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WRATRZRE BT B E A E E AR

Baw ' WEH OhEm' YaE' 7w R
B o kEE H R
(1. JLINEERE RSB F 5K 20 VLA AR AR SRS LJF X 222005;
2. LB WAV FEABRQF O T Exd 222005; 3. TLAE AR R IREY 58 FHF 45
TLIR FRL 210014; 4. EnBEAEFEATFRAGRAF 19 Es#s 222100)

BE % % ¥ AT 7 2 # (Enterocytozoon hepatopenaei, EHP) & % %t %4 . & 4T (Exopalaemon
carinicauda) /7 B A B e, AR T 16S rRNA FEE thl 545 %, R EHP 34 R & i i
HEHHATT M. FRET, RENERENVERBAEZRRK, DL HHENIHELE
KT I . A% &3, R A+ 3B T & 1 |1 (Proteobacteria) 8 Jit 5t 9 # £H(Desulfovibrionaceae) |
I H FH(Vibrionaceae) . & 22k 15 48 1 £ (unidentified Cyanobacteria), % J& & #+(Mycoplasmataceae)#H
42 a % # % FH(unidentified Alphaproteobacteria) y 11 % & , T )3 )& F &2 % | T(Firmicutes) 89 7L 4T
H Fh(Lactobacillaceae) . W 3% 4T # #H(Bifidobacteriaceae) . *f 4T # £+(Bacillaceae) & % JL T FUAT # £+
(Chitinophagaceae) 4 T /& & F 4T F 5 544 % H 6L, EHP (244 S B 4o i Wik E B0/ 8 L &3 n
(P<0.05), Hin 7 Hfkme 7 &M, WA, HEit Tax4Fun HRETN, KB LR pEEHHFE LA
THEAM, AWHEF EHP 2%, ERINEEF S, BERITFEFEHFNZH T MEKEHE
FRAE, #MRIEEKEFE, KAXNTHEHBEM T EANTF, #—FHEXT EHP ALt

HRAITpEEHNZ S, ML EHP 0 176 38= 44 B .
KR WM BR A, MEWaHSFE; e TN
FESES S917.4 XEERIEEG A XEHS  2095-9869(2022)03-0075-09

Jo T8 T W AE X IR AR KR B R v R AR R T
FEFAU S IO I R R S 0V, (R s A
IHE A F E 2 (Rungrassamee et al, 2016). 1% &
TAE P ) AR G T 2 5 0 B 8 TR R 5 4, LT B
W, G| & A . WA, il A5 S

HAR U 0 AR 5 H ST B A K RN A DIk
F, ASTRVAE A G BRI [R] 4t BREBR A5 1 S 44 g 3 71 A
JE 5 2R e — 8 22 5, IR i 1 T I 2 A
83575 T (Xiong et al, 2015; Zheng et al, 2016;
Gao et al, 2019),
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¥ ) 11 R (Exopalaemon  carinicauda) & 3¢ [ 1t 5
PSRRI R SRR I — PN e iR 2,
G T B VO R OK S, BT TR
IRBEIE N R . ZAARE SR A K RAE L 4 (Zhang et al,
2015), SR, BEA w5 IRl 5 IR & FR A st
R, WENRER LIS, Ef2) T IRER
FREFIEBA(Xu et al, 2010; =84, 2012; £
45 2013), MR it B (Enterocytozoon hepatopenaei,
EHP)J& —Fh s G Je Mg i N 2F AE i+ e, R
2 A TR A IR RN i 1 v, PTE A BR HU A S A
#J ATP 3E17 %4 (Santhoshkumar et al, 2017; Boakye
et al, 2017; Aranguren et al, 2017; FZRL5E, 2018),
EHP ¥ RHIRAT UL, J&G EHP #9419 0 W 2
(ARG IR, FEUI J5 300 AT 2 BB R A g o Ak A8 R /N AR
—, BERAERKIR G B EA KR S, 2017,
Singh et al, 2018), 4K, 7EH & HIFFRHE LR T
WA & EHP By, X R AR FREE S B T —
OEP

TIF 5 fi BF W 199 A iy 1 T ARE 235 4 =2 B ) 22 5
IReAr BT i B0 ) SO AL, 8 R TE R a R
AR, 2018) A FH i 2t i 5 452 A6 1 1Y)
JV T s A ) TN G e B TR 437, W LA A )2 £ FE X i
TE TR R L5 | BB A5 LA R BMAR A K 22 (8] B AH AR
BT B (Zhou et al, 2019). #4 545(2019)F 57 %
Wi, B 2Pk B SR FE A% (acute  hepatopancreatic
necrosis disease, AHPND)[#) FL4H i X} #F (Litopenaeus
vannamei ) 7 18 B E 25 14 B — , SICTR J& 41 1 789 IR
E SR LA, AR ] Hlumina MiSeq
WA FRA, XY EHP [ R 1 RS fd B AR
B FEEAT 16S rRNA EHE MY, i H i F s
M 2Rk 5 22 5, JF A Tax4Fun X 738 fE v 2
REMEAT IO, PE—HR5T BHP YL R T iE
ERERYSZI, LAIh EHP (B iR 4R L8 Bl

1 #REFE
1.1 #H&EXES EHP A T3

felt FRE R HR F V19578 R 17 A AR B SR R, (R
H(4.5£0.3) cm, {KH HK(1.3+0.3) g EEILR=EG,
BEPLIEH 3 B, FIFHHEZ PCR J7 ik 2 45 sk Yy
EHP, 7E/Kii 24°C . 5% 28, pH 7.9+0.2 HI 5 N %
F& 1, BFRMNES RS, B HERREN 5% R
2 WA TEA R ERKERNE IR, I G bRE%
THRHEM Y, B IRA R YUK 24 he

BEALIHHC 60 FEAEREA AR AN TGy, flRd
Y4145 30 B0 ET 50 L sk, /KR
hy24°C, RN 28, pH N 7.9+0.2, ERYLH[n]ELE
MR fa R AL IE B B T RS DR, JER e 20 45
(%) EHP 55 HF AT R AR S LA L ZY . g R R R 5056
EP RE Y EHP B RE A, KWK N @.8+
0.5) cm, VK M (1.7£0.6) g, BEMRRTEHGER M IE % B,
YRR R FIALINALZY, FEFmRAT, IR EP 5%
BEH B 2 %, 0 2 h 5 St BRI K R A
B 2 d K 1R, Bk Eoh BRI 1/3, ESEEYE 10 d
J5 , BEALEEUE IR SR Ge iR 4 9 BB, TE LHEMIE T
HTCH ) R S8 UL AR F s 4l 2, 3 2

WREHAURA 1 AEEM, ii* 3 /\Slzﬁ JHEJE A o T
PCR ¥, RziB e H Wl , FESET-80C
PRAFE H

1.2 EHP &3 PCR #&illl

B 25 mg HRATIEARLLEY, $%HR Bzup X Bh 3L A
2 DNA A5 &4 T A TR FRA F
VLA T DNA 42, DNA YAt 5 T-20 CARA7 .

4 GenBank KF362130.1 #it4i= PCR 5|9
(JM51%:. EX-F: AAA AGC CAT TGA GTT TGT TG,
EX-R: TTG CCT TCT CCC TCC TGT; N5I#: In-F:
TAG CGG AAC GGA TAG GGA, In-R: CCA GCA
TTG TCG GCA TAG) (E B uEFEF14); PCR KW & &
(A BCIEERE) R 10 uL, A2 7% 3.8 pL ddH,0 .5 uL 2xTaq
Mix II . EX-F/In-F fl EX-R/In-R 4% 0.4 pL. 0.4 uL
DNA ., PCR JZ % F2FF : 94°C 257 5 min, 94°C 45 s,
55C 45s, 72°C 1min, 3£ 35 MEWH, )5 72°CHE
i 7 min, %5 2 % PCR AMCHEE 1 5729, (KRF
TP 555 1 5 H1R] o PCR 7290 FH 1% A 5 e H 3k
R, 26 A T A9 TR (R ) B A BRA w47 751
ME o

1.3 f7iE & DNA 12E(5 PCR ¥ 1

K CTAB JLAREUE R ) FERYLIRNG 41)
JiB 5 DNA, Z )5 1%3 B B EE e Fe UK 5 40 Ot B
THEI DNA 2l 5B, Beke i SRR B 2
1 ng/uL £ DNA 4z, /] Phusion® High-Fidelity PCR
Master Mix with GC Buffer (New England Biolabs)#l
AR TR B, PCR 97345190 : 515-F (5-GTG CCA
GCM CCG CGG TAA-3")#1 806-R (5'-GGA CTA CHV
GGG TWT CTA AT-3"), fiif% PCR P~ 2%Bi it
JREHL KA, R QIAquick B2 [FIUR 7] £ (QIAGEN,
P =) [ H B 450 o
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1.4 LA 5 R # iR 4 32

i H TruSeq DNA PCR-Free Sample Preparation
Kit (Mumina)fg #E 30, SCHEBUR A5 4% 5 8 NovaSeq
6000 A7 EALIM P (AL 5t iE R BOE A Y115 B RH A TR
28] o X N ALEHE {f F FLASH (V1.2.7, http://ccb.jhu.
edu/software/FLASH/)X} £ 5 1Y) reads HEATHHE idIE,
135 5 i Tags, 2R QIIME (quantitative insights into
microbial ecology, V1.7.0, http:/qiime.org/) ifi F2£ X}
Tags HEATHCHE, ZBRiR G5 )5 15 204 28080
(Caporaso et al, 2010),

1.5 OTU BEIRSEZHEMEST

FIH Uparse #AF(V7.0.1001, http://www.drive5.
com) X A i i 4238 Tags L 97% ) — B 5 51 2%
J{ OTUs (operational taxonomic units)(Haas et al,
2011), MRPERELER, Gkl OTUs b i MR i
= P8 R AREIT S, 2% Mothur 7% 5 SILVA132
(http://www.arb-silva.de/)#¥) SSUrRNA %§#i& 114
Fh B M (€ M 0.8~1) (Wang et al, 2007;
Edgar, 2013),

FIH QUME (V1.9.1)3 4115 Observed-OTUs .
Chaol . Shannon, Simpson F1 ACE Z545%k, ffif] R
(V2.15.3) 844 il 7 BE i 2 Il Rank abundance 12k, Jf:
1T Alpha ZFEEFI Beta ZHEPEHE B 0] 22 7507 o

1.6 FFEEELThEETAN

K H] Tax4Fun X} iz 18 D) REVEA T IO, 5% T fx
/I 16S tRNA 31 AR B e T 4B JB vk S Bl . 84 L
KEGG $# e 5z A W = FE 4 16S rRNA FE A 751
5 SILVA SSU Ref NR $#i /247 Ho Xt I ElE 57 Bl
., ¥ KEGG ¥ R I A A= 1y 4 3 R 4l D) e 5 5 3E
i UProC Ml PAUDA WiFhJy i it 47 10 B 3 X hz 3]
SILVA $¢#8 1%, SZ¥l SILVA Bl FESh e Rt . BlJS
DL SILVA ¥4l B2 P9 h 2% P 9 R 25 OTU, i
PRET HETE B (5 B (ABhauer et al, 2015),

2 HBRE5HH

2.1 EHP B4R

X AT 5 B YL iR i 47 815X PCR A5, PCR ™~
W2 1 % B N E e F DK B0 E (1 1), B8 IRl r™= i
J5 i@ it GenBank BLAST [Al VR KM, 4595
GenBank KF362130.1 J£51—%¢,

K1 M EHP A
Fig.1 EHP detection of samples

M: DL 2000 DNA 43 #dnifE; 1: BAHEXTIE;
2~4: fEFEER; 5. PHYEXTHE; 6~8: JRRYLUF
M: DL 2000 DNA marker; 1: Negative control; 2~4: Healthy
shrimp; 5: Positive control; 6~8: Diseased shrimp

2.2 MEEBEESN

SEYGHR A IE TR IR A 9T % AR K P 1 3
3RS 2314 4~ OTUs (472 451 4> reads). HJE T 35417 .
5548, 12240 H . 233 DFE 5424V 318 Ml
mE 2a fros, BEGIRd ELEE N ZILE]
(Proteobacteria) . J& BE B [ ] (Firmicutes) . %K 5% 1 |]
(Tenericutes) . L #F B '] (Bacteroidetes) F1 it £k B[]
(Actinobacteria), HARXT =435 0 92.64% . 2.39% .
1.88% .. 0.88%F1 0.24%, % 27 5 ) 98%. BEHLIF
RIS T 5 AT ) R R T R AT
(P<0.05), TERETR T, UFFE T AR Ze i 1] F B 2
R TE R IR (P<0.05),

APl 2b FIPE 2¢ Frs , JERGLER b O 3 o 07 2R
J& (Lawsonia) . & 6T & (Photobacterium) , 4433
o Z2 T #i & (unidentified Alphaproteobacteria), AN zlifT
I J& (Acinetobacter) il b 8 [ I J& (Serratia) 5, %
9 J& T Wi 5% 9K & B} (Desulfovibrionaceae) . K & F}
(Vibrionaceae) . 130 % FF(Moraxellaceae) F1 7 #T &
%l (Enterobacteriaceae), 43l IHJE TAZ L W 1] F1JERE
AT BT ASE ) B 2 = TR AT (P<0.05),
171 JEEBE TR 1] B U A I T B U (P<0.05)

WA BT A HEARTERKCE A B S EEEF R,
PEHCE B HEA T 35 R, RIEHAEG M AT E
FEAE R, MR RIREA 2 D2t T RS, 2 ik
EI(E 3), Gt 5 AMER R, @RI IR 30 4>
MRAER, 2BHETF 7 AT fREREEFE 30 ML#
WE A 4 MR, AR R
(Lactobacillaceae) . X7 #T 7 FF(Bifidobacteriaceae) |
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100 Hfig Others Alphaproteobacteria) .

g B #4751 Fusobacteria

'§ 0.75L I 5% 4532540 8] unidentified Bacteria 23 BERBELEHSHEEST

i ERAT ] Acidobacteria ) ‘ ‘

2 JEBEI] Verrucomicrobia XEARTERESTE 97%—BUhE B T 19 ZREME BT

é“m T540H1"] Cyanobacteria TREGHEATSH TR 1), SRR, FEME TR

;’;“lﬁ E zz:q Actinobacteria T 99%. X} Shannon #§%§ . Simpson #§%5. Chaol ¥
0.25¢ |"] Tenericutes . e e N .

= BT B O ACE S8R T HLAR, BRIAL 4 H B I T e

: I J52: 1 ] Firmicutes 4, AT T LA B, kg 2 A A 14 fi 1 R

fHERR AT I 757% 1] Proteobacteria

Healthy  Infected
shrimp shrimp

21 51| Group

JERGLHR

1.00T HAth Others

B =5 {RRE Mycoplasmataceae
B #3225 F) Erysipelotrichaceae
. KRB RE

unidentified Clostridiales

A7 A} Burkholderiaceae

BRI Bl Moraxellaceae
[ TR} Enterobacteriaceae
[0 =121%} Lachnospiraceae

Koy HKordR

unidentified Alphaproteobacteria

I 1%} Vibrionaceae
I 5530 R Desulfovibrionaceae

0.757

0.50

025

FHX}=EBE Relative abundance

0
fRRAT
Healthy  Infected
shrimp shrimp
25! Group

JRYLIF

1.00 - HAth Others

B XU TR Bifidobacterium

Bl V1 RER Salmonella
] RAPAREITE

unidentified Cyanobacteria
FUKT B4R Bacteroides
ROEREH

unidentified Clostridiales

B V5 KER Serratia

W REITHE Acinetobacter
FoyFo IR
unidentified Alphaproteobacteria

I % 64T R Photobacterium
I 37758 Lawsonia

0.751

0.50

025

HH%TEEBE Relative abundance

JHREIT AR

Healthy Infected
shrimp  shrimp

205 Group
i R 5 SR R i 2 20 A ) R A X
(n=3,X£SD)
Fig.2 Relative abundance of intestinal bacteria in healthy
and infected shrimp (n=3, X +SD)

a: HETTACE LA R b dRERKF LY R
YRR o ANEEJE /K LR AE T B
a: Relative abundance of species at bacterial phylum level;
b: Relative abundance of species at bacterial family level;
c: Relative abundance of species at bacterial genus level

ZEAUAT B L T JBUFF BB Chitinophagaceae) , /8
Jeprh 5 AMEAGER BB IR L IR oK
025 ¥ 4 18 B (unidentified Cyanobacteria) . 7 JF{AF}
(Mycoplasmataceae)FI A 712 o ZFJE B FH(unidentified

& 2

2R I T R R (P<0.05)

i Ty £ 0 S8 20 2R 2% iy 4 T e el A Y
G EEME, VLR B RE R S R RN A
(Lundberg et al, 2013). & 4a AFEMFRRMZ, hK
4a AIUL, FRREMZE TOP28, UL R s A R,
Kl 4b WA SFIERAEINZ, AR+
BER R, TR S A AT AR 5 B 4b AT,
LY RA L, BRI I G . EP R, X5 «
R HT A SR — B, 1T DB AR B B T R 2 R S
F= 5 B b I TR R (P<0.05).

2.4 BREEEIIEETN

RS B IE (Level 1)AY4E s (K 5), fi
FRAF 78 R A E DI RE AR AN R . R I
BAEEAT GILRG S, BB R )
REALFE B PRACT . A JEB Fs L (5 B AL B . T-test
K R W, 42 W0 2 25 57 (P>0.05).

3 i
3.1 UREAEE BT

Jo 3 TR R AE M B AR K R B S AR R S e
PR A e 0 T A £, IR ARG R I IR
FOR AT, AU F 1R 22 $E L5 R (Nie et al,
2017; Libertucci et al, 2018), WFFTFE, FLA4E X} IR
B R E RS R AR BT SRR TR
JERETR ], EZAHEINEJE (Mbrio) . &I 3 &
(Pseudomonas) . Ul #T B J& (Bacteroides) I i 41 i
(Cyanobacteria) 55 , [F] i 55 R A4 A [m] £ BRECIR O A ¢
(Zheng et al, 2016; Landsman et al, 2019; Zeng et al,
2020), XEHARMFREE R AR, BRYIRS
{EE U iz 18 TR R F B 22 R, IR IR B A R £
HJE TAE R T SHAT R, H R W2 TR
W, Tt R A e R TR [ S R ) 2 e TR AR, A
FERM, A R R I DL R BN A TE o T RIERE B
M, HbhFEEERamaREKEE . WitTHE
(Enterobater) . 5 )& . 27FF 7 J& (Erythrobacter) 55 (DL #E
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JERYLAR
Infected shrimp

TR

TEREUT
Phylum Healthy shrimp

H ¥R Xanthomonadaceae
{HFLEC A} Burkholderiaceae
b1 B R Moraxellaceae

W JLT BiAFEEAE Chitinophagaceae
HIRE R} Micrococcaceae
o3RS TR G H unidentified Rickettsiales
HRIE PR} Rhizobiaceae

5EBRE Rl Streptococcaceae

J% H %} Ruminococcaceae
BIZFEBL Lachnospiraceae
RIrFy I Bl unidentified Gammaproteobacteria
ZEAIFF PR} Bacillaceae

FLAF R} Lactobacillaceae

R EF) unidentified Clostridiales
WLEEER R} Peptostreptococcaceae
FEE 22 %R} Erysipelotrichaceae
73Kk # P} Enterococcaceae

HBF Rl Rikenellaceae

P 555 Rk Akkermansiaceae

ZhERE Rl Planococcaceae

BYJEFF Rl Sphingobacteriaceae

H 5 ® ARl Sphingomonadaceae
Murip#} Muribaculaceae

HUFFERL Bacteroidaceae

WiHF# Rl Caulobacteraceae

HZER A AL Staphylococcaceae
MUSTFFE L Bifidobacteriaceae
R R Pseudomonadaceae

Brfaia 5 IR I i RGeS R 1 T g A T A A R 79
JLERl Vibrionaceae
FK432 e B AL unidentified Alphaproteobacteria 1 0.6
R IEYNE unidentified Cyanobacteria 8;
BB aN R Desulfovibrionaceae 0
AR Mycoplasmataceae -0.2
T FT R} Rhodobacteraceae | :82'
T # %l Enterobacteriaceae
|"] Phylum

JHLR B Actinobacteria
#IFFE ] Bacteroidetes
5405 Cyanobacteria
JEEE ] Firmicutes

AFFE 1] Proteobacteria
$RBER ] Tenericutes
PEWME 1] Verrucomicrobia

K3 RIS R iR A i F B2 SR 2R (BHK ) (n=3, X £SD)
Fig.3 Cluster heatmap of healthy shrimp and infected shrimp (Family level)(n=3, X +SD)

x1 o SEMEZITR@N=3;X+SD)
Tab.1 Alpha diversity indices table (n=3; X £SD)
. ] SEHI{E Mean bri#f 2% Standard deviation .
o SRR " ey " e st
Alpha diversity index A AR R FRE A SRS Significance
Healthy shrimp Infected shrimp Healthy shrimp Infected shrimp

PRI 1 347.000 651.667 33.941 44.837 0
Observed species

Shannon 6.430 1.739 1.255 0.358 0.007
Simpson 0.925 0.347 0.059 0.061 0.002
Chaol 1 403.138 824.373 13.359 52.378 0.001
ACE 1412.952 867.725 4.806 57.204 0.001

4, 2015), ABFRH, INEEHCRTE B A9) F B R R g
R TR, SRR W] X IR 7 AR R 1 155
RIS, 3 AR S 1k S g% 5 AR D e

[, SHCKEIET:(Khimmakthong et al, 2017).

Xiong % (2014)iF58 R, MBIHKF Lol i B
RO A e R IR AT T AR 5T X RRK S OTUS 432
IR SEAT T, 2 BRIER YL B o O AV AR B0 1 M AR
IREERE . IR, KR EAMERL . SRR Ay
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1500

) a b

= o 01F

g 2] — {@FRUF Healthy shrimp

a _g .

8 £ — JRYLEF Infected shrimp

&é 1000 "8 0.01 F

5 2

E 5

2 & 0.001

o 500 r i

H ¥
ﬁ < f#FRIF Healthy shrimp % le-04 F

R - JERIYLHF Infected shrimp

0[S L | | L | ] | | )
0 10000 20000 30000 40000 0 500 1000 1500 2000
3% Sequences number YIFh4E4 Species rank

Bl 4 BRI L MR R i ) o 22 P 28 (n=3, X+SD)

Fig.4 Species diversity curve of healthy and infected shrimp samples (n=3, X £SD)

a: FEAFEEIIZL; b SRPRA ML

a: Rarefaction curve of sample; b: Rank abundance of sample

RII=1=
COL o

Ui RIS
Genetic information processing

NRBA

Human diseases

R
Metabolism

HYLRLE

Organismal systems
E78: AEPSY L

Environmental information processing

Kopk
Unclassified

) TP

Cellular processes

i ST

Infected
shrimp

Healthy
shrimp

[§1 5 Tax4Fun DJREHBER A& (Level 1)(n=3, X +SD)
Fig.5 Tax4Fun functional annotation cluster heatmap
(Level 1)(n=3, X +SD)

%o IR WAL, HOINE R F R W T AT
(P<0.05), i BE /& EHP BYRYLMIR 1 MRz i 45
fit A BRI R D RESERBR , LA T BURIRE S R
P, BN T IR B &R JLR (Zokaeifar et al, 2014;
Santhoshkumar et al, 2017; Aranguren et al, 2017). i
FEAF P A FLAF AL | 2R TR L BUBRF BR o S st
& ] 0l 22 Fop A RIE BTG, A AL AT 400 ) 0 1 9%
B, BT RE K BT, 4R K S W Y AR R S A
(Zokaeifar et al, 2014; Lugli et al, 2017), [, i
T EHP JEGLA7) 3 ) %GR /K A AP b 8 X 26 25 4=

WA B s EHP ARG (TRHESE, 2020).

3.2 BEREMSEES T

Zhou (2019)F5T & IR, A ALAR 1 PLAN T X 1T g
T8 5 AT 3 L A PR R o R T AR TR T TT | ORE TR

IIRLLFT TR 1], it B A fi 3 R R A B 3 v TR AR
H, SRR RA . 524 REF(2016)i i = 8 il
JF AT FLAATE XS IR 8 B R TR A TR I, TR
PRt BT fi7 S T A W 22 P B s TR A . TEAR RS
Hr, 3% EHP JEGL MR E A Y 2 HE v B E T
fREREANA, R EHP BRI R AR 7 18 3 i 2
FEMETE B T — W52 . EHP 22 R H A 05 2 ] A&
W, WEE A BRI, AR
o, JEREEGET R W PR, S EORAE BN T A kL
AN, YL AR 45 b #9555 (Aranguren
etal, 2017).

U g 3 TR R 22 A 1 DG R B AR i 1 B VR A AT
RefRUE M, ZFEME S UL B RS , DU RE
IR (AR, 2020), AWFIEH, EEFRIFGIE N
WAFFEZ PSSO I, (HIF B LR AR, X
g BRE AT i 1 TR 45 A AR — K . d ek A R it
L GEYRBME T LIE H, fd I 78 Wi 2 Ak
T, X5 Shannon-Wiener 58401 Simpson F5%5F
ZREMIR BT RIS Rt — 5, L, @R IR 7
REAS T h oeH, X B0 e r 3 i 68 7 TR

3.3 BaiEThEETR

WRARJERYE EHP J5 BER AR 2 ek, A
KB ER WIS . @it Tax4Fun TIHETH
T,z PR R 4 iz 308 = 2 ) R A A AN 289
5, AIREH TR AR ECE 2 1Y e Tkt EHP
(AR G AP , D8 T A KA SE I RE &5 1
AR R ) ShEE T Al LA, Hols o 2 i g
T AKX B AE N, AT PR AIE %2 4 473 5 20
(Zhou et al, 2019),
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4 #ig

-l

g LRTR, RS Y EHP SR %38 B2
SEAER, v SRR YL I i 3 TR 25 A 22 R AR T
FRUR it 16S rRNA KN F 4T, & B IR 1H
J&FASIE AT TR BB IR B R . IR . AR 53 2 0 A0 i
B SCEARBERIA /326 o R TE RN L34, IR
TIEBER 1 FLFFE AL . XU R . ZE AT # R
W LT3R B A A0 B A e R A P S A S p e AT
W, EHP MR EEIN T R AR i s S5 1 , 530
TR B0 T S B R

2 £ X #
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Abstract Enterocytozoon hepatopenaei (EHP) is a highly infectious intracellular parasite that
primarily parasitizes the hepatopancreas, intestine, and muscle of shrimp. It can reproduce by
consuming ATP from the host cells, resulting in growth retardation or even growth cessation of the
host and increasing individual differences within a population. In recent years, we discovered EHP
infection in the breeding process of Exopalaemon carinicauda culture, which has caused losses to the
E. carinicauda culture industry. Intestinal microorganisms, which play a very important role in the
growth and development of shrimp, can regulate nutritional metabolism, resist pathogen infection,
and also have an important impact on the host immune function. Therefore, it is helpful to clarify the
pathogenesis of EHP by exploring the differences and functions of the intestinal microflora between
healthy and diseased shrimp. To screen potential probiotics for inhibiting or slowing down the spread
of EHP, this study analyzed the intestinal microflora structure of shrimp based on 16s rRNA gene
sequencing, and further explored the effect of EHP infection on the intestinal microflora of E. carinicauda.
The results showed that the intestinal microflora of infected shrimp was significantly different from
that of healthy individuals, and the structural diversity of the intestinal microflora was significantly
lower than that of the healthy shrimp. Proteobacteria, including Desulfovibrionaceae, Vibrionaceae,
unidentified Cyanobacteria, Mycoplasmataceae, and unidentified Alphaproteobacteria were the
dominant bacteria in diseased shrimp, whereas Firmicutes including Lactobacillaceae, Bifidobacteria,
Bacillaceae, and Chitinophagaceac were dominant in healthy shrimp. Infection with EHP
significantly increased the potential pathogenic bacteria level in the intestines of the infected shrimp
(P<0.05), and increased their susceptibility to other diseases. In addition, through the Tax4Fun
function prediction, we found that the primary function of the intestinal microflora in infected shrimp
was metabolism to resist EHP infection, whereas the intestinal microflora of healthy shrimp was
primarily involved in individual growth and environmental information processing to ensure growth
and survival.
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