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TR E B TR, R R IR 2~3 R L
X uR, ARSI b Pk k4 R EATIR A, K
SR FRE 4 53 0 3R A5 8 FE A E A . R SRR 5E
R G GH 0] SR A, A S 5 MR A T RS
5 1 75 % (9 T 4% B AR A R AT B,
0.85%JC I A B K BE MR 2~31K, TE TR #RAE AR AT
THKE AR E, MiERE G A-80 °C
UKFAIRAT o

1.2 DNARYIEEY

F] F Power soil “DNAA 7 £ (MO BIO Laborat-
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95 °CTIAS 1 min; 95 °CAEPE30s, 55°CiR k305,
72 °CIEAH45 s, 250FFFF; 72 °CCALEHS min,
FEAFE A AT 3URPCREL A o ) FH 68 J5C FEL K A T
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Fig.1 Comparison of the relative abundances of the dominant (mean relative abundance>2%) gut bacterial phyla

between healthy and diseased L. vannamei

%1 FRBEKRAMNRITHS T EMHANEFLER
Tab.1 Relative abundances of the dominant assemblages among healthy and diseased L. vannamei

e g B KT FEIXFUF PfH

Phylum or Class healthy shrimp diseased shrimp P value

LR ]  Actinobacteria 53.6+30.8 0.84+0.8 <0.001
YA L Gammaproteobacteria 13.049.6 83.746.9 0.002
a-ZTEHEZ  Alphaproteobacteria 4.4+3.4 1.5£1.1 0.047
F# M1 Planctomycetes 11.849.2 0.5+0.7 0.087
PEWBETT  Verrucomicrobia 9.5+7.0 0.6£0.4 0.010
AFETT  Bacteroidetes 5.245.6 10.2+5.2 0.008
JEEERT  Firmicutes 0.3+0.4 1.942.5 0.109
At others 2.2+1.4 0.8+0.5 0.032

J8 #T & Bl (Phyllobacteriaceae) A X} =F & & 2 il /b
(P<0.001)(I&13), Al , 32640 B i) LIVE S 45
78 LA T XoF WP AR R DL 19 £E W) 2 46 s o

WMEREENSEENXR

B F A FE B KEGG H X 345 1) T RE 15 B 4
B, k286 MR DI ARk AE . F Ak bR AT BT R
A Ty R 2H B 7E {32 5 K8 s L4 U5 X R v A B
25, FEMR1E (K 4-a), (R RE R AR LIE
K R WY, fdt e 5 R8O LA U X I 1) ) B8 2
2 S B3 (=0.979, P<0.001), Z&AE 95347
N, REVE AL ) Re 41 R 2 R B E I A G
(r=0.826, P<0.001)([&l4-b), F&HIXF FLAY I AR 738

2.3
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Fig.2 Principal coordinates analysis (PCoA) of the gut
bacterial community between healthy and diseased group

using Bray-Curtis distance
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s A B T SIE B I i 1B N RSO T Y B e R
B MW T IE R —Fos e W], E2AEAE
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X TR (Akkermansia sp.)BEWE 3 Bl 1 42 S RE R % 1L
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/0N BB FH BT 5 2 (G, BB A8 AT 4850k 3 AT
K, FEARAE IR KA. AR T R B
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U X W B8 B 15 7 (45 W05 3 A 93 35 hE R AH
W), (0 R A S A= gy, B & AU
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FROEME, WA R R . 22 4 RUAE TR H e il
o R AR 43 S0 %o DL 4N Y T M g B HG 5% B K
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I 2 S 0 W i T8 2o FE AR BOAR TR, (1
ZERARWE(FE2) KM, B ARE s 0
A8 BON L4 T R R 4y W fizp 38 20 TR RE V% 2 4 1
AT 3BT, B B 4 MR Ak 1B 22 R 4R B0
TRBNEE, EARAREEES . R
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Tab. 2 Diversity indices of the L. vannamei gut bacterial community

LR fi HE2H i PfE

diversity indices healthy group diseased group P value
FALHEYE  Shannon diversity 3.942.2 3.3+0.6 0.411
RERELZHFEYE  phylogenetic diversity 38.5£15.2 31.847.5 0.293
WIFhZFEE  observed species 695+377 666+122 0.842

http://www.scxuebao.cn



404 Ko g 0 &
fanEl EERN P18
indicator families indicator value P value
i PR A} Pseudomonadaceae 0.97 <0.001
R4S % U B Bl Pseudoalteromonadaceae  0.91 <0.001
PEI R Verrucomicrobiaceae 0.94 0.003
INVINBUE B Pirellulaceae 0.95 <0.001
VF AR B F} Planctomycetaceae 0.96 0.002
& ER# B} Staphylococcaceae 0.95 0.006
30 #2734 1% F Hyphomicrobiaceae 0.92 <0.001
T # £} Enterobacteriaceae 0.91 0.003
25 2L F} Rhodocyclaceae 0.94 0.003
2.0 ‘Ii || I8 AT B Bl Phyllobacteriaceae 0.94 <0.001
155K £} Bdellovibrionaceae 0.97 <0.001
1.5 IR AT R 4R} Cryomorphaceae 0.91 0.017
1.0 IR R} Cyclobacteriaceae 0.93 0.003
0.5 KEFFE R Flammeovirgaceae 0.92 0.017
W2 £ Marinicellaceae 0.96 0.012
0 L JE £} Vibrionaceae 0.92 0.002
EEEEEEEEEEREEEE
R R N N N SR T P R PR R TR TR-N

B3 TERERRRB6M s R FE FEE R E

HI f e 4L 1 8 AR DRV ;. DL SO ALl R M R v

Fig. 3 The heat map shows the relative abundances of the 16 screened indicator taxa between healthy and diseased group

HI. intestine microflora from healthy group; DI. intestine microflora from diseased group
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Fig. 4 Principal coordinates analysis (PCoA) the functional structures of gut bacterial community between
healthy and diseased group using Bray-Curtis distance (a),

and the correlation between compositional similarities and functional similarities (b)
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YHH A AT A0 ALJE WI-#A 4T B & Cell Growth and Death; Cell cycle -Caulobacter
MiiEsh; YNE 2 8h 4 [ Cell Motility; Bacterial motility proteins

Azl 4IHEE 2L [ Cell Motility; Cytoskeleton proteins

AL FE; 40AIE I Cellular Processes; Cell Communication

B 5 BT #4528 Environmental Information Processing; Membrane Transport
WEiE BINT; 155 %% S Environmental Information Processing; Signal Transduction
HAEH Environmental Information Processing; Signaling Molecules and Interaction

5 P O HRFIPEAE Genetic Information Processing; Folding, Sorting and Degradation

WALE RN, 2l

R BRI & e

RS f

i \ BT
HRAT: BEEERI £ & 5 401 Metabolism; Glycan Biosynthesis and Metabolism
HRART; SRt S RIHE R Metabolism; Lipid Metabolism

WIS BHENIR TR 4EA: 22X Metabolism; Metabolism of Cofactors and Vitamins
AR AR Z IR Metabolism; Metabolism of Other Amino Acids

SHTBRARIE #5224 A 1K 15 Metabolism; Metabolism of Terpenoids and Polyketides
B SHTRAR; AR Metabolism; Nucleotide Metabolism

HIRARET AR B A A4 15 Metabolism; Xenobiotics Biodegradation and Metabolism
VIR RGNl RS Organismal Systems; Endocrine System

VIR RS, A5G M. Organismal Systems; Environmental Adaptation

MR R4S, HEME RS Organismal Systems; Excretory System

: W Bk Transport and Catabolism; Lysosome

B AR i LA Transport and Catabolism; Peroxisome

IS AR 5

| 5124 Genetic Information Processing; Replication and Repair
WAL BN T ¥ Genetic Information Processing; Transcription

BAE(E BN T; 1% Genetic Information Processing; Translation

G % 758 PUEIN T 5 EIA Tmmune System; Antigen processing and presentation

G0 J% 2 55; NODAZAA(E 51 #% Immune System; NOD-like receptor signaling pathway

P T TR TR IR G 1 b R 41 A5 5 %% 5 Infectious Diseases; Epithelial cell signaling in Helicobacter pylori infection
JRIEZ s FE LY &G Infectious Diseases; Vibrio cholerae infection
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healthy and diseased L. vannamei at a 99% confidence interval (CI)

* Circles at the right column indicate the abundance of the corresponding pathway significantly increased, while those at the left column indicate de-

creased in diseased L. vannamei
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Characterizing the compositional and functional structures of intestinal micro-
flora between healthy and diseased Litopenaeus vannamei

YU Weina ’, DAI Wenfang ',  TAO Zhen ', XIONG Jinbo "*

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Collaborative Innovation Center for Zhejiang Marine High-Efficiency and Healthy Aquaculture, Ningbo 315211, China)

Abstract: To investigate the difference of the compositional and functional structures of the intestinal microflora
between healthy and diseased Litopenaeus vannamei, we screened the intestinal bio-indicators to evaluate the
health status of the host, and assess the functional redundancy of the intestinal microflora in response to disease.
Based on the Illumina high-throughput sequencing technology, we compared the intestinal microflora between
healthy and diseased L. vannamei, and analyzed the functional profiles through the Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States (PICRUSt). In addition, we estimated the correlation
between the intestinal microflora structures and predicted the functional compositions. The results showed that the
occurrence of disease was associated with significant changes of the bacterial community structures and functional
compositions, and there was no significant change in bacterial diversity. Compared with the intestinal microflora of
the healthy L. vannamei, the relative abundances of Actinobacteria, Planctomycetes and Verrucomicrobia signific-
antly decreased in the diseased L. vannamei, whereas, the Gammaproteobacteria and Bacteroidetes exhibited an
opposite pattern. In addition, 16 sensitive indicator families were screened, and their occurrences can indicate the
health status of the host very well. Furthermore, the abundance of pathways involved in Vibrio spp. infection signi-
ficantly increased in the diseased L. vannamei; in contrast, the pathways for antibacterial and immunity, such as
lysosome and peroxisome pathways, markedly decreased in diseased shrimp. Notably, there was a significant and
positive association in compositional and functional composition between the gut microbiota community, indicat-
ing a low functional redundancy of the shrimp gut bacterial community. The occurrence of disease was associated
with the change of the intestinal microflora, which subsequently disrupts the bacterial-mediated functions. Further,

this study provides sensitive bio-indicators for evaluating the host health status.
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