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L BRAT A4 05 0 2 <Al K AN T B B ) 28 A0 I 4
BEZH SR 1Y 22 S R B BE N R AT 1 B e o A
(principal component analysis, PCA). 3 & (Venn)
7111 & KEGG(Kyoto Encyclopedia of Genes and
Genomes) i 2670 Hr; T8 G E b pe it 22 S 3R
IR BE DR 2 R 255, 2795 05 R S <Al B AR OG 10
Rl o TS840 SRR S 07 0 <A > 3ok 7 O B o 47 ke
PRI R 108 A B <Al B ™ ) 7 P S (BB 2 A Al o

1 HRE5HE

1.1 #HIFERBERDH

P S A B g AR DA L B SR
¥ K 22 BRI TR R T Yang 250, B
Al DB R, A O R S Al B e i e
7, e TG . 1 IR A 1 90 )3
AR BB, AT 30 7 S48, H B — A
57 B (H2<0.2 cm), ARiEAE, BA M &R
15 AE I A: PRI SR EE 3 2~3 A1t B A
(EH#& 0.2~0.5 cm), KitiE, HAMERRKT,; “tk
L e 05 2 408E B0 B KT AL g, ik
I, REMERES . #T Tllumina HiSeq 2000 il
JPV&, KRR AREE | B PPIRA . iR
. <z 3 BB IR — A 5 AR AR 21 21
FIE H (ARBE L Z DA S Al B A i o I IR A
RIE AT T e skl . UESf%=2 A
5% % PR (false discovery rate, FDR) < 0.001
brife, #E4T TAFE AIEB B . ANl 421 00] J [q]—
“Ap B2 AR AR L Z 5 IE W A 2 ) 25 S Rk At
AT o 22 S5 B0 SR 7R T AL B i 1) 3 R 3R ik i
(RPKM {H) 89 e AE o 45 152 & B % J2 oo fif
Benjamini-Hochberg & 1E /7 kX 25 55 M P 1A
(P-value) AT R IEAS B Y8 AHIF 5T % B3R5 1
“fb R 3 ANB B AR S B 4 20 K HL TR — AN AR I
TRBEL 21 27 8] 1Y) 646, 127 Fil 568 4> 2% F-F A KL
i R #AF(R-2.15.3)3847 PCA 43t s LA 1)
22l
1.2 ERREEFEM KEGG E&EN T

Pathway W #EMEE % /5HLh KEGG Pathway
JpEA, B ILATR S, R S AR

A, 2R RRERE P B E LR Path-
way. ZBRIEK I P-value THEARh:

1)

A, N AA Unigene 24 Pathway {3 R 1Y 3
HEH, n i N hZRERIEFEH, M Wrf
Unigene RN AR E Pathway FUZEHRZCH, m
R R AR E Pathway 125 55 8k L R
H. & ZHEMEEKRIER, £ Q value<0.05 1Y
Pathway & X AHTEZRRRENP B EEEN
Pathway,
13 fHRSUE"IRXBERREERPE
[T e e S

FIH KEGG & 570 #r i & 05 W Z <t e 3 4
W B 1) A S 3 R AT T B, R B v R G
H1F S A Cytoscape3.2.1 #fF, t@fiH Sk
B i B o 22 S AR R B D A TR I 45 1]
1.4 ZERFREEEM qRT-PCR KiE

X Fibrinogen C domain-containing protein
1-1ike(FIBCD1), IgGFc-binding protein(FCGBP) .
Complement H(CFH). Metalloproteinase inhibitor
1-like(TIMP1)f1 GalNAc-specific lectin(GalNAc)
HEPFEAT qQRT-PCR i, R Yang 2523 )7 i
Py A SR (V. splendidus)ak e 314505 il =
“Ae BT 3 TSR T 30 S 36 R AR O B <A e
I [6) By B ) s A8 K JHG ] — A A T R B 20 2 Y
RNA, B PRESB S RNA | PrimeScript™ RT
reagent Kit(TaKaRa)i#F17 %%, SRR S
N AR BB UL 4T . A Primer 5.0 A,
MR A ARAF R B  FP IR B, 3T qRT-PCR
LIRS, WZRA Cyt b P 59 551
fEH L3 1, qRT-PCR %11 SYBR Green I 44k}
(SYBR PrimeScript' ™ RT-PCR Kit II, TaKaRa), 7E
Mx3005p™ 755 & PCR {X (Stratagene, La Jolla,
CA, USA) B kA7 RB 24K 20 pL, F246 10 pL
2xSYBR Premix Ex Taq™ II (Tli RnaseH Plus),
0.4 phL ROX Reference Dye II, 2 pL ¢cDNA FE o,

51914 0.4 pmol/L, W 444 95°C, 30 5;95°C 10's,
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#& 1 (QRT-PCR IES|#1%1%
Tab.1l Primersused for qRT-PCR validation

FEHZFR gene

51751 (5'-3") primer sequence (5'-3")

4l {2 % b cytochrome b
YRR R C 45 MBE N 1 FEE N

fibrinogen C domain-containing protein 1-like

1gGFc i Bt455 #H M 1gGFc-binding protein
#MA& H complement H
4R E A EEH A 1 B2 metalloproteinase inhibitor 1-like

N-L B FUR e 7 e - GalNAc-specific lectin

Cytb-F: TGAGCCGCAACAGTAATC
Cytb-R: AAGGGAAAAGGAAGTGAAAG

FIBCD1-F:CCAAAGGAACACTACGATGGA
FIBCD1-R:AGTAAGACGCCAGTTGAGACG

FcGBP-F: TCCCGTTCCCATAAATCTCA
FcGBP-R: GCTGCGAGATCCTTTTGTTC
CFH-F: TGGTTCTGTGTCCAATGTCC
CFH-R: GGTGAAATGGTAGTGCGAAAC
TIMP1-F: AAGTTGCCTCCCGAATGTT
TIMP1-R: TGAATGAAGACTGCGAAACC
GalNAc-F:CCATCCTTCAGGGCAGATAA
GalNAc-R:TTCATCGACCAAAATGCAGA

56°C 25's, 72°C 25 s, 40 MBI, SR 274 ik
5 mRNA A RE DY, SRH R A E R EL
(Pearson correlation coefficient)7;fT RNA-Seq i
qRT-PCR S RAYFHICHRE, B2 /RHMHIC R % r
I 7E(-1, 1151,

2 HRE5HH

21 RSB RE M BRI E S @
HAARERREEERDH

HOABE ST © X RISt i 3 BB
75 e FL R — AR IE 7 R BE L U AT T 25 5 k5
D23 HT, Ak e T, IO 30 IO 4 0 25 S 35k
SRR 646, 127 Fil 568 NP ABRFRAEL
Al b, #4777 PCA phr, 4R EIR, “fbi 10
WPRAE 41205 IE W A SU2Z ) 9 22 S d /N, “fb i T
W5 D ERIA O & AR, “fb i 1T g —1
“EEYTH (K] 1) X 3 422 73 H (646 . 127 il 568
M B, R ER, 3 D BRER R
KB FEH 35 497, 59 F1 433 A, il h &S
FEIRFE B 76.93% ., 46.46%F1 76.23%; 3 4>
B B e ] Sk i 3 A R 28 AN 2). il S +fk
B2 3 B B AR B FL ] — AN R I A RE 41 4
[T 10 A 5 f 35 I3RS FE R0 25 5 e 1k 2 [ (top
10DEGs) L 2, Htr, HAf FcGBP MR TE“fk
B TR Mk, midecfb iz 18 Bl gess, H
sk DEGs YN B BrtEre S ik 3 A
22 ERFRIZEEER KEGG B&EH

it Pathway ‘B & VEE S REHNE 2= 7 Rk I
W& 50 E 2 AEAREEREAGE S SiERE. o

0.6
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02t
?\I\°
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=™
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-0.41 @ [II-N-BW
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P 7R Ze<Al B AN [R] B B 28 FLIE o (K BE
ZH AR 22 S IR HE K 1Y PCA 437
BW: {RBELHZL; SUS: “fb e 2H 41, NIEH 2 1 “fb i 1B
B T0: Ak iz 10 BEs T A e T B Bk
Fig. 1 PCA of DEGs between SUS and normal body walls
from three stages of SUS progression

BW: body wall; SUS: skin ulceration syndrome; N: normal
tissue; I: SUS stage I; 1I: SUS stage 1I; III: SUS stage III.

WX 3 422 FILNPEAT KEGG & HE/MTH(Q value<
0.05), “fb " 3 MR BE EIBENAN S E T 2, 1,
6 2k E A T, FTRERSNSST 3. 4,
1 B EMESERGEE 3). #ME 55N
(complement and coagulation cascades)if % F1 41 Jitd
AN 5 52 A A H A F (ECM-receptor interaction)if
BRAE“AL B 3 B B i 2 ol AR, b 4 i sh 2k
iz A A AL R 1 A 1T IR AT TR,
{HOETE Ak K T A A A bR ek s o 4t M 5 e
(focal adhesion)ifi BE7E“fb K> 11 BrBe kA T i
oA EJRAE AL R T AR A T B RescAs . #MA
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-SUS-BW vs I-N-BW
(646 DEGs)

o .

497

II-SUS-BW vs III-N-BW

[1-SUS-BW vs II-N-BW
(568 DEGs) ey

(127 DEGs)

K2 Pl 2l B AN R B B 2 S5 e TR iy = SRR 43 A
BW: {RBEZHZL; SUS: “fb i 2H 40 NOE S L 1 i TIBE 1 “fh > 11 BE; T “fh > 1 B L.
Fig. 2 The distributions of DEGs from three stages of SUS progression through Venn diagram
BW: body wall; SUS: skin ulceration syndrome; N: normal tissue; I: SUS stage I; II: SUS stage II; III: SUS stage III.

*2 ARSURTEIMEMNRBREMIESFZELDEE 10 MREENESRIEER
Tab.2 Top 10 annotated DEGs between SUS and normal body walls during skin ulceration syndrome (SUS) progression

HET B TR R log,(fbEZ/IE#)  FDRfH
order gene annotation log>(SUS/N) FDR value
“fb K 1 BBt SUS stage |
1t JEEZE 1 cement protein 9.1786 8.69E-05
21 ZJKAE N SA44K 1 aminopeptidase N isoform 1 7.5000 2.26E-16
31 FYHEE R C 45MEE N 1 B2 fibrinogen C domain-containing protein 1-like 4.7677 2.83E-06
41 0B A5 &K 8 BEZE I retinol dehydrogenase 8-like 42184 4.15E-08

1 FAUREEAR, SONIRRET 2

aspartate aminotransferase, mitochondrial-like isoform 2

61 ras FH G A BT 3 iKY 1 ras-related C3 botulinum toxin substrate 1 3.5612 1.67E-04
71 R L2 A 2B R E

3.8911 0

sodium-dependent phosphate transport protein 2B-like 2.9983 1.30E-06
81 W YR IR 43 2R 1 1 salivary gland secretion 1 2.6909 1.12E-08
971  &JREABEFMNEIF 3 ¥EFE I metalloproteinase inhibitor 3-like 2.6735 0
101 W:%%%%ﬁﬁiﬁ'&-ﬂ‘éiﬁmﬁﬁﬁ o 2.6586 0

allene oxide synthase-lipoxygenase protein-like
1] T E LD EFRE R I peroxidase-like -5.6310 0
21 FudEALYES lactoperoxidase —5.4611 7.41E-66
31 R KT epidermal growth factor -5.2181 0
4] P PEPERLE Y ORI A 2 #E H neurogenic locus notch homolog protein 2-like —4.5986 3.68E-05
50  Hedgling ### hedgling-like —4.3091 4.61E-04
61  JEMREESENF 1 WA o FEZE I pancreas transcription factor 1 subunit alpha-like —4.3091 4.61E-04
71 IR E ARSI pregnancy zone protein-like —4.2387 3.18E-28
81 GLI 9 & m ML A O A9 10K BT #RE LAl GLI pathogenesis-related 1 (glioma)-like -3.9627 0
9 7B tetratricopeptide & 7 4.7 2 tetratricopeptide repeat protein 7B isoform 2 -3.6417 6.59E-07
10|  IgGFc JrBt#5 4% 11 1gGFe-binding protein —2.6164 1.34E-39

(f§ %% to be continued)
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(3% 2 Tab. 2 continued)

HEF BEPH e log:(fb % /1E%)  FDRH
order gene annotation log,(SUS/N) FDR value
“fbEz” 11 BBt SUS stage 11
11 Wi LB AL 5% T £ 9 proprotein convertase subtilisin/kexin type 9 4.5389 2.43E-21
21 B o LFE tubulin alpha subunit 3.5166 1.66E-10
37 I/ AT A A2 K R 3248 o #E 8 A platelet-derived growth factor receptor alpha-like 1.9454 1.63E-04
41 kiR mid [FEE FAREE E protein midA homolog, mitochondrial-like 1.4724 5.32E-05
57 4 JE B H EE &5 1 A2 metalloproteinase inhibitor 1-like 1.1112 9.10E-20
1] 2 c EALE I AL I(ZRIAK) cytochrome ¢ oxidase subunit I (mitochondrion) —-10.1747 9.08E-09
2] ATP & i FO W3 6 ATP synthase FO subunit 6 -9.4991 1.34E-06
30 «-WlEiE -1 Alpha-actin-1 -9.1606 3.11E-12
41 FSHEEGIREEMFEE M arylsulfatase-like ~4.0359 1.33E-29
51 Mk H complement H -3.0680 4.13E-16
61  WENEEF A2 AP-PLA2-I1 1 phospholipase A2 AP-PLA2-II-like —2.4949 1.48E-17
7 f?ﬁ%—%ei%ﬁiﬁiﬁieﬁﬁsﬁon protein 2B-like 22395 3.51E-04
8l Sushi 3% -2 ¥ H sushi domain-containing protein 2-like -2.1615 1.82E-11
9]  Techylectin-SA FEZE 1WA X1 techylectin-SA-like isoform X1 -2.1011 1.66E-29
10 X ZE RGP maltase-glucoamylase -2.0910 1.24E-08
“fbEz I BBt SUS stage 111
1T MEEVEZRRE-1 FE3E  deoxyribonuclease-1-like 9.3994 4.64E-13
21 P2 PR HLE Y 0 & A RS neurogenic locus notch protein homolog 9.1236 1.69E-04
31 ST 2 [R) YR AE % 5% R 7 HpPitx paired superclass homeobox transcription factor HpPitx 8.9911 5.95E-04
471 I1gG-Fe i B%5AHH IgGFc-binding protein 4.017 0
51 CRIBEEREE 19 Wt A C-type lectin domain family 19 member A 3.9615 9.21E-16
61  Zi#EM SAC mucin-5AC 3.8813 7.13E-33
e b 1
71 gﬁ:;xﬁ:i—ﬁiﬁ:ﬁfﬁnfioi?fgﬁl; j:éefbi‘r 1-like 37744 7.66E-08
81 LFEE M I AURE N 7 #EE A fibronectin type 11T domain-containing protein 7-like 3.5849 4.09E-11
91 s AG -2-Bt 3 /K fi# -2 phosphatidylcholine 2-acylhydrolase 2 3.3470 2.97E-05
10T a-N-ZEEEF BN S SR E R a-N-acetylgalactosamine-specific lectin 3.2153 3.45E-27
1| FER-1 HREHHEH FER-1-related-like -8.7923 6.82E-04
2 A /W F BB B 1 A #EZEH autocrine proliferation repressor protein A-like ~7.3433 1.61E-06
Sushi, von Willebrand X ¥, EGF Al i B &M |
3| Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing —4.6809 1.04E-05
protein 1(SVEPI)
4 A 2R L AL A H5 7 £ 9 proprotein convertase subtilisin/kexin type 9 -4.3985 6.34E-24
51 1% 2 MR 25 I Src42A tyrosine-protein kinase Src42A -3.4285 7.27E-06
e e A b e v
61 ﬁlii@iﬁﬂzijﬁi%iﬁﬁg gﬁﬁlrﬁﬁg 4A1-like 33183 4ATE-07
71 MY AR 43 W 2 1 salivary gland secretion 1 -2.9162 1.12E-45
8l MIF4G 32 1 #1-% 1 nucleolar protein with MIF4G domain 1 —2.4703 2.10E-03
9  tEALYIEHAR YA N T 10 BEEE H peroxisome biogenesis factor 10-like -2.4703 2.10E-03
10l AH o R EEN 3 sterile o motif domain-containing protein 3 —2.4041 9.45E-05

W TARE EEES; | RFE T ML FDR: F5RE I, 0”1t P value < 1E-238.

Note: T represents up-regulated; | represents down-regulated; FDR: false discovery rate; “0”means P value < 1E-238.
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Tab. 3 Significantly enriched pathway in DEGs between SUS and normal body walls during
skin ulceration syndrome (SUS) progression
i % 1D pathway ID W% H pathway term EVH/ T up/ down  QfH Q value
“ftEz” 1 BBt SUS stage 1
k004080 G PERL AR Z R EAEH neuroactive ligand-receptor interaction Up 1.08 E-04
ko00061 N AR ¥A 8 fatty acid biosynthesis Up 5.64 E-04
k004610 AMA S EE B complement and coagulation cascades Down 8.09E-08
ko04512 Yl 4P BT Z A B AE ] ECM-receptor interaction Down 2.19E-03
k004640 T IM40 AR R hematopoietic cell lineage Down 1.71E-02
“fpz> 11 Bir Bt SUS stage 11
ko04145 i ALY A phagosome Up 3.95E-02
k004610 AMA 5 EE ML complement and coagulation cascades Down 2.87E-11
ko04512 Y ST Z & ECM-receptor interaction Down 5.95E-09
k004510 YA F5HY focal adhesion Down 1.86E-05
k004640 &M AN TE R hematopoietic cell lineage Down 3.69E-03
“fbFz I BBt SUS stage 111
k004610 AMA 5 EE ML complement and coagulation cascades Up 8.66E-09
ko04512 Y 4P T Z & ECM-receptor interaction Up 2.55E-08
ko04510 A ZE Kt focal adhesion Up 2.43E-04
k004330 Notch {5 58 # notch signaling pathway Up 2.35E-03
ko04141 P E [T, protein processing in endoplasmic reticulum Up 6.41E-03
ko04320 WHEHIE B dorso-ventral axis formation Up 1.63E-02
k004610 AMA S EE B complement and coagulation cascades Down 1.23 E-03

5% I DR ARl T ARE A SR X
A RPHFENA
23 RS UEEREXBERREIEFAFRER
R £ # 22

FIH KEGG & 44 Bk th 05 fil Z“fb je > 3
AW Bex A B E AR AE S I AN A L R
Z AR H A F(ECM-receptor interaction )i % Fl1 2l
M ZE B (focal adhesion)i %, 1 8 B H 1) 4H O¢ &
A1 T A Cytoscape3.2.1 B4, X5 Z <4k fz >
A 22 S TR SE P HEAT AT IRAR A (B 3). &5
8 FCGBP JEHE“lb i 3 MBS 58 %
A AR A A 538 % . A, TN B L R G A
WAL AN FE B B S 5 8 kA B RS
i
24 ERFRIFEFEH qRT-PCR WiE

9 T B0 E RNA-Seq 2 B4t S By il S, 2B
FIBCD1.FcGBP(fE“fk j¢ T T iRk, it ik
e T Ff k). CFH. TIMPL il GalNAc 3
RI#E1T qQRT-PCR Sriik o 45 5 3 B, 5 A3 DK 78 5 4

Sl B AR Btk #a$ 5 RNA-Seq 45 - — 3%
(K 4); /RS REL v {HN 0.7714, JEH]
RNA-Seq 74T 45 SR HER Al 5¢ .

3 it

D5 RS A B B R LR R e e — A~ 22 B TH 4
. ZNERSS | ISR R, HAmLH
WA B o FEM U Y, A SRR BE T4
HEB7, N— 1B H ARG R, I
PR, HEREMRBE, &IGHT, BOI RS
2 1~11 d%0 3 F e B A A, <fe i HUES I
B —FEER, Mok I BT 46 7 A % 2
KRIARBZ, D5 41Z A B i B i 28 fA BE 2 21
) L PR R AR AE ZRE M B B R T
FTRZS A i B P 8 TR AL, BT
A B AN TR B B8 s 7 2 25 i B A fit B
MU Z MIFE N FRIB I 22 5%, 2T Ak e A [
B B[] — > A o 78 5 TE 21 21 2 ) i TR 3 ik Y
ZE 57, I8 I N X PR 2E S 00 LU A, AT S
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A AR K AR 2 AR Sd e, KOy TR REAR 22 S ek S IR MIBDEAE b 1, 10, T ARER <AL B2 3 B BL.

Fig. 3 Construction of regulatory network for skin ulceration syndrome (SUS) progression in Apostichopus japonicus
Oval frame represents significantly enriched pathway; Rectangular frame represents DEGs; I, 11, 111 in the oval
frame represent three SUS stages.

300

25| R —=0.7714 ® RNA-Seq
u qRT-PCR

200

15F

10+

25 FAE K relative fold change

K4 Z=RFIBENE qRT-PCR Kl
Fig. 4 Validation of differentially expressed
genes using qRT-PCR

TR b 1) AN ] [ B O B 56 DR A 477 0 2“4k e ok
B EN . R A BAE R 4 ALE 5155 1%
3 % ) PR P LB

P59 2“4k Je AN TR B Beig 28 5 1E #7421 21
ZIa 2R FIKEHN KEGG & HENIIEE R BR,
AMA 55 EE 1 2% B3 1% (complement and coagulation
cascades)TE“fb e 3 BBl ik ks, JUHUA
R, AMERGES SRR R AR 5

GEELH, W SRR SRR R R IR
RS, I ARG L . A RRAE . R
P SO bR e B B WA Z AN . MA
C3 BAMARG T EE /1, EMAZ LR
55 BRI TR OB (B JE shAME R 5t
FG IR EER F, PR RIAEME C3 | Bf £
H S R g il g mEAEHSS 2 SR
IRIREEL LU L, #MARLST C3 . BE FEHTE | =
“A Bz A [R) B B A 1A BE 4 41 Hp g K7 k1
AHE SR Al B AN R B B A8 5 TE A 2L 2 [A) 22
SEFRIRFEH ST EE R R, MR C3 FE AR fb i
IT WIS 2235, #MA Bf SERZE <tk 273 BBt
WK RIR (SRR R A, %55 g h
AP T a2-F BR 2 1 (alpha-2-macroglobulin,
A2m)TE“Ab B D S s A e ARk st
A2m [ A] AE —Fp AR U8 PR E (complement-
like opsonin)fi¢ #£ I 1 (Anopheles gambiae) IfiL 4 i
Xof 2% G B M 40 T 0 AR Y. i, Zhong
25 AV 4 2 POV R Y e 2 0 O 2k 5 2
AMA C3 A miRNAs . #MA(E 510 1 AE 45 il =
“Ab B it B AR ARG s s B A LB
H—PHWAMS
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2 it 25 [t (focal adhesion) A1 41 Jitg #h 3 Jiit 57 4K
(ECM-receptor interaction)iX I 2% i i 7€ 175 ] =
A KA [ i BB 118 72 A B 2 20 e B A A
ML Z ke T BEMRNED, Z5RXPIK
i % Y FCGBP A& K 7E At B2 A [l B B 28 5 1E
WALUZ 0], DL Al K AN TR B B A i 72 R R 2
415 fele AN A A B ] 40 2 ) T R A K A
FERIEE . FeGBP 2Bk H 1gG 1Y Fe B
SinEN, T8 . BRI E 4w S R s 4
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Abstract: In recent years, diseases caused by bacteria, viruses, and protozoa have severely limited the develop-
ment of the sea cucumber (Apostichopus japonicus) aquaculture industry. Among such diseases, skin ulceration
syndrome (SUS) has become the most universal and serious, owing to its high mortality rates. Therefore, the iden-
tification and analysis of key genes associated with “skin ulceration” and corresponding signal pathways are im-
portant for establishing the molecular mechanism of SUS. We previously analyzed the gene expression and tran-
scriptome of three-stage SUS progression (SUS-I, SUS-II, SUS-III) in A. japonicus that had been challenged by
Vibrio splendidus. Here, we further investigated the occurrence of differentially expressed genes (DEGs) among
ulcerative and normal body wall (BW) samples from the same individuals at three stages of SUS progression. The
R-Bioconductor package (R-2.15.3) was used to perform principal component analysis and Venn diagrams of these
DEGs. KEGG enrichment analysis was carried out based on an algorithm (refer to materials and methods 1.2),
using the entire transcriptome set as the background and a cutoff value of Q=< 0.05. The regulatory network for
SUS progression in A. japonicus was constructed using Cytoscape 3.2.1.

PCA analysis indicated that the number of DEGs among the ulcerative and normal BW samples was smallest
at SUS stage II and that the gene expression profiles at SUS stages I and 111 were similar. Venn diagram analysis
indicated that the 497, 59, and 433 unique DEGs were expressed at stage I, II and III of SUS progression, respec-
tively. Only 28 DEGs were co-expressed in all three stages. KEGG enrichment analysis indicated that the “Com-
plement and coagulation cascades” and “ECM-receptor interaction” pathways were significantly enriched
throughout all three stages of SUS progression. The important SUS-related DEGs, including the FcGBP and TN
family genes, were identified by constructing a regulatory network. Using qRT-PCR, five representative DEGs
were selected to validate the sequencing results. The Pearson’s correlation coefficient (r) was 0.7714, which con-
firmed the consistency and accuracy of the two approaches.

In sea cucumbers, SUS is characterized by apparent white skin ulcers, as well as by complicated molecular
regulation. The significantly affected signal pathways detected among the ulcerative and normal BW in the same
individuals at three stages of SUS progression, such as the “Focal adhesion” and “ECM-receptor interaction”
pathways, have also been observed in the ulcerative BW of SUS-affected individuals (including SUS stages I, 11,
and III), when compared to healthy individuals in our previous studies. The FcGBP gene involved in these two
pathways was worthy of further exploration. FcGBP is an Fc fragment of the IgG binding protein in fluids secreted
by cells of the stomach and intestinal mucosa layer and might play a role in cell protection and anti-inflammation.
FcGBP was up-regulated in crypts of early stage ulcerative colitis in human. In addition, Tenascins are extracellu-
lar matrix glycoproteins which can regulate cell adhesion, migration, proliferation and differentiation. The expres-
sion of the Aj-TN gene changed significantly during the process of extracellular matrix remodeling during sea
cucumber regeneration. In human disease studies, TN proteins are associated with tumor metastasis, skin wound
healing, and ulcer healing. The expression of TN-family genes in ulcerative and normal BW was significantly dif-
ferent during SUS progression, which suggests that these genes play important roles in the onset and development
of SUS in sea cucumber. These results will be useful in developing strategies for preventing bacterial SUS in sea
cucumber.
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