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22 9 B (Mibrio splendius)!™® | {22 % Bl B
(Pseudoalteromonas nigrifaciens)! 14 rfreJ iz
e (1 5 7 sy 1 TN 5 s N 0 B 1)
BP9 2 SO S BB A S8 T S R 1E,
SN 7RIS, W fEE BRI, S
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TR AL AT 55 R A DGR X 4/, UL o 2 % 0
S 300 T 355 2 A B o0 B O M SR S 4R ) IR,
ARSI £ 1 B IR A T I S0 5 & A B
TR LA RRAE , A3 BT DA AR 1 55 PR PR A DG 1,
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TIF> 119 & 95 R AE B H 2 R RS T (0 IR 5% B SR 5
DT FEAR b, ASBIF ST 0T A A B I AR R T S T
FEB X HEAT T mATRE IR A, IR & X I 7K
BEAN R SR BERE S, R 16S 1o 200 7 43
W T L RELS A A8 4k, JF o BT i i AR A 5 8
R AE O, DA 0 28 B 25 AR B BT I
Hl SR R IR I Ak B (g 77 T 4 LR 2 1 3 e
WA BB S A o
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11 HERORITHRFPAESHERRE

HR A F7 58 X R 1 O, AR 5% 18 IOAR e 48 B
T ELAR B0 2 o SR A AR P X SRR ™
3 MR TAE TR, SREEE B
1, B REE SR 3AEATRES, KRB
ST IR A JH A IRz % B S0 g %=, B
Ak B 1A BE 2 URAE- T80 “C ukAf FH T B 74 g o o
Wy 5, AT ACRAK IR REFRFX 1 m IR
AbIKEE, RIZ 2 S % fs, A 0.22 pm JE i

AT HhE, B UEBAFhIE K E R 400 mL KEjE
FEARAET—80 °C KA FH F P A v i o 0 52 407 o

x1 RXHEER
Tab.1 Samplinginformation

= é’l?l] g ST -
FEf A O SR b
sample type identification sampling site
number

INFI-1Z SXLJ /NEYLIEE Xiaoleijiang sea area
XLJ-sea cucumber (26°37'59.8"N, 119°55'57.0"E)
S-S SWQ SCIE R, Wengi sea area
WQ-sea cucumber (26°43'43.9"N, 119°58'22.0"E)
BTt SwWJ BRIV, Weijiang sea area
W1l-sea cucumber (26°43'43.9"N, 119°58'22.0"E)
INRIT—IK WXLJ  /NEYL#E, Xiaoleijiang sea area
XLJ-water (26°37'59.8"N, 119°55'57.0"E)
SClE 7K WWQ  3Isiifiis, Wengi sea area
WQ-water (26°43'43.9"N, 119°58'22.0"E)
BTk WwiJ FEIVT¥48, Weijiang sea area
Wl-water (26°43'43.9"N, 119°5822.0"E)

1.2 HEEFNE

FIH] YSI EXO #4755 X ¥ ik %8(DO) HY I
i, HREKIE 1 m bKEE, 2% GB 17378.4—
2007 Jy AT KRR S AL AR 7 A B (BOD) . &
A(NH3-N), WAERREEA(NO,-N) . TTHLA(N),
YRR ER(POL ). K(Hg). 4#(Cr). fifi(As). 4
(Cu). ##(Zn). fifi(Se). BN E .
1.3 HELEHIW

K H E.ZN.A. Soil DNA &3] & (Omega Biotek)
PR R RE S B DNA, i 16S rDNA [
V3~V4 X £ 55549 338F (5-ACTCCTACGGGAG
GCAGCA-3")#i1 806R (5-GGACTACHVGGGTWTC
TAAT-3")#E47 PCR 744, PCR =49 [nlscHs 220 7
I, FIHBABEEEYRHARARE [lumina
HiSeq V- & X T A8 2 Y S R A7 v i = 0 e, X
JRE RS T PR . U8 . KBRS R SRR AR
BAHFH] . f#iH Usearch V10.0 44, L) Reads
TE 97.0% M AHLEE KT, X i A7 R IR IR
254 E ¥ T (OTUs, optical transform units).
K FH RDP classifier JRAFHATYIRN 32, 7325 B{HE
£ 0.8, T IZBE M3 IEE LRI R unclassified
—2K, R Mothur V1.30 #4434 RE 551 017 22
FEPESAT . SR QIIME2 (https://qiime2.org/org/)
PEAT alpha ZREME MM, 118 ACE 8%, Chaol 1§
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4. Shannon 8% Simpson 644, T HE W=
S 1 5 43 AT 8K 4 (https://international.biocloud.
net/zh/dashboard), # 17 F AL 43 43 ¥ (principal
coordinates analysis, PCoA), 7ERHKE I, B4
APFNTE A A S 2 B D AR AL, X R
JE T 20 B TR A HEAT 07 B2 2K 2 (Spearman) Bl AH ¢
AT, FEREA G R T 0.1 H P {E/NF 0.05 19
B L S AH S E 5 1] AE L T IR R T 5 W
alpha F8 5 AH 56 . Mantel 4087 56l |, FIFH R
W I 5 & H A
14 HiESH

i Excel 2020 AR{FHEAT BRI A5 R T,
ERE T A bR 22 KoK, ] SPSS 23.0 #
ATAEAS I 2 ) 22 5 2 3 P oA o

2 HRE5SH

21 RITRFAE

TATI 27 A R e X 52 0l 2023 4F 11 A
HpEA) AR T b DT I A B RS I S W R, T
FRLR: 6~12 cm, 1AH 20~50 g, 76 AP M %E
H15~20d )5, fISHIEIS, BIEF 11 H 24
HRAERS, Frif &gl LR R0 B 5%, KWk
) R ERERA BEE Ty22 . R ES . B
TR R B BRI S, ™ B A R TR AN W R T S 3K
FISHET, WA RIIINIRHRGE, BIZmiz g
82 X | AN

K1 IR ER R IS HEAR
7 R B

Fig. 1 Sea cucumber individual with skin ulcer syndrome
/ shows skin ulcer location.

22 BEBENFERSH
221 AEHRBEEEINEE SrREMN 18D
FE AT vl b, SRR S AR AR A BUY

Gk 43117~73274 4%, ARUTFH AR 53.91%~
91.54%. X} Reads TE 97.0%FAHBLEE K- F k4T
BRI HERAS 719~1150 002384 BAIL(OTU),
B ARTIREAN OTU it 43 51 SWI 825 4~ .SWQ
719 /> SXLJ 991 4~, WWJ 1150 4>, WWQ 1029
A~ WXLI 903 4~; £ ZAIRE R OTU % M i 2|
& WWI>WWQ>SXLI>WXLIJ>SWI>SWQ, 4
SIFIT 3 A~ Ml s 3R AT 6 2 (A RE 20 2L K FE OTU
P Venn &, 2558 7R 76 F5 58 K AR i i 2L AR
1301 4~ OTU, Hrh 3 A4IEH ) OTU A 538 4,
WWIJ 4. WWQ 4. WXLJ A1 OTU UF1
d7 HE A3 3R 266 (20.45%) .39 (3.00%) .63 (4.84%);
TGS IRBERE B P 345 1115 OTU, Horp 344
HAHK OTU A 581 4, SWI4 ., SWQ 4. SXLJ
HEFA ) OTU £33 56 (5.02%) . 45 (4.04%)
175 (15.70%).

SWQ

WXLJ

B2 2k e A BE L ZURIK AR i Venn ]
a. IKIEHER; b WS IRBERE S
Fig. 2 Venn diagram of rotted body wall of sea cucumber
with ulcer syndrome and environmental samples
a. Water samples; b. Body wall of sea cucumber.

222 RSEEBRKGEHREFHLEHELE @i
XT3 AR AR 2 Ak R AR BE A ZURDK AL 6
2 18 NHE HEAT IR S AR S A A B, 18 A
i A I 2 A AR B VR T 33 1. 72 49 194 H L 350
. 586 J& . 625 Fl, FEIIKF b, BT 1Y)
10 N RHEA EEAR F= BRI, 55001 3a, 75—
AU RIS ARBERE S, LT 3 AP T 3
HAFIE ] (Proteobacteria) . #UFT 1% [ ] (Bacteroidota)
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XFERE AR A X, AE A IR A AR R
BITE 50%Lh b 78 =AU X K ARE S, 47 T
TR 1A R T T RHUAT R
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TERKE |, 8 B e 1Y 10 ST REAG
FAXT BRI, Z5RILE 3b, SHEEMTERKE L
RESS AR 7E T 5 1 22 Sk 5 e, AT TR
(Flavobacteriaceae) . ZL¥T B F}(Rhodobacteraceae) |
% #T i B} (Enterobacteriaceae) . 1 AT & £} (Micro-
bacteriaceae). i<k EFl(Actinomarinaceae). s 2l
[T unclassified_Cyanobacteria Ll }2 EF100_94H03
RAB S B REE R, R SR REH B
SXLJ A EFFEFH11.95%) . ZIFFHEFRH11.28%)
FAFFEFHS.87%) 0 T EARHAHRE, SWQ 4 2k

I
ou

HLLPOE

5341 group

B K183 unassigned

B HAth others

#ELH ] Bdellovibrionota
B &4 H1] Chloroflexi

B BRFFH 1] Acidobacteriota

B JEi ] Verrucomicrobiota
B 5£432K unclassified Bacteria
B JEEEPE ] Firmicutes

B %3] Cyanobacteria

B LRI Actinobacteriota
@ T 1] Bacteroidota

B 4B H 1] Proteobacteria

S (=) o]
S S S

AHXFFBE/% relative abundance

8]
S

o0
(=]

(=)
(=}

N

X/ % relative abundance
3

2

FFrEFH16.38%) . EF100 94H03 (41.93%)F14LFT
FRHT.32%) 0 EEIL A TEHE, SWI A P 2LFF
(14.03%) . M FHRH21.82%) FIHAT HFH6.65%)
BB, KRS T, WXLT 4 s FE
FRH15.57%) . ZLATBRHT.92%) i 2 FH(4.64%)
J EERAERE, WWQ P EF HRH16.23%) .
EF100 94HO03 (22.24%)MIZLAT B ARH6.37%) h T2
PEAGEHE, WWI A & FFERHT.26%) « ZLFF R
(14.68%)F1 % 41 B | 11 unclassified Cyanobacteria
(4.66%) 0 FEEARH R HE

(=]

b 100, = O AKHEREF unassigned
B F432 unclassified
1 m HAth others
— @ K432 unclassified Cyanobacteriia
O #4312 unclassified Cyanobacteriales
I — @ BJIEHEF Cryomorphaceae
' B A4+ unclassified Bacteria
1 B #FFE# Microbacteriaceae
% B R APl Actinomarinaceae
= B & #} Enterobacteriaceae
I B ZIFFE R Rhodobacteraceae
@ EF100_94HO03
i B #HHEF Flavobacteriaceae

S

PSSP EE

434 group

B3 FET K (@) R K (b) b B ) 2 Al e (ARE 25 ZURNKRE TRREAR X = 2
SXLJ: /NEILIGSIREE, SWQ: SCIG S IREE, SWI: [BIVLIG 21 8E, WXL): /NEVIKRE, WWQ: ST /K RE, WWI: FITIKEE.
Fig. 3 Relative abundance of bacterial communities from samples of sea cucumber rotted body
wall tissue and water samples at phylum level (a) and family level (b)
SXLJ: the body wall of the sea cucumber in Xiaoleijiang, SWQ: the body wall of the sea cucumber in Wenqj,
SW1J: the body wall of the sea cucumber inWeijiang, WXLJ: the water samples in Xiaoleijiang,
WWQ: the water samples in Wenqi, WWIJ: the water samples inWeijiang.

223 RSEEBRKHEEESHESE X o6 4
i BT 3K 15 T BE 9 alpha £ BE P 45 %X (Alpha
diversity index)Z;Hr4h B UL 2, 6 A~2H 1w
WL ACE #5%0F1 Chaol f5%ffii &, ACE 154K
}y 248.08~929.19, Chaol F5%U N 177.00~935.26,
Hrf wwQ MERFEEEREST WWI I
WXLJ (P<0.05), SWQ Mt F & B E LT
SWI Fl SXLJ (P<0.05), 7¢ R #EZEEM: 7 i (LU
Shannon 8% fifar), 6 AW EBEZ MR
4.23~7.80, 542 A1 JC W 3 2% 55 (P>0.05).6 41

Y Simpson F5 £ A 0.69~0.98, %41 2 [A] JC i & 22
F(P>0.05),

itk — RS 6 YUREAS ) i A Wy RE VR AR DL,
TE OTU /K- b, X5F 4% 1l XA K A St ) 2 1 e
FE S A RS EAT 4 3T (PCoA) (B 4),
Hrp, PC1 TTEAR R 70.64%, PC2 I TTHRE N
11.24%, TR K 81.88%. H4 6 LKL Mkt 2k
RURARIE YR 2 NSRS S FUKIE W), 7E 95%
AR T s I EAEE BB, BEA
BB R RIS, KR T RE, #iES
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x2 RBSURGEAAFERRZKEREBN alpha SR

Tab. 2 Alphadiversity index of bacterial communities from sea cucumber rotted body wall and water samples

n=3; X+SD
BT S P5 ACE 5% Chaol 5%k Simpson F5 %% Shannon 5 %1

sample type identification number index of ACE index of Chaol index of Simpson index of Shannon
INEIT S SXLJ 576.40+9.94% 595.37+26.77% 0.95+0.03 6.56+0.18
XLJ-sea cucumber
Sl i % SWQ 306.66+58.58° 231.75+54.75° 0.91+0.07 5.45+1.22
WQ-sea cucumber
VL% SWJ 592.30+85.12% 599.47+87.18% 0.84+0.15 5.98+0.27
WJ-sea cucumber
JNEIT 7K XLI-water WXLIJ 333.11+14.62% 342.96+29.04% 0.96+0.03 6.58+0.58
7K WQ-water WWQ 786.75+142.44° 789.99+145.27% 0.86+0.16 6.84+0.96
FEIVT—7K WI-water WWJ 421.69+71.28" 426.76+76.01 0.97+0.01 6.76+0.63

T [FIZVEE 5 S [R5 Bl Ak B0 H] 22 53t 3k 3] i 7K 7 (P<0.05).

Note: Different lowercase letters in the same column indicate significant difference at 0.05 confidence level.

© IGSRBEH LIRES,
body wall tissue samples of sea cucumber
JKEE water sample
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TR 2-HREE11.24%
PC2-percent of variance explained 11.24 %
(=)
!
> o
q
;

1 i 1 1
-0.02 0 0.02 0.04
F RS 1-RRREET0.64%

PC1-percent of variance explained 70.64%

1
—-0.04

Bl 4 S0 REEA LR KR R R E PCoA 43 Hrah i
Fig. 4 PCoA analysis result of bacterial communities from
samples of rotted sea cucumber body wall tissue and water samples

FE B BRI R S8 a2, UERH 3 AN IXKIUK G
o AR AR A R, T AN [ 9 S S A e 1 2
[ HEVE St 22 K, E— L UL e 25 A 1E R
S L SUVREVR I A A 1k

224 FIBSEERKEFEBEEXE AERUKTL
X 6 2HURE iy P 2 B AR 20 Y B AR T A DG g
e e A E] 18 AN HAT B E A M (A 5),
XIS ANEHEK A 5 AT, RN ERER] . AR
BT, BT, BUFFETT . BT WA R
BEPI 25 EATAH OG0T, 2 1S3 ML v, A

72 XA Z AR 3 1EAH G (P<0.05), AHOCHE:
FRBORT 0.59; 28 X Z A1 7E i 3 5 AH OC
(P<0.05), 10X R %/NF-0.59 . H i o2 o )
(Oscillospiraceae)-5 T 12 1# # (Lachnospiraceae) f7-
FERRE AR SE M, MO REGRR T 0.97; BT
B Bl (Muribaculaceae)-5 B IR & B 76 5 19 A ¢
PE, FXEPERBGAR] T 0.97;, BURERS B E
BHELENGR A M, MM REGRE] T 0.95,

225 RSEERAKEEHSHEERFHEXE X
AR S SR X KRR HEA TR, FRAT K B4
PRI ZE (R 3), ZHR“GB 3097—1997 ifE/KK
Jo b R () AH ORI R AT F B R B, T O A 76 3
(AR | G TV 1 o R B — 2ROk R (K ™= 97 4
AR BIARAE o BTN 25 SR AT R R 2R | 2R
B F . alpha ZAEPEHE BRI GBI, ARICH
Tt 55 3055 [ F 10 SCBRARAE, 43 219 Fh 5 3R 85 A
T alpha FRELEAHCHE BT EI(E 6), B
NES AR T A SCHEREF, DO 5
NH;-N/ NO,-N/IN/PO; /As/Cu/Se Z [i], BOD 5 Zn
Z i), Hg 5 Zn Z 8], Zn 5 Ni Z Al f£7E & 1
#H(P<0.05); 1 BOD 5 Hg ], NH;-N 5
Se/Cu/As/PO; /IN/NO,-N Z i, NO,-N 5
Se/Cu/As/PO; /IN Z i, IN 55 Se/Cu/As/PO; 2 |f],
PO; 5 Se/Cu/As Z|f], Cr 5 Ni Z[f], As 5 Se/Cu,
Cu 5 Se Z M7 & M IEAH K (P<0.05) £ T
YRl . alpha 5405 PRI B 1 2% 6 &,
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14 15

I"17k>F phylum
® EEER] @ BJEHEI] © AT
Firmicutes Proteobacteria Cyanobacteria
PFFRTT @ R Koy

Bacteroidota  Actinobacteriota unclassified Bacteria

F=JF abundance
+0 «0.02 ¢0.041 @ 0.061 @ 0.082 @0.102
BLKFE family

o 1: B2 EA Oscillospiraceae

2: BATE#} Muribaculaceae

3: NS9 marine group

4: X H B #} Rikenellaceae
® 5: SARB6 clade
® 6: T E#R} Microbacteriaceae
® 7: K432 unclassified Cyanobacteriia
@ 8:Clade

9: K432 unclassified Bacteria
® 10: ¥l 5 F} Halieaceae
11: SAR116 clade
12: M EF} Lachnospiraceae
13: ¥ % #} Cryomorphaceae
14: K432% unclassified Cyanobacteriales
15: [T 5 R} Enterobacteriaceae
16: £ E B} Actinomarinaceae
17: £ZT#7 & #} Rhodobacteraceae
18: EF100 94H03

1.0 08 06 04 02 -02-04-06-08-10
FHEME correlation

Bl s BEKF28 002 8 B o A DG R AR SC A 1) 2% ]
I3 18] B B AR BRI R, BB MR B RET BN, RIB S EAFRIE M, L AR BRI ARG,
LI A RRARDCHE IR TS, Bl A aERIEMX, SaMRaHEk.
Fig. 5 Correlation network map of bacterial communities related to sea cucumber ulcer syndrome at family level
The circles and numbers represent the bacterial communities of the family level, the size of the circles represents the

average abundance of the bacterial communities, and the color of the circles represents the phylum to which they belong;

The line represents the correlation between the two bacterial communities, the thickness of the line represents the strength
of the correlation, and the color of the line: red represents the positive correlation, green represents the negative correlation.

* 3 AERSERERREEXIBKERNLER
Tab. 3 Results of water samples from different areas
with sea cucumber ulcer syndrome outbreak

o 48 A5
detection indicator

B unit /NEVE XLT SClE WQ  EINT. WI

#fA DO mg/L 5.730 7300  8.750
fb2: 75 A& BOD mg/L 0.600 0.280  0.880
A NH;-N mg/L 0.010 0.005  0.004
WAHEREE A NO-N  mg/L 0.136 0.059  0.036
THLA IN mg/L 0.233 0.108 0.063
TR AR POY mg/L 0.104 0.047 0.036
K Hg pg/L 0.045 0.038  0.051
# Cr ng/L 22.600 7.430  15.000
fifl As pg/L 53.100  28.500  20.700
#il Cu pg/L 214.000" 127.000" 64.400"
B Zn pg/L 15.200 28.500  13.200
fifi Se pg/L 223.000°  115.000" 89.800
B Ni png/L 18.200 3.280  14.500°
T TFORARYE GB 30971997 MK K FbRERLE, M 2k
IR (K 7= 3558 F K )RR .

Note: *denotes the value of corresponding indicator exceeding the
upper threshold of the second type of water quality (aquaculture
water), according to GB 3097-1997 seawater water quality standards.

Shannon #§%¢5 BOD/Hg/Zn/Ni Z [], Simpson &
#05 Zn/Ni Z[H], Chaol 8405 Zn/Ni Z [MIfF7E i
F I AH A (P<0.05), 5 HA PR 58 A 5~ 2 8] (14 41
KAEA 3 (P>0.05), HWyFh AR 5 2045 4 A
TG\ 2E H KA (P>0.05).
3 itie
31 FBEERINEREBFUES T

SR AT 2 v U5 1o 3 i 2 FR A A
AT R W E RS R R, BRI S AN
Hh R SR A G AR Y FE S B BT, XRIER
BEAE W) ~F BE a2 5 W SR 5 S YR B o AT S o,
alpha ZFEME5 T 278, Chaol F1 ACE 85477
DX Sl ) 3R 2 A BE KRG Hh 1 R S 1 35 ) 2 S
HC e SR DX R S AR BE A i AT /N TR VAN
FRIVL, 7T S b DX B /K AR 0 8 3 v T/ 7l VR
1L, 454 PCoA JArahsf, KIRKE S RELE —k
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Mantel’s P
I 0.01-0.05
m =0.05

Mantel’s
— <0.2
= (.2-0.4

Pearson’s r
1.0

0.5
0

. —-0.5

K6 RIS B LA R A KR RS S IR | alpha 38 8O SR 234 4]
FEITT 43 38843 (1D)EF]: Mantel’s P 3858 K 75 ¥ il alpha $84X (1) Mantel 2047719 P {H; Mantel’s r 3358 K 7 5 ) # #l alpha
FE 4 Mantel J-HT 1 1 {H; Pearson’s r HIREEE T 59 F1 1 alpha 8 HUHCH: REG 47 EAME: HEEH 7555 T4
FKt, LA (O B RN IEASE R G SG, SRIETHR A RN S ARSENE v IR/ —30 (3)Z P MIMELEIEL: Pt | alpha $5 805 3085
H TR 2R, LIYFE S RG] Mantel’s P —2, 2k (0RLA0-5 4] Mantel’s r —.
Fig. 6 Correlation analysis diagram of bacteria species , environmental factors and alpha indices
in the area of sea cucumber ulcer syndrome outbreak
The figure can be divided into three parts: (1) Legend: Mantel's P is the P value of environmental factors and species and alpha
indices from Mantel analysis; Mantel’s r is the r value of environmental factors and species and alpha indices from Mantel analysis;
Pearson's r is the correlation coefficients between environmental factors, species and alpha indices. (2) Upper right heat map:
correlation between environmental factors and environmental factors, heat map color red and blue indicate positive correlation and
negative correlation, respectively, the size of heat map block is consistent with the size of correlation coefficient r. (3) Network
diagram in the lower left corner: the network relationship between species, alpha indices and environmental factors. The color of lines
is consistent with Mantel’s P in the legend, and the thickness of lines is consistent with Mantel’s r in the legend.
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Correlation analysis of bacterial structure and environmental factors
under the skin ulcer syndrome outbreak of cultured Apostichopus
japonicusin cage aquaculture system
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Abstract: In this study, skin ulcer syndrome (SUS) broke out in three cage culture areas of Apostichopus japonicus
in Xiaoleijiang, Wenqi and Weijiangcounty of Fujian Province in November 2023. The study analyzed the
pathogenesis, bacterial structure, and correlations between bacterial and environmental factors, based on
high-throughput sequencing of the 16S rDNA V3-V4 variable region of microorganisms from sampled tissues of
A. japonicus diagnosed with SUS and surrounding water samples. The bacterial community structure analysis
results showed that the detected bacteria belonged to 33 phyla, 72 classes, and 350 families. The top three
dominant phyla were Proteobacteria, Bacteroidota, and Actinobacteriota. The dominant bacterial families included
Flavobacteriaceae, Rhodobacteraceae, Enterobacteriaceae, and Microbacteriaceae, etc. In the water samples,
Proteobacteria and Bacteroidota were the two dominant phyla, and the dominant bacterial families consisted of
Flavobacteriaceae, Erythrobacteriaceae, Actinomarinaceae, and unclassified Cyanobacteria. Alpha diversity
analysis showed that Chaol and ACE indices exhibited significant differences between the body wall and water
samples of A. japonicus from different regions. PCoA analysis indicated that water samples clustered together,
surrounding the body wall samples, suggesting that the water bacterial was associated with the health of sea
cucumbers. Correlation analysis of the top 20 microflora at the family level in the diseased tissue and water
samples revealed that 100 pairs of 18 microflora had significant correlations, with the correlation coefficients
between Trichospirillaceae, Spirillaceae, and Muribaculaceae exceeding 0.95. Correlation analysis between
microbial flora and environmental factors indicated that environmental factors BOD/Hg/Zn/Ni were significantly
correlated with microbial alpha diversity (P<0.05) of diseased tissues and water samples. The results above
indicated that the diseased tissues had certain association with the flora in the water, and the environmental factors
had considerable effects on the structure of the flora and the stability of the microecology. This study provided
some scientific basis for the prevention and control of A. japonicus skin ulcer syndrome, while supporting the
preservation of culture environment and the optimization of the culture process for sea cucumber.
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