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R0 M Al k=S E = B 2 E 242 DNA &Y
KEMERAERRE KBNS

ERE? BEEAYY F WP ORANEDP gam>
FEE>» FTia@> k E> wmAt qEx‘
(1. BEERFR=S5hm¥%b B 2013065 2. " EVKF=RFEVF ST BE S K =R BT AW AR50 7 el
ATERSE R R NN E LR HE 2660715 3. FRIEERESHEARBRN ERLRFEERVAE S S I R
MEesLE  INAR HE 2660715 4. FHRIWEZERARAR LA HE  266408)

WE K 53T JR T 8 T R S (Apostichopus japonicus) 2 E 21 DNA 3t K - Fn 4% 5 28 % 3k 1
2R, AHREXRAAILEGR LMY, RERSNEERERR, 3RS F Y N RERER Lt
B, xRS 2 kA Rt AT E A F AN T (WGBS fn kA g B EN T, AR SR
B4 DNA #3257, MM R RpEN R FEARSRfmEzRE A LR, R, BLEEH
B AL A BR A A, TR ROAE R R EREE I, O AT ORI Bl L k) 9T (Mibrio splendidus) (2 %
By FALE R LAl B A . 2 R B o, R Sat JB 40 Fn (3 2 41 S B 41 B W AL KP4 (3.59+0.04)%
#1(3.8740.27)%, EFEAFEMKFRFAT; AL EFEMNLEF, HFHLfo AN mCpG
B Al 83.06%7 81.91%, mCpG N & EEMH HEMB R, KR LMk h =57 F MK
(DMRs) 626 677 A, E &2 23706 NheeFEE . & F AN 7 AN E] 29290 MEE, ks =R
R HEE 496 A, Hf, FEEE 2144, THEEE 2824, EHEEL W HA G T AW RIEHT
B, R 180 N K KERERE, Hp, ERFEMREAT B FRRGAHKXEEL 60 14
XA K K B 8 GO A1 KEGG & 5 2047, 1 4 2| 48 X 4 % A1 LRR.hsp20 fn CARD % % # F [,
AR RN R AR S0 R R A AR R R, AR SR EREFTRERFSE
XA AS5; DNA Wilfh; #3F4; BT

FESES S968.9 THEFRIEEE A 0 XEHRS  2095-9869(2022)03-0176-10

5 412 U FR M2 (Apostichopus japonicus), HAT  FEEIAE SR E AN LG AN (8, 35155 T U iE K 375
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TR AR T TP 22—, H RGN A TR [ 1 ifg 26 U 45
) U B i R G USCTE RE T — SR T I AR (B BR AR,
2014), 7ENTFRFEAI S v, 2 09 3 ] 8 0
R, ARISFRIE L L T E SRR,
24 7% b AR e & R o T IR S g L il fg A ot
2 B R E B s A HE R L. DNA 3
bR BALEM ) F 2, AN DNA 751
AITTEE T, WO 38t 4% 38 00 1 s 35 TR 26 508 A e €2 S Ay
G455 T KA EEAE ] (Moore et al, 2013), ffF5EEE
W, IS A A . AR, o Rt it i
LG, MO LU 3 A SE R 4 R Al K S22
S, eI H AL TR0 S S A P AR v R 4 R
I YE#4E F (Yang et al, 2020; Zhao et al, 2015; Sun
etal, 2020; Han et al, 2021; 24, 2017; Z=WEle,
2018; Bk, 2015). AHFFE A2 6 Bz 254 fiF 5 L5
95 JE—— Al B2 9 R (Vibrio  splendidus) > J5 X o] 2
HIFPUEAT N TR Y 5080, DATCRE 5 R AR
T35 B A B A 1A BE 1 UM AREAS | SR FH 42 i R 41
FEARIN 7 £ AR (WGBS) R S 4l il s P AR, 4y
Ml 9 e ) 2 1A8E DNA 34k /K P28k &
TN Rk 22 AR, IR HE— 255 FE RAb 0 A RN SR 4
22 AT BT, e G S SRR,
itk AT ) S e 7 ) A BT 52 % 1) 4 L o 1 4 5 it
Wi, WA BT RS IUREREE RS %,

1 #wRERE
1.1 SCIgHed

AT 5 T At 5 7 e B L AR B SR A
BRAE], PEECHE S RAF . fREEASS A, T RRELRE A
(50.0+2.0) g/ K, Wiz M LEEEEFF 3d, BHEK
T (13.040.5)°C, Frf AR E G HFIRELR,

T FH TR AR R A AT A S5 28 R A7 1) 0 15 1 R
FeEEAAE AR SR Bl SR PR R (AJ-VB1801) o Xif
12 TR R FH 2 14 R K S PR 3 435 35 2 (TS B) [ {4 4% 37
A, SR TSB AR FREY KK 37

1.2 SISHEMBIRE

TN N T ICRE R e 5 ORE - AR S8 B 1K
SE R 2 4, BB 3 AT, B TAT IR R
Bl 30 3k, SCHUKIEZAFR 50 Lo XfEZH(PT10H)
SHFEAK T R AR K IR A R R, (e A
(PT16S)¥ FK AR AR FRE SR TR /KA A 5 72 A Al 5K
R ELWSE 1x10° CFU/mML (2R B Rl i &
RIS RO ) . FR5E 551 T (13.0£0.5)C,
1R (28.0+0.5), BERAR 1/3 /K, ek Jm KA ER ALK

W, HAER7E 1x10° CFU/mL, 4 KK )5 & it
PR S ECA AL, RS RISHFMREDR 2%,
FREH I R 70 o SRR, A RS S R )
AR, SIS R Y 4 & A AL B B BIBE A 1A, 4
MARIC A PT16S1. PT16S2 HI PT16S3, 7EAH [H]H}a]
T RCR AR AR AR, 2 lbRics PTI0HT
PT10H2 Al PTI0H3. BT R AERE T A ARREL 2T,
BT 2 mL AR T B TR R R 6 SR
—80°CHRAE, M T /51 DNA Fil RNA AYHEHL,

1.3 DNA 1 RNA BJI2E

DI REZH R YL 20 A AR BEZH 2R AL, 4302k
Omega /A A Mollusc DNA kit fil QLAGEN RNeasy
mini kit $2 AL G IRBERL K 2] DNA AT RNA, 1.5%
Br A R s L KR T DNA AT RNA 52 3% , NanoDrop
AR I 2 4S5 e 4 BBORX R ASE o ) 0 B, I 54 1Y)
FEG T80 CHR- A4 o

1.4 4£EREZ2 DNA BELNE

F TR I 6 4~ DNA B ik ZH0N B A5
ARy A B2 | 43 00 ke g AR SO, R R
HiSeq4000 M J7F & 150PE - HLAE WS HEA 70 ¥ .

1.5 #HFEAESLEI

D 56 B X I 06 B 7 P A 38, SRR mT B &
A0 422 3k P 0 RIARG BT o A 00 P 5080 (B A N1 LA
KF 5%, LR T A Q<10 MIBHIEEL A read 1)
20%Lh 1Y reads), fHEIAREE, HTRL0EY
(E¥sS= e

DI [ A2 255 1) o) 2 4 5 R A e 90 (BB A e 39
B, R AL S B A 00 Y A A Bismark
(Krueger et al, 201 1)#17 2% LN AP 5 LT, Fiit
FE R A HE X &

1.6 RISHEEFERZA DNA BENSHEES T

MR A2 L o I 6 21, Ge it I A o 4% 25 A
A4k C 75 (mCpG . mCHG il mCHH)W B H, &
AR A mC AL T 5 A L, T P o ) 4 3
K41 DNA H AL B RRAE o

1.7 ERBRELREBOH

fEH R 185 72 P P A methylKit 5 € 24 5 H 5
1k [X 3 (differentially methylated regions, DMRs), #k7A
1E#F 1000 bp windows, 500 bp overlap, FDR<0.05 H
ZSIHEFE M, T DMR 4081, GRS R A0
H {2 G 21 1% S Ak 7K I 2 R BT R A 3R DN K
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H o Xk 219 HA DMR (3P TR, #I3E
A2 ARG

1.8 HERAHRERRIEIBEEHTGE

PR 6 AL EY RNA 2% ZEH0NE) A9
HAR B A PR 2 6 3 A cDNA SO, R
Ilumina Novaseq™ 6000 BT, 324 Ry X
2x150 bp (PE150), fdi i String Tie H {438 A A AL
] #5 FE R Ik g w4 R, DL FPKM (fragments per
kilobase of exon model per million mapped reads) A 5.
ALxf 2 A HE I GE T HAEA AR A 1 238 B, Fifi it
755 23R HH (different expression genes, DEGs).

1.9 DNA BEUASHRABREGHT

Kol 2 53 2HL Ny AR 3k PR R SRk e B i A A TR A
53T, i3t DMRs Hil DEGs vERBRY A B, A iiix
ST R ) DMR HBE{E/KF 5 DEG RibKFZ
B AR, 481t DMR HUE4L /K5 DEG FikK
SEAFTE A IR, 7302k GOseq il KOBAS
A X o 3 B Y 22 5 IR E 3R #E T GO Fl KEGG

pathway & 00T, KA ggplot2 #4422 5 3t
fEFEH B KEGG Bls A

2 HR

21 REANFLEREI

X S 56 3545 9 F BRZH (PT10H) FZ 4 2H (PT16S)
() 6 A~FE 5 Y WGBS il e FBHE S A g SR L 1.
e 38 T U P AR L PR 165 510 349 ARG
B, X RO BORE AT AL R, 82 K
JP 3 R L R A it ) 858, A5 BIME S 23.20 Gb
FIA BB, ARUFH) & HEFE 99.18%LA 1, Q30 LA
RS LR T 91.96%, A 37.31%~39.81%[%
mapped reads AJ L X E IS 1025 5L A, SRR
A 1 AT

22 ERARREMCRSIT

FR A 3 PR 2L LU A M 28 3R, 32 2 G831 T X BT R
{RYLLH I SR BELH b C A 5 DL S AN R 2B (CG
CHG F1 CHH)FJ -2 H 34k /K o 457 G AR i F R 4]

*®1 WGBSNEH#HESIT

Tab.1 Statistics of the WGBS sequencing data
A RS RIREIRIT K AR Valid data AR LA . HoX
Group Sample No. Raw data reads R % g Pergentage of Q30/% Mapping rate /%
7Y% Reads  BH5E4K Bases  valid data /%
XTHE4H PTIOH PT10HI 176 325 924 176 033 898 2521G 99.83 92.26 37.31
PT10H2 161 152 798 160 856 756 2295G 99.82 92.14 37.46
PT10H3 166 891 706 166 500 024 23.53 G 99.77 92.67 38.28
ZY4] PT16S PTI16SI1 162 682 240 161 584 352 22.61 G 99.33 92.94 39.81
PT16S2 155 081 068 153 806 718 21.48 G 99.18 92.72 39.38
PT16S3 170 928 362 170 077 824 23.44 G 99.50 91.96 39.40
®2 AEHE CRARENKE
Tab.2 Methylation level of different cytosine contexts
P ML mC [0 mCpG LLfl mCHG Hf mCHH [ 1
Group Sample No. mC percentage /% mCpG percentage /%  mCHG percentage /%  mCHH percentage /%
YHRZH PTIOH  PT10H-1 3.55 24.06 0.53 0.45
PT10H-2 3.57 24.13 0.54 0.46
PT10H-3 3.65 24.23 0.61 0.51
F-H{H Mean 3.59+0.04" 24.14+0.07 0.56£0.04 0.47+0.03"
YLl PT16S  PT16S-1 3.92 24.48 1.08 0.78
PT16S-2 4.17 24.88 1.32 0.96
PT16S-3 3.52 23.31 0.54 0.53
*F-¥{EH Mean 3.87+0.27 24.2240.67 0.98+0.33 0.760.18

e MR B3 R (P<0.05), FIF

Note: * represents a significant difference (P<0.05). The same as below
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FAL C 75 48R C 1 U (3.87+0.27) %, Xif H&
H M (3.59+0.04)%, VEIATERS ARG a T, BEK
P AL C A7 H B 3 TR (P<0.05) . AN[R] S A
(CpG. CHG Fil CHH)R V-3 H FA K- Ge 45 28
~, X4 mCpG. mCHG 1 mCHH (5§ CpG. CHG
I CHH B L1453 50 24.14% . 0.56%F1 0.47%, i
12YH 1) mCpG . mCHG Fl mCHH 5§ CpG. CHG Fi
CHH 1Y He 1533k 24.22% . 0.98%F1 0.76%., HitL Al
UL, XFFRIZFE R AR UL, CpG v 5 kA 5L i L
1) 2. % = T CHG Ml CHH, M X} BB 4 FIZ YL 4 AN TR] 2
IG5 S4BT ELZ5 R T LUE 1, RP4 1 mCHG
1 mCHH b i) 25 5 X B4

X BEZH Ff2 YL 40 B 4H DNA A [EFE R 54k C
PN B e C AL B B LR 1, G 1 R,
TER mC A, ARG N BRZH mCpG i He 431
J 83.06%F1 81.91%, mCHH 5 209k 13.41%F
14.28%, mCHG & lb73 524 3.53%F1 3.81%, BEHIH
FeAb A S FEAETNLE CpG R F 5 By i i |-
CpG H Ak JE: FZ A H A IE .

PT10H
m mCpG(81.91%)
= mCHH(14.28%)
» mCHG(3.81%)

PT16S
m mCpG(83.06%)
m mCHH(13.41%)
» mCHG(3.53%)

El 1 XA (PT10H)FI{Z Y4 (PT16S) mCpG .
mCHG F1 mCHH 5 % mC & 43 1t

Fig.1 Methylation percentage of mCpG, mCHG, and
mCHH to total mC in PT10H and PT16S groups

23 ERBREURESHR

i R 18 5 A H 1) methylIKit 23 BT 5 X B4
F A G 20 FF o DU P 45 SR Ok B 626 677 A
DMRs, RG22 F bicas R, Xtk A Il 2% B 3%
BB S R B i g2 R LR 20 DA REZH AR e 4l
0% 35 B 1Y i3 3 7 X 48 DMRs 34 40 329 1~(6.44%),
Hp, HEALKEFEA 22613 4, THEME

17 716 4~ 3 4B F X I AFFE 58 522 4~ DMRs (9.34%),
Hrp, FRE A 29731 4, FRERA 28 791 45
71X DMRs £ 109 635 1~(17.49%), Hdr, J+
A 56603 A, FFRERA 53032 45 FERFEIEIX
DMRs 4 401 174 4~(64.02%), Hd, FTHEmH
216 152 1, TFREMIA 185022 4~; CGLCG & DMRs
A5 17017 1~(2.72%), Hrr, T4 8877 4,
FEIA 8140 /o IS HEH 0] X 1 22 53 Y L AL 3L A 1
Bilfer, CGLCG & X381 2% 5 H 34k b B A1

DMRs of PT16S vs PT10H

216152

200 000 | m hyper-methylated
= hypo-methylated

150 000 -

100 000 [

50 000 [

Number of DMRs

0

PtomoteT Exon

Tt prergeni, o cistand:

B2 AFJEN D AEX A DMR #it
Fig.2 The number of DMRs in different gene
functional regions

24 HFRARZUERERRESHT

F X 8 L 4R Y 2 5 S5 200 e o A G T
29290 NHER, Xof BT AG f4) 3 R e ik b A7 25 S
AT, L R 496 A i 3 M 2% S R IA LN (DEGS),
o, EIEEIER 214 4, FIRHRERNA 282 (A 3).
MR R F, FREENBEZT LREEREE .

PT16S vs PT10H

oup
- no
[« down

log, (fold change)

3 PT16S 5 PTI0H 225 45 HE K Jc il
Fig.3 Valcano plot of DEGs between PT16S and PT10H

25 EFRHAREUSHFAXKIN

X DMRs i P v B v 2] 59 23 706 4~ThE
FLF DEGs i e 2 HY 496 DI RESL P HEAT HE X,
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1E#] DMRs Fil DEGs i B A 3L AT 261 A~(E 4).
XT3k 261 4~ FE K i) DMRs 22 5 F L [H 6 1k 22 Stk A7 56
WRAHr, 25503 3, SRk 2] 180 4> fAH JC K I
AL, Herf, H 3 Ah K S v 1 2 PR 8 58 T TR A B R OGO
ERIERA 58 A, F 3L AP IG i 32 R 2655 R A 1
AR IR FE AT 122 Ao X FIr 5 368 14 670 4 2 S B 6 A
22 AL XS T EE 1T, 225 W 3 XA T 3h
T IX IR A S EE A 60 4

PT16S vs PT10H

DMR DEG

23 445 261 235

Kl 4 22 53RNk N AN 22 53 P AL X O
R A T R A
Fig.4 Venn graph between the differentially expressed
genes and the differentially methylated regions

XoF B i 326 1) B A RN S A A Y 180 N3k
KT GO BHEs T, SR E/R(E 5), HEAKF
ERAKFE R AAEA 180 DR, A 124 IE
FRBF] 896 4 GO terms, FH.H', 50 4> GO terms b &
B AHE(P<0.05), BEREY IR GO terms EZEAALE
YN RE . DNA BEEiiR . e RN % . Ak
WHEGEFE . RNA RAEE AR s, &
SN A5 1) GO terms EZALFE AL R4 . 40

M AR A AN A2 4 5 A B4 T IIRERY GO terms
FEAFEHRASGS SR E TS SE TS ATP
i FEET4E4 . DNA 454 . M EAmELE.
e R A DI RE R LG S BRI L B S e A BRI &
SZIFHI(LRR) . A ML E T 52 | ZIK(OATP) .,
o < 4% Til 52 4 45 # 3 (CARD) . 5% 25 45 & B 48 ity
(almA), CD36. IMZIRLEEEHE,

FIH KEGG $tls 0t 22 5 3R A B K i 47 pathway
0T, ZERILE 6, HI ALK 5 3 H kK 2
FHOCHIA 180 AL, Hofr, 39 A~E 423 R 5
112 4~ KEGG 558, £ 20 /i & w4
(P<0.05), VN5 90 v 8 8 19 O ln T L i A oAk
SRR . e R ALRIX 4 -3 % B 3k PR o
%, WA 3 A SCE L N & S AR N 3 1, O
e 2 1 D e H A1 45 hsp20 1 CD36 %

3 itig
3.1 FAEAG AN E B 2 I Xot 4G 0 38 SR ) 2 i

DNA WA E R MG AR EZENE, 2
F N4 DNA —MEEBH X, 25459k
it 14 A 3 a5k 5 (Moore et al, 2013), 7K 2E A= P78 i
DR BE ORI R R R AR el R DNA
LAY & 2R T U (ISR, 2016, mA25%, 2017,
BiHGEESE 2019; Han et al, 2021; 254845, 2019),

HAT, K= shiirse b i) DNA B R ARG
5 ¥ T R o 2 e Ak B ) R R A AR 1
AR (MASP)FIE T 5738t 0 5 %) 7 A i S Ak 3
F4 K2 DNA HIEEIFH AR (WGBS), MASP £
AREARE SRR SRR o AP A BRI FZ AR
W T RIS ARBHRZEZ B4, 2016; ZEINAE, 2021)

*3 BERAREN DMRs 5 R4 DEGs XE 4 i it EE it
Tab.3 Statistics of gene number detected by association analysis between DMRs and DEGs

i H Items

F % H Number of genes

25 50 LN

Total genes selected by correlation analysis

DNA FSAb /K- T i - PR 323k F By 3L R

261

58

Genes with higher DNA methylation level and decreased gene expression

DNA HUEAL KRR K 205 B T+

122

Genes with lower DNA methylation level and increased gene expression

Je 87 X DNA HEEAL 7K P T iR P 3R KR B 1

25

Genes with higher DNA methylation level and decreased gene expression in promoter region

Je 87 X DNA H AL 7K P [ IR P 3 ik BT S A

35

Genes with lower DNA methylation level and increased gene expression in promoter region
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GO enrichment BarPlot
Biological process Cellular component Molecular function
100F
80+
S
)
g 60
)
Gy
=]
K|
3
5 40
A~y
0 b b Q b Q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IIII
TRELELESEIIISTEAL HPH SIS FHLHLILIELILESOE oottt foshe
@\"w‘“ﬁv‘”ﬁ%&%ﬁ@%&’ SR ST s
SRS S O SR
M e SR SR SIS T EITIEY S O G GO LK G E VP
CX ST ST PP L TIEF TIPS & SATFE STF Soe T O TT
SESLENNIAREE S A T WV
STEFTE & & 99 FEfs & &S &K & §
SEFE S & F S8 S & &L ¥
& fd‘}@ & S & 5 GSE &£ & & &
FFF F LS & SgEs ¢ & ¥ &
S & F S S IS ¥ N 5 <
& & & T &
@°§ & & & & &S ¥
M F & & F
L0 & & Q,°%@%
o P S o
& '%Q < \4
-
£ &
~ GO term

K5 AR SR RR ARG GO B4

Fig.5 GO enrichment of negative correlated genes detected by association analysis between DMRs and DEGs

KEGG enrichment ScatterPlot
Signaling pathways regulating pluripotency of stem cells - .
Complement and coagulation cascades - °
Type II diabetes mellitus - ® P value
Methane metabolism l 0.169
Ascorbate and aldarate metabolism -
Rheumatoid arthritis 0.088 7
Fat digestion and absorption |
g 5 One'carbon pool by folate - I 0.008 06
8 rug metabolism-cytochrome P450 -
O Dorso-ventral axis formation -
Q . .. . . Gene number
rij Protein processing in endoplasmic reticulum
Carbon fixation in photosynthetic organisms ® 1.0
Biosynthesis of amino acids | @ 15
Glycolysis/Gluconeogenesis . 2.0
Osteoclast differentiation -
TGF-beta signaling pathway ' 25
Colorectal cancer - &
Histidine metabolism - ‘ 3.0
Hepatitis B
Vitamin digestion and absorption -

0.04 0.08 0.12 0.16
Rich factor

K6 AL FE PRI RGN KEGG & 4
Fig.6 KEGG enrichment of negative correlated genes detected by association analysis between DMRs and DEGs
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AR SUES R, 2013) . i ha (2 R 55, 2017)
SHRGRAO, 2015) Mk B (A2 55, 2017) Y H ALK
Z5 . 0 MASP JG3k 58 4 i i (7R 3 R A v 3
A 50 %) 4 3 B ELR 1 FR BB AR A B P 91 461 B o

Bifi 5 e 3 B DU P BRI R, WGBS R A
DNA H AL R R T SRR 22—, %0775 7T DL B Hh
4L 2] DNA AL TEgn s B, v UL B e
PG H 0 057 25 B2 H B 195 B 81 Yang 45(2020)
iz B AR T 21 5 R R 219 DMR X IR CHE D)
REFEI 5 T4 552021 FIH WGBS AR 58 i T I 2
RGN R 4] DNA Ik 7K P Kb =X 1) 28 AL iF
585 Sun 45 (2020)F HIZH AT 2 2 1 R BE Al K
HEY Tl 240 4040 DMR X, 23K AF5E
B2TFE WBGS Wi it % S RAPHER 5
X DMR X8k A1 7 5 A BRI RS
Zhang %5(2017)1 Li %£(2018)3k43 NCBI B4 /% b 11
FIZHNHFME R, HA4E 3821 4> Scaffolds (N50
5 786 kb). Sun ZF(2020) A I = e Al R IR B
(5%x10° CFU/mL) X 7 il & AL B S b4, FIF NCBI
HH ) 4 DR 2 B LU X B 2] 116 522 /) DMRs.,
AT 2020 4F R FH AR LI 7 H AR F e sy 42
WARF AR HI-C)JF & T il S IR AR 40 E ik 2, Pf
AT 911 Mb I AR S 3L A, e
F| 23 ZcYefafk, N50 K 39.61 Mb (FHEHIE AR &),
FEP A P2 I A5 SRR T

AR FE R F IS IR 2 EOPE e (1% 10° CFU/mL)
il 55 A Bz SEI AR, ) Y G A K 7 SE DR 4 )7 37 i
53 DMRs $(H N 626 677 4, BEE T Sun %
(2020)7FEFI A 116 522 41~ DMRs, Jrifiikf) DMRs
)25 SRR T 5 500 45 1 25 S A DR A, R e ik
F S PR I e = A b 2= R R B H 2 —

32 WSEFEEFENFER HEN R RHRER L

e A U AR A ) T AR ) 3 R A Ak K
RGN 235 SRS B, ARG T R B4 o) S A RE 4] 4 3
HIKFEHN 3.52~4.17%, Yang Z5(2020) & 4 5 0K
2 5L K 4 R ALK AR 3.5% 2547 5 Sun Z5(2020) K
AN S B RALKAE 4% 4. WA R, RIS 5N
ZH AR IAL AR AR, X5 Tweedie 5(1997) % 1
1) T 5 HE 3h 4 55 R 4] Y 3k 7K OF 3 5 AT B HE sh
P45 SR A — 2

STHRNB ARSI C A7 5 H AL KOF 1 St 45
WA LLE W, CG BN 5 0 B AL el & ey, i
CHG F1 CHH 137 5 B 34k L BIARA, 5 H A 2 e 1)
HAtb v PE IS B MESH Y CG SR Ak /K -3 Rl (20%~

50%)F— B (E A S, 2009; T4, 2010; Sun et al,
2014), #E—2XF LA R IAL C A5 R R Ll SE it
SR LIA Y, mCpG i F IR A7 5 1 He )55 3] 80%
DI b, R mCpG B EEMHRAENX ., 5F LR
%:(2018)F] ] methylRAD-seq 3 A X 175 H] 2 1 B He 4k
B o8 25 SR A — 8, XS5 R R FE YT
DNA H AR A HR A — e B AR AU RO S 1 o

XoF 75 JE A 4% o) 98T 35 PR 4 R 3R Ak K A AR A Tl
DIE W, RYCFEAS B B AR KT 3 v T X R A
AR CG i Skt il ok & F B 35484k, {3 CHH
1 CHG 1Y SE4k b e 255, kB B Wi 2551
A A BRI T . A2 58 (2017) . Yang
4£(2020) . Sun %5(2020) RS54 (202 )BT 5T 45 Rl
FEH IR R v R R IR A A e 25 5 | SR A
2 H ALK TR, JEHE CHH Fil CHG 9 H 384k
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Genomic DNA Methylation Levels and Transcriptome
Differences of Apostichopusjaponicusin Responseto Vibrio
splendidus I nfection and Their Association Analysis

LI Xinrongl’z, LIAO Meijiez’w, LI Bin2’3, RONG Xiaojun“, CHANG Mengyang2’3,
WANG Yingeng™®, YU Yongxiang™®, ZHANG Zheng*’, FAN Ruiyong*, LIU Qingbing*
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Sustainable and Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China; 3. Pilot National Laboratory for Marine

Science and Technology (Qingdao), Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao,
Shandong 266071, China; 4. Qingdao Ruizi Company, Qingdao, Shandong 266408, China)

Abstract DNA methylation is an important epigenetic modification that plays a key role in gene
expression regulation. In this study, two groups of sea cucumbers (Apostichopus japonicus) were prepared.
One group had skin ulceration syndrome body wall (PT16S) under stress from MVibrio splendidus infection
at a concentration of 1x10° CFU/mL (LDso); the other group had a healthy body wall (PT10H). Genomic
DNA methylation levels and gene expression differences between the two groups were detected using
whole-genome bisulfite sequencing (WGBS) and transcriptome sequencing. The key gene ontology (GO)
terms and KEGG terms engaged in the immune response were selected using association analysis. The
results showed that the total methylation levels of the A. japonicus genome of PT10H and PT16S were
(3.59+0.04)% and (3.87+0.27)%, respectively. The methylation levels of the A. japonicus genome under
pathogen challenge significantly increased; mCpG accounted for 83.06% and 81.91% of all the
methylated sites in PT16S and PT10H, respectively, indicating that mCpG was the most important
methylation form in the sea cucumber. A total of 626 677 differentially methylated regions (DMRs) were
screened and annotated into 23 706 functional genes. A total of 496 differentially expressed genes were
screened, including 214 up-regulated and 282 down-regulated genes. A total of 180 negatively correlated
genes were isolated using association analysis between genomic methylation and transcriptome, of which
60 genes had DMRs located in promoter regions. Based on GO and KEGG enrichment of the 180
negatively correlated genes, key genes such as LRR, H$p20, and CARD were selected to play a critical
role in the immune response. The results would provide primary data for the epigenetic regulatory
mechanisms of A. japonicus and provide a theoretical reference for A. japonicus breeding.
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