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Fig. 1 PCR amplification results graph
M. DL 2000 DNA M T & Ank: 1. BHVEST B 2—3. KW HFIF;
7. BH X R 8—9. {8 FRIT
M. DL 2000 DNA maker; 1. positive control; 2—3. infected shrimp;
7. negative control; 8—9. healthy shrimp
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Fig. 3 Rarefaction curve of sequencing results

0.05), ST H£ 75 5D.GH 4 B B BEAF1E 22 7 (P<
0.05). MChaol MIACER A1, D.C5X.C. S5X.CK
SH X . GHH B ¥ 2 18] 3 B 22 7 &5 3 (P<0.05), 1M
D.GEX.G. D.G5X.CKSED.CYH W #f & 2 5+
F&E TG B {2 22 7 (P>0.05)

BateZZ#EME T HRER AR MIBE R XS
i 16 TR 55 B S 56 D] 2R e S () B TR 2 R AR AL 1) B
o FHOTUKE 140 b8 B V& [ PCo Ak i #LAL
D A X )i 18 A0 R R A B RE VR I 2 () 4),
D.CHIX.CIHAEM R . D.GAIX. GRHUZEMREE A
J A 340 50 1 L v B ARLALY:, TS ) 4T T8 R A
T8 S U FFF 8 J 1% 200 1 A 9 AR AUV LI

ANOSIMEG 46 45 F gk — Rk 7K g
JUR A0 i A 2 TR B B R TR ZE . B 20 R,
D.GH 20 1 B 7 5 S 40 B BV AR AR B3 R
(P<0.001), D.GH 4l #fvx 5D.CHI & . X.CAH
B SD.GABE RS . X.GREVE 5 SHh 40 1 7
&35 0.3 72 7:(P<0.05).

23 HERHEAVZER

BT EKELNMFERR ST B
T 1(Phylum) 73 27K~ R AR 3= B2 B (B 5).
D.CE Z2 AT ] (Bacteroidetes)s AZJE R [ ](Pro-

®1 BHmo-ZHMIERERE

Tab. 1 Differences in alpha-diversity indices among samples (mean+SD, n=3)

JEVN Shannonfi 1 Simpsonfg Chao 1484k ACEfB %
Sample Shannon index Simpson index Chao 1 index ACE index
D.C 4.037£0.937° 0.82240.066" 688.161+164.789" 692.708+157.222°
D.G 2.190+1.322% 0.51240.305b° 403.370+174.842° 428.822+172.807"
S 6.055+0.389" 0.949£0.023" 718.784+15.894° 721.474+13.715°
X.C 3.156+0.326™ 0.780+0.056" 372.475£54.369° 396.216£95.314°
X.G 1.290+£0.774° 0.349:£0.224° 215.211£102.275" 229.102+23.534°

T R EAE A EE T, [F AT LA S A M RSO AR 7 BT EARRORTE R 2% 2 7 (P=0.05)

Note: Data are means of triplicates. Means in each bar sharing the same superscript letter or absence of superscripts are not significantly

different determined by Tukey’s test (P=0.05)
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teobacteria) KRB (Firmicutes), PLE=10004E - Prote.obacteﬁa - Des.ulfobacte.rota
e a2 TN B Firmicutes Actinobacteria
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X.G LSS R, o5 E i 986.19% . 38.18%- = Verracomicrobio | m Others
87.74%- 40.68%. {ED.G K X.GH A I 2 H At 3 ™= Kapabacteria

100 r

BRI ], TEX.C R SHIEA I FIFAT B T TN
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IR JEEEE I3 MEAE . D.CSSHATEI].
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X.C. S. D.G. X.GH 4l B BEAL A & V)Y

~
W

AEXHF
Relative abundance (%)
3

. 25
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S o b R N FfEA & FrSample name
(P s S = FEAFAE B AN [F (K] 6). D.CALHA
J& 575 B - BB & (Escherichia-Shigella)- S A LEREAR TR AR S AN 1 F T SR X 43 A 5 00
Fig. 5 Mean relative abundance distribution of the dominant
2 . . PCOA ] )
! bacterial phylum in each group of samples
oD.C
SXC 44141 I8 (Spongiimonas), TiX.CHE 3 118 Jy 76 LA
! .56 JE(Shewanella). EERAY TR J&(Megasphaera) Wi w
S 11 I 1 )& (Klebsiella) . D.GL A B &8 & 15 5 i & )&
° (Pseudomonas)~ P IK B J1H J& (Halomonas), T
o X.GHL#F J& 9 7% 8 0 J& (Cupriavidus) . BT SH
g PR TR IR 1) 22 R A v, TR B A I 9 = B2 ) T T 2
HEZ.
24 EBSTNTHEEFHERHE K
HIF Tax4Fun2 TN B 7 o B V8 E D 6 JF 22 )
= . : . . . hEeFEEREEEE 7). 4RER: D.CEX.C.
-0.50 -0.25 0 0.25 0.50 0.75 = 2 \ N 2
peoal (30.85%) D.GE5X.GAATEH B 22 57, HrhD.CHBEM 3 ZIh R
e WEIERRM . X CHIBER 3 B3 A B ERNA;
gt TREASRAREEMEIE  DGHEENEEMMEN AR, TX.GHB
1g. €ta diversi o] acterial communities amon. 1rreren \ RN
amples ' ¢ FEI) A
£2 AEHAAZEHENERS T 3 e

Tab. 2 Displacement multivariance analysis of variance between

3.1 MERARREREDS LS

different sample groups

FiiGroun z - LGRS IR = e d o I A B iR 2 —, 23]
D.G—D.C 0.549 0.007 TR T2 A HARERA B, 1

S DC 0332 0.284 RS B R KA Y, 5
X.C_D.C 0247 0.998 Fob U bl PLAAEE Ko I Py A R ol R 2 B ok 3
X.G—D.C 0.293 0.074 i I, P R B v R AR AT DS R AR I 7R

S—D.G 0.086 0.000 Y. WHE R NTE R AEA S ThEE, WE R R
X.C—D.G 0.075 0.005 WRUST AT 7= A L T SR T AR ) LR A
X.G—DG 0.378 0.603 HLA = AR 1 AR T e WA e v, DL 53K
X.C—S 0.389 0.397 B LS gk 2 BAR O A B TR R I
XG—S 0.304 0.003 T A R, B R I, I K AR AR

X6 xC 0132 0.049 YRR AE AR AR DIRERHL R 58, eI
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PRAEAE T AT /N b R 4l P I A N o BF 5T
I LN HR AR K 22 18 BREHP R L 7 HL 42 K
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FE Je 2 1 T R 0 1 17 0 A0 B B 1) 3 B
Z PR &, 3R B 2 EHPAR et JLANTEIT iy 18 A BT
BRI B R 2 BE PRI R T — BRI, X — S5 R R
SR B BT I R g AL
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1V 3 2 7K A= By AR A ) E e A G B ) 3
BLIREEC i T RV AL SR )
B, RN BRI a B il B A 2 1 4K
A JERAAR 1) 55— T JE e, i o i 2 {1 R 1
FRELIE R AR Y R, 1R TKF, BIEW T, U
]y TR TR )RR BE B 11AE AN [RR & W B AF
JiE bty AR . TzengS LA T 7R RN B HF 35
H A VB U (Macrobrachium nipponense) g 18 41 1 21
B, KL FEENBTCE], U2 R R 1 HR 2
[ 171. Rungrassamee5" 0F 58 R BRI R & W B
FAOBEY U T 3% A AT B 1] AR ™
IR I AR R R B 1R PL S X R i S R R I
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Pseudomonas

F 15
Halomonas - 10
_ 0.5
Vibrio 0
Cupriavidus :(1)8
Ralstonia L 15
Ruegeria Phul
SCGC_AAAI164-E04 yum ,
- . Actinobacteria
Phacodactylibacter Bacteroidota
Marivita Cyanobacteria
. Firmicutes
Marinovum Proteobacteria
Rubritalea Verrucomicrobiota
Erythrobacter
Phaeocystidibacter
Cyclobacterium
Winogradskyella
Vicingus

Candidatus_Aquiluna
NS3a_marine group
Algoriphagus
Maribacter
unidentified_Chloroplast
Thiothrix

Motilimonas

Marinicella

Tamlana

Shewanella

Megasphaera

Klebsiella

Photobacterium

Flavobacterium

ZOR0006

Escherichia—Shigella

Spongiimonas

Paracoccus

ﬁ

Candidatus_Bacilloplasma

Phylum D.C D.G X.C X.G

S

K6 BERAERAT 3= BRI

Fig. 6 Abundance clustering heat map of the bacteriophage at the genus level
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rosenbergii) W E L FENERE], HikH
JERE 1] B fe A ORI S I e e A R
WM TE R, A BN R TR B IR E B ] .
A S A T AT B TR 5 g 0 rR i R
R i PRI 2 B 2L s S A, G g R 5 A 6o R
i LA A 3 e T AR TR B ) JEEER [T
FOFF BT, 1 5 R 35 1 1) 35 8 AR T B
I To 3X—25 55 HARIR 738 A0 5 R 7R 2840, R A f
JRREK IR 5 i K 0 H i 3 5 TR R 2 B R T B
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T 7E & 7K L, {8 R R A0 A 99 5o M 1 B 1 e
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R IR R b AR R R IR P B E . IR
SR FR B, T A0 X SR R r ) T S 5 R
514 85 AU OV 8 ML IR TR S T AR R B 4 i
Jog T 5 { FRE AT i T AL 35 e, R AN [R) A KB BOw

WM iz 38 H O 3 B 8 38 9 I EE & (vibrrio), T fid FREER
ST R D 5 R S D P B R R g, R v T ) A 2
B 8 N K G B & (Photobacterium), 7258 5 ¥R
44 )8 YR & ; TiJesas AntonioLopez-Carvallo®™”
BT 58 K IR SRR YL EHP i 3, JHF 156 i = B2 i v () 1R g
NIRRT R . R AT g2 Y, R i s £ 5
FEC AT R AR K/ INAN ], 33X 48 22 S AT e 2 52 i
R 3B A A . A8 R AT T —
WP, R T B AN [FAERL G H AR VA I i 1 B
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SHRIMP HEPATIC ENTEROCYTES ON INTESTINAL
AND HEPATOPANCREAS FLORA OF
LITOPENAEUS VANNAMEI

LI Shan-Shan, ZHAO Chen-Xi, WU Bo, ZHENG Xia-Fei, DAI Wen-Fang, LIN Zhi-Hua and LIU Min-Hai

(Key Laboratory of Research on Efficient Utilization Technology of Aquatic Germplasm Resources, Ninghai Institute of Marine
Biological Seed Industry, Zhejiang Wanli College, Ningbo 315000, China)

Abstract: The composition, diversity, microbial predicted functions and interspecific interactions of the intestinal and
hepatopancreatic flora between healthy shrimp and diseased shrimp infected with Hepatocystis hepatica were investi-
gated comparatively using 16S rRNA high-throughput sequencing. The results showed that the diversity of bacterial
communities in the intestinal and hepatopancreas was higher in healthy shrimp compared to affected shrimp. At the
genus level, the composition and abundance of the dominant bacteria differed significantly in the intestine and hepato-
pancreas of healthy and diseased shrimp. In the intestine of healthy shrimp, Escherichia-Shigella and Spongiimonas
were the dominant genera, while Shewanella, Megasphaera, Klebsiella, Pseudomonas and Halomonas were the domi-
nant genera in the intestine of diseased shrimp. In the hepatopancreas of diseased shrimp Cupriavidus were the domi-
nant genus. Tax4Fun2 predicted that the main functions of the intestinal and hepatopancreatic flora of healthy shrimp
differed significantly from those of diseased shrimp. This study provides valuable insights into the effects of hepatic in-
testinal cysts on bacterial communities in the intestine and hepatopancreas of Litopenaeus vannameis, facilitating
healthy management and culture of this shrimp species.

Key words: Intestinal flora; 16S rRNA sequencing; Functional prediction; Litopenaeus vannamei
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