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Aja-miR-22 #1 Aja-miR-27 K HEEEEE RS E BB ERRIE
R

WK, REA, HEMWL, WEE TE, FA, @K

FIEMFFER Y, A AN TR T gk G R iS00 %, 107 KiE 116223

THE: WS (4postichopus japonicas) K kK EH BB WAL T2Z—, T microRNAs (miRNAs) A i# T
L ILHE) mRNA R E25 6, SEBUM L B f R . HRST Aja-miR-22 Fl Aja-miR-27 J X 9 9~
FERTERI SRR K a8 T R 00, A SIS AR B 18 IRER MK AT hae, BCER a5 ) 3 hy 6 hy
12 h, 24 h, 48 h Fl 72 h AS[F]HF [A] 0 R IE 5 8 BEWE /K P il S0 R S W, $20 RNA Fl miRNA, FIH] gRT-PCR A
AT IR0 M 45 R W Aja-miR-22 Fl Aja-miR-27 3X P miRNA 78 £ B ilhd 5 4% it By S Bl iR saktas, H
HAEM IS 3 hak IR, 400 R %t HRLL Y 36 f5F1 16 f5. Aja-miR-22 il Aja-miR-27 FEA 5 £33k AR
XTI, H Aja-miR-22 7Ep3E )5 3 h, 48 h 5XT R4 22 54K . 3 (P<0.01), Aja-miR-27 MBS 3 h, 48 h,
72 h 5%} IR 2H 25 F A 0 2 (P<0.01) o 135 TR A2 B W 16 AH G B 1177 KD echinoderm microtubule-associated protein)
55— I F 1IE W3k 2 (general transcription factor 11E subunit 2)f%) 25 B IEAR — B, 7EMMEJF 3 h B2 HARME,
LA S Y O M DG ER T (EMAP) 26 M J5 4B A S RS B E T X IR, BRa s 48 h AR S35
Xof BR 20 22 S50 B 35 (P<0.01), T — %% 5% K 7 11E V.5 2 (general transcription factor IIE subunit 2)7E/J 36 5 48 h Al
72 h (A 5 IR 22 S 1 (P<0.01) . Aja-miR-22 Fll Aja-miR-27 fY 3 ik #4553 PR 3 R 4 27
24 h I EBAMERER . ERIIFEEE R UL Aja-miR-22 Fl Aja-miR-27 J X I fiky 38 3 DR 7 3] 2 110 88 3 7 9
AL R HEAEH

XA WS, SRELMS; miIRNA L[R5k MU %k

FE S ES: S94; 8917 ERFRARRD: A XEHS: 1005-8737—-(2020)04-0375-08

microRNAs (miRNAs) & —2 K & A 18~26 nt
FERE S I T 5 S5 Je oM TR L R 2R 8 1 3E 4R AT 1 /N
RNA. H A E A #3319 miRNA 53125 = RN
B s et A st
A5 AR AL B AT 5 o Zhang S5 ORI B4R 9 (R 41
Al A I R 3R] 9 S 56 v % B miR-137 1 miR-2008
R A% 3 2 80 7 S S5 DR SR v 2 o R P S B
fitt(AjJBHMT)#E i i E ROS A9 7 A= FIEU 40 i 1Y
R R Li 2V S0 g miR-210 A4
TEBHJCRB A 10 1 Toll £ 22 R ILH (AjToll), Ff H I

Yris HER: 2019-06-09; &7 HEA: 2019-07-12.
HEEWE: EZRESV LI HQ0I8YFD0901601).

ROS 721k 5 AjToll Y siRNA FF—3, miRNA-
210 JE/R T —FlBr i s i P8 1842 . Lu SR
miR-31 7E I 55 ) 2 W 0 A% i s 3 o 0 ) 4/ FH 1
HOIEIN Ajp105 Kk & 4R . Shao 25UV 45 S E
HAE S B AR RN 4 3 22 6] AR B P T], miR-31
B A5 IR R SE I T AOCEE H 9 (AJCTRPY)HY
ik, MBI R 5 -3 R bE 2 iR 2R
FIE-8 MO A T Lu 258 i % % miR-
133 B si-AJIRAK-1 FO%5 5B miR-133
Z5 TLR MR, il O RE fE T
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miR-133 Fl AjJIRAK-1 B 52 . Ly ZIRRSE
L5 miR-137 TEIRES: R pL 2 A 1 1R
FH o Lv 202050 55 6 % miR-200 FRE4DL4) 3 A 8 4
Kl AjTollip M T/ FHIRIE, 45 REY T
miR-200 AEME TR AL BT TGP . Zhang 251
I 3 U P FD PCR i e A9 7 58 € T miR-92a
(TR AE#E LR SMURF F1 MEGF

ER IR ) S A B A 385 2 i T B I A B
FZ—o HETEEEX S5 iAoy T4 24
e 2 A T B R O A g e )
S5 T o WG AU R 2 8 T L P R B
B KRR 2 T E20R S 1 B R A g i
BT YIRS R B 7E 31 IS X
AL 1 ot 3 FLAR (RS Sk sl i), 38
e e PO R IR ER S R S AR R L HER
PR KABBUA %A R R L Y52 o Zhang %512
Y5 T NS AEARER A 5 R 10 IR 85T rp o 1 R AR Ak
(135 15 Fr 5 22 7 R 5L (DEG) . 14425 i
TR ER A ST X DD104 PR ALE) ) 2 A TR
A, BRI SRk AR T, Ak DD104
RN 5B B M0 S VM. R
RERME BT T 4 DI E R FRRA L, 45RE
BT 1 70 36, HAERLE | AR | 8
HOn A L Mg OB AZ R I R AE i S R
JE it b A o R A AR . Tian 2PV T
VA5 AT I DXL Ak B T 38R 1 3R A AR Ak L T
3L LA A e, HErE AR RS &
S 2 0k K R B CH R B s P
microRNA 2 55 2 45 B 38 [ 7 1A (1) AH SCBIF 52 45
FAIXFEE A . ARSCLEEL 18 psu Wrid 5 1Y i i
25 R R Beml, MR EIRAY microRNA Hri
e Aja-miR-22 F1 Aja-miR-27, THIMFRASHXT 5
FURESEDR, AT X I miRNA N L PR 7E 36
o6 2ok AR R A SRR O, R S A R B A 0o AR
PR Z AR

1 #MEEFE

L1 SEIeHr#
SCH RS A LR L, IR T ORGE
PR R AL TT I K SR A U S, IR

RO, PIRIIRE | B R (22.84+2.79) g il FRE
FISAERLIM B K 30 RIS HE FEE N
18 MR ER K A TR ER i, ZEMMAJS 1Y 3 h
6h. 12h, 24 h, 48 h fl 72 h A[RIHF ] BEAS H 1€
B3 SRS R, T IR 28 b, [l
A IEH R 32 RIZAE % FRZH (0 h),
1.2 XWHE

A RNA [IFHEE DL K2 mRNA (7] 52 5 5% Fll gPCR
ST S A R B A TR
1.2.1 miRNA R E R TRIzol ¥ #2 M
miRNA, 7 miRcute miRNA cDNA % —%5& & %,
) & (KR201) JEF7 miRNA 4% 5%, HEECY
miRNA EE# AT mER N, DINEEK miRNA
VE R B AT SO s I L, OWAK R A RNA
2000 ng, 2xmiRNA RT Reaction Buffer 10 pL,
miRNA RT Enzyme Mix 2 pL, fill RNase-free

ddH,O % 20 pL.B.LIRA)ETE PCR {UZ IR 42 °C,
1h; 95 °C, 3 min £/ TR 5% . & BEY cDNA
SV, 38 3 Bt B W R M P TRCAS DU s B SR R 45 SR,
JCETF-20 CHRAFH T IR 80 R KT .
1.2.2 miRNA WEBERERBM Aja-miR-22 FI
Aja-miR-27 BYEIE PR 238 1 miRanda F4Ftil 53-
MrET 5, HPE miRNA 5 80 3% K 5 51 DC B
miRNA-mRNA Sk 2 1] i FAFS P A7 A P
SPHER SRR, R E S E S>90(HER B X 4340 I
Hf/NAMBEM T-17 kCal/mol HYMELE HAR, #%
TEAE T L AR S R — 25437 . miRNA 5% (1)
9 2~8 LRI ORI )75, 545 mRNA
RS VERCXT . B4R miRNA(pre-miRNA) Y EE i%
W EE miRNA A AGO2 JE it RNA i 1T 2
A WIRISC), F2 miRNA H— S bk (R B 1E 6 &
Y, 5 —4EESUH# . RISC ilid miRNA [y 5/
iy 55 0 I PR I X S U 25 B A o
SIS 52 B PCR W I 238 1
i85 miRNA Y SCHE P B TR i 35 22 S 3Rk
f) 2 4~ miRNA(Aja-miR-22 Fl Aja-miR-27)F1%} [
[ 2 DNHLIE R (EMAP, gtf2e2), 5338 PCR 454
P i PCR X 5| Wk 7T e, RIS R 5]
Y. FF Primer 5.0 SN AR AY 2 AL R TH2¢
S w gy, sl m BiA T AY TR A
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FBIRAF: Aja-miR-22 Fll Aja-miR-27 J R I DRI/ 00 2 46 B 36 5 1 R A X 377

BRON R L, S22 Mo 2% B g i o oy
%o 2 miRNA Fl 2 DNEEEE R K NS 519
FEAI L 1,

#1 KHXEE RT-PCR3|YFTI
Tab.1 Sequences of the qRT-PCR primers

used in the experiment

HMH gene S1¥F 4 primer sequence
Aja-miR-22 TATTGCACTTGTCCCGGCCG

Aja-miR-27 CTATTGCACTTGTCCCGGCCTAT
[8]9) ACGCAAATTCGTGAAGCGTT
gtf2e2-F 5'-ACCAGTTGTGGAAAAGAAAAAGCC-3'
gtf2e2-R 5'-TAGTTGAAACCAGCCGGAGAGGAT-3’
EMAP-F 5'-CGCACCTAGCAAGACTCTAGCC-3'
EMAP-R 5'-AACGTCATCATTGTGACCCAAATA-3’
p-actin-F 5'-CGGCTGTGGTGGTGAAGGAGTA-3'
p-actin-R 5'-TCATGGACTCAGGAGACGGTGTG-3'

1.3 FESIT S0

BT A5 K04 2% - SPSS22.0 K4 HE AT 40 #r,
I3 3 5. R K 5 2253 M7 (one-way ANOVA)FI LSD
FO R B 22 53 B 2K, P<0.05 B R 22573 8 3,
R Origin8.1 #AFZH AR A

2 HERE5HH

2.1 Aja-miR-22 1 Aja-miR-27 7 EEBEH
Fik

Aja-miR-22 1 Aja-miR-27 7E£5 & i 30 F 4% i
B FGREE R E 1 fin. Aja-miR-22 fil Aja-
miR-27 X P> miRNA 7E3h B2 i J5 & i Bt
IR R F B 2 4 miRNA #E0H FE Rk,
HAFEMHEE 3 h kB &AM, 530 6 B4
36 M5 16 £, Wrif 3 h 5 ik mAa FrfEAk, 7eb
)5 48 h I FHEr, SRJEFEIR. Aja-miR-22 Al
Aja-miR-27 TEA 5 & KB AR T 0 R,
Hrfr Aja-miR-22 7EMMEJS 3 h, 48 h SRR 257
W i3 (P<0.01), Aja-miR-27 7ZEWIA )5 3 h, 48 h,
72 h 5 X} HR 4 25 S5 i 3 (P<0.01),
2.2 HMEEAEIREMET&BBEENRIE

2 A PR K S RS A G B L (EMAP) RN
— et 5 R T TIE W3 2 (gef2e2) MY F iR 45 SR A
2 iR 2 MMREE R R s AR — 2, fEia

| asr ” [ JAja-miR-22
3@’ w 40T T 777 Aja-miR-27
EME 35¢
ESE 3l _
58 & n=3;%t SD
_gé 2 < 251
E 8T 5l
2852 ;
<< oA

> 151 *k
REg
Qs 8 10
g " B s
é <—= 5+
.5'3' 0 A ) el % % )
< control 1.5 3 6 12 24 48 72

A ER W8 BF ] /h low salinity stress time
K1 Aja-miR-22 5 Aja-miR-27 £
38 5 AN TR I B 3R 8
xRN IR 5 SE Al 2 R 25 5% B3 (P<0.05);
R 3R IR X HRZH 5 L ER 4 2 [ 22 AR L 3 (P<0.01).
Fig. 1 Aja-miR-22 5 Aja-miR-27 expression profiles
in different time under low salinity stress
indicates the significant difference between the
control and the experiment group (P<0.05); “**” indicates

extremely significant difference between the control
group and the experiment group (P<0.01).

o

0 bza pZa 1
control 1.5 3 6 12 24 48 72
{8 B8] /h low salinity stress time
K2 ARER A T R Sh P 8 AR G 1 (EMAP)FI—fi%
T 1B WAL 2 (gef2e2) 5L PR AR ] i) B 1 25 35
xR oR N B 5 5050 4 2 8] 22 57 235 (P<0.05);
o PR T IR 5 S I0 A 2 [R] 25 S5 4 B 3 (P<0.01).
Fig. 2 The endothelial monocyte-activating polypeptide
and general transcription factor IIE subunit 2 gene
expression in different time under low salinity stress
“*” indicates the significant difference between the
control and the experiment group (P<0.05); “**” indicates

extremely significant difference between the control
group and the experiment group (P<0.01).

J& 3 h FFEEI AR, JE X HRAL 1Y) 89%, KRG I 1RIE
Wit e, 2GS 48 h AR RAE, XTI
13 4% o Hor EMAP 81030 J5 45 B ] 5 (0 26 3k i
PURTX IR, BRMa)S 48 h 4h, HARTE] A
%) MR 2H 25 St 35 (P<0.01), T gtf2e2 1EA )G
1.5h, 3h, 24h, 48 h f1 72 h (Y RAE 55X 4]

3

S 16} CIEMap -
w & 4 s %
Q8 127
:ﬂg§ 10t n=3;x+SD
®ra 8t o
%‘[; 62 *k /
85 2
Be 2l BB
I e
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=5 R 35 (P<0.01),
2.3 1 miRNA SEIMEFEE 3'-UTR XiFiEE
2 > miRNA S HAEFL R [A] 1) 3'-UTR X35
XA 3 FiR . Aja-miR-22 BJ“Fp 71X 75
EMAP 3'-UTR X I8 1) 879~886 1 S AHZE A, T
X AR 43 156.00 =5 T 1 40 90, /N H Hfig
~19.51 kCal/mol, f543%U{E A Bk 1 i AE AR AR
FH] miRNA 551 mRNA 4555 & W45 it € .

Aja-miR-22 3’ uggecGGCCCUG - UUCACGUUAu 5’

EMAP 5' gcatcCCAAGACGGAGTGCAATg 3’
Aja-miR-22 3’ uggccggecccuGUUCACGUUAu 5
gef2e2 5 atcgtggttacCAGGTGCAATg 3

Aja-miR-22 (1] 2~12 v /55 gef2e2 1) 493~514 i /5
FEHIR HEAR43 151.00, /) E HifE-21.75 kCal/mol;
Aja-miR-27 1 2~18 bp 55 EMAP 1] 865~887 bp J7*
HIXF A3 156.00, /)y H HfiE-19.42 kCal/mol,
Aja-miR-27 [ <F ¥ [X /551 5 EMAP 3'-UTR i 5
SEH AN, Aja-miR-27 [ 2~12 bp 5 gef2e2 1)
493~514 bp JFHIXT A543 151.00, /N H HHE
-21.75 kCal/mol,

Aja-miR-27 3’ uauccGGCCCUG -UUCACGUUAu 5’

EMAP 5" gcatcCCAAGACGGAGTGCAATg 3’
Aja-miR-27 3’ uauccggcccuGI.|]UC|A|xC|C|iL|IIﬁu 5!
gef2e2 5" atcgtggttacCAGGTGCAATg 3

E 3 Aja-miR-22 5 Aja-miR-27 KR H K 3'-UTR XI55 L
Fig. 3 Comparison of the 3'-UTR region sequences of Aja-miR-22 and Aja-miR-27 and their target genes

24 4 miRNA K HEERFZERILE TARE
A 18] B O 3R &

2 > miRNA 5 HX] S8 FE I ) mRNA ik
HUNE 4 FroR, TEEREEMMA 24 h 2 R0 Y £ 1)
P, Aja-miR-22 Fll Aja-miR-27 Fik#aHI>
MTtE . BRI, ThE . BEIR, 5 EMAP F gtf2e2
OBy & 1] 3 SN A =TI [ O A =%
FEEL MG 48 h F 72 h X BN A A, gf2e2 th

m EMAP
m gtf2e2
@ Aja-miR-22

40 - = Aja-miR-27

20 +

ARtk R relative expression level

0 1.5 3.0 6.0 12 24 48 72
AR B8 A 18] /h low salinity stress time
Kl 4 fRERMHAE T Aja-miR-22 5 Aja-miR-27
NI =S ESEY 573
Fig.4 Expression of Aja-miR-22 and Aja-miR-27 in
different periods under low salt stress

5 miRNA SIS, M EMAP 53
miRNA 2 IIE 6] )22 a3
3 it

miRNA 2 — & RSP IAES S RNA, GEH
FEAEYA TR ZRIR, JF i SRR A e R A e A
HAMAESS A TR N, A B A kT
TEER BE A AHE B miRNA 43, Wang 2P7E
BB (Anguilla marmorata)it 5% W & B miR-10b-
5p. miR-181, miR-26a-5p. miR-30d #1 miR-99a-
5p 78 3 MEREE N 28 BRI, X 5
miRNA 7EZ & A EZAEM, Hrh miR-
10b-5p HATEMKE S 10 5 T2 50K%
7 JE AR5 o Yan %5078 Jg B 9 A f8.(Oreochromis
niloticus) {975 1% W ia W 58 & B 2415 15 R & 8 =,
miR-429 #) K ik & F I 5B & Yo i s N1
(OSTFI)FiEwAHRN EH—3, %M miR-429 &5
OSTF1 WHE ) & 28 S AR5 15 W30 g 17 4 4% o 22
YEF . Yan %P4 % B 4 #4  miR-30c 7] L)
PR ) a4 HSP70 FEIA, 5@ i ] miR-30c 13
ik, R R R E TS, R miR-
30c 2Z 5P AN BERY N EZEY) .
Flynt 2:05°WE BE D)t (Danio rerio) & ¥l miR-8 %
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BRIREE: Aja-miR-22 Fll Aja-miR-27 K HUH0 I R 76 00 2 46 1 s

S IR 379

R miRNA B FAfhRIAFE, FHiEadiE
5 4l S A 4 E 5 T (Nherf 1) B 32 35 R 8 22 4 2
TH%eE, WM IRRRAIiE . fEASCH IS
Aja-miR-22 il Aja-miR-27 FEEREFEMIAT 2 4
miRNA #REH I LM RBGEHE 1), 508
miRNA 57450 —5, UiHX HI~ miRNA fgfg
PR A T FGR, JRATRES 5 S 10 R B IR TS
pad A, ST BB TR, 2 A
miRNA 35 & 1 fi K (H S BL7E ) 2 48 B i 5
9 3 (& 1), FATHEM miRNA 0] g2 7E AR ER B 3
(8 45 1 ABCHE R N 14 B, ok B4 b 7 ) 2 1
PR R B AR A AT SR (A5 . miRNA BEAZ I o 5 410
LR 58 32 5K 58 4 B AMEZE A B DB L A
IR 3 7 1) R R R 1 0T

miRNA SRR 24 h A2 A 17
HHIE(E 4), AIRZHEWUET T miRNA HH#I3E
AR P T R PPN e B i 48 h 72 h
XA A] 5, EMAP 5 H miRNA 23 IE [\ /)48
e, X B IE [ AR S —AME S O R B
%, WENTEERE Ma s, BRT Aja-miR-22 Al
Aja-miR-27 X EMAP HWEAEHSY, W ReTEEhEE
JiiE 5 A A HoA A miRNA X EMAP BAGHY
YEA, tnl e EMAP 76 3h 5 Mhn it i rp B &
BRVEH, T8 EMAP 538350 B I a1 26
JoiR 360 X5 3 S MLAAR P R AR Ak B s i), Y SR T
— L 1 S AT IIE

A5 HH 56 2 1 (MAPS) S ELAZ 40 i P 305 |
) R RE A, i TERn, WEmEgE b
BEE, s N s e E Y. Y
R TG 40k A 2243 24 3], EMAP Wi R (LT
wom, 3 HBEEWIGA 220 28450, KR s
FAR 2, Tabur 25105 ot 55 5% BA 20 A R 22 3 A 4 e
XL & B, 7E NaCl % 524 0.30 mol/L . 0.35 mol/L
1 0.40 mol/L FHEFREE AR MY, HA 2457
ZUHE B B E AR . Kammerer 251175 8 4k 41 rh
UWEBA T $h AR (L BEAS N & & ORI 40 L 1) A 24
3R, XS L R ER B AR AL XA 22 0y B o R
—SES, HETT 0 EMAP BERR L Fe . AR
55 WP ER i J5 EMAP BERS 8515 5:(81 2), JF H Ak

2% SRR e, T RE UL A kB bk aE T B B0
10, 5L Sh A 22 43 S 5 AR R 1 0 A0 A i) 5K
i, XA RPHE EMAP EAS S, EYik
TERREE G T, &% 58 sh— R 500 & (A ok il
FR MBI IR — 8 1 S, 3 T 2
A ShFEH R Sk SRR R, BRI SR
WA E IR, BDAAE 6 FEE (A TR RNA
RAW U AHEAE, %R H TR R — B ot
[A-¥(GTF), f44% TFIID, TFIIA, TFIIB, TFIIF,
TFIIE, TFIIH™Y, Drapkin 2145 BF B TFIIE fig
% 9757 ERCC3 fit BRIV ; Guzder %57 e 1)
(Saccharomyces cerevisiae)+ UERH | TFIIE %} ERCC3
il HE BTG 2 18 97 1) 919 2 RNAPTI % S T b 7 16
He #WE /N AiiE I T 4% 5 T TuMYB73 £ A
REAE M0 B O FE R BT A2 M T & 4F T
BEH] . Hu Ve B IT (Arabidopsis thaliana)
HIE B §% 5% T WRKY S 14l 7 vQ9 & 1 mf
VIl 445w (R 3k B a0 5 B 38 N s FE, (Rl E AR
XA A miRNA S5 Hd#, 3 HfE—E
P ) BE P S RE DR R miRNA A AE — i TR 17
A 4), FTREULEH miRNA FIXH N A #E 5L R 44
e i o PR A LR IR F R S 5 S 0 £ A
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Expression profiles of Aja-miR-22 and Aja-miR-27, and their target
genes, in sea cucumber under salinity stress

GUO Ran, WU Weijie, SHANG Yanpeng, QIU Xuemei, DING Jun, LI Xiang, TIAN Yi

Key Laboratory of Mariculture & Stock Enhancement in North China’s Sea, Ministry of Agriculture and Rural Affairs;
Dalian Ocean University, Dalian 116223, China

Abstract: Salinity is one of the most important environmental factors affecting the growth and development of sea
cucumbers. microRNAs (miRNAs) can regulate the expression of their target genes by specifically binding to tar-
get mRNA. The expression profiles of Aja-miR-22 and Aja-miR-27, and two target genes, were detected in sea
cucumbers that were under low salt stress. RNA and miRNA were extracted from coelomocytes of sea cucumbers
in normal salinity seawater and were, after 3 h, 6 h, 12 h, 24 h, 48 h, and 72 h exposure to salinity stress, analyzed
by qRT-PCR. The results showed that the expression profile of Aja-miR-22 was consistent with that of Aja-miR-27
at each time point after initial salinity stress. Two miRNAs were induced to up-regulate and reached maximum
expression at 3 h after stress. The expression maximums of Aja-miR-22 and Aja-miR-27 were 36 times and 16
times more than in the control group, respectively. The expression levels of Aja-miR-22 and Aja-miR-27 were
higher than those of the control group under salinity stress, and Aja-miR-22 was significantly different from the
control group at 3 h and 48 h after initial stress exposure (P<0.01). Aja-miR-27 was significantly different from
the control group at 3 h, 48 h, and 72 h under salinity stress. The expression of the target gene echinoderm micro-
tubule-associated protein (EMAP; 77 kD) was also consistent with the general transcription factor IIE subunit 2,
which reached the minimum value at 3 h under salinity stress. The expression level of EMAP was lower than that
of the control group at each time point after salinity stress. The general transcription factor IIE subunit 2 (General
Transcription Factor IIE Subunit 2) was significantly different from the control group at 48 h and 72 h under sa-
linity stress (P<0.01). The expression trends of Aja-miR-22 and Aja-miR-27 were negatively correlated with their
target gene expression patterns before 24 h. The above results indicated that Aja-miR-22 and Aja-miR-27, and
their corresponding target genes, are involved in the salinity adaptation mechanism of sea cucumber.
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