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F1571%, BERANMNHAFELERS TREL, FEFEPREA AN NEA S FERE, &
%) 34.99%, PCoA /41 % UPGMA RE AT B &, SAHERERY, HR AN EHLL G i
HHRAEL., AZREHNTFERESLETOTUEMLL2TH, HXFEFHT 0.5%4H OTU
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1] 2 (Apostichopus japonicus) X # {5 §i1%:, J& T
R #9117 ] (Echinodermata) . 122 4¥(Holothuroidea),
2022 4R, WS FRRR TR 25.04 J7 hm?®, E7E N
24.85 T3 t (fr AT HR Y B B A, 2022), B
3R R UK SR FE IR AR A 7k R R
W, RIS FREW X BN T H ARSI, 37
PARIALTE T b ega . WhyEIRE . IR A . i
ok, WS B R AR R, A DR A 2R R
KRR TFO T RS, LS 2ERE 1%
M FRFE T AR A ™ A 7 i 18% M FRIH 2, 1114
TAbSE AR, RS K SR — i rh
U Syt BRI, BT XS 300 7 kSR st ) 4
K, FEIE T ABORR, B FREE YR, AR
PSS A 1 R B i ST K 2
Mo o 3 36 () AR T B 7l e JR ) E e R 2 —,
W 95 B K 25 B AE B AR U SR FE SR X ) 2 AT o
HH 172G T 1 28 5% FE A =X 30 2995 5 2 46 A AT
U AL ILAT R 2 i e 236 RE R RH DG B (F B A
4, 2022), KL, RAZFRIHAT 5 B A (] UG
PRI ™ M T 4L e 28 G HE

2022 4F 3 H, HEREVEEED IR S
KA T EARE, B IEARK N 10~15 cm,
KR 60~100 g MIHIZ ., K MRM) EEZRERA IR
. WRKEESES . MEE, Mi)E RIS hiE

] P23 B, 23 i B A A R B (R R el TR o

B REAS IS . BIPE2E HLO Wi, 45 Gt s iE
PRI I2 0 W R G B IR 4%, 2017), HET, K
235 R FH v o D S R DG B R T B i AT PR TR R
5 A A AEIE, MR BT RS A
B AH PR (R B 25, 2023; FhVELZE, 2023), MHFSEEETH
HiL X il 2 9 9 B 8 e AE S 2 RS T B A 1
FREARAL, ASHIEZE X 2R B VE U 30 i 8 R 0 X kA TR
AR AR, R TS A K DX 0 BR B R S R G R
PEAT T B SR AN AT, I 3 B T R B B R
17w 38 P B, AR IS 50 Bl iE .
S K BT I 1 Ak B A B 55 A B2 A ) 27 1) B A
Pt B A s S

1 HRE®
1.1 HmXE

ARG FRIE DX AR 1 D , AT 708 O e 4 1 B

R RE; BRAEAR; BHESEH, gRENF
XERS

2095-9869(2025)04-0201-16

ARV ORI 2 1 8 57 B A v DXCRR e ™ T 1Y 57
HaHE R RAE 1 (26°37'N, 119°55'E), EHUFEHH [X 8
A ROIR I R 18 ) S (H) AR 3R 22 1) J8 0 3 = (D)
FH T8 i B R TR AE 20 BT[] SR B T SR X 1) KR
(W) PIFE T Pr(A) R E TR A 1R EHFC),, B
M PRAE 3 AFAT, AR IZ I [ S50 5 AT A G AT o
1.2 RESH

H4 T R BOR 242 0] 5286 2= HEA T ), U B R 1T
TEEFHEES, RERN S5 BRI 2 hiE 2,
FE¥ 2 18 % ] Davidson’s [8 8 W 4T 4121 2 ,
HIAVEAT Y] F 5, 8 Nikon E800 Y2y i fil s Wi g
H R ES AR IR BRI D 5%

1.3 FIEEFRAE FHRITE

HELWAMET, BEdiBShiEn s, LkEh
WANEY, SBIFKE, A 1 mL K@AEBEEK, 57T
B, B 100 pL 3 YH R G MFE R T TSB Al
TCBS P L350, B 3 MEE, 28 TR
3% 24 h JFHEATIIEC, IEARAER RO TR Forba]
RE R AN BB R

TETCHR T, BkRE . IRERE . MAKEED
i Be3E 24 A% BUF B 100 pL T TSB #l TCBS V-4 |14
A1 AE, BERES 3ANEE, 28 CHESE 24 h 5T
THEC, FEAR R A H5 T SR i b mT 55 S 20 o B O
I A
1.4 FEELEMSH

KH E.ZN.A. Soil DNA 5% (Omega Biotek)
PRI REEFE 5L DNA, ffif] 16S rDNA [ V3~V4
X 455514 338F (5-ACTCCTACGGGAGGCAGCA-3')
il 806R (5-GGACTACHVGGGTWTCTAAT-3")#k 17
PCR §"#, PCR /¥y [IcHg gl 7 3C e, A 1llumina
HiSeq V- £ % B4 (2 1 SCPE A7 s s s P, %k Dty
AR TP Uk BBRIA RS, RERTHA R
J¥%1, {8 Usearch (V10.0)5fF, Lk Reads 7E 97.0%
AIFRBLEE KT, X P 8R4 T RS AR IS 454 o 2
JC (operational taxonomic unit, OTU). >k i RDP
classifier #IFHATHIFI 32, /P RBEHIESE 0.8, K
TZBE 52585 R A A unclassified —35, KA
Mothur (V1.30)F {4 XIHE 7 54T Z R 50 1. R
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1 QIIME2 (https://qiime2.org/org/)i}i 17 Alpha Z k1%
0T, HFE ACE $8%(. Chaol 5% . Shannon $5 %1
Simpson F8EL W 0T o 3T H 1 5 = A EUE BT
A% (https://international biocloud.net/zh/ dashboard),
17 Beta ZFEM 3 #r, 45 PCoA (principal
co-ordinates analysis) . UPGMA (unweighted pair-
group method with arithmetic mean) A1 Anosim
(analysis of similarities), & TR H, 15214
AR 4% Rank B4, R STAMP #(1F,
FOAREAS S 2 ] 22 5%, #8417 LEfSe (LDA effect
size) T, Tk 5 R P<0.05. AR HE {8 5 A1 g 2
() i 18 B R S5 AL, R B 5 = 6 BIEARE 2 BT ik
4 (https://international.biocloud.net/zh/dashboard) $k &
fdt B 21 AN A ZHAE R K P B B 1 3 22 5 i T R
FIH OTU 250087, e Fh OTU Xt EE =
0.01%, Bk th 1) OTU & v 2@ K-, Jf#E47 (g Rk
45 R ALAR R OTU HYXT L 43HT

2 #R

2.1 BRRSHERE

Ao X AR P AR A B fit B B R R 2 g i T LA
KB, RN AR S E R, WA,
i NTERUK , B BERITERR, NS MR BURRZ

e N BB, W mIEZES, i e e
23 AT R B R R s ORI B, g T RE A
k2 H W24 1),

22 RS HEREEE
A i X H SR A R 2 i il A R T AR

, IEWRSEIMEZ . NIAJZE . 254702 0 i
SR BORAZSWE s NEZ | WUAJZ | 2545 4121

L Jin T 5 RS , WLIA)Z RSB E A 3 @Ak, Sh
JRJZAR W o TEH R S A5 40 VO BUR 5 R 2
2545 LS A0 M b K EL R o0 e, HEAR B, 44
HAGPAZ M EBG, KiEIAsL . Bk .
YRI(E 2), BEHERRAIZSImIEZ R, R TR
4 SRR I AL

23 AEEMABFEESN

XF 2 18 B AR S AT A M R 3R ), R]
R IR A AR S0 e i T 5 b (& 1), 45RER,
{e B 2 i mT 85% 37 40 T 504 (8.00+1.00)% 10° CFU /g,
ISR M(3.5040.50)x10° CFU/g, I i bR (45.24+
11.90)% , FEp 2 1738 1T 155 35 40 R R (3.500.20)%
10° CFU/g, IR B 4 (2.30+£0.50)x10° CFU/g, IR
di FE o (65.1110.57)% o FRBERE A 09 1] 355 77 40 B
K 9.60x10°~2.60x10" CFU/mL, 3RE ¥4 2.00x 10
~1.72x10" CFU/mL, 95 i bR 2.19%~66.10%. 2545

BT R RME RO Y 4 2 i

Fig.1 Intestinal tract of sea cucumber of different health status

Al, A2, A3. f#EFE41; B1. B2, B3: M4,
Al, A2, A3: Healthy groups; B1, B2, B3: Diseased groups.
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Fig.2 Microscopic observation of the intestine of healthy (A) and sick (B) sea cucumbers

/' A, BEIBMEEMNEIAZFNMN A, ad: SMEZE; ml: WLRJZE; il: BlE; ot S5%HLL,
/' : Specific differences in the microstructure of figure A and B.
ad: Adventitia; ml: Muscular layer; il: Intestine lumen; ct: Connective tissue.

x1 RSBERKNEERAEFHEEFEERINE LG
Tab.l Abundance of culturable bacteria and Vibrio spp. proportion in intestinal of sea cucumber and environmental samples
R 21 i CIEE SR I6 EINCR ey IICER (5 L
Sample type Number Number of culturable bacteria Number of Vibrio spp. Proportion of Vibrio spp./%
(M f?: ) H (8.00£1.00)x10° CFU/g" (3.50+0.50)x10° CFU/g" 45.24+11.90%
Healthy intestinal tract
%ﬁ%ﬁ . (3.50+£0.20)x10° CFU/g" (2.30£0.50)x10° CFU/g" 65.11+£10.57*
Diseased intestinal tract
7K Water w (9.60£2.00)x10° CFU/mL?  (2.00+0.00)x10> CFU/mL* 2.19+0.36°
ot
IS0 5 A (3.40£0.40)x10° CFU/g® (4.85+0.95)x10° CFU/g" 14.78+4.52°
Cage attachments
YELA e e
{w_':' bk FC (2.60+0.30)x10” CFU/g* (1.72+0.21)x10” CFU/g* 66.10+0.45%
Mixed feed

TE R APREE P IR bR e 2E 5 RIS S [ 7 4 b 1 ) 22 53 A B 2 2K F-(P<0.05), AL

Note: Data in the table are Mean+SD, different lowercase letters in the same column indicate significant difference at 0.05

level, the same below.

B, TR RDRE R A T 5 R A T S o R 2 T A
By, AR AT IR A R AR AR AR T AR 4

24 HEENFSH

2.4.1 AREHRE BRI FEH XF T RAE 1Y
15 DMREARHEAT RE I F , A SRR Y s T
A1k 64 798~81 541 4%, & )il Ak
AR X 5 LB JG, 15 ASFES IS4 307 51
64 430~81 233 45, A RHUFF 5 EL R 89.10%~96.05%,
I3RS 413~1 034 4~ OTU, HENS B3 S WA A B 7
HEEM . %t 5 AR OTU M4 Venn EI( 3), 45
7R, H.D W AR FC4F i OTU £t 7394 1 010,
1165, 961, 1187 F1 879, MEFMEMIK N A, D,
H. W fI FC, HHIZWiERE#R OTU £k H = F /KAl
IRAEERE. 5 NMHERIFAR OTU £ 492 4>, H
M5 A, FC MW d3LRIFA R OTU Fsrilh 1. 4
M4, (8T DAY A, FC M1l W A AR OTU
AEQ27.5.7), &40 OTU B H 70518 H 4 34,

A

FC
Bl 3 fpiE MBS Venn &

Fig.3 Venn diagram of intestinal and environmental samples

H: fEEFE; D: BFBiE; A WEHRED;
W: 7](; FC: ?E%’Ea*’:l‘o TIEJO
H: Healthy intestinal tract; D: Diseased intestinal tract;
A: Cage attachments; W: Water; FC: Mixed feed.
The same below.
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D#H 41N, WA 404, A4 144, FCH 51,
2.4.2 R Al BRI A BELE MBI AT SBUS
X e R AL R AL I8 . K AR E Y . IR R
HEAT R RE LS FERAE AT R B, 15 ANEE S A6 10 2] % 20
HIHET 2517, 5440, 161 H. 311 B, 614 8. 1E
Bl b, B TR R 0 10 A1 BEA g AR X = B
K, 550K 4, ATLUE S, RO T =i
P BHK UK M 1 AT 5 B (Enterobacteriaceae) . T B F}
(Bacillaceae) il B 12 1 £l (Lachnospiraceae), AHX} =&
IAK 8.69%. 5.53%F1 5.12%; R4l A TR =
AR SR BHK UK A 57 58 AR B (Rickettsiaceae) . I
F(Vibrionaceae) I FT AL, AHXT 243510 12.66%
8.22%M1 5.71%; WA B & H v 4or T i = A9 B
o B 21 AT B Bl (Rhodobacteraceae) . 5% fif # Ff
(Moraxellaceae) Fll # T i F} (Flavobacteriaceae), X}
FREER 41.95%., 13.50%F1 8.89%; /KKEh{fi T
A= AR BT RL > N AT R L AT AR IR R,
AAXTFERESY R 15.95% ., 14.52%F1 8.76%; R4
B T ET = AR B30 R R L SR R
£h i i B} (Halomonadaceae) , AH X} 3= & 43 51 4
34.99% ., 17.64%F01 11.63%. HIHHTAYINEEL . 57
SRR R 5 Bt TR A, AT AR E
SR PERH Y = B SN T B AL, TR A Ak rp A I R
b 2R T AR A (P<0.05),

2.4.3 RIAME R IR AR S AL Xf 54
FEF TSN o 2R84 (alpha diversity index)

100 B Unknown
@ Others
80 - [ Lachnospiraceae
[@ Bacillaceae
@ Lactobacillaceae
60 [
@ Halomonadaceae
W Rickettsiaceae
401 [l Enterobacteriaceae
| Flavobacteriaceae
20+ W Moraxellaceae
I Vibrionaceae
ol W Rhodobacteraceae
H D A W FC

Sample

4 LT RIS 1l 1 R B S5 RREAR S
Fig.4 Relative abundance of intestinal flora and
environmental flora based on family level

Relative abundance/%

OISR IR 2, (RS R S W iE R R
JE(LL ACE f8%(Mll Chaol #8%fiHt)4r3 R 805.4+
24.35 1 825.97+21.66 .911.90+49.69 F1 926.71+54.31,
MR TR, ~HREMTRAMED
(1039.29+30.02 F1 1 024.79+50.22) " i) B8 B =F & )3
(P<0.05) . 7£ W i Z -0 77 T (LA Shannon $5 5l ) ,
fdE e ) = R R = g GE R 2 R BN
7.99+0.03 1 7.90+0.25, fdEE4 T HHR4l, —# T
E T R 9(6.50+0.32) . 7K FE(6.240.18) FITR
B kL (4.43+0.42) H I TR HE 2 FEPE(P<0.05); #4541
Y Simpson FE401E 0.91~0.99 Z ], TLRFER,
Jp it RSE S AREAS T PR ETS AR AL
TE OTU /K I+, >RH unweighted unifrac 5592 %f /AN [F]
X R ME RIS 38 . B RIS I . AR RN
AR HEAT = 4E F A bR AT (B 5). Hrfr, PCoAl
(principal co-ordinates analysis 1) 5T#k>% A 33.01%,
PCoA2 MTTHAE N 22.50%, PCoA3 W TTHAZ N
12.14%, MTTERZEN 67.65%. B 5 Bon, A4
PIREAS S AT ) SR I 3, WIS 1B TR 5 PR B T
FEOT B, ) 2 RO R 2 W 1 TR IR R R
KANR AR —34rE A, W RE SRR SR IX
KL HIA . R UPGMA XFEE S HEATZ IR,
IHI T 45 A it 1] 40 o 2E B ) AR R o A 2 SR S
(F 6)FW, AR IR —3L, fRRAMIES
RS A TE 1) P S R AE— I T3 S, Rk
AR A AR, SRS TS TR A R — SR 7
— e, JKEEE M EE PRE S S R — i, e
IKEEFN I FE RS 5340 3 dhkE P i Rl
WK, K222 B 5 LR AR 4T Anosim
0T, ARV EALEE 7)), RESHESZ
A 2 m THNZES, RUSAREST 3 4

® A
D
¢ FC
mH

02 oW
o 01f Q
g O &
o e 8 02
S 0 B * .
g P 0.1
3 0 &
B N
01} 5
0.1 o
02 o
-0.2 : o3 &
~04 03-02-01 0 0.1 02 03 04 O

PC1 (33.01%)
B 5 [l NIRELE B PCoA A HT

Fig.5 PCoA analysis of intestinal flora and environmental flora
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Tab.2  Alpha diversity index of intestinal flora and environmental flora

FE ETRe ACE 8% Chaol #8%K Simpson F5 %% Shannon F5 %%
Sampling Number Index of ACE Index of Chaol Index of Simpson Index of Shannon

{85 %18 Healthy intestinal tract H 805.40+24.35° 825.97+21.66° 0.99:0.00° 7.99+0.03*
B9 B Diseased intestinal tract D 911.90+49.69™ 926.71+54.31%° 0.98+0.01° 7.90+0.25°
7K Water w 920.30+£37.01° 899.15+39.07° 0.97+0.00° 6.24+0.18°
WA B &% Cage attachments A 1 039.29+30.02% 1 024.79+50.22% 0.96+0.01* 6.50+0.32°
IRA 1K Mixed feed FC 811.06+173.82" 739.33+147.33° 0.91+0.01° 4.43+0.42°

A 2 SRR R, 5 MR L AURT BT TR 17 1

[ FC (Bacteroidales) . #5#T & H (Flavobacteriales), J5EE

,,,,,,, s, WD 7 M) i B2 % H (Oscillospirales) . £ 1 =l

B v (Lachnospirales) . FLATH# H (Lactobacillales), F}#2%

4| - & H (Erysipelotrichales) . ZEFEAF# H (Bacillales), 78

“f‘ JE W& 11 89 % ¥ % B (Enterobacterales) . {A 7 X # H

"""" e (Burkholderiales) . i B2 #T & H (Acetobacterales), 1%

) - FFB 1T 9B FT B H (Fusobacteriales) ) 40 AN S

- D2

0.05
P 6 T (ol W e v 2 R ) 3 5 P 5 T SR 28 0 H

Fig.6  Cluster analysis of intestinal flora and
environmental flora

AT IR R PR, B 2 i B2 S BB TR R ) 3
TN 2 5 (R=0.915, P=0.001),

2.4.4  RFA S £ 5T W A LE M AE AT N ik —
I LR A S BOR A i R 22 5, R B R
SRR 2 5RO, AR @A E . R
HRpih . KEE . WIFE BB P SR G R B R 1 T
LEfSe 4317, tog2 R WHYFE SRR E (A 8a),
It Wi & 76 AN 7] 20 Hh A7 A 2 25 = (P<0.05) 1Y T i
(Kl 8b), XI LDA HIGHERT 4 MRFFHAT 0T, St
A 135 AN BEHETE 5 M AT I 25 5, XU
TR 2ok B AR B R T ] (Proteobacteria) . T
I'] (Bacteroidota) . J& B [# ] (Firmicutes) . 5 # [']
(Cyanobacteria) . #2 ¥ | ] (Fusobacteriota) Fll it £ B [ ]
(Fusobacteriota)}t 6 /N1, Hirr, {gEFEHIZ 78 i

B HUOWKFER R RE, F20k A TRIEHT 1M
#4 B8 " @ 1 H (Sphingomonadales) . ZL #T & H
(Rhodobacterales) . ff ¥ g & H (Pseudomonadales) Fll
T T E AT 3 H (Flavobacteriales) 1 37 ™45 5514
PR T A 1 ) 22 S AR H b, EEOE
HASIE T )7 sa kAR H (Rickettsiales) Y 4 PR RE,

SRy 3t — 2 A 5 A R ) 2 g RS R 2 g TR
M5, MRPEE 4 rhfa R A o 2 i 7 8 T RS 1
Pkt fE S R 2 AE B KO B B A B 2% S
HRHER 3)MBEFTFEBHE 4R BEETH OTU £ 5%
A — 2R FERMKCE B, IR 7R g e A s 21
HA o5 EE AR 0.23%1 8.22%, FE IR TR Hh i 156 £
HIXFFBETE 0.01%L) -1 OTU 12 4~ 3P iR} e ik

R?=0.915, P value=0.001

1.0+
0,8-?

E 06

S, 0

g 04t § = ==
02 ° I; - i'iP|T
T T N

S &£ of o & e Q

&g

~o§ \\¢§~

§ Nt £ %] Group
K7 A4HEER Anosim 23T IE B AR £ 1K

Fig.7 The distance box diagram based on the Anosim
analysis in different groups
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B 2:s_ unclassified Candidatus Aquiluna
g b:g  Candidatus Aquiluna

g c:f Microbacteriaceae

E=m d:o__Micrococcales

B ¢:s_ unclassified Bacteroides
Emm f:g_ Bacteroides

B g:f_ Bacteroidaceae

I h:s_ unclassified Muribaculaceae
Il iz unclassified Muribaculaceae
B j:f Muribaculaceae

B ko_ Bacteroidales

[ g unclassified Cryomorphaceae
B m:f _Cryomorphaceae

I n:g_ Formosa

I o:s_ unclassified_Lutimonas

B p:g  Lutimonas

B q:s_ unclassified NS5 _marine group
I r:s_ uncultured bacterium ARCTIC37_F 06
[ s:;g NS5_marine_group

I t:s_ Tenacibaculum_haliotis

B u:g  Tenacibaculum

I v:f_Flavobacteriaceae

= w:o_ Flavobacteriales

I x:f Arcobacteraceae

[l y:o_ Campylobacterales

I z:s_ unclassified_Cyanobacteriales
Il a0:g_ unclassified_Cyanobacteriales
Il al:f unclassified Cyanobacteriales
Il 22:0_Cyanobacteriales

I a3:s_ unclassified Bacillus

I a4:g_ Bacillus

Il a5:f Bacillaceae

Il a6:s_ unclassified_Planococcus
I 27:g_ Planococcus

I a8:f Planococcaceae

Il 29:0_ Bacillales

I b0:0__ Erysipelotrichales

I bl:s_ unclassified Aerococcus
I b2:g Aerococcus

B b3:f Aerococcaceae

\ d/d
0o\0%
U

I b4:f Lactobacillaceae

I b5:s_ unclassified_Streptococcus
I b6:g__Streptococcus

I b7:f _Streptococcaceae

I b8:0_ Lactobacillales

Il b9:s unclassified Staphylococcus
I c0:g_ Staphylococcus

I c1:f Staphylococcaceae

I c2:0_ Staphylococcales

I c3:f Lachnospiraceae

I c4:0_ Lachnospirales

I c5:0  Oscillospirales

B c6:f Fusobacteriaceae

B c7:s_ unclassified_Acetobacter

I c8:g  Acetobacter

B c9:f Acetobacteraceae

B d0:0__Acetobacterales

I d1:s_ unclassified_Halocynthiibacter
B d2:gHalocynthiibacter

B d3:s unclassified Pacificibacter
I d4:g_ Pacificibacter

= d5:s__unclassified_Planktomarina
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Fig.8 LEfSe analysis annular tree diagram (a) and histogram (b) of intestinal flora and environmental flora

®3 MEMPARE OTU EHERBETHFEERSNT

Tab.3  Analysis of abundance difference of different OTU in intestinal flora of Vibrionaceae

AT B AT R HRR [k ‘%\ﬁzﬂ OTU It . ﬁ%%zﬂ OTU FHE itk
Name Species of genus level  Discased/Healthy PI’OpOI’tlon.Of OTU abundance in Proyortlon of OTU abundance
the diseased group/% in the healthy group/%
OTU2961 Aliivibrio 14.13 0.79 0.06
OTU103 Photobacterium 0.56 0.00 0.01
OTU96 Photobacterium 2.18 0.07 0.04
OTU15446 Vibrio 6.11 0.03 0.01
OTU17 Vibrio 16.47 0.75 0.05
OTU273 Vibrio 1.12 0.07 0.07
OTU323 Vibrio 1.18 0.01 0.01
OTU40 Vibrio 5.78 0.17 0.03
OTU41 Vibrio 5.85 0.46 0.09
OTU5817 Vibrio 14.37 0.16 0.01
OTU717 Vibrio 0.78 0.04 0.06

OTU9 Vibrio 7.84 1.00 0.14
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Tab.4 Analysis of abundance difference of different OTU in intestinal flora of Flavobacteriaceae

e A i B , %&aﬁéﬂ OTU F R itk {ﬁﬁézﬂ OTU F &1k
Name Species of genus level  Healthy/Diseased ro-portlon-of OTU abundance Proportlon of OTU abundance
in the diseased group/% in the healthy group/%
OTU169 Aquibacter 0.32 0.02 0.01
0OTU42 Aurantivirga 0.11 0.01 0.00
OTU139 Eudoraea 0.15 0.05 0.01
OTU3283 Flavobacterium 0.11 0.02 0.00
OTU861 Formosa 5.05 0.09 0.49
OTU52 Formosa 6.43 0.26 1.83
OTU100 Lutibacter 0.13 0.09 0.01
OTU2974 Lutibacter 0.01 0.09 0.00
OTU92 Lutibacter 0.05 0.05 0.00
OTU29 Lutimonas 0.12 1.11 0.14
OTU602 Nonlabens 3.80 0.00 0.01
OTU13 NS3a_marine_group 0.73 0.01 0.01
0OTU13421 Polaribacter 4.64 0.02 0.11
OTU28 Polaribacter 1.88 0.02 0.04
OTU262 Winogradskyella 0.75 0.01 0.01

JRERN R 2H TP B 5 EE A TR 3.45% A1 0.99%, 7 BEFF i
Bl e R AEXT £ BETE 0.01%LL EAY OTU 15 4>, 7E9R
FE, OTU EREEHHITE 0.50%Lh ERYA 3 4, 4351
4 OTU2961., OTU17 A1 OTU9, H:r OTU2961 Efi
2 53 2R & (Aliivibrio), HAE U LH i) 3= B R {d R
ZHFERERY 1413 £f5,0TUL7 F1 OTU9 #E A RN
HAE B b i F 2 o iR Ad B P2 16.47 51
7.84 15, FEEFFERI, OTU £ HHILE 0.50%L) F
B 24, 45k OTUS2 fil OTU92, Hif OTUS2 &
fr B4 SE TR 8 (Formosa) ,  JCAE{d A Hh i) = B 2 HUi
HEFER) 6.43 4%, 0TU29 & {7 2 e FA i 7 J& (Lutimonas) ,
TCAE R P i T B R AR A B 1Y 8.47 £

3 it

VAR, B F 505 A 3 25 B BRI 7 B 1Y)
TN, WS IR = ALK, EAE Gk &
JEM R, e I H 25, MRIEEIAA A,
ORI S F A ARBUE (L ENBESE, 2012), <428
o RAREE, 2004) , “WH 20 (S BLIREE, 2006) . & 52
LG (CEENPEEE, 2006). W RWM(EEIRSE, 2017)5%,
X R S 0 AT, H D B B0 R AR SR
(Vibrio splendius)(ik & = %, 2006) . {38 2 5l 1A
(Pseudoalteromonas nigrifaciens)(E E[ i 4%, 2006) . %
BRI (Pseudomonas putida) (5 E4H 5%, 2010).,
%5 ¥y (Vibrio alginolyticus)(# 5 645, 2007)%5 . H:

i 995 DR R 2 95 R A e ek ) P SR RS BH &, R
MO SHEARERSHK . BIRERE, EEZmWHZ
Fea, X fEEE K mMEs NIRRT S5
PEIXZ—, FEREA R 1 608 hm?, U /54 EES5%
FE AT LY 0.64%, Hp=m ks 4.56 77 t, a2
SRR 18.36% (AL AR AT &Rl i B0 HL R
4, 2022) WIS WAy &AL, IR A R X R S
KABAERT, i B K A H i 5 R ™ B R K
B, FE4r 4R % X 2 R R, B SR OB
(R )7 4 i, A A 8 DX ) 2 3R A ) e B R
Xof & [ S 7l i B R B R

3.1 RSHRBEEBEFEDT

MEE S R e, FR5 T AW B 2 o0k
HaF, LG UE VB R A+ BE A
AP Ty 205 B R A R L kAR B R DR
Ok R R R AR 5 7 AL, BRI S =
Bl . PR FRIE T2 . SR B . RN
ARSI SR, BRI EE . AR
g, B R R AR AR K REE SR
0.5~1.0 5, HZAKZES, KNG T MW E J18555
XoF i 8 AR A PR B A D S B B b
HAKERUK, RBLHSURE K B, ol 245 45 41
SR K HLAS o e, HE BN AN, Zh4hd 4 E
WL Z H IR e . B SFQ015M R A, FIH G 4:
FCHREE (Vibrio harveyi) X} FL4H XTI (Penaeus vannamei)
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AT IR LS, Ho A IE L 45045 R L Rz A
AR, LEE R 5 AR5 b B 1 2 W 18 A
AFfb—3 ., Xia ZF(2018)F1 Sewaka Z5:(2019)iF 75 & HH,
A R g 3 5 v 5 G SR 5T ) UL RE ) B Y 1 A
RERYIMSE, WiB S5 H) AR 25| & — R 5 A PRl
REAYERAS o ABIFoE b 0 B I 2 T B 45 4 K A7
b, HEEE . M. WIkGe ¥z 205, Kk, il
ZTE 8 W TRDE DA AR B 7e 2 09 8 e ot DAL Fy B 2
KR AMIE ST E, IAERILE R s s, fl
ZAWIHAE H B EFRY 5, RO S AE I
%, M HF BB MR IR ESHIRL ., TS
WEFRARL, HMSEBAR TR, 532565

PREEIRGY, 51 I8 Bz £ B Ik 45— RIIF AE

FEEE R Wl 2 ) OE R AR KO R A
3.2 RNEBBERIERHESHEST

WAE TR A S RGO T TGRS
RGN TG RE 2 shad B rh R EEAEH, MR
R0 W TR 22 R I RS R X SR A R e b AR i
MR A S A S R Gided BT B2 5 L (Adedire et al,
2022; Zhou et al, 2022; KMESE, 2019), o AR
WP 2 B AR = B R i Rh 226, Chaol 11 ACE
6 B Al 1 Wy Fh 3 B B0 A 4K 9 2 /0, Shannon I
Simpson & 4H T Y Fh 2 M, M4 ORI 1R 150
(insurance hypothesis), &Y A A FHREES
REWREE, MO AR E A W R A IE B A A G B
(Yachi et al, 1999), AWF524 /R, Chaol, ACE I
Shannon $5 %% i =5 GRS IS FEE 9 . K FNTR &
kL, WEE R, FREEKAR TR TR B 2R
TKi#&(Zhao et al, 2020; F E 4, 2022), i AR
Y E OO IR U S W e T KR i B M DR
AL, SRR, J& T oK v (44 ST b B
FHpL, KT RIS LR it AT oA o TR SRR
P 2 P T S S T 8 A5 T T T B, G 2 R I R B AIR
ST R i AR TR A, R 2 5 M T 5 e
T HAB AR My ) B8 (Mulyasari et al, 2022; & Fi
45 2021), £ ACE Fl Chaol #8805 i, MR T
fltFEdl, FHERBEA Ry mERAE R mE
Shannon 88X 10, {AEREAIN S T HR4l, FUERE
H R BEZRETER R o 454 PCoA 431 2 UPGMA %2
SR, ARG ERIRY, HTE Anosim 43 Hi4H
LR AR SRR Z AR 22 5 5 THNES,
SRR S B KRB TR B A i 22 5, R
J B R 5 i S g A A — A M . 7E UPGMA
RABE R, 5 T8 A B B S R IR A AR, R

A IR 5% PR 25 b 5000 2 3 TR R O 2R e ok 8 DY) 2 o
Sk, BERT, AR H MDA B, B
RS B A — 2 (RS, 2019; BFE
Z5.2018; SKFTIAZE, 2022), HE R 5AN—2, #E
— A IE B R I S B AR A S B DR

3.3 RS piERINMEE R E R ES T

Xof {5 2 N SR LR 2 B T KoK . AR B
TRA R T BELS M R A T 00T, S5 SR R, 1]
KV EHEA TG = A BBk HARTE BT SRR
FTRFF IR ], X 5 389 PR 45 (2021) , 8/ \#F55(2021)
Xof 2 75 B PR B 1) T R 5 R R 5 5 SR — B TR AR
SlpiEh, FRE om0 R EBETR 17](15.55%), HkHh
AIETTT(11.83%), 17 B JI S W8 KoK . AR B
BHYFRA R, FRE R PEZEEIEE], HE
JES N 37.62% ., 24.86%. 57.27%F 65.35%. JEEE
TR & A R 2 N LR TE | 2R AT I L BIRE SE,
Al DR R K AL 0 19 e T e 8 B4, AT B
FAYRRERE A K (Kong et al, 2020; Wang et al,
2019; XUFRMBEE, 2020). BEHEITH S HEREZHE ER
FEANSIEE . 7o AR . BB i 5, FREE S S
Xof A= AR B AR B 7= 2E — R 1 S T M (Wibowo et al,
2021; BimARA, 2016; T35E, 2015), LEfSe 4317 ki
7, AR EREH 2 38 1) 2 5 TR AR L R LR TR ) R JEE B
BT 40 DR, W& T BIREH . ZFHBFEHE .
FUAT B B 251 2 R0 35 AR T, 1 RO 4 Y 22 S e B
K AT W kR B 4 A ERR SRR, X
T G 22 5 3R I, T B 5 TR 25 A S DR R A AR
SR . ARG ) B RIS W 18 TP AR T BT R
TFARFRAL, 7K . WIFERE P IR A R AR TE T
FREEWE T R4 AIE , R GE S FEE R AR
PR BER IR T IR TR K . 56 B 9 DR & kL

X Rk K S L felt 5 2 R R A b HE 44 T ) R
FREVAT A LI, fd R4 AT R (5.54%) A5 T
FRH3.45%)F 1 1 & = T BN 41 (3.25%F1 0.99%),
1113 589 4 H B 9B B (8.22.%) FTAZ S IR AR (12.66%)
F2 B P 2 TR ZH (0.23% 1 0.74%) 758 2 3558 1
b, SRR A P R w2 S BU S A0
AT R M HL IR A, P B 2 Sl AR 1S (M e
25 2007; WsRAEEE, 2014) 38 1o Xl At B 4 606 2H 5K
FRFMEHFF RN OTU MEM /AT &8, 7eil R
f) OTU H, HUm 4 A 2 7 31 1) 75 289 i s S M B
TR AR 7.84~14.13 1%, WA BT HE A OTU
FENL R, {4 T S A B A6 98 T i 1 = B U AL
) 6.43 5, HURZH A7 2 A0 Ve B I B s 1) 3 B A fet
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Abstract

The sea cucumber industry has developed rapidly over recent year with breeding areas

gradually expanding to the southern Fujian region. Using the warm water of the southern sea area during
the winter, Fujian Province has exploited Apostichopus japonicus cage culture. With <1% of the breeding
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area of the nation, Fujian Province produces 18% of the national sea cucumber output, cementing a new
paradigm, known as “north sea cucumber and south cultivation,” which has accelerated sea cucumber
industry growth substantially. However, with the rapid development of the sea cucumber breeding
industry in this area, breeding diseases have become common in recent years, significantly affecting both
the survival and weight gain rates associated with breeding. To understand the causes of diseases in this
culture mode and explore prevention and control measures, we investigated a sea cucumber enteritis
outbreak in the cage cultures of the Dongwuyang Sea, Fujian Province. We analyzed the epidemiological
characteristics, pathogenic pathology, environmental microbial groups, and the structure of the intestinal
microbiota of sea cucumbers. The intestinal tract of the diseased sea cucumbers were small and contained
a large amount of water. The connective tissue and muscle layer were separated, with the connective
tissue cells in the sick intestinal tract swollen and partially destroyed, and loosely arranged. Microbial
culture data analysis of cultivable bacteria and intestinal and ambient samples from sea cucumbers were
conducted. The total quantity and Vibrio quantity in the intestinal samples of the diseased sea cucumbers
were significantly greater than those in the intestinal samples of healthy sea cucumbers. High-throughput
sequencing of the 16S rDNA variable region V3-V4 identified 25 phylums and 311 families.
Enterobacteriaceae, Bacillaceae, and Lachnospiraceae represented the top three bacteria families in the
healthy group, with relative abundances of 8.69%, 5.53%, and 5.12%, respectively, while Rickettsiaceae,
Vibrionaceae, and Enterobacteriaceae represented the top three prominent bacterial families in the
diseased group, with relative abundances of 12.66%, 8.22%, and 5.71%, respectively. Vibriaceae were
more prevalent in the diseased group than in the healthy group. The relative abundance of
Vibriococcaceae was 34.99% and a mixed diet led to the highest environmental sample abundance.
Principal co-ordinates analysis (PCoA) and unweighted pair-group method with arithmetic mean (UPGMA)
cluster analyses indicated that the samples of each group were well grouped, and the microbiota types of
the mixed diet were similar to that of the intestinal flora. In conclusion, the intestinal tissue structure of
the diseased sea cucumber was changed, and a significant amount of Vibrio bacteria in the intestinal tract
primarily derived from the mixed diet, which posed a threat to sea cucumber health. Operational
taxonomic units (OTUs) with a relative abundance of 0.5% were mainly located in the Lutimonas,
Aliivibrio, and Formosa genera. Vibrio was mostly pathogenic, while Formosa was mostly probiotic.
Healthy and diseased gut microbiotas differed significantly in terms of high abundance OTU. These
results indicate that the intestinal tissue structure of diseased sea cucumber has changed, and that the large
amount of Vibrio in the intestine mainly originates from mixed feed. The large microbial community in
sea cucumber feed poses a certain threat to their health. The probiotic content of the intestinal tract of
healthy sea cucumbers was higher than that of diseased sea cucumbers, and pathogenic bacterial content
in diseased sea cucumbers was higher than that of healthy sea cucumbers. Our study findings provide a
scientific basis for the development and utilization of potential probiotics and potential pathogenic
bacterial screening. Furthermore, our results support sea cucumber bait optimization and offer a
theoretical foundation for scientific breeding and disease management.
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