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HH R Fe ko5 E 1, ZE/RI T, DNMTI1 3L R AE 18°C i s F A B3 (P>0.05), 18~21 CHf ik b Tk
L2 (P<0.01), 21~24°CH EFAI L (P>0.05), 30°CH3 2| e K FRIAHN 3.26, BAN FIRFRIE; HDAC3 FEH M MLLS
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5 H A LT 55, 3R WL a5t 1% 181 ) B a0 4 7 o
25 Uik 30 M N AE Y, T A O 2 00 5 e A Y
BEELRNEE o ASHIEFE DA 2 e 107 2005 308 B A8 R 1Y)
FWBAL ARG A T, BEHL 3 DFUs AL 45
FHOCHEN: DNA W ELAEF4R/E DNMTI(DNA methyl-
transferase, DNMTI, GenBank %35 HM751104.1),
HEHE WAL E HDAC3(histone deacetylase,
HDAC3, GenBank % 35%t%5: HM751109.1), A&EH
LA R8T MLL5(histone methyltransferase, MLLS,
GenBank %5t 5: HM751112.1), DIHIS B ZRKILH
p-actin(GenBank 5% 5: EU668024.1) NS, R
FSEI 56 E 8 PCR A, FIFHARXTE & 274
BRI 3 AN FEAEAS R BE . A () B3 s 1) )35
TAEAFH A h i B R IR R AT T b, DA
TIN5 A A F B T A il 2 1) o IR 1 58 10 2
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Ry 1o I AT ) S SR A A AR IO SR
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(16.4£3) cm, WHIWARK B S 7HEY, Phikik
BPREEST | HUAS I — I A A A S 00 = 37 B
I= 7 H B IRMAM, Hewm R 1 0 2 W, i
LER, BERIRIK 1/3~1/2,

12 REMELE

ANRIRE R %50 RIS AR E R 15°C
FIKFE R 5 h, SRJE IR L 0.6°C /h 54
PR K IRZE W2 18°C L 21°C L 24°C ,27°C . 30C
S5ANIREE, HISLEANRE DR 3 he BMEE
SR s RS, BOLEEIRE . AL,
THACIE FNE IR AE 2020, RV AR BV VR 5 e B
F|-80°C VKA A& H -

ASFE A ] K 50 Hfil S 27K 20°C K
FEH PN 3 h, PRIHEZE 30CJE, 4 BIFEO0h,
3h, 6h, 9h, 12h, 15h 6 iHa]SEHGH 5 H Al
S, BOLAFER AR . P, T B R
WA 21, ARG ¥ R 5 e B8 31 -80°C vk A
L&

1.3 RNA B1RELS cDNA BI& B

WA B A T WS, AGE & Trizol
(Invitogen)FEHLE RNA, #%8 M-MLV RT (Promega)
UL, DA 4 DNase I (Promega)fi) RNA A5
e fin A 2xoligo dT (5'-GGCCACGCGTCGACT-
AGTACTI17-3ENT I, # 42°C/Jv 1 h, 95C
5 min DAL . T cDNA B AR A7 7E
—80°C4 .

1.4 S|¥IREIT5iFiE

517515 % Wang %7, HIFFIERILE 1.
S B T A TR AR IR 55 BRI,
FHICE KR BEF) 10 pmol/L, —20°CHEAE & .

15 WHTEE PCR REFEHIF

WG E R PCR TESLHT 28 @& PCR X
(eppendorf Mastercycler ep realplex) I'#£417, PCR
KRR Z N 25 pL: £ cDNA Bt 100 17556 Bk

&1 XWKEE PCR3I4
Tab.1 Gene-specific real-time quantitative PCR primers

L gene 5149 751 (5'-3") primer sequence(5'-3") Jr BEK J# /bp fragment length
DNA 56 il F: ATATGGCGTCCCACAGACTC 167
DNMTI R: CACAGTGATGGTGCGATAGG
HE AP RS F: AAAGATGAAGGGATAACGAGATGC 171
MLL5 R: AACATTTACAGCACGAGGTTCACA
HE AL LB F: AGGGTGTGACAGACTTGGATG 158
HDAC3 R: GAAGGGCAGTCTCGTACGTC

ERILH B-actin
housekeeping gene f-actin

F: CGGGAAATCGTTCGTGACA
R: AGGACAAAGTTGGCGTACA
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2.5 uL, 12.5 pL 2xSYBR Green Master Mix (Ap-
plied Biosystems), 1E/ 5144 1 pL #1 8 uL /K, &2
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Fig. 1 Gene expression in Apostichopus japonicus under
different temperatures in body fluid

DNMTI: DNA methyltransferase gene; HDAC3: histone

deacetylase gene; MLL5: histone methyltransferase gene.
* means the difference is significant compared with the pre-

vious temperature at the 0.05 level; ** means the difference is
significant at the 0.01 level.
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Fig. 2 Gene expression in Apostichopus japonicus under

different temperatures in respiratory tree
DNMTI: DNA methyltransferase gene; HDAC3: histone
deacetylase gene; MLL5: histone methyltransferase gene.

* means the difference is significant compared with the pre-
vious temperature at the 0.05 level; ** means the difference is

significant at the 0.01 level.



%3 R EHRINA T S 2 WAL PR S A S FE IR Y F B R 473
35 y=s. 55D 251 NI5C @21C @27°C
S misc HE2c E2C n=5%SD  Bi3C m24C @30T
3.0 i1sc *

[d24cC

B 30C

N
W
T

mRNA RN Fik &
relative expression level of mRNA

5 o B

T T T

(=
(%]
T

[, M, S S S S

I =

I,

=

:
=

B3 AR T 22 eI A E b g s

LD MLLS: AR A PR ML . A5 A — B AR HE

25 0 (P<0.05); LR ST — IR LA L 2% 57
e 2.3 (P<0.01).
Fig. 3 Gene expression in Apostichopus japonicus under
different temperatures in intestine
DNMT1I: DNA methyltransferase gene; HDAC3: histone
deacetylase gene; MLLS5: histone methyltransferase gene.

* means the difference is significant compared with the previ-

ous temperature at the 0.05 level; ** means the difference is
significant at the 0.01 level.
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Fig. 4 Gene expression in Apostichopus japonicus under
different temperatures in muscle

DNMTI: DNA methyltransferase gene; HDAC3: histone

deacetylase gene; MLLS5: histone methyltransferase gene.
* means the difference is significant compared with the previ-
ous temperature at the 0.05 level; ** means the difference is

significant at the 0.01 level.
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Fig. 5 Gene expressions in Body fluid of Apostichopus
Japonicus during heat stress
DNMTI: DNA methyltransferase gene; HDAC3: histone
deacetylase gene; MLL5: histone methyltransferase gene. *
means the difference is significant compared with the previous
temperature at the 0.05 level.
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Fig. 7 Gene expressions in intestine of Apostichopus
japonicus during heat stress
DNMTI: DNA methyltransferase gene; HDAC3: histone
deacetylase gene; MLL5: histone methyltransferase gene. *
means the difference is significant compared with the previous
temperature at the 0.05 level.
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Fig. 6 Gene expressions in respiratory tree of Apostichopus
Jjaponicus during heat stress
DNMTI: DNA methyltransferase gene; HDAC3: histone
deacetylase gene; MLLS5: histone methyltransferase gene. *
means the difference is significant compared with the previous
temperature at the 0.05 level.
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Fig. 8 Gene expressions in muscle of Apostichopus
Jjaponicus during heat stress
DNMTI: DNA methyltransferase gene; HDAC3: histone
deacetylase gene; MLLS5: histone methyltransferase gene. *
means the difference is significant compared with the previous
temperature at the 0.05 level.
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Characteristics of epigenetic regulation of related genes under high-
temperature stressin sea cucumber Apostichopus japonicus

LI Shangjunl’ 2, SUN Guohual, LI Xueyanl’ 2, LI Genrui" 2, YANG Jianminl, YANG Shuangl’ 2

1. Shandong Marine Resources and Environment Research Institute, Shandong Provincial Key Laboratory of Restora-
tion for Marine Ecology, Yantai 264006, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: Epigenetic regulation of the related genes DNA methyltransferase (DNMT1), histone deacetylase
(HDAC3), and histone methyltransferase (MLLS5) were used to analyze gene-expression quantity in the respiratory
tree, intestine, coelomic fluid, and muscle tissue of the sea cucumber Apostichopus japonicus under high-tem-
perature stress conditions. The housekeeping gene f-actin of the sea cucumber was used for internal calibration,
and the relative quantification 27**“" method was employed using real-time fluorescent quantitative PCR. Sea cu-
cumber kept at <I5°C were used as a control group, and the target gene-expression quantity of this group was
used as benchmark-1. Increased expression of the DNMT1 gene was insignificant in the coelomic fluids at 18°C,
but the expression rose significantly between 18°C and 21°C, thereafter the increase was less acute, until the ex-
pression quantity reached a maximum of 3.26 at 30°C. The expression quantity of the MLL5 gene and the HDAC3
gene were significant at 2°C, and then the expression quantity increased slightly as the temperature increased,
reaching a maximum of 2.90 and 3.19, respectively, at 30°C. Overall, the expression quantity of the three genes
increased with increasing temperatures, and this trend was obvious, reaching a maximum at 30°C. Comparisons of
different tissues showed diverse expression quantities of the three genes. Expression of the genes was prominent in
the coelomic fluids, at >2.5, above 24°C, while the expression quantity of the three genes in muscle tissue was <2
in the whole spectrum of high temperatures. Under the stress conditions of 30°C, the gene-expression quantity of
the three genes was detected at 0 h, 3 h, 6 h, 9 h, 12 h and 15 h, and the expression quantity of every gene at 0 h
was used as benchmark-1. The data showed that the expression quantities of the three genes were characterized by
increasing expression with the extension of stress time during 0 to 9 h (P<0.05), except expression of HDAC3 in
intestine stabilized at about 6 h. The expression quantity was either not obviously or only slightly lower after 9 h.
In addition, the trend in expression quantity was consistent in the different tissues, yet the maximum expression
quantity of every gene was highest in the coelomic fluids than in any of the other tissues. This expression analysis
of epigenetic-related genes under high temperatures lays a foundation for interpreting the mechanism of response
to high-temperature stress in sea cucumber from the viewpoint of epigenetic regulation.
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