$39% H2 M
20204 3 H

C U AN

Journal of Huazhong Agricultural University

Vol.39 No.2
Mar. 2020,40~46

Wh— B0 TR R AU 2 1 SR I 2 R e X 7 [ 20 0 M T TR RS2 [0 0. A rh Al K222 42 2020, 39(2) « 40-46,

DOI:10.13300/j.cnki.hnlkxb.2020.02.006

HHGESERERENE RIEEZTFE R

A1

AN ES S PN T S AL S

1.8 R KK FFR, XX 430070; 2.4

ARk KK R GEHF R R, &L 4300705

S EKREN B EH I TR RKIRL P, KL 430070

WE NN A RELEE fE% # (white spot syndrome virus, WSSV) /& 4t 5 (€ LB MR ( Procambarus clarkii)
J5 R Jig T T RE B 52 0,35 ] 16S rDNA A P B 75 18 i e R 3 A 4 e 5 N TR WSSV 5 IR LB IF B9 1

TR A S R, 4

7R LSRG L5 0 I AL T i 1 K 2 R T S 2 S E O A R T AL AR
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WSSV W5 8E . A B4 9 45 i 1) PBS . B
JA S 5 RIUBRYL g FIxt I 4l 45 5 IR, kR
B 5 R BUS B T IR 2250 hT

1.3 WSSV K EE#

DAL T WSSV 2R 4 i 948 5 151 4 WDPo6/
07 SRy 5 5 |40, K 0 25 LR i v WSSV copiies T 1L .
SIS 5'-TCAGCTTCAAGAATCCCAATAG -3'/
5-ACAACTAGCAAGCACTGGTAT -3', %4 PCR
MAKR R AL 10 pl. SYBR Premix, WDP06/07 4% 0.5
pL 4141 DNA 1 pL. il JG B = 28 /K (S iy M4 & A9 A
R ZE 20 pL. ¥ 8 H M R BeR/hA 330 bp, PCR
R T 295 °C B AE ¥ 5 min; 95 C APk 5 s,
58 CiR K 30 5,72 ‘CHEAf 30 s, 4k 40 MEA, & ht
P LightCycler 480 SEAF%¢ G PCR X F#E4T .
1.4 [7iE DNA f2EX 5 16S rDNA PCR #7318

f#HH CTAB J7 vA3R I [ 5 B UR 5 i 1) S I PR 4
DNA 38 128 126 5 B B e e piors il Hove B gt g .
TR DNA Fi B2 1 ng/pl JH TG 2 m il ey
1) 16S rDNA By 4~ 34, ffi J§ 16S v3-v4 5] 4 341F-
806R P 14, 5| ¥ J¥ 41 A 5'-CCTAYGGGRBGCAS-
CAG-3'/5-GGACTACNNGGGTATCTAAT -3"  PCR,
PCR JZ N R 7 4 - 94 “C HUAEPE 5 min; 94 CAEME S s,
55 ‘CiB k 30 5,72 ‘CHEMH 30 5,27 MEIR,

1.5 16S (DNA S RENF SHES T

i 4N TR 16S rDNA 14 5= 4 g e HR ity 7R 30
PRSI RE A 5, PCR P2 W) 28 0t 4l 4k )5 41 4% 3¢
J&E O TonS5™ XL 3 5 3 5, I 20 3 0
(Single-End) 1 J7 ¥ , ¥4 £ /N Fr B SCPE #E 47 50 S 1
J¥. X reads BY U) 3t U, OF ¥ B R &0 AR
69 256 % reads, i B V- #1153 3] 65 653 S A RUEKL
5. A FAREEF I, X RGN ALECE (raw data)
HEAT I HE S 0 Wi 1) B AT O A L AR )
JE T F 55 2243 M1 B9 A5 B0CEUHE 7 51 (clean data)
B — 2t Gidentity) KF 97% B9 #4004 1 4
EEAE 4325 B0 (operational taxonomic unit, OTU)
HEAT RIS R o0 br . G4 A FER BF & OTU 19
¥rd, i@ 3 48 BUE (Venn diagram) 4t i X7 B8 41 1
WSSV B YL 2 # i A I MR A 1 OTU, R4
5 78 75 % (coverage) . F & JE 458 #{ (Chaol/ACE) LA
M 2 BEPE 8 80 (Simpson/Shannon) 76 N 1Y o- 2 HE1E
TREOT T 2 HNTCE TR 0 T BE M 2 A, R )
FETTRUE 2 4432 KF LGB FE 5 9 4 Fh =
FY Tl 3 A1, IEABORE 7% 4548 3 #

B BRSPS R A I TR 03 1
2 HERESMH
21 WSSVREZEEREHEKN

I FH v [ 5T 25 0 J8 e i TG WY I PR 0 A
WSSV G T4 3 K IT A & BLIE J7 FEAK L 8IS
T35 A0 BRI N 55 45 M R AE L OF T AR 5 R IT iR
BT N BRZH S BT 1R JE W] B k. B PCR
iR (8 D BB H Mk R R R YT R R
10 copies/ng DNA DA I+, %} F& 41 9% B & & XK
10*~10"copies/ng DNA, 2 #EHVIRA . HF— 254
SR A X R A ey R AL 45 OR R WSSV
21 J o B 47 3 A A 35 TR (P <20.05) . 5 AN R
HIGHAE S WSSV SR &8 = 7E 10%° ~10%’ copies/
ng DNA, [fii X} f 241 J5 i WSSV k= ¥ Kk i 10
copies/ng DNA, [A] Ifil 9k L 45 25 K30
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* % indicates a significant differ-

Viral load in hemolymph and hindgut in
control group and WSSV infected group
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Fig.2 Venn digram of OTU number between

control group and WSSV infected group
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Table 1

MERAFMBRE - ZHEEH

a-Diversity of control group and WSSV infected group

F & EFE Richness index

B I AR AT HE L ZHFEPEIRIL Diversity index
Sample 1D Reads OTU ACE Chaol Coverage Shannon Simpson
CK
cl 63 159 195 162.761 183.522 0.998 3.124 0.801
c2 60 422 220 197.28 239.517 0.998 1.804 0.438
c3 80 162 190 161.251 179.837 0.998 2.553 0.677
cd 77 316 154 120.554 137.44 0.998 1.475 0.423
c5 80 208 170 125.892 163.285 0.999 2.055 0.577
I Mean 153.50£27.90 180.72433.59 0.998 240.000 4 2.20+0.57 0.5840.14
WSSV
wl 52 464 209 179.125 190.385 0.999 1.902 0.57
w2 67 802 217 196.076 235.487 0.998 3.013 0.806
w3 50 323 217 179.267 188.733 0.998 4.0173 0.899
wi 80 043 337 280.097 347.0123 0.999 1.919 0.587
wb 52 620 145 121.69 141.307 0.998 1.808 0.458
H{H Mean 191.25451.08 220.58+69.88 0.998 440.000 4 2.5340.86 0.66+0.16

TEcl~ch fREX AR GRS . wl~wb fCE WSSV YL H A 4 5 . Note:cl-c5 represent the sample number of control group, wl-

w5 represent the sample number of WSSV infection group.
22 FEVEHE BRURUL 20 H % i T PR (H A W 3
25 (3R 1, Beta Z £ 3 B 7 S8 G 20 F w20
TC V22 7 GBI . X BE45 IR ] WSSV gk e
Xof o, [ i 2 i a0 G R B R AR LT I R
23 MEEHEW

TEXS IR WSSV I e 41 1) 5 [C 5t 2 0 Jgp 3
AEIL I 17 A TT26 A5 B W 1] (Proteobacte-
ria) . #K BE B '] ( Tenericute) . ¥l #F B '] ( Bacte-
roidetes) \JEBEE ] (Firmicutes) . FLZEH ] (Acti-

1.00 ( —_
S 0gst <
- E
== =E
22 050} 2
= Fog
EZ =2
= =
< 0.25F <
= =
0.00
cl 2 ¢3 ¢4 5 wl w2 w3 wéd w5

FE 44 FR Sample name
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T )& WK b SRR I F] 207 A48 A s Hrh
Xof BZH 1Y e I it 28 O g TR 4 7 O S % RN TR
(Stenotrophomonas) 5§ 53.01% . v FL I B J& (She-
wanella) 5 19.57% .Candidatus bacilloplasma %5
18.52%0 . WSSV gk He 41 4 Jiz 3 It %5 W1 J oy 55 =
MR 63.23 00 A FLIR R o 7.68 00 UAT B &

1.00

0.75

nobacteria) , #2 #F & I'] ( Fusobacteria) | f& ¥ B ]
(Acidobacteria) eI # ] ( Verrucomicrobia) | # #
I'T(Cyanobacteria) 1 & iy B '] ( Thaumarchaeota)
G R REAR S HAE T ROK A oK
HEA T 10 19 % B, Az 08 b AR XF 5 B2 AR B 2 m
B AN IEL 3 T 7R o 45 2R R ok B A A A i ] O AR
BT Cdi 75.4200) FECBER 17 (i 19.17%0)  J&
Y2l AR AR T AR TR R Tl 78.14 %) Rl
FRBTT (A7 17.38%0)

Others
Thaumarchaeota

Cyanobacteria
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Acidobacteria
Fusobacteria

B Actinobacteria
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B Proteobacteria
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Fig.3 Relative abundance of the phyla level in control group and WSSV infected group

(Bacteroides) 5 2.78 % (F 4), AR IEH KK
W i T O 34 TR T 14 O 5 5 BRI T (H RO R i 1 R
PFF R R B3 BT A BUIR R M Candidatus
bacilloplasma ‘B FFEAL, WA 5 rmw,2 449 HAl
2 5 . B AR 4 A L T R (Aeromonas) |
Haliangium \Chryseolinea \¥8 % W FT & J& (Sphin-
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gobacterium ) , X 45 UL Y] WSSV g Je i 72 [T i

HEMT i 18 S R & A A
F2 WRAMBELATKFLATFEE
Table 2 Bacterial abundance at phyla level in

control group and WSSV infected group

F /% Abundance

432% Taxonomy
XfH& Control WSSV

AFJE T 1] Proteobacteria 75.42 78.14
BEER ] Tenericute 19.17 0.84
HUFFF T Bacteroidetes 0.63 17.38
JEEEH '] Firmicutes 4.24 3.11
JXZEH ] Actinobacteria 0.36 0.22
BAFH ] Fusobacteria 0.04 0.01
FRFTEE ] Acidobacteria 0.02 0.04
HAh Others 0.12 0.26

WK )E Bacteroides

Candidatus bacilloplasma

Others Dongia
Unidentified Erysipelotrichaceae
W Dysgonomonas = Unidentified_bacteria

Sphingomonas Candidatus bacilloplasma
Streptococcus M Shewanella
W Bacteroides B Stenotrop
1.00,

AT

Relative abundance

WSSV 41
WSSV

XA

Control

44 Group name
B4 XtBRZAF WSSV B ERFIE
MEMERBKFENBEINEE
Fig.4 Relative abundance of the genus level in
control group and WSSV infected group
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2.4 LEfSe 7%

HNik—E 5 WSSV YL A 56 1Y) 7 1% Ji 3

SR E R LELSe 2087345 X0 B A WSSV A

IR G 2 gy 3 TR AR AR E SR BE HEAT LA A, DL AR

WE VAR A AR G R . AN 6A PR, 4t 2tk

FIB0 53 M (LDAD R B HRZH 5 WSSV g gL 4 19 1

AN EAREERNER . FET 2HEI.

Hrp Xt A JA 1AW IR (Candidatus bacilloplas-

ma) KR FREER ], H AR ER, BY4n

2 D TARESR & T4 3 1T 89 A 1R B (Bacteroidace-

ae) FIE AT H B (Flavobacteria) , B A1) 35 4 6 & N
Kl 6B FiR .

CHBEHSEEBENEEX L

Comparison of relative abundance of some species in control group and WSSV infected group

3 i #
ENGIESE RN WE YN TE DTN NN O
WSSV 1% 75 2 it L 155 40 5% 5 2o B o [C 5 2% 0 1 B
5 KR D AR A WSSV e it i T8 B R B B2
KI WSSV gk Y 5 5 v [T 50 S i 3 T RE S5 4 &
A Ay RV R G AR O TR G R I D
WSSV K20 DNA L {H I A 52 3] 58 1 PR 95 9 5
RNEEHIRAS . AT F A BN IR AN e iR
WSSV #8510 58 7 S0 56 = 0 58 N Bk
H X v [T MR 1 328 5 AR Y I A7 0 27 8 At 3R
W] WSSV #& DUEE 10° LATF B 57 58 5 [G R 2 IR 25
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Cladogram

A LRGN BT (LDA) . R E WK AR AR R AL 83 22 R WA i #2 & Linear discriminant analysis(LDA).The length of
the histogram represents the degree of influence of significantly different species between different groups; B: #E{L# Cadogram.
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Fig.6

FEI B R AR AR L H 2K T 5%
1AL B 85 2% 1 e 20 AR fE B B 2 WSSV K& &
il o 1 1 33 B v PG R B R AE T

e GRS R A5 H 5 sh ) R R R R iR
Yy, Se i A R 5 TE K IR ) HE b i g R0
Jo i A 0 S S AR A 55 R g A i A B
518 F RS R 4y AR o R R
2 5 %F R 2 359 o P A 2 3 i Ak B O b SR K SR E L B
TN AE A R 3R 5 A PF T I 3R L B WSSV I e
QIR MR A T8 N 1 AN B 3 8 5 2 RE 1 T B 3 8 1k
CA R AR S T IE E W R iR
HIERWAEIIEE " 2 aXm ik fin 9
T TR RS AR R R A, R O i IO
BRI A0 R 2 B L1 R S o
TH TR TF 2 25 R S 2 R T RN S R ) R A S R
EFXF WSSV BF 58 8 7k, WSSV B 3t FL 44 3% X
WU rpE g B D R L 5 2R R B
A 8 HL i T R R 2E R 2 F e A I AR

P 3B B4 B R L AR T B 1] R X T 1 R A R
Jo 38 v o L SR K B T [ B A R 2 R OK R B
WK H g | R A G B | LA V52 6 I 45 i 3 A 1 A
BRI ) I, 2 O L 0 ) o R R ) R )2
5 WSSV e HAth W1 52 3 ) A2 T2 0 1] AR X =F B2 2
FTF AR AR v I R SR B 1 R A S AR
T WA DA 6 = B 1 S 25 A8 Ak, T B R TR W
FHATE AR, ANFE T AR H AL L sh 9 . fd
J3E B4 e B R B U JS R v AUURT B T E R KL
WSSV YL 5 B3 L Jt, S50 —80 &, LghiExs
HRE WSSV IR 5 AR 1] £ 5 B 3 Bk, g
FERAST , BT B & 2 B0 W 52 0 i 1 3 o8 7 1Y) o 2

Taxonomic differences in the intestinal microbiota between control group and WSSV infected group analyzed by LEfSe

YRR A3 o AE A BRI FL AR I 0T IR i SR B A A B e
REL IR WSSV R J5 H 2 B 35 B AR, 31X 5 3R A7)
XoF o [C i 2 MR F 5 A 4 SR AR S . AT B Y Jit PR 5
BB AR, SE 2 LE[Se 4001 & 3L, 76 %% B 40 50
PG 5t 2 W v R o A7 A TR e 2 5 W 35000 1 Can-
didatus bacilloplasma W J& B B it B 78 P 18 9§ ¢
Tt R RSO RBE R R A 2 T SE sh ) g TE
R I, Kostanjsek 55 14 i 77 2% B, 32 1A 3 o 4 ok
MRREHME THiEZ L, S THAER Y G
T A AR R A A B S B 2 R R A
XF 1 AR A R FOR R T 1) 2 RE
N LTEER

WSSV Gy f5 , FATT# I 2 5e [C )5 24 0F 5 g v
B B (Flavobacterium ). 5 B H J8 (Aero-
monas) TR JF B Y BLAN B B, R X
SO i TR e S A B 2 AR AT I 18
IR K N R f B BE S SR A A H 7
7 sh) ERBOWRE T MR, C A MR IEW]
POR AN I 7R N IR < o/ ! < N ||
WSSV g He JL 4 i %) R J5 H g 3 o AR AT T R
JE 5B A S AT A R R, 4Rk K
SEVR I WSSV R e JLGN I X IR L B 38
LT B A 5% 11 B0 T Y F B RO IR R BT
S 2 Xt R R P A7 78 1 TF 3 BB L A R 1 BU R
e FE G T R OB e TR T 5 1 X
URR AR . WSSV e 23 (i L 43 U X3 IF P Py
IR A T R AT A R B
71N o TE A B Y T TG i 25 0 Ml 38 rh i s 2 AR/
Fe i, BAE RS R 5 IR e AR A (8 5)

i 3 R A B TR R IS A T A T TR G
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Effects of white spot syndrome virus (WSSV) infection on

intestinal flora composition of Procambarus clarkii

CHEN Yiming',GU Zemao"*,LI Lijuan' ,CHEN Tiansheng', YUAN Junfa'"*

1.College of Fisheries s Huazhong Agricultural University sWuhan 430070,China ;
2.Shuangshui Shuanglii Institute , Huazhong Agricultural University sWuhan 430070,China ;
3.Hubei Engineering Research Center for Aquatic Animal Diseases
Control and Prevention sWuhan 430070,China

Abstract To reveal the effect of white spot syndrom virus (WSSV) infection on the intestinal flora
of crayfish (Procambarus clarkii),16S high-throughput sequencing technology was used to analyze the
composition and diversity of the intestinal flora of crayfish in the healthy and artificial-infected group.
The results showed that there was no significant difference in intestinal abundance and diversity between
the WSSV infected group and the control group,but the composition of their dominant flora was differ-
ent.The dominant bacteria in the control group were Proteobacteria (75.42%) and Tenericute (19.17%).
The dominant intestinal bacteria in the infection group were Proteobacteria (78.14% ) and Bacteroidetes
(17.38%).LEfSe analysis showed that compared with the control group,the abundance of Candidatus
bacilloplasma was significantly reduced (P <C0.05) in the infected group,and the abundance of Bacteroi-
daceae and Flavobacteria was significantly increased (P <C0.05).In addition, the abundance of some po-
tential pathogens such as Flavobacterium and Aeromonas increased significantly after infection
(P<C0.05).These results indicated that WSSV infection caused changes in the intestinal flora of cray-
fish,suggesting that WSSV may cause disease by altered the homeostatic balance of the crayfish intes-
tine.

Keywords crustacean; Procambarus clarkii; intestinal flora; WSSV; high-throughput sequencing;
LEfSe analysis; shrimp in rice fields

(THESH.A2HTF)



