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Wang ¥ , DNA 4 100 ng/pL
, DNA
1.2.2 F-MSAP 2U EcoR | Hpa
1/ Msp | DNA(100 ng)
F-MSAP MSAP , xu [ ,
FAM , Hpa 1/Msp | 100 umol/L, EcoR
DNA 241 F-MSAP C 10 umol/L,
94 5 min,
CCGG : : (1
DNA , 20 uL, 16 :
: 10
: 10 pL, 2 L,
1 10x buffer 1uL, EcoR | (5 umol/L)0.5 pL,
Hpa W/ Msp | (5 pwmol/L) 0.5 pL, dNTP
11 0.8 pL (2.5 pmol/L), rTaq 0.05 pL (2.5 U/uL),
2 ddH,0 5.15 uL. PCR : 72 2 min;
100 : (8 20 ) 94 205,56 30s,72 2min, 20 : 60
, 0d 05d 30 min 1,
1d 3d 5d 7d 9d 11d 8 20
, : -20 8
12 (D), EcoR |
1.2.1 DNA - N , 10 uL,
DNA, 1% 1.5 pL, 10xbuffer 1 pL, EcoR |
DNA , NanoDrop (5 umol/L) 0.5 pL, Hpa Wl/Msp |
2000 (Thermo) DNA , (5 umol/L)0.5 pL, dNTP 0.8 uL (2.5 pmol/L), rTag
1 F-MSAP

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

EcoR | (5'-3") Hpa ll/Msp | (5'-3)
adapters EAL: CTCGTAGACTGCGTACC H/MAL: GACGATGAGTCTAGAA
EA2: AATTGGTACGCAGTCTAC H/MA2: CGTTCTAGACTCATC

preamplification primers EO: GACTGCGTACCAATTCA H/M0: GATGAGTCTAGAACGGT
E1: GACTGCGTACCAATTCACA H/M1: GATGAGTCTAGAACGGTAG
selective amplification primers E2: GACTGCGTACCAATTCATC HI/M2: GATGAGTCTAGAACGGTCA
E3: GACTGCGTACCAATTCACG H/M3: GATGAGTCTAGAACGGTAT
E4: GACTGCGTACCAATTCACT H/M4: GATGAGTCTAGAACGGTGC
E5: GACTGCGTACCAATTCAAG H/MS5: GATGAGTCTAGAACGGTGT

H/M6: GATGAGTCTAGAACGGTAC
H/IM7: GATGAGTCTAGAACGGTAT
H/M8: GATGAGTCTAGAACGGTAA

25 U, ddH,0 5.65 uL PCR :
94 2min; 94 20s,66 ( 1),

30s,72 2 min, 10 194  20s,56 30s,
72 2 min, 20 160 30 min
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PCR ABI 3130 Genetic An- , CCGG ; Type 11
alyzer DNA Gene , H M
Mapper V4.0 , CCGG DNA

, ; Type 11 , H
M :
1.3 CCGG DNA
“1”, “0”, )
“0, 17 2 , '
“, 17
Excel 2, 0d DNA
' F-MSAP 29.76%  29.82%, 7d
51.13%  56.19%,
2
(P<0.05), 11 d
2.1 DNA 35.06%  28.99%, DNA
50 500 bp, 8
483 (P<0.05)
( 2 2.3
2.2 DNA DNA
Hpall  Msp | DNA 2 :
, DNA 3
(1) Type l , H(Hpa 11/

EcoR 1) M(Msp Il EcoR |)

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

DNA adductor gill
DNA methylation patterns o4 0594 1d 3d 5d 7d 9d 11d 0d 05d 1d 3d 5d 7d 9d 11d

| 118 104 107 98 122 108 116 113 120 100 114 114 118 99 129 120
1 29 30 34 31 46 53 44 36 27 34 43 35 37 69 34 25
Il 21 30 34 43 33 60 58 25 24 31 40 39 54 58 47 24

50 60 68 74 79 113 102 61 51 65 83 74 91 127 81 49
total methylated bands
1%
hemi-methylated level
1%
fully methylated level
1%
total methylated level

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

= 11+ (%) = 11/ ( 1+ 11+ 11); @) = N1/ ( 1+ 1+ 11); (%) = (11+ 1) / (1+ 11+ 111).

Note: total methylated bands = 11+I11; hemi-methylated level (%) = 11 / ( I+ 1+ 111); fully methylated level (%) = 111 / ( I+ 11+ I11); total me-
thylation level (%) = (11+ 1) / ( 1+ 11+ 111).
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150 #III ¥ 1T 160 170 ¥1 180 190
o 3 DNA
( ) 4 ,a
, b
M
, C:
150 ¥1II ¥1I 160 ! 180 190 , d: , &
, |
M
v 0
L a
1 4  DNA 3
H EcoR |/Hpa M EcoR |/Msp | o
il , 1 83
Fig. 1 Four DNA methylation types in Crassostrea gigas 4 ! ’
H means digested by EcoR I/Hpa Il; M means digested by DNA ,
EcoR |/Msp 1; | means non-methylated sites; Il means
full-methylated sites; 111 means hemi-methylated sites. (P<
2 DNA
@) EcoR |/Hpa Il , (b) EcoR 1/Msp | , () EcoR |/Hpa Il , (d)
EcoR |[Msp | : a-h DNA (D) (2 3) 4 (B
(6) : (1) E-ACG+H/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(5 d).
Fig. 2 Mutation patterns of genomic DNA methylation in different air exposure stages
(a) Digestion of control DNA with EcoR | + Hpa 1l; (b) Digestion of control DNA with EcoR 1+Msp |; (c) Digestion of DNA under
salt stress with EcoR |+Hpa Il; (d) Digestion of DNA under salt stress with EcoR 1+Msp |; 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 DNA
Tab. 3 Mutation patterns of genomic DNA methylation in different air exposure stages

enzyme diestion type number of variation site
methylation variation -
type control sample adductor 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
) o b - - + - 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

. L 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
f o+ - - - 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

. L 31 32 37 34 37 38 41 38 32 32 34 36 40 45
total methylation decline site

. o 78 86 100 104 139 130 95 88 96 90 107 152 111 92
total methylation variation site

0.05) 7d , (Apostichopus japonicas, 28.O%~35.77%)[18]
139 152, (Chlamys farreri, 32.79%)
11 d, 95 92 (Patinopecten yessoensis, 24.13%)[19]
. ; (Anodonta woodiana, 35.5%~56%)[ZO]
31~45, (Crassostrea gigas, 31.77%~37.92%)[1O]
47~116, ) (Ciona intestinalis, 27%)[211,
(p 005 7d , (Cynoglossus semi-

laevis, 86%)[22] (Gallus gallus, 40%)[14] (Sus

102 116, ,11d scrofa, 47.97%~56.98%)1%°!
54 47 DNA 29.76%,
29.82%, =
3 DNA
( 31.77%), (36.41%)
| oH 0~7d , 7d
, DNA
) ! [1, 24-25]

[8] ) )

(Drosophila melanogaster, 11.95%~28.44%)™"] ; '
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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 for0d, 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)
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