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FeE", Faim, Emkx', % E', IAL, BEHEAR,
= W', FANE, kit #® OF
(1. P EKFERI 0 T BRI AT, & SR S ARERLR =,
e R S e Bl R RS IR E, LR FE 2660715
2. BRI REIRAR, I ERi 222199)

E: R R U IE X I 8 8 45 6 4E (white feces syndrome, WFS) #y & % 5 I1 35 B F
WAEMETF. BERRIAEBEDBEZARN R Z. TERFARAKEELET. THEx
I XTI ALAR % B E M LR R B O S A W BOR X RS B WES 8 R 7 LAY
EAEHAT LR . ERE R, GRERAAML, BERAENAKRE. BHEE (DO). pH.
HhEFAREAET R AN, Kb B A 261~29.0 °C. 4.26~6.08 mg/L.
8.39~8.73 Fn 40~49, G 4l DO Fu h fF Lb (R B 41 v 5 i R 4L ot AT TR AR P9 T B o 40 ) e A
B4 E 4 1.19x10°~7.70x10° 1 8.8x10°~1.96x10* CFU/g, I\ & b 2%~16%, M 41 3 bF
AR W T B sr i 9l 4 & 8 3.80x10°~2.51x10° F1 2.02x10°~1.49x10° CFU/g 3& & 1y ,
P R 15~113 F5, 90H o b 55%~70%. %% 14 5% B B8 (AKP). B & 8% 5 B8 (ACP).
75 W B (LZM). #8 A 16 4 3% b B (SOD) fu B 4 1t B (PO) v&E A A W A 1.21~5.64.
9.17~15.25. 3.56~7.43. 4.83~6.70 % 3.10~4.55 U/mg, 7= B 5 4 W A 2.12~5.39. 19.22~
26.96. 19.73~26.85. 3.00~4.14 % 7.76~9.21 U/mg. thEx /4 & %, WFS X 4 5 7 & %
ME A ES JIHE bt ACP. LZM. POMAE xR B, B ENFAoNMEXYN, BRAK
RE B L5 Ace fn Chao 88 2 — Z 2 T # %, PCoA H5¥ilm & L w, HA&HIT.
TRETAANEZERE, MAFFT. EETAGEELEAT,; RDA XKL LW, &
B BRA. IERAEE. HEINE. KEAE R NAR I KRG HERA RN EEE
To AHKFRLE RN MEATIRTE £ 7= o xHoF WES K 4 AL 48 B 5% %, F 8 WFS 15 )R
Vrs 3 e g ot o

KR L EiT; BESAME; ARBMET; THAAE; WEERE Y, HHEH
FESES:S945.172 SCHRFRASE: A

FLEHESXTEF (Litopenaeus vannamei) 4 < 3 R AR, FEXTERFRAE - T AR . N EEN . AR
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mn A, [ S Rt S R B e e Y 3 R L R AF D™ BRI A . RIRAN R B,
Fifr 2z — Bt 25 X6 W S G M A PR A S AN B 235 X UR SRR R R e R R X A 25
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A {iE (white feces syndrome, WFS) 7E X #IF 57 5 [X.
Wik, KRR EYPERR, 25 R P X EE
FREE L BB R Tr it R0, WES 1y SRR IR 32
PRI R A MK . AT R A
FrE . 5B W ELA I RO AR ZARER A,
XPHRFR IR ZE 42N . AR E . R
Tl 1160 2 SRR ) T DL S R S B A AR o

BT, BN T XTI WES &R fEdR . i
ATHREsL . R EE . TR IR YT LA ORI g T T AR
YR AL E A 2 iE "™, B EFT X T
WEFS (955 A AEAE N IR G — I [, Y ETFIE
FEAEPLEPFOUA . —FIh WES J2 Bk 5
BT DR ANTE R, RS KRR . K%
fo. RIS . WERKL . IHALPLRESZ IS A
PRI AROC, BRI B 5 0 A & SRS (Vibrio
cholerae). V& INTE (V. alginolyticus). 17 ¥ I B
(V. fzuvialis) F1 KB FF B (Escherichia coli) %",
57— AN WFS J2& i R % M 8L (Enterocytozoon
hepatopenaei, EHP) &G5> [FEF, K44
WIBEs iY A A 2 PR R L DR AR M e
H SRR I A ER SR, SRR AL
PR R R AEIE I, IREE IR 10 28 A5 i 95
AR A AR S fm e Ty, B E R AR R
MR, RIS A A R A
Al 23 5% e A= ) Vs 25 P 2 AR AR, B R,
XFLZEA BT EF WES i Ji . i £ A SR gl .
IR IR B R LS F AR AL T SR A0 B G, T AE
XPHRFRIE S e, BAFRIE ARG P RS A T
IR, PTUUNAE LA AT WFS A& AR A G
PR ik B8 B B

ENTEMPRIE BRI NESO LSS PO S v
FREL R A SR M IR SR AT YK BT AR AR . AT
TR . RTERHUAR S e dabn, IF45 45 7 B A 2
FPHORSE BT, ZR5 AT X IR IR B 2R 7= 52 B
H WFS KAHIE AR IRES . Y . iRk A &
BPERE I RN IR FE K AR A RE S5 A A AR A O, TR A
38T WES & A 54 28 A B G 3R LG RE
Pk o FHOCHIFFESE R R fATT WES 19 & A= Bl 4 2
eSS, 30 WES Il RB 5 B B SR

1 MRS I

1.1 2

A S 16 RO b B B b 3 7 11 AR AT LY
WES [ LA BE R AR BEAT R 2e R R BRI S, [R) AR
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£E TRV U 1 EL 37 78 45 2% 1 A ) 11 ) 3 [X A ik
J5RE % Bt 3 kg X R, b B DR Y Ry 3.33 hm®, K
R 1.3~1.5 m, JUE% RN 30 FB/m®, S50t 3% X
WRh 75 Hid 224, RK (10£2) em, AT (10.0+
1.5) g, & H B4 1 OBk iR, SRR
XTURAAEE (1) 3% £EJ Tt 30 R0 £ o 8 24 R S m #h
PR A SRERSCR MRS H 1 Uk, fd 4R 0 i
FoNCl, C2, C3. C4H1CS5, HBIRAFER TS
D1, D2, D3, D4 il D5, SCU3d #2 v #fE A
DR ST S B A R A RN B ) S 6 e A
0, IR RE R E K =R 2R A e I K 5 T
YL H AR R 23 T LR I R T

1.2 HEXE&E

AR T &H B 7:00 R YSIK
oG S XTSI 56 R gt R MR b P 3 A R
R pH. WA ESHGHTTRE, JFXT R
M UEHEIK SRR A G AR B LR A e
[7] BFAK 95 P [ R4 ™ (http://www.cma.gov.cn/) 23

A A8, XSEH A A R R A5 A Rt
IR R o
RAERIE BEHIRIKAS S R s e B

XHRFRIE M N 3 AR S RKAE 2L, H 1L
KBRS Rt uE, KB R R0 A
Ji, FF2 022 pm JCH LT 4 R IR IS, ROk
VR T—80 °C vKAE HI T s = 5 43 A, 4R
IR R 5 5% 20 A

SRR RN A SR A E Y 3
AN TR 257368 3 44D AT LART 455 X6 0 30 B8, 0 <ot
SRR E R, JEERGRTIR ] . B R AL
I 10 RXTHR B TRl Y, o i 2 00 =
PEATRE S A ER S A
1.3 EMAFAZK A AT 1S 7 4R B 4G

BEMLIEEER 5 FEEEIS LAV EEXTER, BYHLZ 0.2 ¢
XTURFFR AR 20, IATJE A 500 L JEH# 1.5%
NaCl 7 AT, 1] FF 25 2 &) 0 B S iR 2 2
WNAREEINA 4.5 mL JCH 1.5% NaCliF#, i
i 10 FEEEEERG B 107 A1 107°, WZH 100 L Fi kg
W5y 546 T TSB #il TCBS AR 3L, 28 °C
REF% 24 h 5 WA s FE T AT Y T 8% 37 41
N A, BEAFES 3 41T W 100 pL it
K JE R 10 £5 5 B Uk AR T TSB Al TCBS [ {4
REFRFE, 28 °C 5557 24 h g WS C R I HEB K
R AT B SR B AN A, RERRED 3 41T
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1.4 SREgIE M

REMLIEHL 5 R &G FLAEXTHE, BYH 0.1 g X)
LAY, WAJE A 0.9 mL JEH# 0.9% NaCl
AT VORI , RIS X S I 5 30
T 4°C. 4000 r/min 5 F B0 10 min J5 B_EE
W o S MR b SR B RN & (R s ) TR
TS AT R R0 ) W0 7 2k %o A9 R (e R 5 Tt 3
X MR AL A e B M B R S (AKP). R T W R T
(ACP). Wil (LZM) . M ALY LR (SOD) Al
1y S (Ll (PO) T TEHEA TR, RFAMFEAL 3 41°FAT.
1.5 SEEMNFIH

K B 85 FE A DNA 4R B 4l 1k i ) &
(FastDNA"® Spin Kit for Soil, MP Biomedicals) %f 10
By /KA UE B S DNA #4748, LA 16S rDNA HE A
V3~V4 AR KRR G | WEAT y3 , B A AL iR
SE3ANMEYISEE A, PCR Y P24 FH 1% Bl iR b
I L PR AT AN, AU A A TS Sl Ak T
ZIE LB EEAEYELGRBEARAA, HH
Miseq PE300/NovaSeq PE250 - £ X 46 1 45 % ) 4
A DS 4y A T A D 53 o
1.6 BIFESH

H Mothus %54 Excel 3K #1750 48 11 F1 53
Fr, JFidad SPSS 13.0 i id i 5 K 3R Oy 22 70 i
(One-Way ANOVA) X HdE 1174347, f# F Duncan
A T Z E LR, P<0.05 #TnEFTFH ., ff
JH QUME TR NHEAY R o ZHEETE BT
JR K- ARXS EBE R, BT Bray-Curtis JEAH LI
HE 47 3 A& 5 43 B (principal coordinates analysis,

PCoA), ffiH] RiEH vegan f 1 T4 (RDA 43
M) FVER .

2 4R

21 FREMEIMEEAE TSN

K 2L fekt B 4 b 35 A B% BEAL X T 0 Bh
AL, AR, KR, DO, pH I I
I 4 R 23.0~27.0 °C. 26.4~29.0 °C. 4.26~
5.56mg/L. 8.39~8.73. 40~43, HURASIR. /Kif.
DO. pH il £k B i 2 il 43 il 2 23.0~27.0 °C.,
26.1~28.7 °C. 5.1~6.08 mg/L. 8.41~8.67. 44~49,
Horp B4 DO IR BE LR 4 &, /KR AN pH 22
FAK GE 1o

2.2 AMAFIK AR AR F AR T

A 3 Xt A R K A o R R SR A A s R TS
VRO, 2 B 5 2H X B T B PN RT 5% 7% A 1 A
I & 20 9 1.19x10°~7.70x10° F1 8.80x10°~
1.96x10" CFU/g, 9K (7 Lt 2%~16%, IRE 4 ik
FRARIKT- o KA AT 5 35 40 B AR 75 R 5.00%
10°~5.50x10* CFU/mL F1 1.70~4.10x10° CFU/mL,
SIEE 5 HE 5%~34% (3 2).

St AR E, O 4 St LA Y X
BRI AT R SR AP | PR i B o L R R, A
3 9 M 3.80x10°~2.51x10° CFU/g fl 2.02x10°~
1.49x10° CFU/g, HNTA 5 tb 55%~70%, &9 41 UF
DA I R P IR 5t Ll R 4 s 1 1~2 AN B
(15~113 %); 7K AT 8% 3% 41 B8 AR B 25 12 43501 0
3.40x10°~6.7x10* CFU/mL il  1.00x10°~5.00x10’

R 1 EREME WFS HtEFERE U EFRMNESR

Tab.1 Physical and chemical environment information of WFS pond and control pond

5 i Rf/eC K/ C WS/ (mg/L) pH I
groups samples air temperature water temperature dissolved oxygen pH value salinity
{4 healthy group Cl 27 29.0 4.26 8.53 40
C2 23 26.4 491 8.45 43
C3 26 27.2 5.56 8.73 41
C4 26 26.9 4.36 8.39 42
C5 27 28.3 445 8.51 40
BIFL diseased group DI 27 28.2 6.08 8.41 45
D2 23 26.1 5.88 8.49 49
D3 26 26.6 5.6 8.66 46
D4 26 27.1 6.01 8.43 44
D5 27 28.7 5.1 8.67 46
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Tab.2 Culturable bacteria information in pond water and shrimp hepatopancreas

) R4 shrimp JKAE  water
A5 Bt — — — — — —
groups samples 4P & #/(CFU/g) KR & &/(CFU/g)  IRE S L/% 2N o s/(CFU/mL) 9 i &=/(CFU/mL) 9K & He/%
total bacteria no. total Vibrio no.  Vibrio proportion total bacteria no. total Vibrio no. Vibrio proportion

fe B2 Cl 1.19x10° 1.96x10* 16 5.00x10° 1.70x10° 34
healthy group

Cc2 3.17x10° 8.80x10° 3 3.20x10* 2.50x10° 8

C3 5.30x10° 1.45x10* 3 8.70x10° 2.10x10° 24

C4 5.72x10° 1.87x10* 3 3.23x10* 4.10x10° 13

C5 7.70x10° 1.30x10* 2 5.50x10* 2.50x10° 5
b DI 8.93x10° 3.20x10° 36 3.40x10° 1.50x10° 44
diseased group

D2 4.23x10° 2.02x10° 48 6.00x10° 1.00x10° 17

D3 3.80x10° 2.59x10° 70 7.50x10° 5.00x10° 67

D4 2.15%10° 7.52x10° 35 6.70x10* 1.40x10° 2

D5 2.51x10° 1.49x10° 59 1.80x10* 1.60x10° 9
CFU/mL, JRI (R 2%~67%, EREFARE 24 SEREMNFLER

TG b SRR 2 TR ATE R S 22 5
23 GREEMTHSN

JU 2052 KT IR 28 Bl % M AT SR B, AKP
ACP. LZM. SOD Fl PO % 5 Fft 40 328 it 15 1 14 A%
Ak 1 L 7 {41 40 ) R 1.21~5.64. 9.17~15.25,
3.56~7.43., 4.83~6.70 } 3.10~4.55 U/mg, 7 9%
250 A 2.12~5.39. 19.22~26.96. 19.73~26.85.
3.00~4.14 & 7.76~9.21 U/mg., M £ 2 [a] i ACP,
LZM #l PO % 3 FPREgIG 122 Sk, [Hl— K REE
MR ZE X e, Bk @ R 4L = 1~5 %5
AKP. SOD % 2 FPg G IE 22 AN K, I o e B 4
INo BEA LR IR R DL AT R B, LA
STHRHLAR ACP, LZM. PO 5 WFS % 4= ({4 P
B9 (K 3),

A TS T PSR AL (C1. €2, C3., C4,
C5), HJR4 (D1, D2, D3, D4, DS) 4t 10 4H#¢
an HEAT Rl Y, AR YRR AR RGP A SR
1695 662, Akt G i I % B AN ] 36k o8 P it 22
FEAFE SR B HLE I, 59—k % 34 423 A BUTH)
AT ST, S E A LS A5 2] 1 032 690
ZABTIN . B —ENETE 97% DL F 5 RIS
— AR (OTU), H:3R15 1877 4 OTUs,
10 ZHFF b 1) OTU £ i 3 il 4 684~810 4>, Frf
fa B 2H N S2 6 4 45 OTU 254 4>, 454 OTU &
41, 34, 43, 41, 62 F1 82, 54, 38, 90. 561,

Xt 10 ZHAE 5 A OTU AT A e, M o
ZREMETR BORIRR R Il £ AR B (81 1), Al
A, REE W SN, e A B R RE AR Y

#3 NAEIRAER R EREERNESE

Tab. 3 Immune enzyme activity in muscle of L. vannamei U/mg
gf)%ij Sji}‘ﬁ’es AKP ACP LZM SOD PO
f# 4L healthy group Cl 5.640.63 11.43£1.04 6.33+0.74 4.83+0.50 4.06+0.18
C2 3.91+0.45 15.2542.10 3.56+0.08 5.82+0.39 3.104£0.35
C3 4.57+0.57 11.29+0.95 6.71+0.43 4.80+0.28 3.94+0.41
c4 1.21£0.09 10.53+1.03 4.83+0.62 6.70£0.85 4.55+0.27
cs 4.44+0.18 9.17+0.64 7.43+0.18 5.26+0.63 3.4240.52
B diseased group DI 2.12+0.04 19.22+2.05 21.28+1.65 4.14+0.38 8.21+0.73
D2 4.90+0.32 26.02+3.52 19.73+1.42 3.004£0.23 9.21+0.85
D3 2.15+0.15 22.16+2.86 26.05+2.68 3.23+0.18 8.21+0.82
D4 5.39+0.68 20.89+2.42 26.85+1.79 3.95+0.42 8.77+0.69
D5 2.57+£0.22 26.96+1.95 25.27+3.02 4.05+0.27 7.76+0.35
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Shannon 2 K 1 45 B il 2 2 ks T 22 o AEAS
FP 8 i A TE 99.3% b, FRBIRE L R SR B

TR ARAR, D it & BT 2Y A AT R
O A RENS B OB s WA 2 R (3R 4).

]:l,:E 45 ¢
%SD 4.0 + =
5B 357
SO 3.0
%8 25 ¢
=
mS 20
TE 15
gé 1.0 f
g5 05

0 5000 10000 15000 20000 25000 35000 35000

A RT 580 %
no. of reads samples
(a)
3 1.0
SIS ‘ ECl
%o 08 HC2
55 ‘ W C3
E C4
o § 0-6 W CS
» H DI
T2 04 D2
'Ph-; ‘ D3
m(bl)oz B D4
g B D5
A
8 0

—ANN AN N AN — AN — AN —AMN—ANN—AN— AN — AN

e — AN N NTITITNMUNN T ——aAa ANtttV VnY

vovovovoLvLvLuvLLLLLLANAALNANAAAALAAAAAA

Ff il 44

sample name

(b)

B 1 K RESI7E OTU 7KFEAY Shannon #HEph%% (a) F1 Coverage 15[ (b)

Fig. 1 Shannon dilution curve (a) and Coverage dilution index (b) at OTU level

25 ABGEEAESKEHMEYEE o ZH
MWD

o ZREMEFE BT, Ace. Chao. Shannon
1 Simpson 8 1 7E i 5 41 43 %1 & 811.05~913.72,
727.32~881.81. 3.98~4.08 i1 0.036~0.046; 7E %
H 5 9K 752.37~1066.23 . 723.14~893.59. 3.71~
4.88 F1 0.034~0.064 (# 4). filt FE 25 3% /K 44 v 1
IR R TR AL Ace il Chao Fifi i 7] 4% £k e {4
TR r B (P<0.05); U AL IE KR T RE R
F & TR Ace Fl Chao 1B ShIRIE AR, #ik
B RE#H (P<0.05), HEUEZ 5 TR,

it B 4 b B K A4 TP oA DG WV 2 R4
4 Shannon P f ] 52 31— & FHE a3, Simpson $§
O % 2% 5 (P>0.05); /BG4 P Shannon $5 %X
1 Simpson 5 £ o I FE R B, BRI R W
3 (P<0.05), H. Shannon & #UEUE 2K TR 4,
Simpson 5% & a4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

JLF Bray Curtis ¥57F OTU 7KF L XF 10 414
i [B] AV 22 S 2R AT £ 43431 (PCoA). 4521 ik
N, A AN R BV — o A, fR AL
SRR I A TR B TR S5 A 22 S e BR g BRI
BRI, 2 F BRI AR RE 43.21% 1 21.4% HOHE
7% 25 5o MERRZH AR L (C1~C5) Z [ FE 25 KA iR
B, (EM G AL R A B AT, R NS
V) FF 7% 2H O AL, 2L T i 2 i 25 S P A
SR ZH (1 FE i (D1~DS) ba 25 14 125 ORE B Bt o 9
e ) K R . BLAh, BEAREARR 3 A4FAT
Z BB B AT, BETE A AR, R
HEMERLE, GRS 73 SRR B T A M RIS
A GBI s 2R (1K 2),
2.6 BEEAMEAESKEMEDEZLEMA
BT

38 3 X} Miseq PE300/NovaSeq PE250 °F- & Jif
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R4 KEHEDE o SRRSO

Tab.4 a - diversity index of microorganisms in pond water

ZH 5 FE Shannon#§ %1 Simpsont§ %L AcelBH Chaofi %1 7 55 /%

groups samples Shannon index Simpson index Ace index Chao index coverage

f#RE2H  healthy group Cl 3.98+0.09° 0.040+0.004° 811.05+136.72° 750.45+64.97% 99.53+0.05"
C2 3.98+0.05° 0.039+0.002° 816.04+21.48" 727.32+43.60° 99.54+0.02°
C3 4.08+0.04" 0.036+0.002° 913.72+74.74° 807.24+44.12* 99.48+0.03®
C4 3.98+0.09" 0.046+0.008" 874.93+125.59° 824.01+£75.22" 99.48+0.04™

C5 4.07+0.06® 0.040+0.006" 895.34£108.89" 881.8150.22° 99.44+0.01°

BIFZ diseased group DI 3.96+0.12° 0.045+0.006° 1066.23+132.65° 893.59+41.74" 99.39+0.06"
D2 3.97+0.08" 0.044+0.006" 885.67£137.81* 791.59£72.91% 99.46+0.05™

D3 4.12+0.04° 0.034+0.002° 983.81+49.05" 827.74+33.53" 99.44+0.03"

D4 3.71£0.04° 0.064+0.004 752.37+87.66° 723.14+45.20 99.53+0.03°

D5 3.88+0.03° 0.050+0.005" 984.24+73.08" 839.29+30.85" 99.42:+0.03"

A I [R5 B JE b B 7 BEAN RN R R 22 57 25 (P<0.05) o

Notes: Small letter superscripts mean significant difference (P<0.05).

03 ee
al C3
\ 4 . C4
361
s 02y " =B§
8 . B!
— [ ]
S 0.1 t
~ 0 . R Bimy
':C;.-;.‘_‘- °
L R v ¥
—0.1 } "‘"t,'
-0.2 -0.1 0 0.1 02 03 04

PC1 (43.38%)
B2 KEMEDEELEHNELIRS T
(PCoA, T Bray-Curtis J55)

Fig. 2 Principal coordinate analysis of microbial com-

munity structure (PCoA, based on Bray Curtis distance)

A BT FIEAR R 50 F K LA T4 b 7 B A 4t
o, Fris A R8RSR 3 35177 609 18
(8 3)e FETTKF b (FHXS R E>0.2%), fd I
P KR T S BB N I R[] (Actinomycetota) |
HLFF 1 1] (Bacteroidota), % % ['] (Cyanobacteria)
FAEJE ] (Proteobacteria), HoAHXT=F BEAE (R 4H
A 32.59%~40.42% . 17.28%~29.25% . 17.13%~
26.71% Al 11.87%~14.49%; & & % 41 4> 5 A
25.97%~50.33%. 14.75%~32.38%. 7.50%~32.03%
1 13.55%~20.28%. Fifi g B W WIE K, B A
OB B 1T L AR TR BT A X E B SRR AR
(P<0.05), WAFEETT. WS TR F 5 B & T &
(P<0.05), v-ZFJE I 49X (Gammaproteobacteria) JG i,
FAAL o AEE AL P A R A ARTE 1 KO AR X

https://www.china-fishery.cn

FEHI R A W& S (P>0.05), Hb oI R4
(Alphaproteobacteria) 7 & i & /& T R4 (55 5).

g BKE L, 10 dhHEZ BRI e
BN R EREEH B (Synechococcus) . i 3k b fift 1 B}
(Nitriliruptoraceae) . PeM15. J& N 12 i€ 1 #} (Sap-
rospiraceae), DS001 . ELZI/RITEE (Balneolaceae)
Llumatobacteraceae . # % )& (Cyanobium). WH H
Bl (Microbacteriaceae), H: 1 H g 4L R ER MR |
PeMI15. J& 42 % F} (Saprospiraceae). [ 21 /K &
B W R B K, DS001, Llumatobacter-
aceae Ml T B B} (Microbacteriaceae) #H X 3 FF ik
ETHE, NESERE R R B E A A P
SEREME AL . DS001 ., RURF T AR O = B2 2 3
fi%, HALEHEIC B 221k (£ 5).

2.7 KIEMEMREE AR SIMEREFAEMEH
FH) RDA 47

R T RFEAKARGIAE Wy e T LS AR
EAEYHFZ R, XA R 21T
R e X6 B2 43 B (DCA), & BRES 14l B B6 B Ry
1.380 1, /NF 3, FRAE(E M 0.179 2, PR ULE 2R
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Fig.3 Circos diagram of microbial community structure at phylum and genus levels
The small semicircle (left semicircle) represents the species composition, the outer ribbon represents the grouping, the inner ribbon represents the species,

and the length represents the distribution proportion of the sample in a species.

the length represents the relative abundance of the species in the corresponding sample; the large semicircle (right semicircle) represents the distribution
proportion of species in different samples at the taxonomic level, and the outer ribbon represents the species, the inner ribbon represents different groups,
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=5 MIEKEMEMEEEINR, BKELNENEERER
Tab. 5 Relative abundance information of microbial community at phylum, family and genus level in ponds %
KT HiH i HE4H  heathy groups B4 diseased groups
level items Cl C2 C3 c4 cs DI D2 D3 D4 D5
I BEEI] 32.94+476"  40.42£120° 3431£1.01° 40.00:0.62° 32.59+230° 50.334.84°  46.42+4.69° 4021£1.07° 27.7£1.55° 25.97+3.12°
phylum  Actinomycetota
WHFE] 23.15+2.49™ 18.68£2.96" 17.28+1.28" 18.54+2.68° 29.25:347° 17.51£2.44"  14.75£139° 21.83+1.71" 32.38+£2.18" 21.49+0.54"
Bacteroidota
WE 23.13£6.89° 21.1242.89" 26.712.80° 21.93x1.92" 17.130.66°  7.50+£1.82° 11.909+6.22° 10.68+0.87° 22.26+3.97" 32.02+3.20°
Cyanobacteria
BIE] 12.10£1.13°  12.04+0.91°  13.84+1.02° 11.87+1.67" 14.49+4.83° 18.0324.03°  19.91+2.98" 20.28+0.39" 13.55+1.17° 15.94+0.53
Proteobacteria
Patescibacteria 1.10£0.25"  149£0.48  1.77+0.11°  1.840.09" 1.66+0.51"  1.15£0.13"  1.89+0.15° 1.91+0.24° 0.38£0.09" 1.16+0.15"
BoE BER 12.5243.99" 11.07+1.49° 12.02£1.13* 11.03+1.13*  8.740.17°  2.07£0.50°  3.10:1.67° 5.46+0.65° 17.47+2.79" 19.38+2.33°
family,  Synechococcus
genus
R 8.44+1.04° 11.32£0.94° 10.97+0.86" 18.00+2.73" 13.48+13"  6.35£0.67°  6.20£039" 7.23£035 7.17+0.57° 7.12+135
Nitriliruptoraceae
PeM15 6.13+1.24" 801171 621£0.58"  7.02+1.5°  6.38£043" 1545t1.89°  15.73£2.01° 12.73+0.34' 6.20+0.13° 7.92+1.17°
JEARER 9.49+1.57"  6.90£0.74"  6.56x0.66"  5.79+0.36" 9.73x0.95'  5.91£0.88"  426+0.43° 5.74x0.72" 838£0.97° 7.37x0.10"
Saprospiraceae
DS001 626£1.02°  6.43:026°  5.26x0.22' 3.23x0.28" 2.18:024"  9.41£1.09"  10.00£1.77° 8.04£0.36° 7.50£0.57° 4.20+0.46°
EAUR iR R 6.78:0.70"  3240.79°  2.5120.12°  5.13:1.85" 946295  140£0.19°  142£022° 3.72+0.44" 15.6£125"  4.68+0.28
Balneolaceae
llumatobacteraceae  5.02£0.72°  6.87+0.14°  4.99+0.14°  5.66:024° 5.16:0.60°  839£0.69"  4.49:0.40° 4.09+0.12° 3.090.19° 2.900.39°
ER 539167 6.11x0.96°  6.30£0.69°  5.02+0.59" 4.69+030°  1.80£0.45"  1.89£1.06™ 3.0120.77° 0.30+0.05" 9.44=0.30°
Cyanobium
AT ERE 5524075 5.66£032"  4.88+032" 3.79+0.36" 2.89+035"  5.44+0.50°  5.35£045° 447+025° 2.49+021°  2.34+0.19°

Microbacteriaceae

T SR AN G AL At I RUAT Bl SR An /NS T REA IR 2 57 8 ¥ (P<0.05).

Notes: Small letter superscripts mean significant difference (P<0.05).
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Fig. 4 RDA analysis of microbial community composition and environmental factors

(a) RDA on OTU level, (b) RDA on phylum level; the red arrows indicate the influencing factors, and the green arrow indicates the dominant OTU group

or phylum group.
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Correlation analysis of white feces syndrome (WFS) of Litopenaeus vannamei
with host immunity, environment factors and microbial community

WANG Yingeng ", YU Yongxiang ', CAI Xinxin', ZHANG Zheng', WANG Chunyuan ',
LIAO Meijie', LIBin', RONG Xiaojun', ZHU Hongyang', DAI Yan’
(1. Laboratory for Marine Fisheries and Food Production Processes,
Qingdao National Laboratory for Marine Sciences and Technology, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Haiyangyuan Fisheries Development Co., Ltd., Lianyungang 222199, China)

Abstract: Shrimp white feces syndrome (WFS) was highly infectious and causes huge economic losses in shrimp
aquaculture industry worldwide. In this study, the relationship between the occurrence of WFS in pond culture
Litopenaeus vannamei and environmental factors, microbial factors, host immunity and water microbial com-
munity composition were analyzed. Measures including water environment factors, culturable bacteria in shrimp
hepatopancreas and water, immune activity in shrimp muscle and microbial community structure in water were
detected. Compared with the healthy group, the fluctuation trend of water temperature, dissolved oxygen (DO),
pH, salinity and other physical and chemical factors in the diseased pond was similar, they were 26.1-29.0 °C, 4.26-
6.08 mg/L, 8.39-8.73, 40-49, and DO and salinity were higher than those in the healthy group. The number of cul-
turable bacteria and Vibrio spp. in hepatopancreas of the healthy shrimp were 1.19x10°-7.70x10° CFU/g and
8.80x10%-1.96x10* CFU/g, and the proportion of Vibrio spp. was 2%-16%. Furthermore, the number of culturable
bacteria and Vibrio spp. in hepatopancreas of the diseased shrimp were 3.80x10°-2.51x10° CFU/g and 2.02x10°-
1.49x10° CFU/g, the proportion of Vibrio spp. was 55%-70%, the number of Vibrio spp. was 15-113 times higher
than that of healthy group. The activities of AKP, ACP, LZM, SOD and PO were 1.21-5.64, 9.17-15.25, 3.56-7.43,
4.83-6.70 and 3.10-4.55 U/mg in healthy shrimp muscles, and 2.12-5.39, 19.22-26.96, 19.73-26.85, 3.00-4.14 and
7.76-9.21 U/mg in diseased shrimp muscles. Comparative analysis showed that the occurrence of WFS was correl-
ated with culturable bacteria, the proportion of Vibrio spp., ACP, LZM, and PO. Microbial community structure
analysis showed that the Ace and Chao indices of water bacteria structure in the diseased group showed a certain
degree of downward trend, and the PCoA index was high. The relative abundance of Actinomycetota and Proteo-
bacteria decreased, and the relative abundance of Bacteroidetes and Cyanobacteria increased significantly in dis-
eased group. RDA analysis showed that salinity, DO, culturable bacteria in shrimp hepatopancreas and water and
culturable Vibrio spp. in shrimp hepatopancreas were the main factors influencing the microbial community struc-
ture in the water. The results indicated that the occurrence of WFS is affected by pathogen, body immunity and
water microbial community composition, which provides data support for further pathogenic analysis of shrimp
WES, and establishes the theoretical basis for the prevention and control of WFS. The occurrence of aquatic dis-
eases is the result of the comprehensive action of environmental factors, pathogenic microorganisms and host
autoimmune ability. Comprehensive analysis of the pathogen of WFS, host immunity and changes in the structure
of bacteria in water environment from the production practice is of great significance to explore the related factors
of WFS occurrence and comprehensive control. It not only deepens the thinking of studying the occurrence of
WES from multiple perspectives, but also provides valuable information for strengthening the healthy cultivation
of L. vannamei.

Key words: Litopenaeus vannamei; white feces syndrome (WFS); physical and chemical factors of water; cultur-

able bacteria; immune capacity; microbial community structure
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