB B TE 50 ~ 500 bp, 8 Xk 51 W 1E K4
W P 7 WU RN B8 2 2 ) 45 T SR AL P2 h 1 5 483
FAH AT (R 2).
2.2 DNA
HRYE Hpa 1A Msp 1 XUV B9 5L 20 DNA
P A S R TE], K DNA H 34653 3 Ff
i (E 1): Type 1 MHEH FE4bf7 5, 76 H(Hpa 11/
EcoR D)FI M(Msp 1/ EcoR DZH& Y] T 344 48
2

HI, FBH CCGG bR I 4k, Type 114
AR A, 7E H YIS AR M D) 4%
WIHAK, RWTE CCGG i HAT—%% DNA Hik
PR 34 Type 1T 4= H 34N 5, 76 H Y]
Jo R AR B AT M D) A, R
CCGG i . DNA XU %A 3k 284k . sesh
WAFTEA A V) G ¥ o0 B B, vl BB A7 A
i A EOR A 1F B A, N T K53
BT o T EERATN 25 B B) S A B A X L3
2, XTHRAL 0 d S NLAER P S A& DNA F 5Lk
K510 29.76%F1 29.82%, T#EALH 7 d )5,
H AR KA B N3] 51.13%F1 56.19%, 3%
T HA g B E] (P<0.05), T°#8 11 d 4% =
35.06%H1 28.99%, FHHfEZH41 DNA H LA
WA ZEXF BRLK - o PRl 2 20T 85 ek i) P 2f F
AU IR S IV SSUIE S oy (T e 3
(P<0.05).
2.3

T#Wia T DNA HIAut & A 2 A AR
fbanE 2 Fis, B IEAEARAR AT 2 Sk FEOJEAL AR R
A R R AR R & A O A AR, Ho
LA B 2 A el SCnT 4y Sk JBh 3 i I R 3k K

DNA

Tab. 2 The effect of air exposure treatment on the genomic DNA methylation state of Crassostrea gigas

DNA H 34k 7l adductor

i gill

DNA methylation patterns

0d 05d 1d 3d 5d 7d

9d 11d 0d 05d 1d 3d 5d 7d 9d 11d

I 118 104 107 98 122 108

11 29 30 34 31 46 53
111 21 30 34 43 33 60

Ak 2
total methylated bands
2 B ALK /%

hemi-methylated level

A ALK /%
fully methylated level

S EEAIK %
total methylated level

50 60 68 74 79 113

116 113 120 100 114 114 118 99 129 120
44 36 27 34 43 35 37 69 34 25
58 25 24 31 40 39 54 58 47 24

102 61 51 65 83 74 91 127 81 49

17.26 18.29 19.4318.02 22.89 23.98 20.18 20.69 15.79 20.61 21.83 18.62 17.70 30.53 16.19 14.79

12.50 18.29 19.4325.00 16.42 27.15 26.61 14.37 14.04 18.79 20.30 20.74 25.84 25.66 22.38 14.20

29.76 36.59 38.8643.02 39.30 51.13 46.79 35.06 29.82 39.39 42.13 39.36 43.54 56.19 38.57 28.99

e IR AR A= TIHIL 2 FIEARIK P (%) =TT/ ( T+ T+ 00, 4 VALK (%) = T/ ( 1+ T+ TI0); 8 3864k K (%) = (IT+ TI0) / (I+ T+ TO).
Note: total methylated bands = II+I1I; hemi-methylated level (%) = 11 / ( I+ I+ I1I); fully methylated level (%) = 111 / ( I+ 11+ I1I); total me-

thylation level (%) = (II+ 1) / ( I+ II+ I1I).
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150 #10 #1160 170 #7180 10 SRR MEJE AR T B S
. KT 3 M, K4HW DNA AL KSEAR
e ETE. TR A 4 FARZS, a: M 4L Bl 2E
ST AR R F AR AT o, b AR AR AR
IR i, o HEFT AR S O 4 AR
150 ¥ K11 160 170 ¥1 180 190 B, de B AL B A AR 4 F AR A, e

s H A7 5 S AR B AR e, £ R H

R LN

; SR S AR P IAR A A, g A HV AR A S
L HARPIEALA AT, he 4 R A A8 ol P AL
RARNE R o AL TR A, A% LR 4 A A5 AL

BT AW 4 F DNA LA e 3. HREARAR S S EOCTE P AR 2P B

H %/~ EcoR /Hpa 11 B§Y]; M 7R EcoR /Msp 1 f§Y); 1 &R AR AR A, 55 2 R A K ST 5 B 7 A R

A H AR 25A1, 11 Feom 2 AL 457, T 36oR & H b 45415 N
, ) e v A ANAJ RN ST SZISETR N, HA5E
Fig. 1 Four DNA methylation types in Crassostrea gigas B IE 483 AT A > 3 Bk [] . H5E

H means digested by EcoR 1/Hpa 1I; M means digested by Lﬁﬁﬁéﬂ é/[:{ DNA Eﬁ %’pﬁ 1_\‘2 "ﬁﬁﬁ’ft'rjﬁzﬁﬁifﬁﬁ 5
EcoR 1/Msp 1; I means non-methylated sites; Il means NN - ~
full-methylated sites; III means hemi-methylated sites. HRE A T 18 0L 8035 7 T R A T B 0L (P<

K2 DNA HUEEARHE AR R 2 5L IR
(a) XFERLFE S EcoR V/Hpa 11 Y], (b) X BBAIKES EcoR UMsp 1 WY, (¢) SZELHAET EcoR Hpa 11 BV, (d) S2ELHAER
EcoR UMsp 1 BV, sk B/NE 54 a-h 530 s R IR #&WhiE T DNA H LA R4 2 8 H AL (D). (2). 3). (4). (5).
(6)FARAIR AL FEFI S [ M 44+ (1) E-FACGHH/M+TCA(11 d), (2) E-ACA+H/M+TCA(1d), (3) E-ACA+H/M+TCA(5 d),
(4) E-AAG+H/M+TAC(S d), (5) E-ACA+H/M+TCA(1 d), (6) E-ACA+H/M+TCA(S d).
Fig. 2 Mutation patterns of genomic DNA methylation in different air exposure stages
(a) Digestion of control DNA with EcoR I + Hpa 11; (b) Digestion of control DNA with EcoR 1+Msp 1; (c) Digestion of DNA under
salt stress with EcoR I+Hpa II; (d) Digestion of DNA under salt stress with EcoR I+Msp 1; arrows and lowercases mean the peaks of
variation sites under air exposure; (1), (2), (3), (4), (5), (6) respectively means primer combinations under different treatments:
(1) E-ACG+H/M+TCA(11 d), (2) E-ACA+H/M+TCA (1 d), (3) E-ACA+H/M+TCA (5 d), (4) E-AAG+H/M+TAC(S d),
(5) E-ACA+H/M+TCA (1 d), (6) E-ACA+H/M+TCA (5 d).
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Tab.3 Mutation patterns of genomic DNA methylation in different air exposure stages
fifi )2 H S AR A AR
H A A S A enzyme diestion type number of variation site
thylati iati N . .
metiy’a tl}(j;evarla ron T control FEAS sample M5l adductor i gill
H M H M 05d 1d 3d 5d 7d 9d 11d 0.5d 1d 3d 5d 7d 9d 11d
a + + + — 12 10 7 14 11 17 8 10 13 9 10 11 6 6
AL TR b - -+ - 13 19 22 27 35 22 26 16 21 18 22 50 24 18
methylation site in-
creasod - - -+ 10 18 22 19 42 42 15 Il 15 22 29 35 28 I8
d + + — 12 7 12 10 14 11 5 13 15 9 12 20 13 5
. S
AL AL A L THIL A A 47 54 63 70 102 92 54 50 64 58 73 116 Tl 47
total methylation site increased
e + — + + 8 6 7 9 7 6 3 8 5 5 10 4 7 8
PRI T A £+ -~ — 13 16 15 10 13 13 19 10 10 12 12 13 15 17
methylation decline
site g - - - 7 7 12 12 17 15 14 14 9 7 6 14 13 13
h - + + 3 3 3 3 0 4 5 6 8 8 6 5 5 7
A T R
LA AL B 31 32 37 34 37 38 41 38 32 32 34 36 40 45
total methylation decline site
o BT R
AL AL AL A 78 86 100 104 139 130 95 88 96 90 107 152 111 92

total methylation variation site

0.05), H Ak S A8 067 5 7 7 d BF s SR KAE, P
ST U S E 0 139 F 152, /e %
11d, TREZ 95 192, AT AL F A R fr
eV DY A s A S Vs IR SR O
A AL SRR ETE 31~45, 1 H AL TH i AR S
SWAREAE 47~116, fESIIA AT, HEALREAR
ATt E A B FERE2ZRP>0.05), 7 d
i A 7 LR 8 %) R Ak T v A S B By ik
T 102 #1116, HEERITRE, 11 d B0 51 E
54 Fl 47, SEUR 2, J W AE T8 i 301 (] 5 25 HH
AR AN p A EE FR 3 A 388 T 7 57 28 £ B B 4
3

Vg UL S AR T 3 b i R A B8 D AN () e
(T 28 Whie . DI2SEBKE, RENS 7 # 25 B [a] P9 4
Frem a1, T RRE R RS kAT 7 4y
(I OFI AR, 23 i i) pH 2R 20 e M =
BAT, DR TR MK, SME. KAha
225, [T SRR R R R b, [ R DL
DL LEHE DUSE 8% o DU ERER, 1R
B ko kIRt i, BT aae e, s ramEt,

TCEMESIIA AR RIRE B ( H S6Ak, filn, PRAE
HLW8(Drosophila melanogaster, 11.95%~28.44%)!"" |

2 (Apostichopus japonicas, 28.0%~35.77%)"™ |

Fi$L B3 VL (Chlamys farreri, 32.79%)F1HF 3 ki D
(Patinopecten yessoensis, 24.13%)"1 | 75 # Jo 1k I
(Anodonta woodiana, 35.5%~56%)*" | K 4 W5
(Crassostrea gigas, 31.77%~37.92%)"%1 . 3k 3 g
(Ciona intestinalis, 27%)?", H W 34K EAELEAR
THEMESh Y, BN, i 5(Cynoglossus semi-
laevis, 86%)*2 | W(Gallus gallus, 40%)" | % (Sus
scrofa, 47.97%~56.98%)1*1 . AHFFE 434 % FR4H K
s A 7 L4k R 4 DNA HUE(R K- 29.76%,
HRZH SN IO 29.82%, X —&b 5 )
XA WA R ZHZ DNA - AL 53 A7 285 R A )
AR 31.77%), {H 52 L ALK (36.41%)
P, AIRE th TAER DR A T X Y SIS A
) Bl 850, Bl S B TR) B0, < A 5 FY AL 7K P A
0~7 d BHTHEIN, T 7 d Z )l FRE, X —2fk
HASA S T — BE AW PR A0 Y WL A I S 4
B, YA THRME T DNA Wb 2 TR
L 280 L T REA LA R LA, — R
RAIF, ToHHESh Y5 R R N R 8 2 S UK,
BRI BB AR 2 B AL g 7 AR
2200 =R W an ) SR RERE, AN [R] AY R [E] A0 2
2% B Wt 3 25 0 AR KSE 2R A . T ER R Y,
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A7 P e LT 0 19 o 2 2 1)~ T A A 4 R ik
KA 34 5 AR F AR K S A — 2, (1
WAL AR A BT BB s g A4 Y Sk 7K 7 1 AR
fbo Mgeit =X boki, Wik 5 bR
¥R T DNA WAL, (B2 TE&EMa T2 ik
5 WAL R O e 22 5, HARIAE & H
Fe AR A 2 i e it AR Ak i AR Ak o

A g5 2 3 [B) Y AR T R DL, K AR
SRt & B TR0, HIEREIE N E AR
FE IR RRMREEHME R AR i g
YE R R A% e 4 B 1] B8 /K AR A7 U T B ME s,
YA SEF BT AL, SRR RS =
FLHEIR AN R, R R e N H R RS
wE Pl KA T & a 2R, AMAK RN KE
I, SR A FH AR T Sl [ B Az 2 9
WG B 05 308 o TG SR PR B T BB T e S I B AL g
i, M — B A il 2% 38 KT b TR — R R
AN, MEHUAR B B A B RE P e
ToHMESh YA TG PR 2 A8, A iyl R AR A
BERKRE . SRR 5t 5 BAExT
FROE A L, 0035 A% A8 5 5T B S I AILAA X B35
STER O DRV € S I i b e VS o s g SR
FAP2231 Roberts 25P44R 1 DNA FI 3Lk il ok 7]
BN sEALS, AR T A RB TN, AL
1435 I M i . Rajasethupathy 25357 % 301
(Aplysia)J5 8hF CpG & H HEALREBE I CREB2
(R 5% Riviere 252 IIAS B 475 hox BLPH 1Y
gt R B S5 — A0 B 1Y SR AR KO 5 R 3R
IRTAOE . BT ER A TR, K W5 0 IR AE A2
A, PR S KE BT, ST A6E T
Wz FHM S, VLRSS T35 8 T, BefE 5| iRk
i, ATP & WiAH OCHE R 3Rk A2 B0, TE A&
A %t 0 i B3 B W R 3 S P PO 25 1 i
RHEWT, KATWGRE A OGN R IL S DNA H
IR R A AR S o i H SR 7K T i 0 B0 42 . g
% Jsz Wit PA] 5 L5 608 2 2 A G 1Y) 5 PR 3R AR 17 40 1 B0
Tk, HA L B AT AR . 26 e, K
W 1 R M B 1) R R AR AR S L g T 2 Y AL
AR SE LB, AE P ST LR B 4 20 A 22 {1 14 52 B S
JnJE T R R, BB A T ER WIE, ST LA
5 28 20 H B AR K T o e AR S AR Y 3 T b
fiio T#8 7 d W, K4tms B KPR 3 &, (H
JETH8 9d. 11 d B H EARKOF AR B 2 00 Rk

-, DNA %A T RHBE LA, HATR TI0H
HEShY) DNA £ ALY OT TSR X 8D, BFFEEL
A E BT FLSh IR iG k E R T R AR
A FPAE A R DR 2 LY RS = gl 26 R
RPN TR R AE YR IN DNA F AR 3k
AbF Eh A, — BB T BEE 2 30 DNA
AL B, AR IE R A R AT,
KAWL D] 5, WA g BT,

AT T AE T #R 1 00 T K45 DNA H
FACBI AR 2 PRI B AT AR A7 6 A K
P A A T T A A BRI AR5 1 5 4 i A ok
AR, R R 5 HE R Sk s R Rk, i 5k
KAWEHLT#RRE 1o eAh, TEAS [A) 1 & i [a] < 4
WitH G4 Z DNA & A AN [ 14 AL 5 25 WY 3
PEBRGR, IX 5737 o A] -5 WP ML PR Wic 4 %
PR . 93— 7 I, A7 AEAL PR S REF— 2
0 AR 55 AR H AR K B Bt AT LSRR
AR TRO a2 B EL D VIN Y V- S RSN VN
P, R —E RS N R, (HEARPLE
WAL T A T EBANSE A b | RO AT L e
PR B A I SBAR AT BE— PR
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Effects of air exposure on genomic DNA methylation in the Pacific
oyster (Crassostrea gigas)

ZHANG Xin, LI Qi, YU Hong, KONG Lingfeng
Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China

Abstract: The Pacific oyster (Crassostrea gigas) inhabits the intertidal zone and shows tolerance to air exposure
conditions. Most marine invertebrates have been demonstrated to suffer large-scale mortality following sudden
changes in osmolality, causing huge economic losses to commercial aquaculture. To explore the effect of air ex-
posure on the genomic DNA methylation of marine shellfish, methylation polymorphisms in genomic DNA in the
Pacific oyster were analyzed using the fluorescence-labeled methylation sensitive amplified polymorphism
(F-MSAP) technique. The oysters were exposed to air individually for 0d, 0.5d,1d,3d,5d,7d,94d, and 11 d.
The incidence of DNA methylation in adductor and gill tissue was 29.76% and 29.82%, respectively, in the control
group (day 0). Compared with the control group, the level of total methylation in various groups under air expo-
sure increased initially, after which it decreased. The total level of methylation on days 0.5, 1, 3, 5, 7, 9, and 11
was 36.59%, 38.86%, 43.02%, 39.30%, 51.13%, 46.79%, and 35.06%, respectively, in adductor tissues and 39.3%,
42.13%, 39.36%, 43.54%, 56.19%, 38.57%, and 28.99%, respectively, in gill tissues. The methylation level on day
7 was higher than that following other air exposure durations (P<0.05); at the end of the experiment (11 d), the
methylation level nearly returned to that of the control. Moreover, data regarding genomic DNA methylation mu-
tation patterns at CCGG sites were not consistent with cytosine methylation patterns and patterns of variation be-
tween adductor and gill tissue; hypermethylation sites were more numerous than demethylation sites (P<0.05),
indicating that remarkable changes occurred in the hypermethylation sites of the Pacific oyster. The results of the
present study implied that the alteration of methylation patterns in C. gigas in response to air exposure might be
strongly linked to stress resistance. These studies are fundamental to direct further research regarding DNA me-
thylation in the aquatic shellfish epigenome, specific gene expression, and stress tolerance.

Key words: Crassostrea gigas; air exposure; DNA methylation; fluorescence-labeled methylation sensitive ampli-
fied polymorphism (F-MSAP)
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