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WA O, FIEARZE S, HBUR & K 2 5 o B
G, FEERHBRCEB21K), TR KI5
BISRAE T AR FRAMFFIBISEAAR , A2 IRA T T2 h
PR ] S 6 b 3

1.2 #iNEAEIE 3 X DNARR B
AHE ] 15 AR S MR RE S rb L RS B T R

http://www.scxuebao.cn

Fi 18 K S0 WK 22 53 S f B R ER I 2 R o (R
YR E R EW A, KRN BRI E
KA, HER, BREEMEE . A I 5 F
BARAIF SO H, (R KZ42 em, RERZ]L g,
FHT75%H 0 AG I G MR R AT 8, #EHIE
MK VRIR3IR, TCR AR S5 TR 4 U FH 0.85% 0
T A AR KRB, D7 VRS B0 Y 4 R T AR R 4
IR A TE A SR AR SR KBS BE AR B
e 9 G 2 1 M B 1 5 ik (A0 2 R Ay i e AR
NEELRERE . TCBS) EIR A, B R 38 31
17, RE3R24 WG Ge it 55 2 £ B AR 05 ) R I B 1A
EE(CFU) o [FIAT, O b 3A il s i) 4 R B s i
QIAamp”DNA Stool Mini Kit(Qiagen)i® 7| & #EH
DNA, fiNanoDrop ND-1000%} %% ¥ it
(NanoDrop Technologies)illl i DN A & Fll 4l i,
DNAFE T80 *CIRFE# H

1.3 #HENEUEILES BRI S FEE

MO T 2L TCBS - A L HR BN & 7%, 7E
R 20 LBE 55 5 b it — 2 R 4k 4 B alifk
K B R EUDNA, i H 51 ¥ % 27F-1492R
PCRY " # H 16S rRNAKL A . 50 uLy AR . &
4fi7k34.75 uL, 10xPCR Buffer 5 uL, dNTP Mix
(2.5 mmol)4 pL, E¥F5I¥2 ul, FHE5I#2 uL,
DNA 2 uL, rTaq0.25uL, ¥ #i40F: 94 °C 3 min;
94 °CAZ14:30's, 56 °CiBk30s, 72 °CIEAH90 s,
30 IR JE 72 °CHEfH1 10 min. {5 FH 9K 5 38 H
recAFE K FlpyrHFE N 51 P 17 PCRY 1S, FL
50 uLP B4R R . #4li/k33.75 uL, 10xPCR Buffer
5uL, dNTP Mix(2.5 mmol)4 uL, FiE51#1 uL,
#5141 uL, DNA 5 uL, rTaq 0.25 uL. ¥4
2K 95°C 5min; 95°C 1 min, 55°C 2 min
15s, 72°C 1 min 15 s, 3ME#; 95°C35s,
55°C 1min15s, 72°C 1 min 15s, 30PEH;
72 °C 7 min., HLUK R TC A% I PCR™ W) 44k J5
% LSRRI, Ry 45 R 5 NCBLE 3
PR3 31 2 v g R A Xk bk, 3l o S AR A
TR AR B4 A R A0 25 40 2 i X6 7 1 5 A 3T K
HRIFNE .

14 NECERERESEENF

50 ng% R 16 DNAYE A PCRIFIHL A ,
P I16S rRNAE N Y VART AR X, RS 1 40 9l
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H}515F (5'-GTGCCAGCMGCCGCGGTAA-
3")HI806R (5'-GGACTACHVGGGTWTCTAAT-
3. BTSSR 6-bp Y Barcode T 4]
M XM . PCRIZI KR N30 uL, 145
Master Mix (2x%) 15 uL, 5|#J(2 pmol)3 puL,
DNARHZ (1 ng/pL) 10 uL, MO BIO PCR7K2 pL.
LA 98 °CHIAEPE 1 min, 98 °CAEHE10 s,
50 °CiE k30s, 72 °CH 430, 251 EH; 2 °C
ZEARS min, BEASFES B E3NPCREL, L
P1G R P R 2 . KRS 3AN A
PCR&™=WiIR A J H 4tk ik 57 &5 (TaKaRa, H A%)4fi
fbo BAFERPCRI Y EIR &, 7F1llumina MiSeq
£ (Novogene, Jb50) F XUl .
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¥4 ¥ (operational taxonomic unit, OTU)?”, Ff:
i 73 Greengenes B 72 i 2 45 1S OTU M) 43 25 1
B0 o AT 3kE G R TIOR3 Y D 22
AR S BEALIE T 16 40055 175 (B A AL 5 it B
75V BO#EAT 5397 o

K % F Bray-Curtis i 55 19 3 4 5 43 Bt
(principal coordinates analysis, PCoA)PF-Ak i 7% 4% #4)
AR 225, IF FHPastfR(F E 47 RE T A DI 22 S
5 2 A I (One-Way ANOSIM), 7 Prime 5.0H?

1155 20 % Shannon Wienerf§4( . F & J¥Pielou’s
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31 B 4 B (response ratio) i 1 H 7 48 R RN AR
I W MR TE AL A P 22 5 BE R K . A
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B2 I EEOTU,

2 4R
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TETT/HEETE R T4 ) K L, ZhiFFfe
T 20 TR U 2 B (AR B> 1%) . y-AR IR
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(Alphaproteobacteria) . #LFT [ ] (Bacteroidetes) .
WLk # 1] (Actinobacteria) . B-78JE & 4
(Betaproteobacteria) f1 /B BE T | ] (Firmicutes) (& 1-
a), HAHERE8%LL [, 5 HIEAIRAH I,
T BRI A A R T T 4 T = B 2 (1.45%s.
3.59%, P=0.017), HABAT/H2E0A RE .

FIHIPCoA 3 48 5 43 B L 55 1 Ak 18 40 T 7 7%
SN, IR ft BRI AR S 40 W O Ak 40 B R R
SIS — b A, Tl R e R R A ok
55.7%M120.7%(1-b), {HZ, KT+ A i) Bray-
Curtis#F 25 3F 17 HF V% AH LRI, fdt 5 Fi AR %)
LIRS TR el CIP R N T

TH 10 I8 4 R A VR 22 A M R I8 A0 B A £ R 4
IR e TR (R, H2E R RILB
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100 . )
0.3 o & FEZUF healthy juvenile shrimp
O %l diseased juvenile shrimp
80 | ~
>0 X 0.2
=g 2K 1] Acidobacteria & = o3
g 60 [ 27 1L B | ] Gemmatimonadetes SQ
g r K1 3-45JZ i ) Deltaproteobacteria 3 01 D2
=9 L )5 Firmicutes ~o U o
=e L B2 14 W Betaproteobacteria iy
=2 40t LK Ze14 | ] Actinobacteria =
"] (D 4LFF B | ] Bacteroidetes ?‘ké 0.0 H2
B0 Clo-48 72 i 2/ Alphaproteobacteria Ho Y °
= o0t W y-"% )2 B 44 Gammaproteobacteria & o H3
°
0.1 oD1 H1
0 (a) (b)
-0.2 -0.1 0.0 0.1 02

e FRE4IN S5 R

healthy juvenile shrimp diseased juvenile shrimp

& 1

FAEER 1(55.7%)
PCoA axisl (55.7%)

fi R N 2B 9o 4 AT TH B R B L 25 (1 %) 1/ 2 St A8 Xt 3 FE () F0

BE7% 48 RR AY 3= 42 4R 43 #7 (B F Bray-CurtisE 55) & (b)

Fig. 1 The relative abundance of dominant (>1%) phyla/classes (a) and community composition (based on

Bray-Curtis distance) (b) in healthy and diseased juvenile shrimp digestive tract
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x1 BERMEBFYINELEF AR Za-SHEM
Tab.1 The alpha-diversity of bacterial communities in

healthy and diseased juvenile shrimp digestive tract

TRIGE R SRR
Shannon-Wiener  Simpson  Pielou’s evenness

T HEAIF

healthy juvenile 3.59+0.58 0.68+0.10  0.37+0.05
shrimp

bR

diseased juvenile 3.55+0.92 0.63+0.16  0.36+0.09
shrimp

22 BEMBRYMECETEREZNY
ERE

i 2o 0 R G A, 32 18 A B AR
Joa I R T Ak TE o 25 R 35 (P<0.05) Y 4 B R
(F2), H A ZF 5 B Bl (Gemmatimonadaceae) .
W 9K & Bl (Bacteriovoracaceae) . M2 fil # H
(unclassified Acidimicrobiales)fll + 4T #T & H
(unclassified Solirubrobacterales)f*) 4 432 = B} 1Y A
51 T ERHMicrobacteriaceae) . 3R B FF(Micrococ-
caceae). M JL T Jii B #k(Chitinophagaceae). #h14:
BR & #} (Planococcaceae) . 2 #T & #} (Fusobac-
teriaceae) Fll it A7 Z0IR 7 Bk (Desulfobulbaceae) 7£ ft
JR 4 R A TE i TS B R TR A AR s T
IR Bl (Vibrionaceae) . y-ZF ¥ I 44 (unclassified
Gammaproteobacteria), N1423WL H (unclassified
N1423WL). Ellin6067 H (unclassified Ellin6067)Fl
24T B H (unclassified Spirobacillales) A 432 £ B}

Actinobacteria;Acidimicrobia;unclassified Acidimicrobiales .
Actinobacteria;Actinobacteria; Actinomycetales;Microbacteriaceae
Actinobacteria;Actinobacteria; Actinomycetales;Micrococcaceae
Actinobacteria; Thermoleophilia;unclassified Solirubrobacterales
Bacteroidetes;Saprospirae;Saprospirales;Chitinophagaceae
Firmicutes;Bacilli;Bacillales;Planococcaceae
Fusobacteria;Fusobacteria;Fusobacteriales;Fusobacteriaceae
Gemmatimonadetes;Gemmatimonadetes;Gemmatimonadales;Gemmatimonadaceae
Gemmatimonadetes;Gemmatimonadetes;unclassified N1423WL
Betaproteobacteria;unclassified Ellin6067
Deltaproteobacteria;Bdellovibrionales;Bacteriovoracaceae
Deltaproteobacteria;Desulfobacterales;Desulfobulbaceae
Deltaproteobacteria;Myxococcales;Nannocystaceae
Deltaproteobacteria;unclassified Spirobacillales
Epsilonproteobacteria;Campylobacterales;Campylobacteraceae
unclassified Gammaproteobacteria
Gammaproteobacteria;Oceanospirillales;Oleiphilaceae
Gammaproteobacteria;Vibrionales;Vibrionaceae |, |

(9 B A L S A %8 R B (Nannocystaceae) . 25 i1 i )
(Campylobacteraceae) . "§ il I#F}(Oleiphilaceae) ]
FE IR AR A TP E R TR

FRACLBE 73 BT 45 A e BT, {2 RS20 4 R U
A8 40 R RE 7 1 25 55 B R 30.07% X T 25
TTRREE R8I OTU(TTHR A >1%) R AL TT R ik
F56.04%, FH A H LT 5 B (unclassified Rhodobac-
teraceae) KRR EJEOTU 314>, INEE . ZLFF
BB () 1 TEAT R BB (Marivita) . % AT BR
(Cryobacterium) . {§+T I FH(Microbacteriaceae)Fll
1R 22 & B 1 i 8 (Pseudoalteromonas) ) OTU4S 14~
(B13). B ghirEE P INE s . AR
J& . VAT R L GORE R RN S R J Y
OTUV-¥4 = B v TR AN UF, M 7Efdt FE 4 MR 1k
B ARSE BT HEFIOTU Y 5 & T
VRIS

23 4EREE R EFINE M EE R

I 2o e B RN AR 9 4l I TR ARV o U A
B 41 R 9 b 18 rh R S0 (1.56+0.39)%10°
CFU/RE, BIRANIF il e S 40 (8.89+0.89)x10°
CFU/, B9 % uF 8 1k b nl 55 252 90 R e
S TE R AR (P=0.019),

FHTCBSH% 7 3 15 21 {8 5 &)y i 90 B 43 29 ik
248k, W ENERINTR 4> B bR 240k , Heit4astk, K
F16S tRNAJEK | recAFpyrH 3 FE K 19 )7 51 5
NCBI | 5 2 B 8k 7 91 Fe ot % B . it B 4l 0 v 4k

##o'+¢+

b4

95% & {5 X7

response ratio at 95% CI

2 BEMEBFNTHEUEPERKFIEZERNERLEFEIS%ERFXIE)

Fig. 2 Bacterial families that exhibited significant variation in relative abundance between healthy and diseased

juvenile shrimp digestive tract (at a 95% confidence interval)
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TUHRE/% BT/ %

contribution to cumulative

dissimilarity  contribution
OTU1394:Gammaproteobacteria; Vibrionales; Vibrionaceae; Vibrio O O 21.13  21.13

OTUS5773:Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae { O © | 15.59  36.72

OTU13103:Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae { O 730  44.02
OTU827:Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae | © 2,10 52.02
OTU6137:Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae; Marivita { o O 5.90 49.92
0OTU6922:Actinobacteria;Actinomycetales;Microbacteriaceae; Cryobacterium o 1.70  53.72
OTU14523: Actinobacteria;Actinomycetales;Microbacteriaceae o 1.16 54.88

OTU10071:Gammaproteobacteria;Alteromonadales; Pseudoalteromonadaceae; Pseudoalteromonas | o o 1.16  56.04

fEFEAIUF R SUF
healthy juvenile shrimp diseased juvenile shrimp
3 ERRBREMEBFESINELEAREERNXBOTUERBERX/ NS IZAEBNFEEMIEL)
Fig.3 The main OTUs driving the changes of bacterial communities in healthy and diseased juvenile shrimp digestive

tract (the diameter of the circle is proportional to the abundance of a given bacterial OTU in samples)

TE BN A I 2 WM SN (V. sinaloensis), 5 3 e

{8 R A7 R S BT 53 5 MR B 9 45.8% 5 LU JE KR 3L B
IR (V. owensii), 1525.0%; 54 38R KT HE ARSI HR M uminalll J7 H2A L T LA 5%

(12.5%) % K 15 3K 3 (V. azureus). & iR (V. X M fi 5 R RB 20 MR Y Ak A R U A5 R F £
xuii) . W ELHLIRE (V. navarrensis) . 584N (V. FEPE, IR B IR IR OB T 4y 0 A TE 2 33 9 TR
Jortis) ¥ VBR (R 5 4.2%) o SERGLNURIE ALt gy ALBC, B BRI A A T ALE AR 7
Y NI I (V. campbellii), (5 BERAIFIE MR AR, 50 1 IR = 5 A0 A
S BB R54.2%; FUCRAN SRR (V. navar- AR LRI RAT

rensis), 1520.8%; ByARZ WM S B A1 ER SCHT IR MR TR A, BACTE HOE — A
A28k (4 915 8.3%); OB M4 G E & 14 NAEEUF B M Z AR 48 4, H2 A [ 27
Or o 4.2%)(FK2), AT, AR FRINE M E M AR BOR R, KSR S5 R AR A
AR 4 R T Ak T N Y 2H BB AN T 225 BB ARSI AT T LGN X HE 4y 8 g 1 4

®2 BRAMBHBHOIGELENEM AR LR

Tab.2 Comparison of Vibrio composition in healthy and diseased juvenile shrimp digestive tract

43 B AR AL Gt

iy i S AR A number of isolates total

clade most similar species H1 o 0 DI D2 D3 - D
MRS R Orientalis B W INICE V. sinaloensis 6 2 3 2 11 2
MIAASKEE B Orientalis K V. hepatarius 1 1
WS HESN I Harveyi BRSO V. owensii 2 4 2 6 2
IS UL TE Harveyi WK V. campbellii 1 2 8 4 1 3 13
IS UL TE Harveyi KIECINE V. azureus 1 1
WAL RE Nereis R ICIKE V. xuii 1 1 1 1
BIRIREERE Vudnificus AN LRI V. navarrensis 1 5 1 5
QAR R Splendidu AR V. fortis 1 1
STt total 24 24

T HAMID2» AAAR BELNUF A 2 LF

Notes: H and D represent the healthy and diseased juvenile shrimp respectively
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RREIE B RAGE . F 8 BRI HCR B &) BE TR 5L,
R IR A B 407 R 9 Ak T8 22 4 T i BCER T R 4
I, HESFARFEGERD. HERTRaE: O
JITSRAE 5 B B (n=3)AN5, X DL IX 4021 P9 AT
()22 5 QFrigEREERERs b O ERE, H
ERERR, IERAHEME . BEEZHEMNRE
AR & F B K DI Re AR E TERRAL, B4
W X6 A1 S BR B () R B BE ) R R, SR A T X
Joa S TR AR RE . DT 5| A 73 B X B g
3 Ak W R L 3 A O S R R AR 4 R T
b 38 AR 3 B 2 Y 18 A B (K3)
55 fi B 407 R 9 A 20 TR R AR L, SRR R TR RR
LUF T A0 B AR X TR B T, IR AR AT
P E AR SR RN 3-8 T B 20 11 Wk R I R RE A T 3
I E LR 2), XA AR S X E A
TIREAH — B, B sk e AR S K ™ 3258 Hh i v L
B9 T, AR KRS TP BT, W
B AR X R R kR U AR bR 0 2,
SEAAT B (Bacillus)VE R /K 7= 3258 i H B9 25 4
Z—, HyEigr iz, xR n s L H
by 20 B A A K A R T A Y, — B 2R
FRR A e ™= A Z MR 2, e —ERE L
AT X M A A A R g AR S 1 B s D B
BCAh, R84 R 3 Ak i e e TR oI TR R Y R
AR, 7V PRSI 2 A TR 2 R A Rz 4
JRBE I — 2840 B, BSOS R Y 24 e 1 B
KTARSOR T, IR T Ak 38 P99 )5 0 T ) o 2
fif2 . A AR EPIEFE R, 189K (Bdellovibrio)
Xof I I TR A A T L A A AR, g
A Hl T R R AR 1 & A o BEAh, AR ZHFSEH]
JH 3 TR e Ak T G KA, B L v % o 1 K
BRIV R B FF B A5 25 00 R 3 b 3 40 B VK P
ZFFRLFT TR RN W B SR R A 0 B R AR S B
SN PR TE TR AR S I8, ol Kot B 31 e T R X6 B0 IR
PRSP RE T BRAIG, DA T Z0fel Bl A 5T ) 0
Sl R4 UR AR L, A 4l R T AR B N R
Y0 P AE 3 B R A S Al R AR T AR AR
R 1 IR 9 b T e I S R T R R 4
W, 2 i B RN A8 9 40 BRI Ak T 41 B R VR 25 Y
T BIR S HBE (TERE R 35 21.03%)(B13), 1l H55%
ST T B 25 SR A E 52 F8 0 &) R Y I e T R
X IF(8.89%10° CFU vs. 1.56x10°CFU), fift 5t 5 5
LURAE DN FP 2 AL A AR HE R, K
PRI X Xof AR 1 A AR 5 A O, 1 DA AR

http://www.scxuebao.cn

AR BRI P, RN e
(F2)o AN PLIL I 7E B 4 5 78 A 38 2 L %
IICER , T BE LR TR A A ST (R 4 BT
A E IR R R B I8 2 M AR, o H A —
o BB A M IR 2 T AT P L B — I
255 37 5 B AR 2 N 9IRS 40 A (i R
PEN,ERCTR] Iy R AT R W P, X A T
P W B A T AR I, A A A T R Y
PRI AT RE R 45 K T ol ad W 4% B I8 % T JH 9K
PR E RS B 3 3 R Y K BE A 1 9 KT SR o
I BRT (AN TSI B 8 A 9 ML I 7 S5 A 1R e, R —
AR, FOC TARIEAE#E AT, nhE
FREVIE TSGR, A5 0 PE O % SR fa AR B0 . F A
Xt W 3 25 Bl By AR R A T T
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Comparison of the bacterial community structures between healthy and
diseased juvenile shrimp (Litopenaeus vannamei) digestive tract

YANG Kunjie', WANG Xin*, XIONG Jinbo ¥, QIU Qianlinglin', HUANG Lei ',
ZHANG Huajun', GUO Annan', LILaiguo*, ZHANG Demin "’

(1. Key Laboratory of Applied Marine Biotechnology, Ningbo University, Ministry of Education, Ningbo 315211, China;
2. Medical School, Ningbo University, Ningbo 315211, China;
3. Collaborative Innovation Center for Zhejiang Marine High-efficiency and
Healthy Aquaculture, Ningbo 315211, China;
4. Chunlin Aquacultre Company, Ningbo 315145, China)

Abstract: The early stage of shrimp aquaculture is susceptible to bacterial infection and the bacterial community
structure in digestive tract is highly associated with shrimp health. Therefore, it is of great significance to explore
the relation between shrimp bacterial community of digestive tract and juvenile shrimp disease. We investigated
the intestinal bacterial community composition of healthy and diseased juvenile shrimp (Litopenaeus vannamei) by
using Illumina sequencing, and explored Vibrio diverstiy based on 16S rDNA, recA and pyrH gene sequences of
Vibrio isolates. The results showed that the average relative abundances of Alphaproteobacteria and Firmicutes are
higher in healthy juvenile shrimp digestive tract than those in diseased one, while these of Gammaproteobacteria,
Bacteridetes, Actinobacteria and Betaproteobacteria exhibited an opposite pattern and the variation in
Actinobacteria is significant. In addition, response ratio analysis at the bacterial family level shows that the relative
abundances of Planococcaceae and Bacteriovoracaceae families significantly decreased, while that of Vibrionaceae
remarkably increased in diseased juvenile shrimp digestive tract in relation to healthy one. Similarity percentage
(SIMPER) analysis revealed that the main contribution to the variation of intestinal bacterial community structure
between healthy and diseased shrimp is attributed to 8 OTUs affiliated with Vibrio, unclassified Rhodobacteraceae,
Marivita, Cryobacterium, unclassified Microbacteriaceae and Pseudoalteromonas. As to Vibrio assamblege
composition, we found that culturable V. sinaloensis strains were the dominant species in healthy juvenile shrimp
digestive tract, while V. campbellii is dominant in diseased juvenile shrimp.
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