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1E 26 5, BE N LA PR 2 A BROE 40 Jf o 32, 9k E 240
URZ s VIR P 0 LAk E28 240 A 32, i BR 2 A 3RO 240
W o U B IG5 i PR A s 400 5 R s b 4 s 200 i 4
AR 22 5, s HT BE LA RER A T REY,

2 B IR 5 P A R R AL, 20 2 0 5 5
U0 S s DR K T R L R AR KRR R
IBEF, fil S S0 AT | PRI A | MR A N SR
He AR A1, IR BT 48 B, T A T R e
BN ESS B, 8 T —Fh A IR AP RS, BT, A SR
Zut ke A MR 2 E D ThhEmHEdRE.
A 5T B0 g S ak R, miE S B AT R
¥ 22 R 010 322 422 3057 4 91+ BT 28, DAk 45 i 1 MR
Ji T R TR R O 2 Pl T A AL HE AR AN o IX e IR S Y
TR BT B A Bl 2 A 0 TR, 28 550 2% 1) 4T it 3
B Al oAb A GO A A s AR A B Y o
PITHAL RS, Hoh, Bl 25 R DL R B AR AEAE R
MM R 0 e A o A T A i D REVE T, T AR
B ZH 2P A 0 R, RS ik R AR e A B TR
AR s 240 L 25 BB P9 e — R g HE 1 . AR RO,
i) 2 A s Y 25 B i B O 2 b BRI A A i A K
ST, R 20 4R A e U S DR S o, ik AR FS 6 h B
Sk EATC I B 2 5. U ICHEAE A Sk kRS
2 FIH At P9 E— 2 HE H AR A1, Ry 0 2 i S5 A A Y
JE 2% B, FRAT S BT gE & B, D L AR R P AR M 4 A
B AR 2k BEJS 6 h PR B i RO 6 ok 2 9F),
FEIN B A e i

AL RNA-Seq M 7 4 A X il 2 JE 5 6 h
i U D B R s AR R s 0 L A 7 O S
WU, 49 53] B a7 L G s TR i w2 s 4 e 7 e
JoiR 60T 1 i PR R AR A, DUSAUR A T it 4% s 200 i £ )
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Yy, KR (50.244.6) g, TR T 22 B K 7™ sl W) e 2
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B I S W B A s o AR s VORI R B
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W, B 3 Sk SRR GVEN LA FAT, BA 3A
AT o AL BIFRIC AN T« ik B PG P A 400 i )
HEZH (PCO h)., ik B [ Jis A A s 40 B k- JUE 2 (PC6 b))
A I A I 240 JE X6 R 4 (CCO ) FIMA I o 44 Js 240 it it
JIE2H (CC6 h) . 4% 2H BU 2.5 mL 14 & ¥ £ & 48 4°C,
3000 r/min &0 10 min, 37 3, 400000 7 B & IR
AR, A -80C vKARRAE A& .
2.3 RNA RREUE REH N

4 B8 B Y Trizol 125 41 B I A il £ 14 4% 1 41 i

fn S RNAG FH 1% Byt B 6 i L VK ARG RNA 9 5

W, MR B RNA 58 38 P O 75 77 76 DNA V5 44, Fl
] NanoDrop ## & 439676 B T4 RNA ¥R EE .
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RNA-Seq il 7 3¢ J2 44 8 ¢ b 5 it R 005 B 2
A4 BRA W BB AR R 55, & 563l i Oligo(dT) 4 2k
B A polyA B mRNA, B 5 15 %] 1 mRNA B
BLITWT . LA BEAb A9 mRNA g #551, BE HLSEA% 1T 1R
HGIY, A B cDNA % — 454, B /5 H RNaseH [ fi
RNA %%, I 7& DNA polymerase 11K & T, L) dNTPs Ky
J5R G B cDNA 55 — ki . 4lifk )5 1 BUEE cDNA £2
AR BRI A B IEE R Y #3k, H AMPure XP
beads §ifi & 200 bp 7= 47 1) cDNA, #4757 PCR 4" 34 3 Ff
W A# ] AMPure XP beads £1ift. PCR =4, £ 43K 15 3
JiE o SO 52 R, 4 9 ] Agilent 2100 1 qRT-
PCR X H: o 47 46 0 1 s 1, 6 U & 4% J5 4 Tllumina
NovaSeq 6000 #4707, 3774 150 bp B X R w5248
2.5 HEFKRE

T 35 A5 14 D s A0 v 5 B /0 B A I 4 3k
Sl P I A R B . R T RE B S T 1
JoT i B R AR 7 B R B AT A IR . DU IR AL
P BBk L A NON R G 2 i L (5 8 ) A
K f (Qphred <20 1) s, 5L 50T 4 Lb 4918 3 50% ) 11
SEH R B, DT AR AT 3 8 05 B0 o RIEE, A g S 8
HEAT Q20., Q30 A1 GC Fritit B . LT ity
S T 3 0 S B R AT R T AT
26 MEFEHESSEZEREAL

il 2 2 25 5 DR 20 R ke PR A AR 3 ¢ S 4 A 3k PRI 4
WG T 38 (ftp:/ftp.ncbi.nlm.nih.gov/genomes/all/GCA/002/
754/855/GCA_002754855.1 ASM275485v1/GCA_00275
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4855.1 ASM275485v] genomic.fna.gz)., i i HISAT2
v2.0.5 WS H F A R 51, If- i HISAT2 v2.0.5
H BE S AR it il U85 B 5 2 B R A X
27 ERRIZBEFEMMIENEEDT

i F| FPKM( expected number of Fragments Per Ki-
lobase of transcript sequence per Millions base pairs se-
quenced ) A FEA Y FE R K38 KF . BJS H] DESeq2
BAE CRRAS 1.16.1) X6 T3 20 [ 1) 22 S 38 64T 20 o )
FH Benjamini-Hochberg J7 7% 8 2 i1 15 p {8 (padj) LA ¥
il 4R & B . padj<0.05 LI K [log,( Fold change) [>1
ERBEEFTRANBME., @i clusterProfiler R 4%
5z B 22 S 3% 38 I A 5L R & ( Gene Ontology,
GO) Fl KEGG & 4E 73 Hr, #5 padj<0.05 15y . 35 14 &
B (R
2.8 qRT-PCR I&iE

T B RNA I 45 28 B Y AL R 25 2
542 AL FEAT qRT-PCR Btk o H: v gl B I 488 Jie
oA S 200 A DN <5 JeR JOA Al 5 /N B B N A P 3 e -
9( A disintegrin and metalloproteinase with thrombospond-
in motifs 9, ADAMTS9) . K J5i 4 J& & 11 if} - 16( matrix
metalloproteinase-16, MMP16) . 4t F i 57 1 -B( retinoic
acid receptor beta, RARB) . 4 1 #i 1 i & 2 4% iz &
(sodium-dependent proline transporter, SLC6A7 ). iR 22
R R4 2 -1 (phosphoserine aminotransferase-1, PSAT1)
S5 RE DR, M J v AR 4N KR TN ADAMTS9, MMP16,
RARB. SLC6A7. 1gG-Fc F B 45 & % F (1gGFc-bind-
ing protein, FCGBP) 55 #: [K , #] F§ SYBR® Premix Ex
Taq 1205 & 192 1 926 7 &t PCR RS AT 90 E &
PCR. %iiF 3% [F #) 5| 93 3 Primer Premier 5.0 ¥ 17,
WGP WL 1, LA B-actin VE N NS HEH, 44
B BE R BCE 3 E A, ] 20 A I A R A
FR AR 22 35 5

3 PRS0

3.1 MF SRR

i 32 Mlumina W77 6 43 0% ik B )5 36 6 A3
LI P N R B AT B RE 6 R P R AT A
i SCEESEAT I, DU I 2 5040 © 82 8258 & NCBICE
5 SRP262929, SRP261739), i HEL [C 4 Jis 1A 4k i
IRRFEASSRAT 0 SR L RIS X R] hy 48 395 496~58 695 018,
EBRARBT R TN G, LT 308 646 822 /™ idt iif J5 £ 4
A J A s 4 RE AR AR A5 0 R b BHE X TR
41 285 400~ 60 069 216, 2 B Ik F1 it /¥ 91 5, 2L 3K15%
271 994 432 A~ ik B J5 E s . WAREA S22 % 5L
IRIZH 1 HE X 2R IX )43 31 66.06%~68.25% F1 61.10% ~
64.88%. Bl FE BT & N A B A AT B, £ R 1Y Q20
1E (%) IR/ T 94.87%(F 2).
32 ERRIENWH

N3 0 S B L X 2R 2 (1 2% B4 |, PCO h
ZH 1 PC6 h ZH Y LA 4 A5 FL 4R 45 25 049 4> 25 AL A,
FHorfr 1254 ANFEPITE PCO h 2H e S 323k, 1 538 N4
K7€ PC6 h 41 v e 53 e 5k, P41 L33k JE I 22 257
Ao CCOh 1M1 CC6 h 411 Hh e 4 A HL 3k A% 25 682 4
ZES AL, Horp 1433 AR TE CCO h 4 e 5 R 5k,
2793 DR TE CC6 h 4 ks Je ik, W 2H Hh 3 ik 5
21456 1~ ABFFEH, Ki{log, (Fold change)[>1 Fl padj<
0.05 7E X0t 35 22 5 3L K, PC6 h 41 il PCO h 404 L,
Lk 267 A 2 25 R AL, Hod bR R 200
A, LR 67 4, CC6 h 201 CCO h £ A L, HL 47
e 922 4N i 35 22 LN, o B 3L 803 4N, R
PEER 119 4N (F 1),
33 GOE&EHSW

X PC6 h 2 F1 PCO h 41 [B] (1) 267 4~ it 3 25 ¢ K38
FE AT GO DIRE & £/ 1T, ixX b 22 S5 Rk LA &

#z 1 H qRT-PCREIEFTASI#MFSI
Table 1 The sequence of primers used for qRT-PCR validation

BN 2 Pk L1975 TGS
ADAMTS9 TGTGATGCTGGTGATTGCTTA GCCTTCGTCTTCGGCTTTA
MMP16 TGGAAGTGGAATCGGTGGT GGATGTAAAGCGAAGTTAGGGT
RARB GCTCCAACCAGCACCTACCTT AAACCCTTACACCCTTCGCA
SLC6A7 AAGTCATCGGGCAAGGTCG GAAACAAGCAAAGCATCTCGGT
FCGBP GAAGAACATCCTTGCCCCG GACATCATACACGCAGTCATCATAG

PSATI1

GTAATGAGGGATTGGAAAAGCA

ACGCAACCCACCGACAGA
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Table 2 The basic characteristic of reads in the 12 libraries

FEA AR AR AR R EAE T8I EU G Q20fE/% Q30{/% HEXT /%
PCO h-1 58695018 57363 038 8.60 97.10 9231 68.25
PCO h-2 56 482 646 55367354 8.31 97.04 92.24 66.83
PCO h-3 49941 732 48766 610 7.31 96.97 92.03 66.06
PC6 h-1 52553 492 51358414 7.70 97.05 92.24 68.17
PC6 h-2 49 356 694 48272958 7.24 97.08 92.27 67.93
PC6 h-3 48 395 496 47518 448 7.13 97.13 92.38 68.12
CCO h-1 60 069 216 58 262 406 8.74 95.56 89.17 62.47
CCO h-2 43214 102 42043 190 6.31 95.00 87.97 63.08
CCO h-3 41 985 400 40917 640 6.09 94.87 87.93 61.10
CC6 h-1 45151132 43809 166 6.57 95.36 88.82 64.00
CC6 h-2 43 699 300 42 464 320 6.37 95.36 88.80 64.88
CC6 h-3 45 650 930 44 497 710 6.67 95.89 89.84 61.13
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Fig. 1

Volcano plot significantly differential expression genes distribution between PC6 h and PCO h (a) and between CC6 h and CCO h (b)

41 15 40 3% log, (Fold change)>1 Fll padj<0.05 Y L K& K ; 4% 15 7R log, (Fold change)<—1 1 padj<0.05 A~ P FE K ; W iR BEA B F £ H 1IN

Red points represent up-regulated genes with log,(Fold change)>1 and padj<0.05; green points represent down-regulated genes with log,(Fold change)<—1 and

padj<0.05; blue points represent genes with no significant difference
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34 KEGG E&EHH
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22 R A A R AR A IR YA K FoxO 5%
i AR AR, L R AR 0 B R L 24
FIR AN IR A R AR 3 [ (5] 3a); CC6 h 41 F1 CCO h 4
) i 5 25 SR L B 4R 5 35 S ik L, Hp e
A2 1% 3 BB A0 M A L I A7 IR BRI R Ak K
K F-B 15 5 3 % . FoxO {5 5 i % . #F Wi {& . AGE-
RAGE {55 18 4 (P 3b), 3 38 T & 3% & 4 3 i
W) 22 S RIR S
3.5 qRT-PCR I&iE

qRT-PCR %5 3 IR, il Sk ke, ik L IG 2 s
A JEs 41 i i) ADAMTS9, MMP16, RARB, SLC6A7,
PSATI %5 J PR K A J& o 44 1% 28 Jf %) ADAMTS9.,
MMP16, RARB, SLC6A7, FCGBP % 3L A i) & 1k B i
T R PR SRk i ) 25 A RS e SR AL T A AR K
AR . 25 B3], qQRT-PCR 45 5 1% 5% 20 ) ) 45 S
— 3, IEW T RNA-Seq 45 50T 554k (4 4).

4 i

2k JUE S5, MM v A B 20 - HE R, B TR
YRS, A BIEFE R WP, A v AR 1 2 K5 e
Ja 6 hisf S AT OO0 W 2 . HeAh, FAT Se R
TR B, 2 BL DG M P9 Js A i 8 A e U
PRGN, S 6 h ik B EAE, 2 )5 gt T I (AU
W ARNTIF) o PG, A SEH e £ ik IE )R 6 h Xt 41 2
L J MR o e A J A B A e SR L e, e
TE T 2 B SR LR BE AT 25 53 0 W, i) s 30 90 L I
S0 JP RS s Hh A I 4 7 o A PO T ) 22 S SRR
PR, R L R P AR v e 200 X o U i )
Wi 7 22 5, SR A I 00 M A 0 2 e U 1) R 2 VR

A F T A M e A 240 A R 2 e S R R
ARAk, e L I 2B RS v AR R 4 R PR 3 kAR A BN, 3
ARATF 267 A~ W3 25 S HE TN o 22 S5 R DA A Y i IR AT
AE 55 30 2 o IR P 30 FEL 8 R R M oA A J 0 A A AR
H ARG v SR 0T 0 P e A 40 D P 32 PR ik K S
MR/ OG0 AR, SE A X 22 S5 IR 1 D e AR A
e K B, 0 M oA A B 0 114 22 S DR R 14 D RE RN
AR R, 22 R N R R R GO e R

il A4 A5 PR 2K o 25 S R DAL B R A A T R W, AR
A 1A B CH 2008 . 22 2R A o5 24 R AR
%) Wi 4w 4R, Hodh PSATL, H & iR -N-H 3L 4% 55 il
( glycine N-methyltransferase, GNMT) . AL & i it = il
( sarcosine dehydrogenase, mitochondrial, SARDH) , #H
S F b 2 R H KL #% 7% i (betaine-homocysteine S-
methyltransferase, BHMT) J& [N 3 g & iRk, OFF
WFFE R W0, 22 20 1% FH 208 1 4 7E 20 it 1 5 o
R E 2 XEZENIEH, PSATL Ak 2% H00
TRAR OB ) R 2 HE 1R (222008 ) 1 AR W) & ik 42
A AR W FE &, PSAT1 C 9 UE I 7E RSP e %
PR E AN IE 5 . PR, o2 B UG 28 s P A s 4
kPR E T, 22 S P B AR . 2 TR
I TR A L T RE g I FE A I oA AR s 00 i 5
TR E J5 0 PR A 56 o

I JUE 17 5 R 2 4 b 4 J A i S O O i 922 A
2 22 AR N, RE D R A A A AR H W W, X 5 RS0k
JUE B TU T HllE S A i v JA A B At B G kS A4
i T A R s 20 6 A5 3 i 2 20 A 0 40 L L R
P At 2H 2R A7 (AN K A4S 3R G2 ) 3 % 1 ok 1) 4% s 240 i,
XA AR SR FR Gk b AT REAN [A] T A 4, 51—
TR 7 I JUE 3 T, A S 0 Y IS R i A A N ) 3R Gk 8
o Bz, M AR v R Js 200 5 O R 2 A g v
T 20 L AF AE AR R I R 3A 25 % o 16 GO & R4 4k
P AR 2 v, (AR IS v A Js 200 i 2 Sk DR TE 200 B 266
B o A %66 A 45 3 2 5 4 A 2.3, 7E KEGG 3l i
0 2 A BN A M A 2 AR AR L AR R -
5453 P FoxO %515 5 3l i, i 5 Uk L IR 4% i Y AR
IS 2 B i 2 P A Al RAFAEAR R 25 5% o

20 i A0 BT A7 AE T T A AR AR g
FELIS 53, & AN AN Ay A0 LR B AR T 06 ) ) S
1M Lk 5 H A RIS KA A NS A K, 724
T 7 G A o 4y T R A5 AR, A A
FERWI U9, 4 il 15 T i 5 1 Sk S W 1 P AR
SRR O G A LURE A K, S R R
B R AR R A 2 K o i R i R A
MASER A TA 225558, IAh, Garcia-Arraras %509 58
1B A e AT Y R, S B AR A AR
i 2 N5 45 s 2H 405 7 AR T A 3 1) 45 4 2 SR 3 A
LT IEAEIT R A2 T 20 M L I 200 B L A O 4 A SR A
LR . PN B B 5 R, I 2 A i R Y P R 4
R AR LA AT RGN R S0 Ak 4 i . 28 T8 4
M SRSV AR | b E A0 A, 4 A0 A B0 H A AR
1 AR AR R I e R S AR A Y, e 2 B IE
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Fig. 2 Functional categorization of significantly differential expression genes in Gene Ontology
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the y-axis shows the number of DEGs; the blue and brown represent up- and down-regulated genes, respectively
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Fig. 3 KEGG pathway enrichment of significantly differential expression genes
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Table 3 The differential expression genes in significant enrichment pathways

e PN LR iR ESIN 4
Glycine, serine and threonine metabolism

PSATI phosphoserine aminotransferase isoform X1 1.71

GNMT glycine N-methyltransferase 1.79

SARDH Sarcosine dehydrogenase, mitochondrial 1.72

BHMT betaine-homocysteine S-methyltransferase 1 1.48

ECM-receptor interaction

COLA4A5 collagen alpha-5(IV) chain-like isoform X2 2.71

THBS-1 thrombospondin-1 2.49

COL9A2 collagen alpha-2(IX) chain 3.37

HSPG2 basement membrane-specific heparan sulfate proteoglycan core protein 2.58

COMP cartilage oligomeric matrix protein 1.51

FoxO signaling pathway

PCK1 Phosphoenolpyruvate carboxykinase 2.40

GRB2 growth factor receptor-bound protein 2 1.54

NLK2 serine/threonine-protein kinase NLK2 isoform X1 1.91
Cyclin B cyclin B -2.06
PLK polo-like kinase -2.20

TGF-beta signaling pathway

FST follistatin isoform X2 3.00
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THBS-1 thrombospondin-1 2.49

BMP2 bone morphogenetic protein 2-A 3.21

BMP bone morphogenetic protein 1.72

Phagosome
THBS-1 thrombospondin-1 2.49
COMP cartilage oligomeric matrix protein 1.51
AGE-RAGE signaling pathway in diabetic
complications

EGRI1 early growth response protein 1-B-like isoform X1 3.89

PLCDI1 1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase delta-1 3.93

COL4A5 collagen alpha-5(IV) chain-like isoform X2 2.71
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Fig.4 Verification of the RNA-Seq results using the
qRT-PCR method
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Verification of the RNA-Seq results between PC6 h and PCO h (a);
verification of the RNA-Seq results between CC6 h and CCO h (b)

JEER S M B2 2% 2R 11 24 4% 0 B2 11 (basement mem-
brane-specific heparan sulfate, HSPG2 ) 55 3£ [K 13 i 2 [
PA o PR, FRATTHE DN Sk B S A R A PR
Ji 441 i AT R 38 o B A A RS A B N R e 43 At i A1
B, 2502 WS E A S R

KT WS AN A A K, B RO T8 5§ 1)
L538, ANad il A R R B0 A — R LT

I 240 B A AR R I, B TR PR AR O A2

SR ZE R BTN R, B0 S IR S5 R AR AR s A
2 K P TG B D B O R p I 2 P
A A T R R A A U (UK R4 ) i
[IE 3

TGF-B 15 7 8 #% 7T 38 o 97 755 240 0 A9 28 K L 355
S ERMPE T AR, FHS S5 E N R EMIE
B AU 8 B 08 J g 55 A ) ash R ke 4 L ) T B Y,
AHIFFE A B v A s 00 i 2 S SRR R TR e I 2
3| TGF-B 7 5 i #%, H & J& i 1 (bone morpho-
genetic protein, BMP), THBS-1 53 W% ., B
HWFFEUESL, AE K TGF-B M &% 5%, BMP 1 D) HEA
ACHE B, 0 ELFE IR IG S8 i DL S 2 4 5 FI A 2R
() 8 R Al A v R 4 EE AR IR I ARk,
Rk 2 12 H OE RN KIS HAEN LR, KRB
M2 51520 Y AR, W s SRR 7 A 9 i 220
AE P AE RS R B FE AR A 20 A TS 4 1R 1Y 2



124

MHEEdy 4345

BRI A P A 09 45 o ARBIRFE v, R S S AR v A
JEE 40 ite BMP Al THBS-1 & A1l Rk, $27m i 2k ik
Ji AR B v A s 4 R R A 0 s R S A A R, T
Z 5N B R R AR R

25 b, AR SO B I Sk RS 6 h 5k U i i B
P2 fias AR i b (R s 20 R 0 A7 e SR L), LR T 0

SE -

LRG3 IR AR A B e MR 3T ) i PR
AR BESEAE SRR, S HL A Jrs 5 A Jfs v 4
P 200 0 X o R R 3 £ W) A7 P 2 S, S gk — 20
F 58 0 2 1A I 20 L 1149 20 BE B 4 7 0 25 e U #9424
CINEE e TR T

(1]

Dornbos S Q. Evolutionary palacoecology of early epifaunal echinoderms: response to increasing bioturbation levels during the Cambri-

an radiation[J]. Palacogeography, Palacoclimatology, Palacoecology, 2006, 237(2/4): 225-239.

[2]  Yang Hongsheng, Hamel J F, Mercier A. The Sea Cucumber Apostichopus japonicus: History, Biology and Aquaculture[M]. Boston,
USA: Academic Press, 2015.

[3] Li Qiang, Ren Yuan, Luan Linlin, et al. Localization and characterization of hematopoietic tissues in adult sea cucumber, Apostichopus
Jjaponicus[J]. Fish & Shellfish Immunology, 2019, 84: 1-7.

[4] Li Qiang, Qi Ruirong, Wang Yi’nan, et al. Comparison of cells free in coelomic and water-vascular system of sea cucumber, Apostich-
opus japonicus[J]. Fish & Shellfish Immunology, 2013, 35(5): 1654—1657.

[5] Ren Yuan, Zhang Jialin, Wang Yi’nan, et al. Non-specific immune factors differences in coelomic fluid from Polian vesicle and coelom
of Apostichopus japonicus, and their early response after evisceration[J]. Fish & Shellfish Immunology, 2020, 98: 160—166.

[6]  Shukalyuk A I, Dolmatov L Y. Regeneration of the digestive tube in the holothurian Apostichopus japonicus after evisceration[J]. Russi-
an Journal of Marine Biology, 2001, 27(3): 168—173.

(7] & TR OSHGE N TAIE S SHBE]. KEK2EB#), 2007, 22(5): 340-346.
Wang Xia, Li Xia. The morphological and histological observation of regeneration of alimentary tract in sea cucumber Apostichopus ja-
ponicus[J]. Journal of Dalian Fisheries University, 2007, 22(5): 340—346.

[8]  SunLi’na, Xu Dongxue, Xu Qinzeng, et al. iTRAQ reveals proteomic changes during intestine regeneration in the sea cucumber Apostich-
opus japonicus[J]. Comparative Biochemistry and Physiology Part D: Genomics and Proteomics, 2017, 22: 39—49.

[9] Li Qiang, Ren Yuan, Liang Chunlei, et al. Regeneration of coelomocytes after evisceration in the sea cucumber, Apostichopus
Jjaponicus[J]. Fish & Shellfish Immunology, 2018, 76: 266—271.

[10] Liao Kuangming, Chao T B, Tian Yufeng, et al. Overexpression of the PSAT1 gene in nasopharyngeal carcinoma is an indicator of poor
prognosis[J]. Journal of Cancer, 2016, 7(9): 1088—1094.

[11] Yang Yi, Wu Jueheng, Cai Junchao, et al. PSAT]1 regulates cyclin D1 degradation and sustains proliferation of non-small cell lung can-
cer cells[J]. International Journal of Cancer, 2015, 136(4): E39—ES50.

[12] Frantz C, Stewart K M, Weaver V M. The extracellular matrix at a glance[J]. Journal of Cell Science, 2010, 123(24): 4195-4200.

[13] Badylak S F. The extracellular matrix as a scaffold for tissue reconstruction[J]. Seminars in Cell & Developmental Biology, 2002, 13(5):
377-383.

[14] Quinones J L, Rosa R, Ruiz D L, et al. Extracellular matrix remodeling and metalloproteinase involvement during intestine regeneration
in the sea cucumber Holothuria glaberrima[J]. Developmental Biology, 2002, 250(1): 181-197.

[15] Garcia-Arraras J E, Estrada-Rodgers L, Santiago R, et al. Cellular mechanisms of intestine regeneration in the sea cucumber, Holothuria
glaberrima Selenka (Holothuroidea: Echinodermata)[J]. Journal of Experimental Zoology, 1998, 281(4): 288—304.

(161 FhAEHE. 1750 2 Apostichopus japonicas (Selenka)iF A6 18 4= 19 241 S 40 M R AiF 5 OGBS R A3 MT (D). 75 &2 T EIRL 22 Be e vE T 52,
2013.
Sun Li’na. Histocytological events and analysis of key genes during intestine regeneration in sea cucumber Apostichopus japonicus
(Selenka)[D]. Qingdao: Institute of Oceanology, Chinese Academy of Sciences, 2013.

[17] Hetzel H R. Studies on holothurian coelomocytes. II. The origin of coelomocytes and the formation of brown bodies[J]. The Biological
Bulletin, 1965, 128(1): 102—-111.

[18] Endean R. The coelomocytes of Holothuria leucospilota[J]. Journal of Cell Science, 1958, 99(45): 47-60.

[19] Borgne A, Ostvold A C, Flament S, et al. Intra-M phase-promoting factor phosphorylation of Cyclin B at the prophase/metaphase trans-
ition[J]. Journal of Biological Chemistry, 1999, 274(17): 11977—11986.

[20] Richardson H, Lew D J, Henze M, et al. Cyclin-B homologs in saccharomyces cerevisiae function in S phase and in G2[J]. Genes & De-
velopment, 1992, 6(11): 2021-2034.

[21] Barr F A, Sillj¢ HH W, Nigg E A. Polo-like kinases and the orchestration of cell division[J]. Nature Reviews Molecular Cell Biology,


http://dx.doi.org/10.1023/A:1016717502616
http://dx.doi.org/10.1023/A:1016717502616
http://dx.doi.org/10.1016/j.cbd.2017.02.004
http://dx.doi.org/10.7150/jca.15258
http://dx.doi.org/10.1002/ijc.29150
http://dx.doi.org/10.1242/jcs.023820
http://dx.doi.org/10.1006/dbio.2002.0778
http://dx.doi.org/10.1002/(SICI)1097&#8722;010X(19980701)281:4&lt;288::AID&#8722;JEZ5&gt;3.0.CO;2&#8722;K
http://dx.doi.org/10.2307/1539393
http://dx.doi.org/10.2307/1539393
http://dx.doi.org/10.1074/jbc.274.17.11977
http://dx.doi.org/10.1038/nrm1401

241 SR A LI T 2 L G P A e A P O N X v R S o 7 2 S 125

2004, 5(6): 429-441.

[22] Nigg E A. Polo-like kinases: positive regulators of cell division from start to finish[J]. Current Opinion in Cell Biology, 1998, 10(6):
776-783.

(23] XUER, 855, EEF, 4F. TGF-BIR 5 14 Tl S HAE W= N REL]. P DR AR )24, 2014, 9(1): 77-83.
Liu Rong, Zhao Qinping, Dong Huifen, et al. The TGF-f signaling pathways and their biological functions[J]. Journal of Pathogen Bio-
logy, 2014, 9(1): 77-83.

[24] Gamer L W, Wolfman N M, Celeste A J, et al. A novel BMP expressed in developing mouse limb, spinal cord, and tail bud is a potent
mesoderm inducer in Xenopus embryos[J]. Developmental Biology, 1999, 208(1): 222—232.

[25] Grogg M W, Call M K, Okamoto M, et al. BMP inhibition-driven regulation of six-3 underlies induction of newt lens regeneration[J].
Nature, 2005, 438(7069): 858—862.

[26] Mashanov V S, Zueva O R, Garcia-Arraras J E, et al. Expression of Wnt9, TCTP, and Bmp1/Tll in sea cucumber visceral regeneration[J].
Gene Expression Patterns, 2012, 12(1/2): 24-35.

[27] Han M, Yang Xiangdong, Farrington J E, et al. Digit regeneration is regulated by Msx/ and BMP4 in fetal mice[J]. Development, 2003,
130(21): 5123-5132.

[28] Beck C W, Christen B, Barker D, et al. Temporal requirement for bone morphogenetic proteins in regeneration of the tail and limb of
Xenopus tadpoles[J]. Mechanisms of Development, 2006, 123(9): 674—688.

Transcriptome analysis provides insights into the response of coelomocytes
in polian vesicle and coelomic cavity of sea cucumber
Apostichopus japonicus to evisceration

Shi Weibo 2, Wang Yi’nan', Wang Haowen', Ren Yuan?, Wang Qingkuiz, Li Qiang1

(1. College of Marine and Biology Engineering, Yancheng Institute of Technology, Yancheng 224051, China; 2. College of Fisheries, Tianjin
Agricultural University, Tianjin 300384, China; 3. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: Coelomocytes in Apostichopus japonicus, present in coelomic fluid and water-vascular system, are con-
sidered to participate in a variety of biological functions including nutrition transport, metabolism and immunity. In
the process of evisceration, coelomocytes in coelom are nearly exhausted and then recovered in a short period. The
polian vesicle, as the only remained internal organ after evisceration, shows positive response that coelomocytes
within it increased rapidly. Coelomocytes in coelom are nearly exhausted after evisceration, and then recovered
quickly. To further investigate the function and significance of the rapid increase of coelomocytes in the early stage
of regeneration after evisceration, transcriptome sequencing was performed for coelomocytes in polian vesicle and
coelom of 4. japonicus at 6 h after evisceration and pre-evisceration, respectively. The gene expression differences
of coelomocytes in polian vesicle and coelom after evisceration were analyzed compared to those of healthy 4. ja-
ponicus. These results showed that 267 genes were differentially expressed in coelomocytes of polian vesicle at 6 h
after evisceration, and most of these genes were enriched into the enzyme catalytic activity subclasses according to
GO functional annotation and glycine, serine and threonine metabolism pathway according to KEGG pathways an-
notation, respectively. Additionally, 922 differential genes were significantly expressed in coelomocytes of coelom
at 6 h after evisceration, and these genes were enriched into cell adhesion and biological adhesion subclasses ac-
cording to GO functional annotation and ECM-receptor interaction, TGF- signaling pathway, FoxO signaling path-
way according to KEGG pathways annotation, respectively. The results provide an important basis for further func-

tional research and the regeneration mechanism of coelomocytes after evisceration in 4. japonicus.
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