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WE KR K T #4317 & (Apostichopus japonicus) £ A~ B I8 J& i1 T 8 DNA W A F 5§ 3t
AEE R b, FE 42 4 F T 5B 3 0 7 50K (WGBS)Fr g 5% %, 7% % MF % (ELISA) &t | 548 3 AR
JET(Q0°C ., 26 CAn 32°C) AL, "F R A K (b Fn ik B 4 AN IEAT 00T WGBS ML JFEER B R,
M A, 20C, 26°CH 32°CIEE M A EA BT E AT F A (1.70£0.01)% .
(1.79+0.11)%741(1.59+0.04)%, 26°C 414 THRIECR A, R LA EAF HEMAFAE, @ 32C
AEidihe T, FRMAKTTE;, AEFENMLEY, CG EAEFEHFENBEM96%IU L),
CHH #1 CHG 1 5 &t 315 30% F 304 AP By B AL & o, CHG A CHH 4 A 28 A F 304k 1y 3%
BhA, HEEE T CG XA, ELISARMER LR, 3HLTEEET, #5 PR fl i 4 80
H A G B Y 2.68%~3.29%, HE THNIEELL; BEXNE, fSFRAFH @A R
HEEENKTHHEREFLMN, THNAREN L FHEMAKFERTE, £V DNA FHEATHES
SR 50 e R B ENE . RSN EE R I DNA B EAKFEF R, MR LA
ARTREA GRS ARAL WD, THF SR ENTR NS T B oh T R &
NERESE,
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M2 RIS LR AL DNA B IEAL KT RSO0 ik 32 722 1 B o 17 47

PIHE | AR RN A 5 & B 4545 P AE BT A5 2 )
(B2, 2014), TR @ S RS B 2 19 4
K, HEE R RSB T, RIS A0S o A B %
ik, HRARNARECHEESL . T IR,
2016; it 2017). JREAREXS fIS A HAR L . K
KB M AL AR R i 8 — B2 292 i

FM AL 24— PR MU DNA P31 Y Rl it L 748
S, BRI HLE B Z A E DNA Wb . A%
B, Qe fkEm o, Euh% RNA W5, s
Wiy 22 AR AR P L LRI LR 20 (1 DI BE (Crabtree,
2020; Kulis et al, 2010), Hix26E WL ik 5 2
FFRBE R (R4, 2013), DNA A2 5L
41 DNA B—FPEZB 1 2, i B A% iR 2s (Al #
% ReEME RS EA R EEH XS S5RNES
PR, NS 5N RKET a2 A
FE(BI 225, 2019) FEZK =S, FRBE 0 12 5 1 DNA
P R Ak AT 32 17 5 i 35 PR 3k, DT fof 2 4 1) A BT
Bl S e AR LATE I P 5E (MeGhee et al, 2014),
Navarro-Martin 25 (2011735 % ¥, DNA H AN T
T YRS 52 O 7 71 (Dicentrarchus labrax) i 51 28 1k
MIE sl B s RIZSEQO16)MT TR, HF 55 I
(Patinopecten yessoensis)Z 2| & M TR M0 A F 5
FEH ] DNA B IEER TR, Li %5(2017) k8,
Jifp 36 b B W55 #85 (Cynoglossus  semilaevis) AT
HERACIER igfl A BT 34k K7 5 HZR kK
SRS o TR S N X e e By T, A BT A
B, DNA WL bfE Hh A w2 AEEN . =2
S5 (2017) % HH Ak U 1 2 B H R (MSAP) 45
BT T SR £ B2 55 0 2 A e 2 2 1 R LAk K O 22
S ZEHREQOINIIFLAI, EHEWHRET, W2
PRy 2 WL {6 47 #H G 5 I (DNMT1 . HDAC3 #1 MLL5)/Y %5
kiR A W ER ., BLQOISBITR LB, HIZHR
A B R4 K 8 T AR BRI AR R 545 (2014) R BL,
ZEMRIS 25 A B ) i) S 4120 DNA I 3L AE AR X
FEAL, ULHA DNA H AL 7E 00 2 10 % 40 S o 84 o) o 22
YEM .

PN o I I o~ S [ £ S | 2 7 R L D A N
(WGBS), XA [i) 35 8 A B ) 30 2 14 91 Ak T 4 R 4
FEZ C A 5 H A KT A 7RG, 46350 A Ak
IS I DNA 3L bpgsgm . [mes, DIZS Rk
BE L ARIE . GAUURINT IR A ST bR, SE e 3R
TR B P58 W B3 (ELIS ARG, 3B ik 85 %o 3l 2 A [
LU IEALRE R A I, FRTHI S DNA H AL
P 5 SURSPERAROCE, LIV DNA 4L K
i TR ) 2 W) 9L E AR A 0 2k B AR, IR A 9T PR

55 3557 S5 1) 5 2R Bt 15 i) o AL B B LA 40
1 #R5R%®
1.1 SCIgsrtd

SEH 2 BB I RE RE TR A R
NEIERE, R R (130.345.5) g, M FRGH M IE IR A
AR BEHLRSE , eI RIER, 4 H KA 13,
TP TR

12 FERESHRRE

S FH I 2 7E 7K IR (20.00.5) °C 1 52 36 28 4544
TR S d, EREHRIE, @I TN R IR S
¥, X HRZH(T20)% 3 7E(20.0£0.5) C /K iR T HrL 5551
EHUFE 5 TEI A ZH(T26) 7K IE(20.0£0.5)C L) 0.6°C/d
AR EETE 10 d N4 E(26.0+0.5)Cla, 4EHifRm=E
ke 25 B 4H(T32) MK (20.0+0.5)'CLL 0.6°C/d
BEEE 10 d N4 E £(26.0£0.5)CJ5, HLL2°C/d W
HEETE 3 d N 2(32.0£0.5)°C, {5452 d. HA5L
WAHBE 3 AT, ITASCmA RSN 15 d 75
SCER SR HURE , BEASPATALE 10 A3, 4355 U
WA . G, T AT R R B 20, I K AR B R K
(1.5% NaCl#yk, BT 2 ml HAEE G MBI AR A
s, SRR E, (R T-80C,

1.3 E[FZH DNA RIIREX

DNA $2HCR HRARA LB (AL 30 A R A B
RS ZIEIN ] DNA EBGAFI &, 1%30 IR HEE
JiE HL KA DNA S48, (8 FH 4R M YL BE T TG
DNA ¥R FERNZERE , H 45 dLRE i A He B2 R 4% 100~
200 ng/ul, F-20CLRA7F#H.

14 HEAEEHKERNSEEZSHDNA BELNF

HEHRE: WGBS LA RS S IR 5F(2018)
I HER H b T ik, E— X RERh T T DNA
HIEALE i, BB ARG AR A 1 o) S0
fLIEFL 4] DNA FE&, B, FRERA BT RCE R
/A 200~300 bp 9 F B, XTSI DNA R Boitt 45
Kutg R MR RRIL , s 4k s BfiJe , 51T Bisulfite
4b B (EZ DNA Methylation Gold™ Kit, Zymo
Research), ZA0HE, K& AEREAR C AR U, 1M
ALY C BRIFAAE s BeJm, XTHUBE DNA R Bol T
PCR #"H4(KAPA HiFi HotStart Uracil + ReadyMix)f5 %]
DNA X%, FERAH#)5, A Mlumina HiSeq #F47
WE R, K PE150, #9%! Bisulfite 2 5E K 21
H AR, P 7R b i R B A R ] 58
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1.5 ELISA MEARRFHL DNA AR KE

PO SN PFUAR | T fbIE FARRE 4 42120
FyFEHF2H DNA, FIfH] Zymo Research A 5-mC
DNA ELISA 5 & i A5 7 A i 56 R 24 DNA H 384k
KV, HARSCIGAETR . RRIUAR 3L 4] DNA Fbrifi
i (100 ng) ¥ H5 B AL 100 pl SV, T PCR 4% 98°C 48
P£ 5 min, 7K 10 min, B2 96 fLik, 37CHEE 1 h,
SRR VENR 3 W, 37°CHFE 30 min. fe, MIAF 3
fEMImsnER AR, 37°CHEE 1 h, BeMIE b, FfaEiT R
RN, RS ASCR DA it W S

16 HIEZRITEHH

W1y 45 2R 1 WAL K P31 5 . ML=mC/(mC+
umC), HA, ML A F FALKF, mC Fl umC 4354
P 55 XIS C LSRR 31k C (A Y read
BH. A SEREE IRk A 20 3 Wy S0, 455
FPEAREZE (x:SD), 12 SPSS 19.0 4% 454
2H 1) Be 1L K 384T ANOVA 43 #7 Fil Duncan £ 1 [
B, PRSP Z [ M SE T 25 7 (P<0.05) .

ELISA il ¢ DNA H ALK, 38 2 il £ BT
HE(100 ng/ul)F1FHERTFR (100 ng/u)BIR AWk HI % E
H15-mC A H A HI(G5%., 10%. 25%. 50%. 75%
F100%) b5 fih , AR 4l B v i W P (AT 22 T A s
2k, RIATAS 204 RE i B A F ALK

2 #R

21 AELAETHRZSHLE DNA BELERX S

52 DNA H AL P (WGBS)AE SR (GR 1)
AL, B2 AL TE 2200 IR BR AL T20 FE R4 1
FEARAL S ECH 5050974 A4S, T26 2H iy B PR 2H 1 34k 17
FBCH 5315261, T32 21 3R ZH ) F Ak 7 S 80Ch
4714193 4>, TERTA WAL AR BB, CpG(HE
CG)ZEAIH ILALAT S KL H N 4563209~5134931, 1A
— B B O3 AL B wE NE & B FE CHH A 8
(116612~141870), i CHG JS &I F IeAb A 5 A X4 /b
(34372~42059),

T20. T26 1 T32 I 2H Y 4= 3 PR 2H 5 3k K
SEAR I (1.7040.01)% . (1.79+0.11)%F1(1.59+0.04%)
(% 2), T26 4EHA MR H AL KR A BT, T32
P2 A S B AKCE RIS RS, HART T20
A, TEMIRY, T26 409 5 H LA K PR T32 4
TE7E 35 25 5 (P<0.05) o XA [R) 2 Y 1) B Ak R i
C Bl H Ak K S R B 5 R b K S — B
B, T26 4l CG ZAY C Ak FF LA KP4 T20 T,

1M T32 4145 T26 4R#IL, H225 3% (P<0.05). 7E 2
FiEE CG BRI B A, CHG 2840 T20 415

x1 FEUMAHBRER

Tab.1 Number and type statistics of methylation sites

P i CpG CHG#!  CHH # it
Sample CpGtype CHGtype CHH type Total
T20 1 4860511 40641 141181 5042333
T20 2 4889681 41815 141808 5073304
T20 3 4853369 41295 142621 5037285
Average 4867854 41250 141870 5050974
T26 1 4954152 37951 124093 5116196
T26 2 5493328 48629 157290 5699247
T26 3 4957312 39598 133429 5130339
Average 5134931 42059 138271 5315261
T32 1 4458106 32955 118511 4609572
T32 2 4665866 36517 119951 4822334
T32 3 4565654 33643 111375 4710672
Average 4563209 34372 116612 4714193

2 FAREETHSEERARENKE
Tab.2 The methylation levels of C bases of Apostichopus
japonicus at different temperature (%)

PR mC mCpG mCHG mCHH
Sample

T20 1 1.70 14.19 0.08 0.06

T20 2 1.71 14.27 0.08 0.06

T20 3 1.70 14.17 0.08 0.06

Average 1.70£0.01 14.21£0.05®  0.08£0.00°  0.06+0.00°
T26 1 1.72 14.46 0.07 0.05

T26 2 1.92 16.04 0.09 0.07

T26 3 1.73 14.47 0.07 0.06

Average 1.79+0.11° 14.99+0.91° 0.077£0.01" 0.06+0.01°
T32 1 1.55 13.01 0.06 0.05

T32 2 1.63 13.62 0.07 0.05

T32 3 1.59 13.33 0.06 0.05

Average 1.59+0.04° 13.324031° 0.063£0.006° 0.05+0.00"

H: mC: DA FHEAL C ALl di2#8 C s
W E 7 ; mCpG: CpG context XAy H 34k C 7 5
X3k C 7 AR EL R H 43 ; mCHG: CHG context X311
FIEAL C A7 8 i XAk C 25U 77 43 e s mCHH : CHH
context XIKAYHIEAL C A7 5 X C 7 i B 7 70
P Bk A=A 3 WL AR R . ARNE SR
75 5 .2 (P<0.05)

Note: mC: Percentage of methylated C cites in the
whole genome; mCpG: Percentage of methylated C cites in
CpG context region to the total number of C sites; mCHG:
Percentage of methylated C cites in CHG context region to
the total number of C sites; mCHH: Percentage of methylated
C cites in CHH context region to the total number of C sites.

Data were at least three independent biological replicates.
Different letters represent significant difference (P<0.05)



%31 M2 RIS LR AL DNA B IEAL KT RSO0 ik 32 722 1 B o 17 49

T32 HAETE 3% 22 5+ (P<0.05), CHH 2581 3 42557
AR, HASZICH b AR X, K4 DNA
F AL R AR TE CG 280y C Bt |, CG ZEBUAY C Bl
I DNA HEALFRE N 13.32%~14.99%, s P25

DNA H 3k /K,
% 3 AMEE T CG. CHH 1 CHG i 5 3tk 5
RARH AL 5 e T g, S5 LA 1, mCG 28

U BAL B 43 FE IS TE 96%LA |, mCHH 2570/ 34k i
A HEAE T20, T26 F1 T26 AAES: 43510 2.79% . 2.42%
F12.57%, mCHG KAIH AL H -/, HE 1%

AL f e 14328 (DT20_1)

Classificition of methylated
cytosines (DT20_1)

R B e #4328 (DT26_1)

Classificition of methylated
cytosines (DT26_1)

= mCG(96.41%) = mCG(96.84%)
3 mCHI(2.79%) 3 mCHH(2.42%)
mm mCHG (0.80%) mm mCHG (0.74%)

IR,

MR 75 1 F AR L8], SE it AN [m] 3K F 1Y
HEAR A S 3 AN 5 45 2RI A 43 LU AT LA
(& 2), FEH ALK R 30%0T, &b TixX— 7K1y
CHG #l CHH H AL 5 40 301 i AL 30% 7547,
i, HR ST CG M, 25k i 5 5
4%7J<¥E’Jiam, /\Fﬁ;ﬁﬁ/\t{:ﬂiﬁ‘ ]SSR S s
S EALACE R =, CG 2RV H 43 b B R S 1
ORIy SR f%’%ﬂmﬁ%ﬁ 100%IM5}, i LIk 3%
ST B 1o 1
AL B e #4328 (DT32_1)

Classificition of methylated
cytosines (DT32_1)

= mCG(96.72%)
5 mCHH(2.57%)
mm mCHG (0.71%)

Bl AR AT B AL C AL ng o B b s B 4L C L He ol

Fig.1 The number of methylated C sites and their proportion to the total methylated C sites in different sequence environments
T26 eCG T32 oCG
A CHG 30 - ACHG ACHG
B30t = CHH 22 = CHH 22 50| = CHH
=ac 23 20F 2
%2 ¥ 2 %8 20r
g% 2% %
= § S g 2 g
82 101 ®-g 10 W2 10-
B g B g B &
i = n - i =
0 0 0
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B 24k 7K SE Methylation level/%
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FH 34k 7K S Methylation level/%
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F 34k 7K S Methylation level/%

Bl 2 A AR B AL 520 A

Fig.2 The level distribution of methylation sites in all samples

BIh R adak A 3 MY rE

Each data in the figure comes from 3 biological replicates

22 ARBETHRSHERABPEMNMKFLLLE

K 5-mC DNA ELISA Kit 127 &6 I A [ Y 2
AT RIZNFNR | W AE . ANUFIREE 4 Fhz 241
14 5 PR 2 1) Y AR KT, S T A IRl 4R 1) 7 22 23 A
B, 763 FOREREEET , J0Z 0 W R AL

ZHEUH I FAL K- (2.68+0.10)%~(3.29+0.06)% , )
m THONURRBER 21, Horbr, fRRE R FH B ALK P AE
(2.05+0.15)%~(2.11£0.11)%Z [], ZAWLEY B Je b 7k
A, 5(1.68+0.07)%~(1.76£0.03)%., 4% ZHZH EH

FEAB KT DA 5 BIIAR YK Ry PR I AR >3 3 > 1A BE S L
(F 3) o ANTR] L FE X 3] 2 AL 2 11 F A /K SF- T el AR
T26 zﬁﬂiuééﬁuﬁ'z?ﬁftﬁﬂ%ﬂﬂ}wméﬂ,/\ﬁ’aEﬁ%1t7k¥
T T T20 X B4 (P<0.05), T32 4MIZHE 5k
TE R AR 2 20 1) FR A KO S IR T26 Xt iRl
(P<0.05), WFIEA FIH 1k 8 21 21 B S Ab K Bk 5
— R, TERIEM 20CTHHE 26°CHF, HEALKF
Fhim, MREERZE T2 32°CHf, H ALK TR,
MANURVABELLTE 3 AR SE T (1 S Ak /KO 454l ]
BT REER
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Fig.3 Using 5-mC methylation kit to detect tissues DNA
methylation levels under different experimental conditions

RIVING Fb Hy 92 5 15 3 (P<0.05)
Different letters represent significant difference (P<0.05)
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31 AREEEXRSEEA DNA RELK I

W2 R %, DNA H IS 5 TR
BE e E R PENLR], R BRI, 2018), E4
J& (R HSCAE, 2001) . B (EEHESZAE, 2019; F2AE,
2015) M B N F Ry BE e T, Wb & W 2
5t Flores 57 (2013)2 1, M55 S DNA H 54k
AR S, ] RE I ek 1 i 32 PR A B b i X I SR AR
WU AR R, HGE I SRR . IR — R
K 7= s A AE R BB N2, FEAS R &0, 5
PRI 2 PN 17 FEY R A S R A% 3 o el A8 i 6 K5 5 T i
P DNA AR AR5 g S R 0 5, R im o 45 28
Wy A P el 36 1 AL o) 5 A 4 v 2l 0 14 T FE M s A
Mo ARAESFE55(2013) 50 B T i 2€ % JE 411 (Oreochroms
mossambcus) 5 1E # 41 3L K 41 DNA H 3k ik 22 51, 45
REW, KEAES DNA BHF R TR, FiFEEg
e PR . RIS Q016)IT5T L I, W A I A2
S THE MRS, FEN4 DNA SH IR T
. T2REHQOIDMFT AR, miRbhaidfEd,
5 (Ostrea rivularis) (4% .0 55 85 7 B 3£ ALK SF 5
Hsp9o JEH A FRIA EMAHIC, FL 77 (2016)WF 5% & B,
TERLEE . FhEEME T, AUk ifi(Haliotis discus) &
WIS AL 25 08 A 0, A DG BTi SE R Rk, ax sk
WFoE 25 IR0, IR A v 5 K = s ) S R sk 2
S H AR TS A o As

AWFFEiE 1+ WGBS 1 ELISA X 32 4k 18 45 4H
2 AL K S AT R 2 B, A TR) R R 2414
1) F A KT T i AR, il 2 00 A 2 200 AT R A 24
20 T26 A FEAK T e o FISHE 26 CHIAAR
T Ak R AR A BEAR S S S RS X [ 2
AL . R WG S A B AR S 3 R T U 55 (Gao et al,
2008), Ab TARHRRZAS B T26 2H 12 5L PR 20 W1 Ak /K
Ry, — R UL S S 4 P i — S )
B PN 2 31 F AR 90 238K R R, AR M, U
55 H 2 5 4 1 Ak BRI o) ok 4 HE 0 S 19 IR IR R
A5 o il 2 0 Al 2 2R I AR A 20 1Y) T32 2l FH bk
A T26 ALRFAK . 32°C XTI S AL AT o 7= A 15 E Y
WaRE, FERXNEE T, M2 4 kA R 5N N
PLEFRAAY, AR B N AN AR A R RS i S 1R N T
B Bl — R A SRR, T R4 KOS (Y BRI
P AT RER AR .

32 WESEEAREMLER

DNA HSEABIE y—Fh B Mk (G181, &
AT 3 M. CG. CHG fl CHH, ZEshY, A
BERY R ML 2 kA4 F CpG HBRIFS T, CG & F
FLH AL B ZEA  JE CG 2R AV H 51 (CHH Al CHG)
TEFE A+ 4370 I (Cokus et al, 2008; Zhang et al,
2015), BHMESh Y W AE T RN B XA E & ELZ T
SIS, MAETCEMESI YT, DNA W32k
AT REI R, R ] DX A i Y 5 4k (Schaefer
etal, 2010), 7EMART40AEHF 5T (Lister et al, 2009)H1,
CHG F1 CHH 24 1) A7 5553000 o 17.3%F1 7.2%,
Sun %5 (2014)K6:M 2| A5FLES D1 (Chlamys farreri)F K20
i, A 14.9%~16.5%01) CpG ZERLFN 5.1%~6.3%[H)
CHG ZSHUIY B LA o AS[RITRLEE 5440 F B 20
1biE DNA H i ek WA PR ERAL TS, 47T WGBS
W53, W AR SRR A o, 72 A H 4k
MumEE(mCs)H, Al 96%I CpGs, H CG 2R
C L 5 PR e 25 P LK K- (24.11%~24.48%) , CHG Fil
CHH 2571 C Ak 2 I H JE AL 7K T (0.49%~0.56%) o

TEAN )R 30 2 B A B X e o pr v, 3 A4
T B2 4 AR T S R 3R CG 28 AN C Bl BE B4k
JKV-Z R AFTE 5855 2% 5(P<0.05), T26 ZHiNfbiE e T
T20 F1 T32 41, CHG 1 CHH 25U C 5 3 /P B4k K
SEAE 2 HZ A 22 N B 3 (P>0.05), ERFFRIIKRZE
TCHEME Py 3 0 e U F AR, it R e TG
B, B HESY, FEWN CpG HIIEAL D)
BRI LRNT 1Y, & RE A T 35 DR P S5 2 S A 0
(Suzuki et al, 2007), HAT, Ik CG KA A H L 55



%31

M2 RIS LR AL DNA B IEAL KT RSO0 ik 32 722 1 B o 17 51

HFRBM KR ATERE, [ ERARDT
33 ALERENLERSH

AN TR 20 27 1) 6 56 TR 4 FR AR /KO Y 22 5 2 A W
T3 A7 AE B o 72K 7= Sh i 1R AR [ 4 2 ) R 4k
WEFE R, A2 %52013) R MSAP H AR 04T 85 4= 4H vp
] B % #F (Fenneropenaeus chinensis) Fl e & (i i 2 i
1 S0 ALK 2 B, 5 A 4w A AR R 20
JULFN 8 25 20 Ak 7K 25 S B 3% (P<0.05), I — 3%
5 1M AL L) R AR KT 25 S 3 (P<0.01) 5 <M
1 5By 88 20 2R ML 7 2 20 e Ak K SE AR, AR S
FARTHNHLUP<0.01), B /D7A5(2017)i8 FH H 34k
Ko 1 B AR %ok T [ 2k £F U1 (Phyllostachys mollissima) fit)
TGMEIX | 2 5 DX v e Ji5E X 35 PR 4 R i K T
TITHISE, KSR ALK B B 225,
o, A e R DR FE AR KT B R [(19.0442.55) %] 03X
SeZE LR, TCEME S YA RN SR Ak KA AE 2
5, ATREEFH T DNA HALTEgM b L A K A H
PE T R A E EAE ] (Sun et al, 2014; {554, 2018).

L0 (Drosophilid) . 7K #& (Daphnia magna) . 411
(C. gigas) 5l 43 T A HE S Py i B AL o8 e B, LA
[RIZH F AR AL TRk - (Regev et al, 1998; Riviere et al,
2013; Hearn et al, 2019), AL R LN, HSLEN
AR BE KR, KR4 40 DNA T 38 4k oK S 78
1%~4%2Z [8], Ff2BUPFMR | T A0aE . RBE . ALY
LA R B R BRI B a4 . FEOR IR, g
WGBS il ELISA J7 345 i 1 4k 8 H Ak K- A7 78
255 AHERE T3 R 4 Ak K P MK ) TG HE 3
P2y, fERl—IRBET , S0 AN A 41 21 ) F 34k K
A RS, HEE RIS, SRR
21 FEAL K JEA AR AR | 1 F AR T Ak 3 2 2 A
FAIKF SRS —3, TEIREEM 20°CH 2 26°CHY,
F LA AKOF W TR, PSS T &= 32°Crf, H
TR0 3 R EPTI4E(2009)10 ), DNA HIEE{L
SESER IR PR R 2, IR = W A SR X SR 1
FERFRAKFHAL, FETHRE R, T AbIE R LN 3
IR BE eI, 10 A AN [) 4 400 Tl B AR A i S v R
M, X522 B AAT IR 45 AR . 2207 e TR AR IR A
W, PRI B RCR & A MU, X — i R
BT BE A B —— T AL I8 R I 52 31 A S e K
[RJ 25 2 A AN TV R B2 114 AL A 25 46 (Zhao et al, 2015),

4 R4

ABIFFERS LA T RS L2 DNA ALY
AT BLEAT 7RI o ARBET AR I AR IE 7K I i 4>

22 75 A T L B 4 1 25 ) WL B R 24 7 B
VO | S ARG HE R Rk FRT . ShfEsR
SRR IR T 4 PR 2L 9 BT 5 A e A
SEAR A B RBLIR | LA 34 2 A TE IR ER BEE 1o
BB B , AREAEEE: . ARBTI % & 5%
V4 B 1 F WU A BB 45 FRLAR . BlE, DNA
F B 6 T 900 S TR M D 5 D S Bl
FENLI A S 5 R FE 025 5 | B I ) LI
F. FLIE A 22 0 BRI P EOAE FRTHLE A7 8%
AR

& % X W

Cao XS. Study on the effect of temperature on the growth,
physiology and nutritional components of Apostichopus
japonicus. Master’s Thesis of Dalian Ocean University,
2014 [E22. EEEXS RIS AR A BB SR 1R
MARFFFY. KRR 2 A A A0 5, 2014]

Cao ZM, Yang J. Analysis of the methylation in genome DNA
from different tissues of Anodonta woodiana. Ecology and
Environment, 2009, 18(6): 2011-2016 [#47H, #fk. ¥
AT AR A RN 4 DNA HEIb T, S
2#41%, 2009, 18(6): 2011-2016]

Crabtree JS. Fundamentals of epigenetics. Clinical Precision
Medicine. Academic Press, 2020: 27-37

Cokus SJ, Feng SH, Zhang XY, et al. Shotgun bisulphite
sequencing of the Arabidopsis genome reveals DNA
methylation patterning. Nature, 2008, 452(7184):215-219

Du Y, He YY, Li J, et al. MSAP analysis of genomic DNA in
different tissues of wild and “Yellow Sea No.1”” Fenneropenaeus
chinensis. Journal of Fishery Sciences of China, 2013, 20(3):
536-543 [Fhad, (TR, Z5fd, &5 BpAEAIRgEE 1S
TR R [FIZH 23 R 2 DNA B MSAP 4381, A 7K
Rl 2013, 20(3): 536-543]

Flores KB, Wolschin F, Amdam GV. The role of methylation of
DNA in environmental adaptation. Integrative and Comparative
Biology, 2013, 53(2): 359-372

Gao F, Yang H, Xu Q, et al. Phenotypic plasticity of gut structure
and function during periods of inactivity in Apostichopus
japonicus. Comparative Biochemistry and Physiology Part
B: Biochemistry and Molecular Biology, 2008, 150(3):
255-262

Gao S, Yang AF, Dong Y, et al. MSAP analysis of DNA
methylation in the body wall of Apostichopus japonicus.
Acta Hydrobiologica Sinica, 2017, 41(3): 637642 [=£2,
W, #A, % OISR RBEZHZL DNA HIJE
1Ei) MSAP J38r. KAAEM~#4R, 2017, 41(3): 637-642]

Gao Y. Effects of variable temperature on immunity and disease



52 ook B

542 &

resistance of Apostichopus japonicus. Hebei Fisheries,
2017(9): 1-4, 41 [witg. 28 X5 H] 2 (Apostichopus
japonicus) % 1 KB J1 B2 IR . AL, 2017(9):
1-4, 41]

Guo TF, Zhang ZY, Chen D, et al. Difference analysis of high
resolution single base methylation in muscle genome of
large white pigs of different genders. Acta Veterinaria et
Zootechnica Sinica, 2018, 49(11): 23262339 [FREsAHE, 5K
A, BRE, G5 REMER PR AL A BE R 4 5 o0 P
B b 25 b, B EESE A, 2018, 49(11):
2326-2339]

He MC, Zhang JY, Liu CL, et al. DNA methylation level and
pattern in growing Sepia esculenta Hoyle. Progress in
Fishery Sciences, 2018, 39(4): 46-55 [{TTH%, K45, X
Kk, 45 & DA KN DNA HI3EEACE AR, Ml
Rl2EHERE, 2018, 39(4): 46-55]

Hearn J, Pearson M, Blaxter M, et al. Genome-wide methylation
is modified by caloric restriction in Daphnia magna. BMC
Genomics, 2019, 20(1): 197

Hou YW, Liu W, Jiang PL, et al. Effects of low temperature on
DNA methylation of zebrafish ZF4 cells. Journal of Fishery
Sciences of China, 2019, 26(2): 271-279 [{ZHi32, X,
FiE L, %R BE D ZF4 A13E 4] DNA F AL
ACERsZIE. EK R, 2019, 26(2): 271-279]

Huan PP. Function of DNA methylation in salinity adaptation of
Portunus trituberculatus. Master’s Thesis of Shanghai
Ocean University, 2018 [PFJi/Jl. DNA HUEELTE =3t T
T AR B2 IS B P DI RERFAY. I AL R R A 2
MIEC, 2018]

Kang JT, Liang QJ, Liang C, et al. Overview on epigenetics and
its progress. Science and Technology Review, 2013, 31(19):
66-74 [FEwHIE, BRI, BIR, 5. RVt RE.
BHERR, 2013, 31(19): 66-74]

Kong N. Effects of temperature and salinity on growth and
development of Haliotis discus hannai “97”population.
Doctoral Dissertation of Institute of Oceanology, Chinese
Academy of Sciences, 2016 [fLT*. 1R . ThEXT 4RSI A
O AR KBRS, EREE BT A: B G DT
FEIN AT A=A 183, 2016]

Kulis M, Esteller M. DNA methylation and cancer. Advances in
genetics. Academic Press, 2010, 70: 27-56

Li S, He F, Wen H, et al. Low salinity affects cellularity, DNA
methylation, and mRNA expression of igfl in the liver of
half smooth tongue sole (Cynoglossus semilaevis). Fish
Physiology and Biochemistry, 2017, 43(6): 1587-1602

Li SJ, Sun GH, Li XY, et al. Expression characteristics of
epigenetic regulation related genes in Apostichopus japonicus
under high temperature stress. Journal of Fishery Sciences
of China, 2017, 24(3): 470-476 [ZEi¥{%, FhE1E, 22T,

S5, LI T D 00 2 2L I8 A 1A 4 AR OGP ) R A R
fE. s EDKFERRE, 2017, 24(3): 470-476]

Lister R, Pelizzola M, Dowen RH, €t al. Human DNA methylomes
at base resolution show widespread epigenomic differences.
Nature, 2009, 462(7271): 315

Luo SJ. Study on DNA methylation difference and function in
different regions of mantle of Phyllostachys mollissima.
Master’s Thesis of Guangdong Ocean University, 2017 [%
DA, BB IRERAE DM EEN [A] IX 3 DNA AL 22 5 7
THRENISE. T AR R AR 2 i85, 2017]

McGhee KE, Bell AM. Paternal care in a fish: Epigenetics and
fitness enhancing effects on off spring anxiety. Proceedings
of the Royal Society B: Biological Sciences, 2014, 281(1794):
20141146

Navarro-Martin L, Vifias J, Ribas L, et al. DNA methylation of
the gonadal aromatase (cypl9a) promoter is involved in
temperature-dependent sex ratio shifts in the European sea
bass. PLoS Genetics, 2011, 7: ¢1002447

Regev A, Lamb MJ, Jablonka E. The role of DNA methylation in
invertebrates: Developmental regulation or genome defense?
Molecular Biology and Evolution, 1998, 15(7): 880

Riviere G, Wu GC, Fellous A, et al. DNA methylation is crucial
for the early development in the oyster C. gigas. Marine
Biotechnology, 2013, 15: 739-753

Schaefer M, Lyko F. Lack of evidence for DNA methylation of
Invader4 retroelements in Drosophila and implications for
Dnmt2-mediated epigenetic regulation. Nature Genetics,
2010, 42(11): 920-921

Sun Y, Hou R, Fu X, et al. Genome-wide analysis of DNA
methylation in five tissues of Zhikong scallop, Chlamys
farreri. PLoS One, 2014, 9(1): €86232

Suzuki MM, Kerr ARW, de Sousa D, et al. CpG methylation is
targeted to transcription units in an invertebrate genome.
Genome Research, 2007, 17(5): 625-631

Wang CL. Effects of high temperature stress on Hsp90
expression and CpG methylation in Ostrea rivularis Gould.
Guangxi Sciences, 2019, 26(4): 424429 [ER00. =R
JEXIVTALYG Hsp90 ik ke CpG I EALZmA. ) PuFkE
2%, 2019, 26(4): 424-429]

Wang YY. Effects of high temperature on the methylation level
of Oreochroms mossambcus genome. Master’s Thesis of
Shandong Agricultural University, 2015 [EZHE. P= N7
X 2 A0 A R 20 F AR KO s i BEAE. AR AR
REEA BT A S A, 2015]

Wu B, Yang AG, Sun XJ, et al. Effects of acute temperature
stress on genomic DNA methylation of Patinopecten
yessoensis. Progress in Fishery Sciences, 2016, 37(5):
140-146 [RI¥, HEZE, IFHER, % 2VEEEHHXTEE
253 I (Patinopecten yessoensis)B:[A 4] DNA H 3£ 52



M2 RIS LR AL DNA B IEAL KT RSO0 ik 32 722 1 B o 17 53

Wi, L RLETERE, 2016, 37(5): 140-146]

Xie ZW, Wang SK, Lin X, et al. Effects of high temperature
stress on antioxidant enzymes of Apostichopus japonicus.
Fisheries Science, 2016, 35(4): 327-333 [#Jk3C, EHE,
MRTE, A%, T I X 7 R SR SRR AR . K
PR, 2016, 35(4): 327-333]

Zhang Z, Liu G, Zhou Y, et al. Genome-wide and single-base
resolution DNA methylomes of the sea lamprey (Petromyzon
marinus) reveal gradual transition of the genomic methylation
pattern in early vertebrates. BioRxiv, 2015: 033233

Zhao Y. Study on gene expression patterns and basic characteristics
of DNA methylation in Apostichopus japonicus (Selenka)
during aestivation. Doctoral Dissertation of Institute of
Oceanology, Chinese Academy of Sciences, 2015 [#Xl.
% Apostichopus japonicas (Selenka) & i A ] FE K 2 15151
M DNA HEALSEREARIEDFGE. rh ERLA Be Ao A B
(BRI I R P A 22 A8 3, 2015]

Zhao Y, Chen MY, Storey KB, et al. DNA methylation levels
analysis in four tissues of sea cucumber Apostichopus
japonicus based on fluorescence-labeled methylation-sensitive
amplified polymorphism (F-MSAP) during aestivation.
Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology, 2015, 181: 26-32

Zhong Y, Xu H, Peng FL. Significance and research progress of
DNA methylation in gene expression regulation. China
Medical Herald, 2019, 16(14): 33-36 [l #%, 1, wR>-.
DNA AR RE PR 2k IR b i 0 L e kg, vl
25417, 2019, 16(14): 33-36]

Zhou XW, Zhu GN, Jilisa M, et al. Influence of Cu, Zn, Pb, Cd
and their heavy metal ion mixture on the DNA methylation
level of Carassius auratus. China Environmental Science,
2001, 21(6): 549-552 [JEH 3L, AEA, JilisaM, 4§ Cu. Zn.
Pb. Cd &R A H 4R X (Carassus auratus) DNA
BT, o R, 2001, 21(6): 549-552]

Zhu HP, Lu MX, Huang ZH, et al. Effects of low temperature on
DNA methylation of Oreochroms mossambcus. Journal of
Fisheries of China, 2013, 37(10): 1460-1467 [R%EF, /4
B, wREE, A IRIEXT P AR 4] DNA HIEALRY
. KPE2EAR, 2013, 37(10): 1460-1467]

Zou RJ, Jiang XY, Xu YJ, et al. Analysis of global DNA
methylation impacted by quinoxaline in Apostichopus japonicus
tissue using high performance liquid chromatography. Journal
of Instrumental Analysis, 2014, 33(7): 780-785 [‘:’lK%ﬁ%,
FZmBH, BRI, 55, BT RIBORAR Gk i (T 2y
Poxi 2 DNA HUIEAL/KF-IISEIRATSE. A2,
2014, 33(7): 780-785]

T PN



54

woor B o

-
el

DNA Methylation L evel of Genomic DNA of Apostichopus japonicus
at Different Temperatures
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Abstract The sea cucumber Apostichopus japonicus requires its own defense mechanism to resist and
adapt to high temperature stress. Epigenetic modification plays an important role in this regulation process.
To investigate the changes of DNA methylation level and methylation pattern in A. japonicus (2-year-old)
under different temperature stress, whole genomic bisulfite sequencing (WGBS) and enzyme-linked
immunosorbent assay (ELISA) were used to detect whole genome methylation levels of the muscle,
respiratory tree, digestive tract, and body wall. Three temperature gradients of 20°C, 26°C, and 32°C were
set up in this experiment. The results of WGBS showed that the total genome wide methylation levels of
20°C, 26C, and 32°C groups were (1.70£0.01)%, (1.79+0.11)%, and (1.594+0.04)%, respectively. The
methylation level of the digestive tract genome of A. japonicus in the 26°C group increased, while the
methylation level of the 32°C group decreased under high temperature stress. Among the total methylation
sites, CG type was the main site of methylation modification (more than 96%), and CHH and CHG sites
showed relatively low levels of modification. Among the methylation sites at 30% methylation level,
CHG and CHH methylation sites showed the highest methylation, and were significantly higher than that
of the CG type. The results of ELISA showed that the methylation levels of respiratory tree and digestive
tract tissue ranged from 2.68% to 3.29% at three different temperatures, which were higher than those in
muscle and body wall tissue. After temperature change, the total methylation level of respiratory tree and
digestive tract tissue of sea cucumber changed significantly, while the total methylation level of muscle
and body wall remained unchanged, indicating that DNA methylation may be involved in the regulation
mechanism of high temperature stress in A. japonicus. The study on DNA methylation level of A.
japonicus in response to temperature change can be used to analyze the effect of temperature rise on
different tissues of sea cucumber from the perspective of epigenetics. This research can provide reliable
basis for enriching the research content on methylation in A. japonicus and the occurrence of methylation
in invertebrates.

Key words Apostichopus japonicus, DNA methylation and mode; Dormancy; High temperature
stress; Whole genome bisulfite sequencing; Enzyme linked immunosorbent assay
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