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PN TRl ] e R R G SRR 1 B R S SRR A E K LR = R R e
BRI E LK T8 266071)

HWE WS KIE XA R A &7 (Exopalaemon carinicauda) 3 A 21 DNA ¥ 1L th %o, A5t
ZAIH MethylRAD-Seq # RK % T K i 2h m /KI5 78 41 (SAS) Fn IE % 38 K I 4t BB 41 (SW)H R A 4T
B4 LB DNA B AT, Fxtxs#agmEmN#TT 2Rkt oM. EREF, HRAITHE
ALAFEEAF CGF1 CWG AL E(W=A 2 T)2 7 £ ] 2 347 003 71 416 176 4 ¥ A, ¥ H A F iR
AT Ak [ 40 oy 2 I TA] I Afm g F X 38, 25 17 2% 21 8805 N(8189 4~ CG-DMSs #1616 1~ CWG-DMSs)
=R PR R, HBATET DNA B R ATo A, #if KEGG & & 4047 K., DMS A
EERRAERDE EEA HIF-1 5@ By SR, %P hif-p. hk fn o301 & x4 L F &
R A ROK IR E N P T B R EA E AR X SW A1 SAS 4 = & F A A A F (DMG)# AT i
#, 132 158 4> CG-DMGs 1 94 A~ CWG-DMGs, H &, & & 2| 5 i 4 Fn 3 0 /> 5 09 4% 3z 3 g o
H DMG & %; M4, H— % DNA FEMEASHEELRAE MK, £9 DNA ¥ 5 EHH
Bz HFEEFWNKE, K/ A HA DNA FREMMEERAIHERER N, KAXERE AL
M T R AKIIE T A B i AL 50 DNA F A KFARAE, b AT W on 2k 3h s A B 4 2 S AL
BAT HEAMEE

KR HRAI; HEAINIE; DNA Fif,; ZRrEx%AR
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TR MBS QAR IR R, 2Bkt eI FEPE 0 (Arooj et al, 2021; Chen et al, 2020;
HERUK B9 ER TR B ARG N EAEAE, 2021). BB Conrado et al, 2017; B &A%, 2004), A4 FEE: i
TFSTHED, e X AE AR Had K, HmElMK K= IR &R, X — B3 MR i AT R TR
FEFRBH N K 2 (M) (5K i, 2008), HAT, BAKE  BObIEIRA, BlanmEReRas | iR M S iR
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ff1(Oreochromis mossambicus) . # i (Sander Iucioperca)
H1FL 4 5 % BF (Litopenaeus vannamei) 5 (14 3C Tk 2%,
2021; SKEG AR, 2021), X ST ER G 0 HF 5T 3
AR EA A FIREALR (B E R . A AN
WL RV T, R 5 Sl W e R B 5
D] 3 22 4 v A S kB 3 ) A7 R T B AR AR Ak
(W EMFEE, 2021), R0, HHETXH 7628 3l 4 it 3 el
953 F-HILTR AT AE

Ok 2 TR 2R I, R AL 2= PR AL A A
WX R A8 JE A N e R R e AR S P B OCEE
F 7 (Xu et al, 2020; Han et al, 2021), BF5E 4 FL,
AR LLE T DNA B AR5 405 1C R PR
IENREST, PEUXHIRAR L fIER . ERORAE PR B M an Y 3E
W (Wang et al, 2021; 434, 2017; A, 2019;
Su et al, 2020), fEH YT, FHF#E IR T DNA
AT HAE K R T . B AE By rn AR A Py 10 (L4
PP, Eh R AR SRR, BN, BEAE A (2017)
WF5E 17 4 & 11T (Exopalaemon carinicauda) 4 MK
KE B Be BRI D 20 1 B AR K, R B R T
3 o F AL T e A R MUK A AR K e R
PR, L (Artemia) FTVE S (Didemnum vexillum)
) e e i PR A S 0E AL 1Y 22 5 3R 38 (Norouzitallab
et al, 2014; Hawes et al, 2018)., Lovett %2001 5% &
PR, H 3L JE BiE (methyl farnesoate) BE % 1 7Y i &
(Carcinus maenas)HLIAE i Fe, 3 i 56 B AR (R AR
KPP A AREE . A0S BURE s e . KR . 2R R 2
72 34 it B 25 5 IR /K #4 IR (Gammarus  fossarum) 3k [K]
2H Jfa m g 1 F 346 7K 7 (Cribiu et al, 2018),

B AEMAFRE K/ NAER . FKRER, TR E A
W R R E /NI PR R S, DL il
WEE, T RECT M (Ge et al, 2015; Fan et al,
2020), FAER, B AMRFRENRET K, B
TR I i ¥ M 28 5 R ) B L R (MR AR, 2016
ZEUAMRAE, 2021), TEIRMEGEEHAKIFEH R IR 2
H, RIE R AR SR BRI IE W A A, AR N
B fiE 1A R B FR R 08U T B I8 B AIK(Ge et al, 2019;
ISR, 2016), TFEHA R (IR ER 0 N ML g b, X
T ER A R A % B A Eh K IR A B A R X A
I AT b v N 55 B 5 Ml A R 11 R T S s R R L AR
HRS M R “EE 157 /BRI S,
FIF R MR L4 DNA  H ARG I 47 R
(MethylRAD-Seq) X} # 2 IR GEZH 21 DNA H JE{bK
SEFEAT AT, 5 R R A A DG Y DG B PR R i L
F AR S, BT ARHTE R IR N ER K PR Y 43

TR S BERERR R , o H e Eh il ML dR At
2%,

1 #RE5FE
1.1 SEIgHE

AWFRABERAL “HE 15" FHTILARAH
R IR K A FRA R IE # K (FREE 25, pH 8.2,
BRI R B8 2.0~3.0 mmol/L), & PR £h i i & 35
B F T b v M I Vi R AR R OK (R B 15~20 . pH
8.3~9.2 FRFRELHHE 3.5~8.0 mmol/L) AR #5256 H Y,
1EH MK FRIE T BRI (SWHEL F H BBFRFH ) “HF 1
R AE , K ER K SR I ZH (SAS) S 2019 AR
B 1575 A Aty M Em R R mOKIE F 3 R R
AR, 5 HE R FIMA R 8 (5.6540.50) cm, A
9(1.52+0.38) g, BEMLEEHUATERRE . 3 )1 RAFHIA~
o FEATELERHT 3 d FIEMRE, FRIRRASTRE 5 g
HABH T -80C 1. SW I SAS ZH 4 HHL 6 4~
HEYPEAT, BATAT 3 YR, 44 ZURE SRS B R
iEH SWI1~3 1 SAS1~3, HIFJ5 DNA Fl5 RNA
PRI,
1.2 DNA REXFAXEHE

% Fl TIANamp Marine Animals DNA Kit
(TIANGEN)#£ Ht DNA, F| ] # 2 % # 1% (Thermo,
NanoDrop 2000)F1 1%35t iR B G I DNA J5i | 94 & A
SEAEME . R BRI N VIl FspEL SU T 37°C i
Pl 4 h {HERHA DNA, #8810 pL BEYI=Y5
0.80 pL ¥ E#Esk . 1 puL 10xT, ligase buffer, 1 pL
10 mmol/L ATP £ 2 uL T4 DNA ligase (400 U/uL)f¥ kb
B A, IR A K SR 20 uL, 4°CiEHE 6~8 h,
Y AR SR Y R NG, RN S 98°CH)

RZZME 30 s, 98°C 20 MEIFENE 55, 60°CIR K 205,
72°CH BB 10 s, BAFEMCTATY S 3, AT
gl B 5 B BE B3 L PCR FEW) 8% 3R 4 s Tk e
B HEATAE A M r VKA A o SR e IR A 1 U PR
PCR /=¥ SteadyPure Agarose Gel DNA Purification
Kit (Accurate Biotechnology Co., Ltd)#E4 7] i [FIYC .
| QlAquick PCR Purification Kit 1 Qubit X} PCR
PP T A L R E R, FET MethylRAD £ AR EEp5
ZESCPE, W i K g A W s 2 BB A B F DR A
[lumina SE sequencing (50 bp)Il 75 #E47 SCEEMT .

1.3 HFPLAEBESZIHHH

131 RIHIES R FIF Tlumina JFF &
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Z MUSE: ERERUKIREE XA R (R SE R 4] DNA B 3EAL A2 35

5 31 B 5 U PR B0 S 28 el 3 0 2 Ak Ry i i
J¥ Y5 (raw reads). FELLHE 2 H, ML fiAb BR(BEVLEL
B 103%0%0dE , EBRIE 588 3/35 13~17 bp A9 A Bt .
A R LTS s 4 R BRI o i e B ) %o B 4 B
AT UE G AR, 9 B4R Y A A SR
(clean reads), 1752 HIEUE 1T
132 WHEEKFHTE PLAS 1448 2 i I
LA e IR A 5L D 41 )7 9] R 5 2 56 DR A (B v
KKkFE), HH Bowtie 2 HfH(V2.3.4.1)%F clean reads
HFTHXT, BEORE N --no-unal, HEXFEME, &
B BENS [R] i Hb X 3 228 P 9 1 2 A B reads, SR
J RPM (reads per million) Ay 545 % FF Fe Ak 7 i 7K
i, BN S K =0
5 reads £/ S = i readsx 1 000 000, AR Ho X 4%
W, 511 CG i A5 (C"CGG .G"CGG .C"CGA .A"CGG .
C"CGC. C"CGT. T"CGG HI G™"CGC)Hl CWG {i 5
("CAG 1 "CTG)MEH . YA s EH M reads
KB, MM A gtk b 2 P s i 2 A 1 Ol o
3 2 A R R A% 1R P DD g (FspEL g A1 LpnPI
B HEATHL T YD, R C5- B B4R 5 IE (5-mC) Al
C5-F2 1 B A M 15 1 (5-hmC),, 23] —1 30 bp (28~
37 bp) e A HIEEY B BE . & 1 4 FspEI i A1 LpnPI i
FIBEDIN R B, T "CG s, Hik#: FspEl
it () C™CGG 13 /5 F LpnPI fi§fY 8 F b #ckaE i CG
D7 15 947 R W K0 4 At (Boers et al, 2018); Xf F
"CHG (H fCEMIFEE A, C. Tk, FspEI B fI
LpnPI fi4R% ] "CAG Hl "CTG 455, J§ CWG /R
(W ARAERFE I AL T).

LpnPI FspEI
5"...C*CDG(N),o... 3' 5"..C"C(N)p2... 3'
3'..GGHC(N)s... 5 3'..GG(N)s... 5’

K1 LpnPI Al FspET i B4 5
Fig.1 Cleavage sites of LpnPI and FsSpEI enzyme

133 WAL S ERA LA R4 HY 36 A0 o7 A5
BB AR B ] SnpEff 85 (V 4. 1) b7 R
o W RN A5 BT AE B 3 TR G DL R AN s T R G 4
58, B bedtools #AF(V 2.25.0)55 34 MRS PR
[7) 5 PR TG 1 v B AR A i B 43 A I B0, 30E— A5 e B
[R B S 4R 67 B (TSS) I M IE4S 2 kb X B, sk
PEE(TTS) L FiiE4s 2 kb X B KL {A (genebody),
443 A TE N [ DX 3 1 A 356 TR 1 9 359 4 Ry 24 1
M, St DA RPM B, R A SR A R 7 O
) RPM {EHCE, /E %5 08 RPM {E, #5A 07
reads 7E_ IR X BLAY 43T #a

1.3.4 AL B89 £ F o W2 AR
base mean B {F A5 R BE B Rk AL SRAE, FIH
DESeq fL(V 1.36.0)%F I ¢ 3R #EATAnfEfLab 2, 1t
AR IR I AR S X reads EHEAT
2w EER R, DLk Gk 25 R WA A7 8
(DMS), #Rik P<0.05 H.22 554 (fold change) KT 2
Ry i 25 S 45 F o ] bedtools FRAXT &A™ L3
2 v AN [R] e PR e v B BE A A SR A 1 O AT S
ito iC5k DMS W54, I 4eit DMS FEA [ 24 )
Resoit oA o ettt DMS B9 B EAL K, DA
& DMS FIrfe L A B AR K 7, 345 DMS Brfe 2=
F R FLH (DEG) . /R PE GO (Gene Ontology, http://www.
geneontology.org/) fil KEGG (Kyoto Encyclopedia of
Genes and Genomes, http://www.genome.jp/kegg/) 5 g
JEVEFT GO A1 KEGG pathway JREFIE 0. P<
0.05 ) GO term #{ik K2 i % &4, Benjamini-
Hochberg 2 F #5615 1IE FT AT P {5 LAFRTS FDR,

1.35 ARAKFe9FEAZ F 57 DL —JE A
Y T A Y SR K 2 AR R 18R PR i Ak
K-, XF SW HI SAS P M HEATA M) bdst . R
THE 22 A AR, R A0 30040 A 0 1y =2k 3 DAL g
1728 50 0 5 TR AR I, I R e 22 AT B % 22 5 10 5 1k
o 4 2345 SRR i 1k 22 S TR BRAL L (DMG) . B DMG 4
WIEHAE, B GO Fl KEGG ¥l FEitfT GO Al
KEGG pathway JJREFIE 757 .

1.3.6 it qRT-PCR Bif £ 5 7 AALK B fo £ F K
*ER FIF TRIzol 37 (Invitrogen)$&: Bl £H 21
FEARHY B RNA, £ 2 i {X (Thermo, NanoDrop
2000)F1 1% 1 B I HL DR AS TN RINA 14 Ve R o 3t
& B8 HiScript I Q Select RT SuperMix for qPCR
(Vazyme)Ui B 4T RNA [t 5%, &8 cDNA, LU
cDNA SBT3 190 00 95 UEFN 5 22 2 206 2 1 A A
ZHAUH AR RRE 04T o A T S UE F MethylRAD-seq
1 22 B 8 IR R 2 21 DMS #5614 DEG, #EHUR
FWEEN KEGG @ BAHCH 12 4> DEGs #4777
qRT-PCR Z3#7. FHF qRT-PCR Z3#7f¥) mRNAs 5|4
W1 LA18S HNZ, 5IHFFIUNT - 5'-TATACGCTA
GTGGAGCTGGAA-3"#1 3'-GGGGAGGTAGTGACGA
AAAAT-5' (FEFEESE, 2012; Wang et al, 2015), 7&
7500 fast Real-Time PCR Z%i(Applied Biosystems)
i, ffi i SYBR Green PCR Master Mix (Life
Technologies)#f 17 qRT-PCR ., HAEA~H} ] 5 1) 3 A~ 4%
RAFEARPAT QRT-PCR, A EY) 8 AT 3 DR
A i CT k@5 B B3 R B A X ik
17 (Tapia et al, 2017).
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&1 MT qRT-PCR S 47 mRNA 3|41 2 ZHRE545H
Tab.1 Primers of mRNAs used for the qRT-PCR analysis
214 B ¥ 51 21 DNA HEHUNFLERGIT
T OCTCOAGTGTOAICTOARGORG A1 SAS 1 SW ) 6 RIS MothyIRAD M7
HIF-P-R AAACCCGTCAAACCGACCGAATC BT, WEHERER, FHETHARE
HKE COATACCACAGOCACGCTCATG 184 868 782 ARIFAAKUE . XSS A IR BRI CG I
CWG (R BT D), HL3RAG 55 642 471 24 R
HK-R CCAATTCGCCGTCCCACAGTTC o . o o g K
CTORE  CTCCACAGCGAAGACTCCACAAC ﬂmmm#ﬂﬁwm3lwéiﬁﬁimsm%M£
STORE  AACCGTCTCAGCCACTCTAGCE %ﬁ%@mﬁ%ﬁﬁ,%ﬁﬁﬁﬁ%¥ﬁ8&ﬂwﬂ
SLC2A1-F  GGTGAGATGAGAAACGAGGCAGAAG HOTEIH R RIFH S AP, 364 22 633 946 &4
WOBHRAES % BN EAME— OO, BRI S
SLC2A1-R ACAAGAGGGATGCGAAGAGTAGGG HLE .
PLK1-F GCGTCTTCCTACTTCTTGCCTCAC
PLKI-R  TCACTGCCTCCTTGTTCTTCATTGG 22 HAERENM [N MG
CPEB2-F TACCTGTGCGTGTCGTCTCCTAC WIS %A LT ZE R, Giit 6 A FERL T e 3]
CPEB2-R  CCAATGGAAGCGAGGCATCAAGG {9 B AR A 208 RS S RV EE | E SW ALY 3 A
STAG2-F  ACAGCAGTCACAGCAGCAACAG BE S ROE 5 5 B 377 441 F1 64 655 4~ CG HIl CWG H
STAG2-R TCTGGTTCTGGCTCTGGCTCTG DNA HUEARA 5, SE4 B Ak o7 5 7 26 YR RE 43 ) K
CDCS-F TGGACGAGGACGAGTTGGAGATG 7.990 F1 5.203 (%% 3), £ SAS H it & B 404 893 A~Fl
CDC5-R CCTTCCGCTTCGCCTTCTTTCC 74 071 /> CG 1 CWG #I DNA HILAbfr 5, FHH
SNRP70-F  CTCGGAGGTTAGGAGGAGGATTGG AT 2 R4k 7.986 H1 5.183, 4 AFEA DNA HI
SNRP70-R  CGTTCTTCTTCTCGCCCACTTCC %’H{,{ﬁlﬁ(CG iS5 F CWG {z.lj\)[g/]{lﬂuf?4 FEVREE I
PRP19-F  ACGCCACAGTCTTCAACAAGGATAC %3, WA, 5 SWAHIL. SAS 1 CG kb DNA H
PRPI9-R — ATGCCGTGATGATCGTGTCTTCTG HAL KRN T 0.05%, CWG b i) DNA H ALt
SF3BI-F  ATCGCAGAGCCAGTTTAGCAAGAC BT 0.38%. XLEELERLN], XI T4 R HIFEE440
SF3BI-R  CGTAGTATCCACCGCCATCCAATC i "CG TR I MM [ % A S B LAY
WBPIIL-F  CCTCCCTCATCCTCCAGGTGTTC BRI, FIRELIRNA T, AR R a2 20 3
WBPIIL-R  AGGCATACGCATATTTGGCAGTCTC 2 1 F AL KA TR
% 2 MethylRAD X F #HES T
Tab.2  Statistics of sequencing data of MethylRAD library
HREYE Clean read
21 5 b J ik B s R 1 A ME— L X Y KA Z b LX) R R
Group Sample Raw read PR C ARG Total mapped
Reads Percent % Uniquely mapped Multiple mapped ratio /%
SAS SAS-1 258013252 56 801 958 37.31 3965172 48 917 135 93.10
SAS-2 202778144 55726 626 36.77 3906 407 47 987 465 93.12
SAS-3 167325972 53 840 219 35.04 3774 226 46 421 647 93.23
SW SW-1 171218800 56 649 706 36.95 4073 188 48 718 005 93.19
SW-2 159829202 54 588 993 35.48 2986 379 33270 835 66.42
SW-3 150047320 56 247 324 37.49 3928 574 48 500 524 93.21

AR H AL A AR AR B AR R, XL AT TR
RIIXLE DNA B AL i EE A TE 5% AL IR
DL AR T R BEPIE] X, N BT
3 IR X I, CG R AL (7 i AE A R S RE o F

A REGEY B E LT CWG #, {H CG 1 CWG
PAANSE IR 0 1 53 A G ST — 3, FEA ] X H o3 A7
A H SRR S el ey, HORE NS FIX ., B2,
B S B R A D) RE A BT/ CG T CWG i 5
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o3 HA S 2), Biit reads 7R 5L SR IR 7 &
(TSS) | T iliE4s 2 kb X B, e sk 2 1L B (TTS) | H i
% 2 kb XERIFERIURA Al e, S5 kK45
it Z [ 1Y) DNA FEALKF a3 A0 , DNA FT &
BT 5 2 A AEFE K, DNA 3L A 5 o0 A i 6
76 TSS M FWEEFI RN TTS B _E I 55 B Jh A0 A7 2 4
R T HART I (B 3),

23 ERBEMAAMERIESH

IR B A B AT AR AL AL B S, 43 1) 0 36 31
8189 ~A1 616 4~ CG A2 57 H JAL A 45 (CG-DMSs)
M CWG #1255 H I A7 5 (CWG-DMSs) (K 4),
CG-DMS Hl CWG-DMS K 250534 15 FE P[] X R Y

FFIX, DMS 7EARFIRETCOE Ao A 1 UL IR SA
1B, fJLIAEH CG-DMS % H & £ T CWG-DMS,
FE R[] X FN A 7 IX G e 2 19 DMS (53K H )

24 fPEKFEHBEAESRSH

XI DMS FrfE 1) 26 5 2RI B K (DEG)i# 1T GO T
B w0, /00T T CG A1 CWG HI 34k /K- DEG
B i E B PIHET 30 45 GO terms, /M EE Tk 3 4>
Z BA 2 AN Dh_E AR SR IR A7 s AH CHE R Y GO 4%
H, MWRHEEA K H XN F-1g,0P M RE/NERF 10 4,
STNEEYIE R . MM RS UIRE . £ CG-DEG
, KB EEEN GO term f1IE RNA S7#(RNA
splicing) . BY 4 {& 42 & {4 (spliceosomal complex)Fl ATP

*3 REUMRBERERESIT
Tab.3  Statistics of methylation site data and depth

CG site CWG site
2H 51 FE i — - — -
Group Sample CG i 5 ¥ H CG i xR CWG i i H CWG i iR
CQG site number CQG site depth CWG site number CWG site depth
SAS SAS-1 407 998 8.110 73 021 5.390
SAS-2 398 533 8.160 72 723 5.350
SAS-3 408 149 7.700 76 468 4.870
Average 404 893 7.990 74 071 5.203
SW SW-1 405 236 8.430 70 612 5.370
SW-2 322023 7.410 54 962 4.890
SW-3 405 064 8.120 68 390 5.290
14 Average 377 441 7.986 64 655 5.183
S Total 2 347 003 416 176
_ 2000007 72.69% ,, 400001 5 o5 = SAS-1
2 m SAS-1 £ P SAS-2
= SAS-2 g L SAS-3
L 30 000
g 150 000 SAS-3 E SW-1
z SW-1 Z m SW-2
& 100000 - B SW-2 g 20000 B SW-3
e m SW-3 5
o B ,
g 50000 |- 17.82% € 10000 18.24%
z . z
3.42% 0.26% 5 . o, 4.77% o o o
01228 mmosen . BN BJEE 00 L3 0 22 my osye o36% [ [ o13% 205% O13% 201
R $ X . & $
0@ Q;%oo Q\%\ @0& G&o & b°°° ég& o‘y ,60"’& @490 09\% 02‘& 0&0 '609 &\o 6&0 0'300 ,60‘7’0
& @t-o A S 0 & $ il .@& ¥ & e AV
Q@‘!& \,& ®$' g}@’ N Q@‘l& . .\@q’ ef"'\ o R
Al N < wo
2 %Q\@ %@“@ g %‘Q\§J

Gene functional elements

Gene functional elements

K2 WA s A AN R D RE T IF B o0 A

Fig.2 Distribution of methylation sites on different gene functional elements

A: CG LA ; B: CWG o 431
A: Distribution of CG methylation site; B: Distribution of CWG methylation site
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S Sample g
% A CG-TSS AS.1 g 800 B CG-TTS Sample — C Upstream Genebody Downstream
3 600} SAs2 Swa 3 | SAS1oswa F 000y Sample

‘ [ | —SAS- 2 = L __SAS-

3 | SAS-3  SW-3 .L; 600 - I SAS3 SW.3 .S 4000 gﬁgé
§ 400 \ 1 S 1 5 30001 SAS-3
5 ‘w —': 4001 R \‘ ‘ < 2000 - ‘V,," ‘\,A\L::-';lg\\g-_":a““" SW-1

2 i 5 : 9 Ll hiall SW-2
% 200 - i ‘\ 1 ‘\NWM ik} \QM\ 5] 200 L) é,” o A w iy & 1000 - SW-3

g YWM’“ ,\ WW M "”'f\ ':H!)W ‘ Vi’ il '.;\) 5) v»'_u"k il EA,\‘»‘:V\‘ V ,‘v:] By [A \/“\ ) yV A 'M\ \ 8 A ‘ ‘
2 okt e R, B L [ ——
Z = 2K TSS TTS 2K
a A““Q/\SQQ/\“““/%“Q EXINERCRP AP 5““ WP (P ®
s Length — Length

=
3] D CWG-TSS Sample 512001 cwe.rts | Sample — 4000 [ F Upstream Genebody ~Downstream
—SAS-1-Sw-1 < | —SAS-1-—-SW-1 2 [

= 600 - —_ | [ | Sample
u>) ‘ SAS-2 - SW-2 g 900 [ SAS-2 - SW-2 'E 3000 [ | — SAS-1
B [ sAS3 swW3 & H{ SAS3 sw3 8 | | SAS2
g0 bl |l \' £ 600t A | 22000 T lw iy —SAS3
= ‘ .‘5 | Il J k=) ’ll M “ (”‘ —SW-1
> ! “‘w\l!i‘ > L) |\~‘1“’1 \J | g ﬁ SW-2
Hh } k Mu W W 2 >t A ) & w3
=} L it w‘ ?“. ” f g %”ﬁ;")’w ﬂ\J',y{ i “' i ” U‘l‘ Atl‘f\ \ww = e T )‘ T
@ ol \1 ) (ﬁ oL il ) ) ‘\ il O 0_.1/;:,.“‘/.»“». i APl |
(4 = 2K TSS TTS +2K

A

Gene element

Splice site region

rLQQQ \‘JQQ \QQQ ‘JQQ ‘JQQ \QQQ \‘)QQ rLQQQ
Length
K3

A: CG &7 TSS 434 ; B: CG i S 7E TTS M434i; C: CG i

rLQQQ ‘JQQ QQQ ‘JQQ ‘)QQ QQQ ‘JQQrLQQQ

Length

HI AL 5 7E TSS. TTS Ml Genebody (19434
Fig.3 Distribution of methylation sites in TSS, TTS, and Genebody regions

i 7E TSS. TTS F1 Genebody )43 1f ;

D: CWG i i #E TSS 531 ; E: CWG i si#E TTS W43 F: CWG {5 7E TSS. TTS Hl Genebody HJ 437
A: Distribution of CG sites in TSS; B: Distribution of CG sites in TTS; C: Distribution of CG sites in TSS, TTS, and Genebody;
D: Distribution of CWG sites in TSS; E: Distribution of CWG sites in TTS; F: Distribution of CG sites in TSS, TTS, and Genebody

Intergroup differential methylation sites

K4 2=sHIEeA R gt

Fig.4 Statistical of differential methylation sites
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Fig.5 Distribution of differential methylation sites on different gene functional elements
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A: Distribution of CG methylation site; B: Distribution of CWG methylation site
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SW-vs-SAS.CG.Diff: Top 30 GO Term
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Fig.6  Bar chart of the top 30 GO functions of the gene where CG and CWG up and downregulated
differential methylation sites are located

A: CG i /5 DEG 1y GO 4r35R7 30;

B: CWG {i £ DEG B GO 42571 30

A: The top 30 GO classification of the DEGs at the CG site; B: The top 30 GO classification of the DEGs at the CWG site

(progesterone-mediated oocyte maturation). BIEE4H Y
IR %4 (oocyte meiosis) AN AL JE H (cell cycle)id j#%
WEEAEE TA). FH DEG 16 & 4 0y ekid e, i
L3k DEG & HIF-1 {5 S % . 224 5049 50 R0
BCEA  ORR A LIRS S 2 . A L BT RD cAMP 55
#%(cAMP signaling pathway) . & & 4 (¥l 7B, C). HIF
I 2 e 2 AL (hif-p) . OB (hK) . 22 202/ 75 2 1R

2 3 mTOR FE(MTOR) AN i 2k AR K% 2 (2 E 7
%ﬁ%iﬁﬁﬁ)ﬁiﬁ 1 (slc2al)7E HIF-1 15 5 % v i

BELHERBE 49, MESEAY 5 HEA
(cch)\ Ul /MER R 2 1 (snrp70) . BT mRNA Ab
PRI F(prpl9) . BY K F(sf3bl). WW S5l &
R (wbpll) 5 2 5 oy (ki 42 H o 2 T P8 &k
(F 4).
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SW-vs-SAS.CG.Diff:KEGG Enrichment top 20
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Fig.7 Top 20 KEGG enrichment analyses of the genes where the CG differential methylation sites are located

A: CG 2E5FWEALNLA K KEGG W4T top 205 B: T IHKIE CG 2257 WAL £ KEGG & 47347 top 205
C: LH#IE CG 225 HHEEALALA B KEGG & 470 #r top 20
A: The top 20 KEGG enrichment analyses of the CG-DEG; B: The top 20 KEGG enrichment analyses of down-regulated
expression of CG-DEG; C: The top 20 KEGG enrichment analyses of up-regulated expression of CG-DEG

x4 HIF-1ESEEMIYEBERERRIEER
Tab.4 Differentially expressed genes of HIF-1 signaling pathway and spliceosome

ID KEGG i P DEG 2= 5 Rk HEH log,Fold Change

ko04066  HIF-1 {2l % 0.001 95  HIF &2 AL (hif-p) 1.438
HIF-1 signaling pathway aﬁiﬁj@’g}(hk) 1.054

22 5 R/ 75 H R B 1 B mTOR #£(MTOR) 1.157

W R G 2(fR M B 5 i B DAL 1-HE(slc2al) 1.855

k003040 i {4k 0.00239  ZHMEr2LA M 5 #£4H H (cdeb) —4.385
Spliceosome Ul /MBI EE [ 70kDa #(snrp70) -2.386

HI mRNA 43 F 19 £ (prpl9) -5.462

B 3B WHA 1 AT X1(sf3bl) -3.760

WW 25 Hgbh 2 478 11 11 £ (wbplLl) 4831
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Xof AN Ta] b 85 2H 18] 1 22 S 3R 3k F B A0 A7 i il 7
KT g, 225 P EEEE B H DLIET 8, CG it
TEREF 12 892 A-Fak WAL FE [, o i i ]
Regulation
© Down(81) e No change(12 734) e Up(77)
A . .

158 4~ CG #1124 55 H 3L AL L H (CG-DMGs), 45 77 4~
(48.73%) FIEZRILFN 81 4M(51.27%) F 2 iA; CWG fif
RUTREE] 8666 HIHALEER, Hrp 94 N E 22 R 3R
ik, EPHIEA 33 N(35.11%), FIHFEH 61 1~(64.89%).
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Fig.8 Volcano map of differentially methylated genes between groups

log, Fold Change
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A: Distribution of CG-DMG:; B: Distribution of CWG-DMG
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IR B EEEE 9A); CWG-DMG 7E4i4 F 5%
iz (vesicle-mediated transport). 4 fifl ¥ (membrane) il
BB F45 G (zine ion binding)% & iz i B b b 3
= £ (151 9B).

CG-DMG :E %] 39 % H % KEGG il %
(P<0.05), 7l 43>~ 5 2%, fu4F cellular processes (4 55%).
environmental information processing (6 4%). genetic
information processing (2 4%). metabolism (16 2%)Fl
organismal systems (11 %)(&l 9C), & ¥ 41%)HH K
FE 5 AR R (16 25) M6, A g B4 Qi i (6 1)
R BRI B H £ (8 9C). CWG-DMG 5 4E
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AR (6 MG, (B SH Sk @ b E £
5 % H B 2 (B 9D),
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FeXF 2] 34 4~ CWG-DMGs (36 5), &[RRI 380 A7 15
TR KRG B IEAHSE , B — D56 5 5 2
M, 313 4~ CG-DMSs 5XF 1 f¥ 9 4~ CG-DMGs
ML, H, A 84 CG-DMSs = H Ak i 3 A
FIR T, 54 CG-DMSs 1K F 3 b iy 3 H 2 ik LA,
HA 24 CWG-DMSs 5XFR Y 2 4~ CWG-DMGs 2
MG, YR E R N T RIR(E 6). Xr
i 328 28] ) B R G B B B4R 7 S T FE D e oo R iR AT B
i1, &I CG-DMS Hl CWG-DMS 4k H A5 43 A 7 ik
HEX, XA 14 CG-DMS B HIENS T X, Bk
RIS WL 6.

2.7 gRT-PCR I&iE

T KUE MethylRAD-seq A1 % /9 DMS Fife
DEG 1) H 3k K AR fb Fe HAE ER IR R4 T 56 R 5k
KV Z A YA, FIH] qRT-PCR o MrifAl 75
HIF-1 {5538 5 . 378k . 2200 A 5 09 B B8 41 i hl
P OIRE A VR 43 S R 41 40 A DG R 12
A~ DEGs, &5 n, XEEIEAFE R 5225 £k
sic2al. hif-p. mTOR. hk. cpeb2 F1 plkl I iH%
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Fig.9 KEGG pathway enrichment of differentially methylated genes

A: CG RIS HIEAIREM GO 43255 B: CWG Rz R HELELF M GO 432
C: CG RlZRHEEFMN KEGG & £ili#; D: CWG 27 I L FFE 1 KEGG & % %
A: GO functional classification of CG-DMG; B: GO functional classification of CWG-DMG;
C: KEGG pathway enrichment of CG-DMG; D: KEGG pathway enrichment of CWG-DMG
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Tab.5 Quantitative statistics of differential methylation sites mapped to differential methylation genes
—_ CG i 5 CG site CWG 1 s, CWG site
g4
Project S AR HER AL AR S A R A R
Total number  Number of mapped  Total number  Number of mapped
22 5% H 3k 7 4 Differential methylation genes 8189 196 616 36
74 5 H AL L IR Differential methylation sites 158 125 94 34
*k6 ERREUMRSERREAMEREAEXINER
Tab.6 Genes with negative correlation between differential methylation sites and differential methylation genes
. DMG DMS
14
Description Gene ID ik Site ID £k X 35
Regulation Regulation Region
CG MEBLELBEEARWm 17 000381Fc001671  up 000381F-936652  down [N& F[X
ADAMI17 protein Intron
KA REH 000395Fc001730  up 000395F-166381  down  JLK|[E][X
Fibrocystin-L-like Intergenic
4 5 2 P450 002552Fc007693  up 002552F-62412 down  FPHE]X
Cytochrome P450 2L1-like Intergenic
T & 1 C7TM84_002415 000573Fc002374  up 000573F-136638  down  JLK|[E][X
Hypothetical protein C7TM84_002415 Intergenic
T 000936Fc003579  up 000936F-434665  down  FL[H ] [X
Hypothetical protein Intergenic
Fem-lc B H 000598Fc002505  down 000598F-317610  up FLA ] X
Fem-1-like C protein Intergenic
000598F-450009  up FEH E] X
Intergenic
B4 J P B RE 1 X2 7 A 000946Fc003607 down 000946F-237291  up FL R Ja] X
Membrane metallo-endopeptidase-like 1 isoform X2 Intergenic
000946F-238732  up FEH E] X
Intergenic
000946F-543189  up FLA ] X
Intergenic
000946F-545343  up FEH E] X
Intergenic
WM AE RS 4 LOC108670558 001956Fc006376  down 001956F-434970  up He R Ja] X
Predicted: Uncharacterized protein LOC108670558 Intergenic
HISEIE T FE K 5L 18 004352Fc010744  down 004352F-241655  up FEH E] [X
Potassium channel subfamily K member 18-like Intergenic
CWG JE4AFE H LOC113800830 002598Fc007765  down 002598F-151320  up LR Ja] X
Uncharacterized protein LOC113800830 Intergenic
AEH-F B H LOC113811415 005861Fc012964 down 005861F-30651 up R Ja] X
Uncharacterized protein LOC113811415 Intergenic

ik; stag2. snrp70. sf3bl, wbplll. cdc5 Fl prpl9
TARR . K ER B K 57 5 PR B 2 1 AR 2 4

X SR ) DNA H bR S L 4 % A 1k
(" 10),
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Fig.10 qRT-PCR results of DEGs in the KEGG
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3 g

DNA HIEALXTEAEMAER AT R RHE, 4
FERWE BN RIRGET . s, =&
B 45 G B ) B (Varriale et al, 2006; K54
2018). JCHHES) W 0 % 1A 5 DA 2 i g R Ak 7K1
AR, SRS A R B B At TG A B an A A
Sl 1) B s g H AR 7K AR (Gavery et al, 2013) 4%
WFFE Y, 38 A X T i K 5 B RN D Eh K 572 5 A0
B ONE EE 4 4UR H# DNA H Ak S, Rl
MethylRAD )7, %&ZBLT —Len] B 5% R A R4
22 1 R R 2 ) 25 S H IR AR A R G AE G 35 PR R
ZRHRALREN 25 BIR, SAS 461 2L 4 rh
CG Ml CWG L sileAa NN, R T FH
FE I UREE 2 UL R 2 DNA H AT, i ad s
B A0 ) B S 3 [ 1Y 3R TR R I BRI B, 7R R AT
AN R R AR EENER . R
AL R BET B K A== 9 DNA H b 2sfl, ik
B, KIS R AL B W R EE SR A LA B AR AL RE A5 7 [ S
Bt 5 £t (Danio rerio) Fl{J5 4l = (Apostichopus japonicus)
DNA F AL AT (MR 4%, 2016; Yang et al,
2020). Bl AR AR, KA A ) DNA B AL
MK AT e B SRR A, Bilan, REE T2 W i
] B3, KO T4 W75 (Crassostrea gigas) 3t K 4H F 3t
AT 2 B 1 5 B AR R 3 B 5 ZF4 Al 7E
SRR R SR L 20 DNA H 3R Ak K S Bt 33 =
ERWMCEE IR S DNA  H IEAL K Jn T [ (5K 22
252017, BEHIESE, 2019), WA BIFEERM, miEG
i f5 4542 . WF 3k D1 (Mizuhopecten yessoensis) Fll3iE
JT4t 45 (Crassostrea rivularis) CG - H 34k 7K F i
ERRARCR 45, 2021; REE, 2016; T30,

2019), ZHTEIBFIERIL, CG 1 s R4 P A R
AR KT, T B R 3 B DL 24 89.5% 3] 5 il = 2
91% (FifE, 2013; K5, 2018), Bk CG 4h, CWG
FH LA 78 L DR P9 AN 0 AL, (L7 356 DR 24 7 356 A1 ] R
T X (Lister et al, 2009), ARAFFEH,
AR A KT AR S R 45 53R B, B R EF CG B
H AL 5 A A OB ME S I S oL, 2 H e 22
ML,

DNA Ak 7K AR 4 35 PR 20 D e T 14 B9 AN [RD i
Ak, LR 3 PR A ) 356 R ) DX P 5 - X p o o =
o WS R, DNA I 3Ab i) 43 Am 32 850 A 7 3k A
6] AME T AT IR X B (Saha et al, 2020;
Lietal, 2021), Itoh, KEMFFREI, B H I
AT 5, E AR S 3l X (promoter) 3 A , JB 8T IX CG
R B AL K P P 55 5K 25 - (Xu et al, 1999;
Yoder et al, 1997; Jiang et al, 2019; 55 =W4E5E, 2019),
B % KB M3 ¥ & W E 4 45 (Crassostrea
hongkongensis) . {5 il 2 45 B 3 Ak A3 15 78 Jk A (1] X7
W& T X P 5 (Rajan et al, 2021; 2= E 3%, 2018;
RS, 2022) X H5ARWIEH CG Al CWG i S AEAR
[ TIReTC i i AR 25 A — 2 [FIAE, AR5,
FEDIR A B AL K75 T TSS Al TTS. DNA H 34k
S A 7 R 0 Jmy i S e AR S, RIS ik
B RE Y e R g5 1, I SO kAT .
NPT XEF AT TSS M b, MseipE
K I¥E (Jiang et al, 2019), 7£ A (Homo sapiens) {4 4!
HRIRFFE B, TSS T i X e il B LAk 2 PR 635 1Y

= EAE R ZMJ%%EP FH b K S vy 4 30 I & Ak T
TSS ET@? — A HEI A R AR I R [A] X CG A H

%4£7J<¥E’JmﬁTﬁE%ﬁﬂﬁ%lT%%ﬂi%E’J%L, Gid
X e SR KA i e 38 A 5 AR . AEA K
X} DEG #17 GO rHr &8, XEEH F 20k 3 K
GO terms, GIHFAEY L difg Bl Ao+ RE. X
ST REGL G RNA 574% . DNA S5 R H# 1 DNA
A, 2 B 00 30 175 S 00 3 Ab AR S vk 2 I
(Ackah et al, 2022), #—#%} DEG #17 KEGG %1%
WA HTR], HIF-1 (558K . 2200450 59 A4
PR . DN RR 20 B o 2L L A AR I AN B AR AR
1E ﬁ%ﬁ%ﬁ%éﬁmm%ﬁwﬂbumf HhECHEE .
KA YRR B B E R TS
Bﬁaﬂhﬂn#ﬂ’]z%?ﬂ A, M mERE . pH. L
SASE T RE TS B AR ZH S0, AT e IR R e
iz % U1 BE(Nikinm, 2014), A5 S K 1(HIF-1)J&—
FhR A SR PR MR E-PAS S5 K, RENE I
AU PR 38 N PR N 2B (B B TS, 2016) S5 4k,
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Z MUSE: ERERUKIREE XA R (R SE R 4] DNA B 3EAL A2 45

HIF-1 A 3G 3 A S I F A AR SEGE B PE S . DA
MRS KB, R FREIRE A5 T 5155 HIF
FEA AT S VR IR i T (BT AR, 2021),
e FR ORI A 25 AR LA (4938 375 RN R BT, HLIRAS
IR AT 2 TR . NI A SRRy, s R
I F I8 35 AL 0 PR 8 (E A4S, 2015). 7ERER
B3E T, KA R RIRE 5 7 A AL 8 3 TR R
5, Bal %% (2021) W% 2 =y £ 7K PR 58 b Bl EE 4 6%
(Heteropneustes fossilis) Ifil 21 25 [ 7 1 . 3% TR, FE4A
RIVE . T, KA ICE R R LA
BRI KT, BRASBOET, HREREK TP

A E &, TR T AEYISET R A S HN(Colt et al,

2013). ARWFFEEBL, hif-p. hk., mTOR Fl slc2al 7&
HIF-1 {5 %3 f b % & 4 LI ERE . hk /Eh—Fhf%
MG, REUSMEAL M AR AL, X A A A R Y
H5—, IEREMH ADP (Majewski et al, 2004), mTOR
Ja& T i ot LB 3- I AH DG IR AR 4, RE S (L i
Y, S 59T ALK WEmEs, W
B 1154 U 5 (Sarbassov et al, 2005), [f] i,
qRT-PCR Z5R 7, HE A Y a8 7K P /] F AL 7KF 2
W L, XEWE hif-p. hk, mTOR fil slc2al nf
A S DR AR R Y R A AT I 2 SR O A R P R 3k L i)
VN7 SER

YRR IR i R BRI/ MZ RNA 2 A R A
EHEEAEGY, EEAFLET ERX 40 M 40 i A%
H, S — R TERE S5 BIWI 9 S ) (Marondedze et al,
2020), A8 5% 1, cde. snrp70. prpl9. sf3bl il wbplil
Z 5 RS I H 0 2 TR, X EWE Eh
JEWD T RNA S BRI 1 55 B % i — 20 R B
ERB MG AT BEE 1 8> RNA BYA, FRAR A4 2L
R 25 RNA 5548219 38 Y B R AR RSOk
I RNA 578z, Mz, XUeg5 LRI, DNA B L
AIREIE T LA S R LA g R 0 o FRATTHE I
FIUR TR A TG AR SR B3R 55, DNA H 3R Ak /K78
AT W )57 R R 38 Hh A HE E AR T, e a8 E
HIF-1 {5 5@ 8008, RG] T o5k m Rk, N
T AR IRE 1 A AP

FEPK T GO #l KEGG 45 &0, L
EACE AR ER KT, B5ETHIiEAX,
FWH R R Fh A B 38 W v o [FIET, ASBIFSRY
R — 2= S L L R 7 — S fE S L B
T 32 M S HE TR 1R 22 A4 BT BB RN 40 g 2 R o i
ANE R B EJH T (Cao et al, 2019; Si et al, 2019;
Zimmer et al, 2021). 5355, /KA S AR RAE A= 9 28

B2 038 AN PITE R IR, i ELHGH T B8 2 1 S 8
(Song et al, 2021; Su et al, 2020; Root et al, 2021)., &
JRE 1A PRI 30 6 w3 1 50 T Ao AR Ak A AR EA
AR AL, A S A A A 3 I A i o1 3
HEAE, WA R R R AT 2] DNA 3L
IKOF- Xt 66 B A 30 6% A O A A % ) R 3 7
B 7K PR3

frESEZ4IBENAM 17 (ADAMI17 protein,
ADAMI7) & — M &8 A, S 52E
FIBT AN, B B R KRR, S 59
Maor7 . AR T2k R A KT Z A, 1
it A RUER (A Y BRE S B RS E (BB
4, 2016; Li et al, 2015), #6605 ADAM17 7] fig
i I Y AR O A B 70 1 A BRI s i, ARt
Jo RN it PN B4 ) A 4 . IS AT 4k 48 B A (fibrocystin-
L-like, FPC-L)& —/M LR B B 2 (R HE SR T, A7 —
ANVETE SR IS C BERRIL AL, AN XA e = B
FAL BT AEGE B S5, 2011) Eh B G T4 1 o
41 FPC-L W] R & A WAk, 4 BHIR S Al T
it , MNIGE R RIS . AR P450 (cytochrome
P450 2L1-like, CYP450)E %4345 76 N it I Fl 2k i i
PR L, REWE S 5 ISR A WA D9 i SN I (E
2 [ 1/ 55 1) 19 4G 38F (Ventura et al, 2017). $hisizk 255
H1, CYP450 mlfigifs 8 B IR 2 4 e =, N
Jo R RN 2 A AR AR O B T T iR AR VT R R HE T B AR
AW 5T, o1& ¥ ADAM17 . FPC-L 1 CYP450
PR JEARARES o SR, X N7 ) 22 5 b 3 (X
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Effects of Saline-Alkaline Water Environment on DNA Methylation
of Exopalaemon carinicauda

QIN Zhen'?, L1J itao””, LI Mingdong®, WANG Jiajia®>, GE Qiangian’, LIU Ping?, LI Jian®

(1. National Experimental Teaching Demonstration Center of Aquatic Science, Shanghai Ocean University, Shanghai 201306,
Ching; 2. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable Devel opment
of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China)

Abstract The global levels of soil and water salinization and alkalinization are increasing with the
influence of climate and topography changes, as well as other natural and human factors. Saline-alkaline
water (SAW) all over the world has specific characteristics such as high alkalinity, high pH, and complex
water quality types, which inhibits the survival and culture of common aquatic animals. The ridgetail
white prawn Exopalaemon carinicauda is an economically important marine shrimp with many
advantages, such as widely environmental adaptability, rapid growth, and good reproductive capability. It
is potentially suitable for large-scale culture in SAW; however, its adaptability to this environment
remains unclear. Exploring the E. carinicauda adaptability mechanism to SAW will help to guide culture
management for marine crustaceans. In this study, the DNA methylomes of the E. carinicauda gill tissue
cultured in SAW and normal seawater (SW) were analyzed and the impact on gene regulation was
investigated by MethylRAD sequencing. The results showed 2 347 003 and 416 176 methylations at the
CG and CWG sites (W = A or T), respectively. Comparing the SAW and SW groups, the CG and CWG
loci in the SAW group increased slightly, indicating that SAW induced more DNA methylation in the gill
cells that activated or inhibited pathways and played a crucial role in the environmental changes adaption.
Methylation was prevalent in the exon, intron, splice site, and upstream and downstream regions of the E.
carinicauda gill genes, as well as in the intergenic regions. DNA methylation sites were mostly distributed
in the Genebody. The DNA methylation distribution curve peaked in the downstream sequence of the
transcription start site and upstream sequence of the transcription termination site. The methylation label
frequency was significantly higher in these regions in relation to other sequences. A total of 8805
differential methylation sites (DMSs) were screened, including 8189 CG DMSs and 616 CWG DMSs.
Obviously, the CG DMS was significantly higher than the CWG DMS. The intergenic and intron regions
accounted for a large proportion of the DMS observed. Overall, the DMS showed a higher trend in the
genic downstream regions of the gene relative to upstream regions. The Gene Ontology (GO) enrichment
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analysis of the differentially expressed genes (DEGs) based on the DMS showed enrichment of genes
involved in the "development, heterochrony, and protein disables isomerase activity," which played a role
in the CG level down-regulation. In addition, "incubation involved in sorocarp development" and "nucleus
and double-stranded RNA binding" were molecular functions up-regulated by the CG methylations. The
down-regulated genes with CWG methylation were enriched for the "regulation of transcription and DNA
template" process, while the up-regulated genes were enriched for the "epithelial cell migration and open
trail” system. These two processes were induced in E. carinicauda cultured in saline-alkali water. The key
genes in the HIF-1 signal and spliceosome pathways, such as hif-p, hk, and sf3bl, play an important role
in response to saline-alkaline stress; therefore, the Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis based on DMS of the DEG was performed. In addition, 158 CG methylated genes
(MGs) were detected in DEGs from shrimps exposed to SAW, among which 77 and 81 were up- and
down-regulated, respectively. Moreover, 94 CWG MGs were differentially expressed, from which 33 and
61 were up- and down-regulated, respectively. GO enrichment analysis of the CG MGs showed significant
enrichment of the "muscle organ development" process; CWG MGs were significantly enriched for the
"vesicle-m transport" and "membrane mediated zinc binding plasma transport" processes. This indicated
that E. carinicauda was damaged by the saline-alkaline environment, but the shrimp may adapt to this
stress by adjusting the ion balance. The KEGG enrichment analysis indicated that lipid metabolism and
signal transduction pathways may play crucial roles in the E. carinicauda gill tissue response to
saline-alkaline stress. Moreover, changes in lipid peroxidation and physiological metabolism may be
caused by long-term saline-alkaline stress. The energy metabolism pathway was significantly enriched
and many different genes in the lipid metabolism pathway were expressed in the stressed E. carinicauda.
Therefore, it was speculated that the changes in DNA methylation level might play an important role in
response to saline-alkaline stress. Overall, the results showed that a series of E. carinicauda physiological
activities related to environmental adaptation was activated by SAW. In addition, a small number of
methylated loci were negatively correlated with gene expressions, which indicated a complex relationship
between DNA methylation and gene regulation. Although ADAM17, FPC-l, and CYP450 showed
hypomethylation, the corresponding differentially MGs showed a significantly increased expression level
in a saline-alkaline environment. Therefore, genomic DNA methylation may promote gene expression
under saline-alkaline stress, including the ADAM17, FPC-l, and CYP450 genes. This study analyzed the
DNA methylation levels in gill tissue of E. carinicauda cultured with SAW and provided information that
will further elucidate the molecular mechanisms involved in crustacean adaptation to saline-alkaline
environment.

Key words Exopalaemon carinicauda; Saline-alkaline water environment; DNA methylation;
Differentially expressed gene
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