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T ERAE XK 5 E F 22 DNA REL R IN

K&, FH, T4, L8

TR KSR AR A SR R, IR W 266003

FE: WU X = DI 4] DNA B 3L s, R FH 2GR0 3 iU 3% 2 285 M (fluorescence-
labeled methylation sensitive amplified polymorphism, F-MSAP)F A, W T AR TS5 TOd, 05d. 1d. 3d.
5d, 7d. 9dAl11 dyK4:145(Crassostrea gigas)3L K40 DNA H 3L b igasfh, 25R LM, XHRACTFE@ALTE 0 d)iH5E
JUL55 88 20 2R ) AR R R Ab K 40 B 29.76%F11 29.82%; T#840FH 0.5d, 1d. 3d. 5d. 7d. 9d #l 11 d HK4H:W5
S FE D2 W SR AR KT SR B RE  E RR AR R a g, Hoh, PR AR LA 2R SR H AR KOE 43 5k 36.59% . 38.86% .

43.02%. 39.30%. 51.13%. 46.79%7%1 35.06%, 22L& FLAK T4 5100 39.39% . 42.13%. 39.36%. 43.54%.
56.19%. 38.57%7128.99%; T EEALEE 7 d MK 415 B 3L 407K B B o LA AT (P<0.05), 11 d B A 3640 K7 3 A
WA BRNURIRAS o F AL A S R B, P SE LS B84 20 DNA H IR AR S S AR AE 22 5%, F AL T B (o 5 A
BB R (P<0.05), LI E4EREMH, KALW5E T DNA RS N A T 8@ MG, &4 T AR R 0 4
b5 H AL SR, DNA 340 54 415 g fisi PR 2 DA 5%

K KAW5; TERMNE; DNA FEAL; JOUhn I B R BURY 1 2 51 (F-MSAP)

FESES: S94 XHEktRERD: A

T 5% Wi — B R WK s A ) B A
£, MR K IR AT Mk 28 B A #5190 S A
o EYEN A b RIS 2 A Ak
JNE, WAL AR B AR, [ A1) 3R 035 1% 3
5O SN 28 AN N e FR ST DNA R 64k R0
WA IS A B A R Ay, TR B R R0 35t A5
FrhxS 1z sEO—FhEERL, f87E DNA
JEENAS 5 A e A8 ()15 0 T 77 A e g st AR i TR 3R
ik, MIMEERFSE A fa e . s B iR bLEE S
Jr i K EEEAE AR, HAT, & T DNA H &4k 7
T A 9E B AR AR BE 2 ik, H O e B HEShY)
i SEAEY) E U T HOR R, TR sy H
R, FEAE A B RN TR M)
TR

K 4 W7 (Crassostrea gigas) X i K 1 VE 4 15,
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KRS TEMAOXT KA WG 2 DNA H RAL 52 m 691

SRR S- R A S KA WG4 2 3Lk,
Bl DNA H Ak 4 5 40 & & A0 =21
Wang ZU3VF] I SAGRELAGI )7 , & 0 DNA HI
Xt A= it AR VR - SR, & F DNA H 3E4bTE
Kt 1 58 DL R RBE a8 444 N RAEME IS E
Rt — PR,

F-MSAP $i AR ZE7E MSAP (3ERl |, XFiky™
ST FAM 6hRig, 8 i 98 (5 5 ok
DNA HEEARIREM, ARBFFE R F-MSAP iR,
X} AN [ i 8 523 Ml A Ak B F8 R g A 7 JL A
HARIEHA CCGG o H I AL K HEA 7RG,
BT i X AT WG S 41 DNA L LY 52
We, 5 7E Ry PR B30 T 4K A G 2 W35t A% Bt 5 e 1t
FHOCEHE, T T HLH]

1 HRE5HE

1.1 7

SLERARER R AR TILZR T B0 2 85 K4t
W5, PeIEH 100 MEFEANAE, FEEERE ~20C)5%
WA TEEME . TE&E, 2% Fo0d, 0.5d.
1d, 3d. 5d, 7d. 9d 11 dFEHLPkLE 8 176
AN, BOHPASENUEEH L, fRAF7E-20C & H .
12 FHik
121 #[F4 DNA R RAEm-Afk!"
PEHCA 7 LA BE 2 21 K 2H DNA, 1 %388 BiHEE i
HLPK A DNA B 5 i e, - H A NanoDrop

2000 (Thermo)#&ill DNA FYHe E M4l B, 4520 Pk
TE 4 5 45 T T R v R S AR BRI 100 ng/pL
) TAER & H

1.22 F-MSAP 43+t H 2U 9 EcoR I #1 Hpa
1I/Msp I %J 35 H 2H DNA(100 ng) #4740 &Y . 5
Sk 551WTSETE Xu SV 058 F RS Rk,
1 Hpa I/Msp T FLEE 4K Fi B 100 pmol/L, ECoR
1 BARERE L AR B 10 pmol/L, 4% U514 FH i) B ki
HELIRA)E 94°CZ8ME 5 min, 184 M Z %
BEESSS, TR ROEESL (R D)o BEUI™ 10 0l 5
Pk, HEARR N 20 uL, 16°CHERS R, &
e ik R 10 AR5 LA Py s

T ¥R RN 10 uL, TR ™) 2 uL,
10x buffer 1uL, EcoR T Fil# 514 (5 umol/L)0.5 pL,
Hpa I/Msp I #iy 5[#)(5 pmol/L) 0.5 uL, dNTP
0.8 pL (2.5 umol/L), rTaq 41§ 0.05 uL (2.5 U/uL),
ddH,0 5.15 uL,PCR J i 55444 : 72°C A2 1 2 min;
94°C 20's, 56°C 30s, 72°C 2 min, 20 PMEH; 60°C
YEAH 30 min. TP B PP I UL 1, WY1 =Y
B 20 5 HEATIEREMEY 3 .

Ve 8 20 T A 0T HRCR E i 8 X5 |9k
TEBEEY (R 1), Hrf EcoR 1 &4 5| ¥ikfT
FAM #Z&thric, SEEMHY KRR 10 pL, Wiy
P21 1.5 uL, 10xbuffer 1 pL, EcoR 13E4 514
(5 umol/L) 0.5 pL, Hpa II/Msp I &9 5|49
(5 umol/L)0.5 uL, dNTP 0.8 uL (2.5 pmol/L), rTaq

*1 F-MSAP S HFFRELSIIMEEFT!
Tab.1 Primersand adaptersused in F-M SAP analysis

EcoR I (5'-3")

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

3% adapters EAl: CTCGTAGACTGCGTACC H/MA1: GACGATGAGTCTAGAA
EA2: AATTGGTACGCAGTCTAC H/MA2: CGTTCTAGACTCATC

T 514 preamplification primers E0: GACTGCGTACCAATTCA H/M0: GATGAGTCTAGAACGGT

P E ) El: GACTGCGTACCAATTCACA H/M1: GATGAGTCTAGAACGGTAG

selective amplification primers E2: GACTGCGTACCAATTCATC H/M2: GATGAGTCTAGAACGGTCA
E3: GACTGCGTACCAATTCACG H/M3: GATGAGTCTAGAACGGTAT
E4: GACTGCGTACCAATTCACT H/M4: GATGAGTCTAGAACGGTGC
ES: GACTGCGTACCAATTCAAG H/M5: GATGAGTCTAGAACGGTGT

H/M6: GATGAGTCTAGAACGGTAC
H/M7: GATGAGTCTAGAACGGTAT
H/M8: GATGAGTCTAGAACGGTAA
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RB4W 2.5 U, ddH,0 5.65 pL. PCR S &51F 4
94°C7EME 2 min; 94°C 20's, 66°C (B MEHIEIE 1°C),
30s,72°C 2 min, 10 MEH; 94°C 205, 56°C 30,
72°C 2 min, 20 ME¥; 60°C ZEff 30 min,

PCR ¥ B J5 i /| ABI 3130 Genetic
Analyzer #£17 DNA W B AL Z MR .
Gene Mapper V4.0 B4 X5 WEARHEA T4 48 43 B 1
FH BRI R TE SO s o A e PR AR o3 B
AIEEPE, BEHCE &Mk ELE I A TR S
oA o
1.3 HiELEMS

SRR S R AR e, RACHIE N €07,
HRNEEATEFTA LS “0, 170 2 4e56 0%, SRk
TG AE L, <0, 17 4B MR IE R4 . Bhd
3P A A RV 1B 9 77 AR SR A Excel 3K
PESE I, Ik — 25 X F-MSAP 304 #4740 564347

2 EREHSW

21 TFTEETKEY DNA BEL S
ARGIA G RENY A RAEEER, K

LB B AE 50 ~ 500 bp, 8 Xk 51 W 1E K4

W5 P 5 LRI I 20 200 4 T BR AL BR A P 3490 5k 483

YR (R 2).

22 FTEETKEY DNA BREAEX S
F4E Hpa 11 A1 Msp 1 XU V) 5 14 55 [ 41 DNA

Pua A A IR, P DNA 346532 3 Fif
B (E 1): Type 1 8EH B4 A7 25, 7 H(Hpa 11/
EcoR I)Fl M(Msp I/ EcoR D)ZH &) T 44 4
I, KW CCGG AR B 34k, Type 114
LA S, FE H BV BB 1T M D) 5%
WIHAK, R CCGG 5 HA—7% DNA Hif
P 34k Type 1T 4= B 3407 45, 76 H Bi§)
Jo R ER R AT M) B AR, R
CCGG i &i DNA X5EY) &AW AR, 1EAh
WA A YR TR R L, W R
R B BOR L R B R4S, AT H 3K P4
Bro T EERASTS 25 B[] 54 A F SR AR AR X L 3R
2, XTHEZL 0 d PP SC WLAER R B DNA H 384k
KA 29.76% 1 29.82%, T-E24b 7 d )5,
H L ALK 4 38 2 51.13%F0 56.19%, B3
BT H A AL B[] (P<0.05), T-8% 11 d 4> 5IkE
35.06%F1 28.99%, HA 4141 DNA H R A
PREZ XL K PIFRZH 21 55 sl [a] P 2 3
AU SIAVY I=NE S S Sy T e
(P<0.05).
23 FARAALTEMHERENMERXLLE
T#MHa ™ DNA HIEEA & A 2B M A
fbanfE 2 fiss, B3R ARAE R 4 Sk F AL AR &
A R RN AR B AN R A R AR, v
A0 1 e A el A ST 43 Sk Jiik e T i HE Ak K

&2 TEMBXKHYE DNA BFEALKF

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

DNA H Akt M5l adductor

il 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
1 21 30 34 43 33 60

AR 25 4L

total methylated bands
2 HEALIK P /%
hemi-methylated level

A HIEAL K- 1%
fully methylated level

S AR /%
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

T AL AT Bl= T 2 F 3R fb K- (%) = 11/ (I+ 11+ 100, 4 H AR (%) = T/ ( 1+ 10+ 100); s 34K (%) = (T1+ TI0) / (1+ 11+ ID).
Note: total methylated bands = II+III; hemi-methylated level (%) = II / ( I+ II+ III); fully methylated level (%) = III / ( I+ II+ III); total me-

thylation level (%) = (IT+ ITT) / ( T+ T+ IIT).
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150 ¥ 1II ¥1I 160 170 ¥I1 180 190
H
PR AN
150 #¥1II ¥1I 160 170 ¥I1 180 190
M
Bl 1 K45 4 Fh DNA B 3R

H #7~ EcoR I/Hpa Il fi§]; M %7~ EcoR I/Msp I i ¥]; 1 &R
P SEAL A5, 11 7R 2 HUEAL 26, T R A AL 201
Fig. 1 Four DNA methylation types in Crassostrea gigas
H means digested by EcoR I/Hpa II; M means digested by
EcoR I/Msp I; I means non-methylated sites; II means
full-methylated sites; III means hemi-methylated sites.

Ka Kb Kc

10000 -

¥d

SRS R B K B TR aa s AR
KPTFRE 3 i, KAWE DNA HIEAL K-8
ECETE FE) MBI 4 FOIRE, a: i H Bb e 2e
SR A AR AL AL, b AR RN SR
S EARAL A, o AR R AL AR 4 YRR
A, de g A I S T S A T REAR AV A e
4 AR 72 D P A e S 0, SR
SR S AR P IAR A A, g A HV AR A S
HARPIEALA AT, he 4 R A A8 ol P AL
RARNE R o AL TR A, A% LR 4 A A5 AL
e 3. HREARAR S S EOCTE P AR 2P B
AR Bt 5 R ALK 2 B3 — B AR i
T SE 483 ARl b, SCEmEE A, P 5L
HEIHZ] DNA I EALAL AR 1 A7 78 22 5%,
F AR T e 07 S 3 T R R AR R A (P<
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K12 DNA HUEALKEAR A= 2 kAR 1L 1A 3
(a) XFERZIFER EcoR I/Hpall B, (b) fBRZHAES EcoR I/Msp I HiFH, (c) SCURZFE EcoR I/Hpa Il Hil, (d) SEIGZHAE R
EcoR IUMsp 1 FVI; ik K/NE 8} a-h 7350 3R AN Al 88 i T DNA BV AU AR 2 AL (1) (2)L (B) (4). (5).
(6)F AR HAS B 2H-E: (1) E-ACGHH/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 II; (b) Digestion of control DNA with ECOR I+Msp I; (c¢) Digestion of DNA under
salt stress with EcoR I+Hpa II; (d) Digestion of DNA under salt stress with ECOR I+Msp I; 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(5 d),
(5) E-ACA+H/M+TCA (1 d), (6) E-ACA+H/M+TCA (5 d).
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#3 AETFTEMEKHFERELE DNA BEHTR
Tab. 3 Mutation patterns of genomic DNA methylation in different air exposure stages
i U125 1 Sl B S R
B A S R Y enzyme diestion type number of variation site
thylati iati N
me ya;;rr:evana ion X control FEA sample 7Nl 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 BT A b - -~ 4+ — 13 19 22 27 35 22 26 16 21 18 22 50 24 18
methylation site in-
creased - - - + 10 18 22 19 42 42 15 11 15 22 29 35 28 18
d + + — 12 7 12 10 14 11 5 13 15 9 12 20 13 5
. o g
TEANLL LT BE 47 54 63 70 102 92 54 50 64 58 73 116 71 47
total methylation site increased
e + - + + 8 6 7 9 7 6 3 8 5 5 10 4 7 8
AT A 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
VR R R
EFEﬂ:{v“”‘fF"'{V“”‘_"“zﬁ, 31 32 37 34 37 38 41 38 32 32 34 36 40 45
total methylation decline site
A A
HIEAL AL AL B 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
SENURERA U S8 A 139 F 152, e =
11d, FFERE 95 192, HELTH 34 B F-AR 7 A0
eV N EE A s B A S s IR ISR O
S S S BRA AR 31~45, T H LAk T R S
SUWAREAE 47~116, FESIIA AT, HEALREAL
AT AL B A B 225 (P> 0.05), 7 d
i A e LA 8 %) R Ak T 3 A S Ry Blas
T 102 #1116, HEERITRE, 11 d BBk E
54 F1 47, SCYR 25 B AE T a3 (] 5 25
ARASE R F B A B A3 5 A8 AL T B &2
1Tig
Vg 7= DU 2RAE T 3 b 8 A R B2 Iy R [ R
(T 28 Whie o DLZSESKG, BB TE 5 25 i [A] 9 4
Frertar 71, T ARRE R RS k15 7 4%
MIRFIRAEF, 233 i ) pH 2k JS 8 8 M 2
BAT . DT EEn K, S, KNG
225, [l S R R R b, R D2
DL HEHE DUBE T 8% o BRI R, RN
B &K ART RS, PrTEEhefioe, e,
TCEHES I FAE AR RERE R 34k, B, SRR
it (Drosophila melanogaster, 11.95%~28.44%)!"7 |

3

il 2 (Apostichopus japonicas, 28.0%~35.77%)!"%)

Fi L B3 D1 (Chlamys farreri, 32.79%) 14T 35 kg Dl
(Patinopecten yessoensis, 24.13%)!"") . 35 ff TG 14 ik
(Anodonta woodiana, 35.5%~56%)>" . K- 4t i
(Crassostrea gigas, 31.77%~37.92%)" | 3§ 51 v 1
(Ciona intestinalis, 27%)?", H H 3EAb K EAELEAR
THEMES Y, Flan, ¥ 5 (Cynoglossus semi-
laevis, 86%)*2 . ¥ (Gallus gallus, 40%)™", #%(Sus
scrofa, 47.97%~56.98%) >, AW 5T 43 B 4f BB 2
W P 2 LA B 20 DNA B JEAKKOF- 2 29.76%,
HIZH AT ALK R 29.82%, X —4h 5L 2 a0
XA 420 DNA H AL 73 25 SR A )
AR 31.77%), {H 52 L ALK (36.41%)
MRAK, 7TREE th AR O X Y SIS R
) TS BT 28 A TR 398 o, < A g PR SR K S A
0~7 d ZEHHG N, 1 7 d ZJF M TR, X —A5fk
RASA BT — SE ALY R a0 A e O 5 A 5T &5
B, RWLE T BT DNA S L8 R
Bl 2423 HR R AT REA LA R LA, — AR R
GNTR], JOHHESh Y 5 R R B 25 R K,
FE IR AR R, O A g1
2250, = B 3E ] A R RE, AN TW] Y B[] Ak 2
23 W B A F AR K AR AL . T R b A P
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RS TR MO XA WERE N 4] DNA HEAL Y52 695

5 P 72 LR 059 o 2 2 ) 2 HH Rk AT 4 35
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 AR T B s s A F AR 1 AR 1k

R 05 2 5 3 R HE AR 0 R DL IS, K AR
G 2 R EE T, L RE 08 I8 N s A iR
B EhE . EHE SR AR
Ve g il A% 50 1K A 18] B 7 A A7 9 T 2 TG 3,
P SE 3B PSR SR CE s £
PR ASE, [FA RN D R R B E
TPl KA T @G 2 s, AME Rk
I, R LA FH R 1 T Sl [ B Az 2 .
LG BP0 e I SR PR TS B TR i S 1 B AL
b, M — S T i I 2R R UK T b AR R — P IR
A, LR RS R B A A P, e
ToAEMESh YA TG IR 2 A8, A iy R AR A
AERKRE . MR AT . S s BT
T AH b, FW st A% 748 S5 T R S I LA X B 45 Jifp
STER O DIV € S WA i B i e VS [ S R SR
P31, Roberts 250442 H DNAH 5E40 4 ik AT
WAL Z L2, AR TAEY R A S, B L
{A3E IV PV BE . Rajasethupathy 25 PSHF5Y % 301 f
(Aplysia)fFi 8l F CpG & H HEALREBE I CREB2
(% 53 Riviere 2502675 34 41175 hox SE K 1Y
it F Bt S5 — A 19 HH AR KO- 5 28 3%
IBTAH G, BT R A )RR, K A W5 A FH 22
BN, PLR S KB 8T R, B &R
Wz B IH], PUARTE 128 T B, gets 5] Ak
i, ATP & BUAH KL P 3Rk 32 203 Hl, TR &
A %t 0 R S3 E A  ERE  3 E JE P POL £x 1 e
IRHEWT, KAHWRRE I AH G RIE S DNA HIJE
IR R AR G o T H AR 7K 1 9 3 42 A g
% Jz Wit P 5 WL 608 2 200 A G B4 5k PR 3Rk 1 400 1 30
Tk, HA L H TR AR 26 e, K
G T 2 30 4 1A A AR S b v T 2 3L
AR S LU, AE PR 5 LA 2 2 v 25 (i 2 52 0t 1
JnJE T R R, BB A T EF WIE, ST LA

B 2 2 A RSP T g o 4 AR 1 O T
i T8 7dmF, AL LA KA B R, H
Je T8 9d. 11 d i H R /KFHEASTR B =46 K
-, DNA %A T RHBE LI RAL . HATR TI0H
HESIY) DNA £ WAL BETE R X8 D, BF5E4L
G FE W SR AR T FL S IR IS K B A T kAR
T R P AE L R DR 2 LY RS = gl 26 R
RPN TR R AR DNA H AR 3k
AT B A, — BRI g T iR 20 DNA
AR B, A IR R IE W AE R A,
RATWFZE PN )T, W2 % B s i AT,

BT T FE TR 1T 00 T KA DNA H
SACBIACAE AL . 22 P I IS 8] T B AT AR A7 16 1Y K
WA T I R A A B PRRE A 2 1 A A
AR, A AR O 2k DR 3k A Rk, T4 5
KAWL T8 EE S o #eAb, FEA R+ 85 I ]
WitA A2 DNA kA AN [ 14 AL 5 25 WY 3
PEBLG, 3k LU 507 15 A RE -5 0P UL I Wi 4 3%
PR . 53— 07 I, A7 AEAL PR S R — 2
14 HH 2540 55 AR H A K P B A2 e, U0 mT LA
S W5 1S X S BB I, BLIA R A T R AR R LA
P, MR —E R E N AR . ([ RARPLER
WA e TR N OpE | RO 25T
PR A I S5H AR AT HE— PR

S 3k

[1] Wang W S, Pan Y J, Zhao X Q, et al. Drought-induced
site-specific DNA methylation and its association with
drought tolerance in rice (Oryza sativa L.)[J]. J Exp Bot,
2011, 62(6): 1951-1960.

[2] Bird A. The essentials of DNA methylation[J]. Cell, 1992,
70(70): 5-8.

[3] Varrault A, Bilanges B, Mackay D J G, et al. Characteriza-
tion of the methylation-sensitive promoter of the imprinted
ZAC gene supports its role in transient neonatal diabetes
mellitus[J]. J Biol Chem, 2001, 276(22): 18653-18656.

[4] Weinstock G M, Robinson G E, Gibbs R A, et al. Insights
into social insects from the genome of the honeybee Apis
mellifera[J]. Nature, 2006, 443(7114): 931-949.

[5] Elango N, Hunt B G, Goodisman M A D, et al. DNA methy-
lation is widespread and associated with differential gene
expression in castes of the honeybee, Apis mellifera[J]. Proc
Natl Acad Sci USA, 2009, 106(27): 11206-11211.



696

Hh K R

F 24 8

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

Zhang Q L, Su L D, Qiang L Z. Expression of DNA methy-
lation and histone acetylation related genes in response to
bacterial infection in the silkworm, Bombyx mori[J].
Acta Entomol Sin, 2015, 58(9): 941-949.

Wang R C, Wang Z P, Zhang J Z. Science of Marine Shell-
fish Culture[M]. Qingdao: China Ocean University Press,
2008. [EAA, ERFE, sklrh. BKIURIRAM].
By: rP RS A, 2008.]

Yu R H, Wang Z P, Kong L F. A study on the survival rate
of pacific oysters in different exposure states at different de-
velopment stages[J]. Periodical of Ocean University of China,
2006, 36(4): 617-620. [THilfF, LHRME, LA, % AF
BB WIS W TE AN R T B R B s S0F5E ).
241, 2006, 36(4): 617-620.

Gavery M R, Roberts S B. DNA methylation patterns pro-
vide insight into epigenetic regulation in the Pacific oyster
(Crassostrea gigas)[J]. BMC Genomics, 2010, 11(2): 483.
Jiang Q, Yu H, Kong L F, et al. Analysis of DNA methyla-
tion in different tissues of the Pacific oyster (Crassostrea
gigas) with the fluorescence-labeled methylation-sensitive
amplified polymorphism (F-MSAP)[J]. Journal of Fishery
Sciences of China, 2014, 21(4): 676-683. [ZhE, T4I, fL
LR, S KPR AR 414 DNA HIE{LR) F-MSAP
3B, HEUKERIE, 2014, 21(4): 676-683.]

Jiang Q, Li Q, Yu H, et al. Inheritance and variation of ge-
nomic DNA methylation in diploid and triploid Pacific Oys-
ter (Crassostrea gigas)[J]. Mar Biotechnol, 2015, 18(1): 1-9.
Riviere G, Wu G C, Fellous A, et al. DNA methylation is
crucial for the early development in the oyster C. gigas[J].
Mar Biotechnol, 2013, 15(6): 739-753.

Wang X, Li Q, Lian J, et al. Genome-wide and single-base
of the
Crassostrea gigas, provide insight into the evolution of in-
vertebrate CpG methylation[J]. BMC Genomics, 2014, 15(1):
1-12.

Xu Q, Sun D, Zhang Y. F-MSAP: A practical system to
detect methylation in chicken genome[J]. Chin Sci Bull,
2005, 50(18): 2039-2044.

Li Q, Yu H, Yu R. Genetic variability assessed by microsa-

resolution DNA methylomes Pacific oyster

tellites in cultured populations of the Pacific oyster
(Crassostrea gigas) in China[J]. Aquaculture, 2006, 259(1):
95-102.

Xu M, Li X, Korban S S. AFLP-based detection of DNA
methylation[J]. Plant Mol Biol Rep, 2000, 18(4): 361-368.
Guo X X, Mao X, Zhang M, et al. Effect of zinc on DNA
methylation diversity at different developmental stages of
filial generation in Drosophila[J]. Biodiversity Science, 2012,

20(6): 710-715. [EBRIK, B, K. FXIAR LB

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

TFAURMEFEE 2 DNA FEALRZ )] A9 2 HE,
2012, 20(6): 710-715.]

Guo T T, Sun G H, Yang J M, et al. MSAP analysis of ge-
nome dna methylation in different tissues of Apostichopus
japonicug[J]. Oceanologia et Limnologia Sinica, 2013, 44(1):
77-82. [ERiERE, FhNELE, B, 2. filZ(Apostichopus
japonicus) AN [F]ZH 2L K 20 HE FEARIRES MSAP 43#r[J]. 1
TESMITE, 2013, 44(1): 77-82.]

Yu T, Yang A G, Wu B, et al. Analysis of Chlamys farreri,
Patinopecten yessoensis and their offspring using methyla-
tion-sensitive amplification polymorphism (MSAP)[J].
Journal of Fisheries of China, 2010, 34(9): 1335-1342. [T
W, WM, R, . AL 0L, BRI R 3 T
1R MSAP 43#r[J]. /KF=2#48, 2010, 34(9): 1335-1342.]
Cao Z M, Yang J. Analysis of the methylation in genome
DNA from different tissues of Anodonta woodiana[J]. Ecol-
ogy and Environment, 2009, 18(6): 2011-2016. [&#HH, #
& WATKEEARHLIWEEH DNA HEAL ]
HEZSIRBEAAR, 2009, 18(6): 2011-2016.]

Zemach A, Mcdaniel I E, Silva P, et al. Genome-wide evolu-
tionary analysis of eukaryotic DNA methylation[J]. Science,
2010, 328(5980): 916-919.

Coyne K S, Sexton C, Kopp Z S, et al. Epigenetic modifica-
tion and inheritance in sexual reversal of fish[J]. Genome
Res, 2014, 24(4): 604-615.

Yang C, Zhang M, Niu W, et al. Analysis of DNA methyla-
tion in various swine tissues[J]. PLoS ONE, 2011, 6(1):
¢16229.

Aina R, Sgorbati S, Santagostino A, et al. Specific hy-
pomethylation of DNA is induced by heavy metals in white
clover and industrial hemp[J]. Physiol Plant, 2004, 121(3):
472-480.

Choi C S, Sano H. Abiotic-stress induces demethylation and
transcriptional activation of a gene encoding a glycerophos-
phodiesterase-like protein in tobacco plants[J]. Mol Genet
Genomics, 2007, 277(5): 589-600.

Widdows J, Bayne B L, Livingstone D R, et al. Physiological
and biochemical responses of bivalve molluscs to exposure
to air[J]. Comp Biochem Physiol A, 1979, 62(2): 301-308.
Hosoi M, Kubota S, Toyohara M, et al. Effect of salinity
change on free amino acid content in Pacific oyster[J]. Fish-
eries Sci, 2003, 69(2): 395-400.

Boutet I, Tanguy A, Moraga D. Response of the Pacific oys-
ter Crassostrea gigas, to hydrocarbon contamination under
experimental conditions[J]. Gene, 2004, 329: 147-157.
Kawabe S, Yokoyama Y. cDNA cloning and expression of
grp94, in the Pacific oyster Crassostrea gigas[J]. Comp
Biochem Physiol B, 2009, 154(3): 290-297.



55 4 3] RS TR MO XA WERE N 4] DNA HEAL Y52 697

[30] Kong L F, Wang Z P, Yu R H, et al. Comparative Observa- DNA methylation and phenotypic plasticity in inverte-

tion of the Gills of Diploid and Triploid Pacific Oyster Using brates[J]. Front Physiol, 2011(2): 116.
Scanning Electron Microscopy[J]. Chinese Journal of Zool- [35] Rajasethupathy P, Antonov I, Sheridan R, et al. A role for
ogy, 2003, 38(4): 2-4. [fLA %, EMME, TEE, & —fF neuronal piRNAs in the epigenetic control of mem-
PR =R AT PR W R B B LU AR (D). B2 ory-related synaptic plasticity[J]. Cell, 2012, 149(3):
&, 2003, 38(4): 2-4.] 693-707.

[31] Ballantyne J S. Mitochondria: aerobic and anaerobic de- [36] Wada Y, Miyamoto K, Kusano T, et al. Association between
sign-lessons from molluscs and fishes[J]. Comp Biochem up-regulation of stress-responsive genes and hypomethyla-
Physiol B, 2004, 139(3): 461-467. tion of genomic DNA in tobacco plants[J]. Mol Genet Ge-

[32] Turner B M. Epigenetic responses to environmental change nomics, 2004, 271(6): 658—666.
and their evolutionary implications[J]. Philos Trans R Soc [37] Jiang L, Zhang J, Wang J J, et al. Sperm, but not oocyte,
Lond B Biol Sci, 2009, 364(1534): 3403—3418. DNA methylome is inherited by zebrafish early embryos[J].

[33] Diaz-Freije E, Gestal C, Castellanos-Martinez S, et al. The Cell, 2013, 153(4): 773-784.
role of DNA methylation on Octopus vulgaris development [38] Riviere G. Epigenetic features in the oyster Crassostrea
and their perspectives[J]. Front Physiol, 2014(5): 62. gigas suggestive of functionally relevant promoter DNA

[34] Roberts S B, Gavery M R. Is there a relationship between methylation in invertebrates[J]. Front Physiol, 2014(5): 129.

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,9d, 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)

Corresponding author: LI Qi. E-mail: qili66@ouc.edu.cn



