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Abstract: In order to study the effect of acute hepatopancreatic necrosis syndrome ( AHPNS) pathogeny on the in-
testinal microflora of L. vannamei and acquire more basic data for prevention and control of AHPNS, showed the difference
between the intestinal microflora of AHPNS positive shrimp and healthy shrimp was compared by PCR-RFLP. The results
showed that there were only Vibrio bacteria in intestine of diseased shrimp at different growth stages. Using healthy shrimp

as contorl, dominant intestinal bacteria of juvenile shrimp were Pseudomonas, Acidovoraxs and Brevundimonas, and domi-
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com, HERILRISE —EH was destroyed. Vibrio was the dominant bacteria in the in-

that the intestinal microbial community of L. vannamei in-
fected with AHPNS was significantly different from that of

healthy L. vannamei, and the diversity of intestinal flora

BIREE . 74 M1, (Email ) wxh1708@ 163.com testine, and there were differences in intestinal dominant
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bacteria of healthy shrimp at different growth stages. This study explores the effect of AHPNS on intestinal flora, and pro-

vides experimental basis for recognition and prevention and control AHPNS.
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B AR, K AR B K sk N R e BT
LA WP AH, -80 CHR TR,

1.1.2 £&&XHA Tag DNA 4§ ANTPs DL100
DNA marker ,PMD19-T ¢ [ {2 51 65 A1 BR il 14 P U] i
HFEAEY) TR (KE) AR R, DNA 4250
#45(3S DNA Isolation Kit V2.2) [DNA JiZ A1 5]
W (5312 B 7/ 50 N/ T

F1 HSKEREFARS

Table 1 The sample source and aquaculture condition

B g SR SOIINS

e FE R IR FRIIRAS () (em)

ZC1 VLM EERN 2@ Es 5 2.03

7C2  VLAINZROGORAT S fdhf Ew 20 5.78

ZC3  TLHUNARAMI YK A fdpR i 5 50 12.10

BS1 VLHBMARE A KHEIET: =W 5 1.99
=8

BS2 VLHMWMAIGHFT KBARIET:, = 20 5.87
=8

BS3  VLHUNARA (R KEUARIET = 50 12.21
=

1.1.3  3leyikit 5e s w13 Pird RS
AP3-F ( 5'-ATGAGTAACAATATAAAACATGAAAC-3")
F1 AP3-R ( 5'-GTGGTAATAGATTGTACAGAA-3") !
g H i F BEh 333 bp; 16S tRNA K 519
27F (5'-AGAGTTTGATCCTGGCTCAG-3') Hl 1492R
(5'-GGTTACCTTGTTACGACTT-3") " 414 | H Y Fr B
1500 bp; i Fi3# 514 RV-M ( CAGGAAACAGC-
TATGAC ) 5 M13-47 ( CGCCAGGGTTTTCCCAGT-
CACGAC) ¥ ¥ veke Bt

1.2 FHik

1.2.1 AHPNS 5 ¥F#9 #A  43HIFRHL 100 mg fi#
R IR [R) 4R i 18 R &, $2 B DNA | 1% 35 g
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BHEERS LUK AT, -80 CIRAF# . LA L3k DNA
iR, 938 AHPNS 5 J5i 18 () 8 J1 3£ Pird, LA AH-
PNS BN I RNAR R R 25. 00 wl, 24510
PCR ZE0h¥fk 2. 50 pl, ANTPs mixture 2. 00 wl, 514
(10 mmol/L) 4% 1. 00 wl,#itl DNA 1. 00 wl,rTaq fiff
(5U/ul)0.20 pl, JRiZ&1F:94 °C 5 min;94 °C 30
s,53 °C 305,72 °C 40 s,30 MM ;72 C 5 min, 7~
W2 1% BN BE S HL Uk, RS A T H bR 5ty
1.2.2 50 P SC % 04 My 33 B PR R g Bl Bl 30 2 T
DL 3R DNA it , 9714 16S tRNA, WK R K
25.00 wl, f25510xPCR & #hi 2. 50 wl, dNTPs mix-
ture 2.00 pl, 514 (10 mmol/L) % 1.00 pl, 4R
DNA 1.00 wl, rTaq i (5 U/pl) 0.20 wl, 5ZM 4%
F:94 °C 5 min;94 °C 1 min, 55 C 45 5,72 C 1
min,35 MEH;72 C 10 min, Y2 1% BN
B L kAN G DI e gk, Bl PCR F=44%
TaKaRa PMD19-T #4437 & v B 45 2647 5o b, 4
BH: 5 e 48 BSR4 Rt 5R) e i B 13 LAS 1 4 RV-
M/M13-47 #£47 PCR ¥4, PCR 7= 9 I BR il #4 4 1]
fitg Msp 1 F1 Hae I 37 C AL 1 h, 3% B Al &E I
HLUK , AT e b T RIS . DL Coverage () PFA
PR SCRE R PEAS e BT A W 2 e . SR A
mr .

C=[1-(n,/N)]x100%

K N SR EREE, 0, HOSUFE P AN EE
S e REER
1.2.3 E£F %5 %F DNA M 52 B et o7 ik
()22 i T2 B TAY TR AR RS AR
I, Fr AR S5 NCBI SO e e Xt 3F e &
NCBI % 1%

2 45 R

2.1 REHFIAGR
AP3 S|4 340 PCR P MK S5 SR W, ZC1 |
7C2 7C3 A Ky AHPNS 8 JJ &K, BS1,BS2,BS3
E 333 bp K/MEAASE 5641, 5 B AR 5 K/Ah—3L
(1), W], BS1 . BS2 . BS3 il th #4F AHPNS
I SR
2.2 TEREXEMMEEREERIEEEEY)ER
X 6 3FES Y 16S rDNA 1 PCR =447 50 T
TERE B RES PR 150 ASBHYESERE T, B B
PETT R 75 F RV-M/M13-47 514 PCR 4734, 74

M 1 2 3 4 5 6 7 8

500 bp —~,

300 bp —

100 bp —

M:DNA FriE DL100; 1.2 .3 23 Bl IR BS1 .BS2 BS3;4
5.6 SM R IE# XEMESY 2C1.2C2 ,2C357 ; FHYEXT I 8 . B
XFIE

B 1 &E#mE AHPNS SHEFEK PCR &% R

Fig.1 PCR results for virulence genes of AHPNS in six samples

2970 1.7 kb, 6 iy B b ARAFHH A — A9 B R SR
{5 FHBR A Msp T A1 Hae 4S5 SF 5 FELVE 5
FI7% PCR =M A BV, 3 0 15 X R RE 61 3R A5 8
HAR— SR IA RELP 357503 A 505 % HFRE
HIFH h 1) RFLP S RERI (LK 2 352) . %
Y, AHPNS S50 15 i 05 TR 28 400 0 — I i 2 o 1
EREL,

*2 mERBUISRGT
Table 2 The statistics of positive clones and enzyme digestion re-

sults

FEfRGIS AR EK FE({;%? RFLP j2! ﬁﬁé%b‘f;‘gﬁ?
ZC1 123 82.0 16 87.8
7c2 132 88.0 9 93.1
7C3 126 84.0 6 95.2
BS1 135 90.0 1 99.2
BS2 122 81.3 1 99.1
BS3 112 74.6 1 99.1

2C1.2€2.7C3 FERIEH X IRRE & BS1 . BS2 , BS3 43 31 46 7% 9 iR A
2.3 ERTMEF DNA MF AR IEITE R

28 g T AR TAREOR R 55 et A7 FR 2> w1
¥ ARASAS [R] 1% AL 1) 5 B 1 7 40, 8 A OGP 91 A%
NCBI Z4fa P2 T MRS AH R P 415, 28 BLAST HEXT, 3K
FRARUF SN 44  S5 R K I, AHPNS Ak % #F 5
At BREXCT U Jigy T TR R A7 ) A 22 S, T) s T o) R A
[ 558 3 1 1 TR R A A — € 25 5. ZC1.ZC2
ZC3 Wl w90 23 A 16 4.9 A6 5
CAniE (Jm) BARIEME(R3) .
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Fig.2 Partial results of RLFP analysis of 16S rDNA library

£3 (EEXIREGESE 16S rRNA EF NCBI L3437
Table 3 NCBI alignment of 16S rRNA gene of intestinal bacteria in healthy shrimp

FRokeis 22550 RIT A AR 51 HABLE (%) P55 o KA et
ZC1 ZC1-1 Rhodobacterales bacterium( FM180526.1) 98 / 14 et
7C1-2 Vibrio campbellit( KX534746.1) 99 MF872549 9 b%
7C1-3 Uncultured bacterium( ¥J626907.1) 90 / 19 b%
7C1-4 Uncultured bacterium( GQ441254.1) 92 / 1 C
7C1-5 Phaeobacter sp.(KT185144.1) 93 / 13 a
7C1-6 Nannochloropsis limnetica( KC568459.1) 94 / 1 C
7C1-7 Robiginitalea sp. (KY780360.2) 97 MF872550 6 F
ZC1-8 Oceanicola sp. (KU937121.1) 90 / 3 B
7ZC1-9 Uncultured Amaricoccus sp.( FJ543040.1) 92 MF872551 6 e
7C1-10 Uncultured Planctomycetales ( EU812984.1) 95 MFK872552 6 P
ZC1-11 Rheinheimera sp. (KF746889.1) 92 / 14 b%
ZC1-12 Winogradskyella sp. (JN594609.1) 93 MF872553 6 F
7ZC1-13 Uncultured Verrucomicrobia bacterium ( GQ348700.1) 94 MF872554 4 A%
7C1-14 Planctomycete (JF443763.1) 94 MFK872555 3 P
ZC1-15 Ruegeria sp. (AJ391197.1) 96 MF872556 4 a
7ZC1-16 Mychonastes jurisii (KT625411.1) 94 / 3 C
7C2 7C2-1 Vibrio shilonii (AY911392.1) 99 MF872557 18 b%
7C2-2 Photobacterium damselae subsp. (CP021151.1) 99 MFK872558 49 b%
7C2-3 Uncultured gamma proteobacterium ( GQ249478.1) 98 MF872559 5 b%
7C2-4 Shewanella sp. (HG529988.1) 99 MF872560 17 b%
7C2-5 Vibrio shilonii( EU419916.1) 95 MF872561 7 y
7C2-6 Bulboplastis apyrenoidosa (KY709209.1) 98 MF927573 C
7C2-7 Uncultured cyanobacterium ( JF344683.1) 95 MF927574 1 P
7C2-8 Uncultured Photobacterium sp. (HE610319.1) 96 MF872562 14 b%
7C2-9 Oceanospirillum multiglobuliferum (NR113624.1) 96 / 8 y
7C3 7C3-1 Acidovorax sp. (GU086421.1) 99 MF872563 34 B
7C3-2 Uncultured Azospira sp. (JX576025.1) 96 MF872564 16 B
7C3-3 Pseudomonas mendocina (HM231168.1) 96 MF872565 52 b%
7C3-4 Uncultured planciomycete ( FR714344.1) 98 MF872566 p
7C3-5 Cyclotella sp. (KJ958481.1) 97 / 5 C
7C3-6 Brevundimonas sp. (KU891843.1) 97 MF872567 11 a

7C1.7C2 ZC3 W3 2 1,
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WL, ZC1 B AT 6 D128 BTE ]
( Proteobacteria) 7% %% [ | ] ( Planctomycetes) | #{FT [
"] ( Flavobacteria ) | 78 J& & '] ( Verrucomicrobia) | 4
FFEE 1] ( Bacteroidetes ) Fll#5 40 ] ( Chloroplast ) . H
ST T T AR 2ERE , y- 22 I8 41 18 20 ( Gamma-pro-
teobacteria) (55 3 4525 55 )7 1], a7 JE 4 B W ( Al-
pha-proteobacteria) %15 4 2k 2= 57 ¥ 31, Wi & 1Y v b
B0k B R 64. 2%, ZC2 AUE A v IE Al
R TR IR 5 2 R SR A S
25T, H L BRI 9 B S BE ALY 89. 3%, ZC3
FALIRRIT (a2 41w 4 B2 I8 41w 4 | y-72
TEANTR ) TFEEE T TREAN T, BRI Al e 49
A2 RZERTFY, a5 I AN N FD v 40 T 20 4%
TR FESTI, o BILMEN B-EIE 4 W N
-7 T 200 T 0 11 e R 80 A0 L S B 8. 7%
41.2%M139. 7% , B-EIH DAL ZC3 il wi e
HAEE I B S PR OL iy #E Z2C3 Rk R BN, y-
AN 3 il B L [ R

fEFRXTURAMA ZC1 SR I8 T 3258 5 1, W i

&4 AHPNS % 7wt 4R 78 405 16S rDNA EE NCBI b4 R

B D0 AT R S IKTE B (22.7%) | 20T W 8
(21.9%) K& B IRTE & (11.4%) FT 55 R
(7.3% ) 40 ; ZC2 X HFARE i AL F 3258 A H 3, f0 34
Hk A LT H R (47.7%) IR E (18.9% ) FiF
TLECH R (12. 9% ) 4014 ; ZC3 RE R4 A Wik
7 d, M AE TR B BE A 2l B 8 B R S R IR
HMITRE (41.2%) BFREE (27. 0% ) F[E EAR A
J&(12. 7% ) 4H1A .

3 {5 AHPNS Jpg iR A i 19 % 0 fizg 8 rh e — AN &
{2 T A 24 W AT NCBI B8 e L o 235 5 44 13 7R
FNBEJE (£ 4) , B8 SRR fem 19 15 2
JPA R G K B (& 3), KB BSI-1,BS2-1,
BS3-1 AR5 Bl 7 1 9 5 [R5 fc g, BST-1,BS3-1 3%
G ZRMAT, Rk, FE BS1-1,BS2-1,BS3-1 #5 4
RIS IR, Bl 5 7 G 1) A HE RS ft B o) 0 i
A Z R S TR B 1 T L 3 0t & AR AR
b, AT AT AR BB AHPNS % UF 7 38 0 i 22
FEPE ) 25 BTG, R At 5K B B Ay P T 4 X I 3

Table 4 NCBI alignment of 16S rDNA gene of intestinal bacteria in Lifopenaeus vannamei infected with AHPNS

JF 5 K U5 25FREFHI HARBUT S HABLE (%) 755 TEREAL
BSI BSI-1 Vibrio parahaemolyticus( CP022555.1) 98 MF872568 135
BS2 BS2-1 Vibrio parahaemolyticus ( CP022555.1) 99 MF927575 122
BS3 BS3-1 Vibrio parahaemolyticus( KY985239.1) 99 MF927576 112
BS1.BS2.BS3 WLF 2 7,
3 3 i SN pVAL HAA S G BN, iTae2— 1A

WS K BI% HFAE i BST, BS2 5 BS3 i
DNA HTE7E Pir” AB R, BS1 izl B ik -5 @1 1f 9k
A4 TR U e v, W) IR B 2 AHPNS 1) 3= 2295
JEHE " BS2 BS3 Y T B bk K 5 R i o
AR f 5, BS1-1,BS2-1, BS3-1 34 A 9 B & 41 1
456 AP3 Ku IS5 S IEH & 40 B W o AHPNS 9 Ji
W, HET, — 245 R BUW R Pir” AB 9 R
M3 N K 2 G BV R AHPNS & A2 1 32 B0 IR 1%
B i —Fh oo M B R, OO IR & AR
Wt H R R BLEAT % 3 TR A B o A R A
IR Y 55 A A G B | KR IR B ( Vibrio
campbellii) "' FER ST [CIR T ( Vibrio owensii) '™ 41
BB, Pir"AB BT —1~ 69 kb MR |, Lee

FRER R, 38 5 KT R AL | G 1 A 4 T
LT Han %5 %81 Pir? AB £ N 5 — BHl AP
SN — AR A E T Tn6264 , 1T BEE i Tk 425
5575 20K Tn6264 He A8 2 HABYT AN 4 | 5 Hoat
MRS X B AL LR T BE S 5 AH-
PNS THUH & GE 5 [ RPN B I, ) & SR
Rl SRR R 2 ey A DI, A ER oI 7 45 H Al oK
P, JTAEA, AHPNS 75 42 BRI A 8Ok i s, X
FIRE S 2 R A 807 5C, Sirikharin 55 M 45 1% 5
JIFEHBIT Y AP3 PCR ¥ 2 H FiiZim 6 i i 32 2
Tt

W5 A, AHPNS Jg W 1 Jizs 18 TR1 46 1 B —
SR e 20 T O A XL . A TR AE RN, F B
ZEA AR 7 ( White spot syndrome virus, WSSV ) {4Y
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Vibrio parahaemolyticus (MF943220.1)
BS1-1

Vibrio parahaemolyticus (MG190873.1)
BS3-1

Vibrio parahaemolyticus (KY985239.1)
Vibrio parahaemolyticus (MG190872.1)

Vibrio parahaemolyticus (MF949068.1)
Vibrio harveyi (KU245710.1)
Vibrio harveyi (KR003733.1)
Vibrio harveyi (KP769780.1)
Vibrio harveyi (KF793931.1)
Vibrio harveyi (KC884616.1)

BS2-1
Vibrio parahaemolyticus (KY604933.1)

Vibrio parahaemolyticus (KT986171.1)
Vibrio parahaemolyticus (KR270133.1)
Vibrio parahaemolyticus (KP698601.1)

| Shewanella sp. (HG529988.1)

P
0.02

3 AHPNS FIFEEN BTN REL TR

‘ Shewanella amazonensis (KX950815.1)

Fig.3 Phylogenetic tree of absolute advantage intestinal bacterium of shrimp infected with AHPNS

{175 1 PR 5 e 400 T 0 E R E G R A T
A5 Wi B R 2R IR R & AR BB B 4k, T AHPNS
I B A AHAEE T WSSV, X6 X6 MR gy 38 B R 114 5% ) B
K, ot U 38 PR R S5 44 A 15, ERGIE T AHPNS 5| &
BT RS L P AB S GRS e B
eI PN FUE 0 S A A IR I 2
A PN A B TR B AR T R A M 1 R A A
T ARBFSE TR B A B B i AN A, )
PEW R, TN &9, AHPNS 5 J5 14 A 35 S i o | ok
AR I, 43 I35 2, WP it 40 i AS T SR8 it
% W38 20 TR T R Bl TR BB 114 B 86 S R 3 — ke HE
RSN IR IR T TR 25 AL B 8 IR, W T AR
X X IR A AR A R B EEAE Y SRR X IR
AR E ", 25 W 18 TR RE S5 A 4 58 A IR, D)Xt
BRI TH AL BTG RE ) 32 3 3 R

IR T T R 45 0 5 L ab i A K B B AR K
BT DA S AR AT O SR 4 RUAE S B & B
RN i T TR S R L R, AR T A
i v 3 I PP 9 B8 LA Y T U i T 5 it 3
RV SRR R R B Y], KA g Wyidad 55 2K 20
Bet WA s 2 AN T8 | BB g g HE AR A B

Sy E T T AT, XFRRFRGE A A LA S A SRRk A
1) F BN TR LA -8 I8 20 TR WAy -2 T 41 T 4N
2R, PLANTER T i 30 T A 8 T 0 3 A R 2 A
ASIE T VRIS RE T 14076, 20 & IR R R
TR B RO TE S SF AT T ASBIE S T A R
ZC1 . ZC2 FEL 9 20 HARFT 50 H i ity % HFRE A4, i
RS2 KRR 0 L3 R oK 8 RO AT A
J& LIATH B AR, T8 T o8 8 40 W WA y-22 )
PN, KU I R Y 2H Bt 3 A2 A AN [A]
A T BRI g 18 R R 4 A R IX ], R
G R 5 IR B 1 MRS DA ) G 3 o A D £ BR TR
FEARFEE AR B B E SRR R
O R e R R 0 R S e N
FEMIBFFEEE AR , ZC3 FE A DIEE I E h L3ABE
SR BRI T R R 9B B i A ] AR T
B, TESP AL b, RS A8 T 5 R e
H , [ AR 8 V& T2LER Rk i i g s D0 )5
JRARFFT H o 2 T R 20 W AR, R
UV R & BRTE %5 1 4K ( Planctomycetacia ) 41 5 i NL4H
TR IR T8 R DL A, I A DR R A A Tk
FIZA ARG R B —e E Y . IR R 5 &0k
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