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AL 8L X 5 KR B B B4R & iEPCRIZ B &2
‘HRIEF R

e, EFGES, w1 B\, AFE, ® H#,
R, RE, HFRE, # OE
(1. PO K 22t g AE e bty D)1 BGHR 611130
2. b ERAEMEARGRAF, L 102300)

:

WE: BERENLEHEANAT AR EREETER T PSRN, LR aNEL
1 2 (WSSV) B R 5% 7 B JR 20T fE JE 570 0 B R o 2016465 A 1 b 4 oL 7
X ELRT — AR, 4 R R B A AT AL, 4 3 R a8 47 W PR R
WE. AR HETPCRAN. RARTHAN . ATREPARFELNE, BRE
T, RAEREETEREREERANBRRD, FATHE, RERME; ARHEL
WELERE R, & BEEGHFMIE. B HLA. 84 %5 905 B R & b 3 7
Tk bR T S, 5 WSSV % BB 2 OF B FL 8% 4L, PCRA
TR R AUTAE S, S RWSSVE WM, R 8 E 7 55.56%(1527),
B 54 2 47 A B 2 (MBV) o ot b 50 T R 3% o 40 09% F0 s 2 (THEINY) ;#5107 4 31 /7
HHETRRR RN, BEET, %EEF 5|5 WSSV EG3H (KRO83866.1) K 4 8
7RI 4 100%. 46 5 T 0 FF 6 B 5 o 1L I 41 0 H PR B IR R T, BB AL R
ok b (R AR E H100%), 35 FLL B4 & #4740 F B . WSSV % %
PCREIZREE T, ATRERITHWSSVIE. BREU TR, AKEEE KELN

K AAZ Fo 1= #y i J& 2 WSSV

SR KRBT GHEAME; ARRES

FESES:S941.41

55 (K JREL U (Procambarus clarkii)J&g TRk 7K B
WRE)— A Fh o 0 (R RS MR AR B W o3 2524 LR E
T Y1) (Arthropoda) . %k B 49X (Malacostraca) |
1 /& H (Decapoda) . #UFEL(Cambaridae), JRZELUF
J& (Procambarus)" . 20084F 2, b IX A T3¢
B 1 B TG D 28 R AN T 2% A AT . B T B
1) B [ it 2 W it G 4% . DR S0 B B AR AT R
¢ (Cherax quadricarinatus bacilliform virus,
CqBV). % BLIKFLHF (5 B8 IR PR % 7% (Cherax
destructor bacilliform virus, CdBV). 5t&EE MFFFIR
R BF (Astacus astacus bacilliform virus, AaBV). H

#S BHA: 2016-05-19 &R BH: 2017-10-10

ERFRERRD: A

B4 A 1iF 9% 7% (White spot syndrome virus, WSSV)
5 JBE U R Gt 259K 5 (Cherax destructor systemic
parvo-like virus, CASPV). 25 Az M 21 BB MR g
|+ A9 ¥E 22 2594 B (Putative parvo-like virus in gills of
Cherax quadricarinatus). Y14y #3619 5 (Spawn-
er-isolated mortality virus, SMV). & YL i i 2R
%E 9% 7% (Infectious pancreatic necrosis virus, IPNV),
TR 21 2 8 W I 9 AR WF: 17 KK 995 5 (Cherax quad-
ricarinatus hepatopancreatic reo-like virus,

CqHRV) I I 5 % 955 2 FE 9 %5 (Cherax Giardia-
virus-like virus, CGV), H: A WSSV} 57 [T Ji7 52 iR

AR : DU )IA BT BT R T H (20147Y0143); #0F B K I 24 A A A BA K S 13l 610387 1 BA 35T H (IRT0848)
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e FE I R .

WSSV, J& 4k k55 # Bl (Nimaviridae), 15
9 7% JB (Whispovirus), A — T Jo 6L 3 (& K1 1R s
B, WREmEAEKERTRIY, gl
W C— = SRR R A k) B Rk
AW — KB YRR R WSSVITE £
Z, ANRW e Y, JUHOEIRE . MR,
AT A SR il 2 47 H73E WSSV i A 7 [ R B IR R AT
W I BRI AE T B 7, 201645 #1dLE
TER UL b DX % B 9 e EG D B I R K R 11 4
T2, At — 2D W R AR I R L, AR AE 5 GE
T s e TR i B R R AT I R IR ZE . PCRAY
W RGERBWNT . N TG J 21 405 P~
ML, DT 5 B0 VR 5 FG R B MR BE T 1
JRoE WSSV, LU i VL X (R B R
WSSV B 5% |

1 MRS TTE

1.1 SCIe#t R

FE 7 TG i U SR A T 0 L VR VT e
HIXA (BHM, BBOE). BAEFHBE., K&
B, CORMEH . TR, & WAL v K 2 AR

20~30/, TIREZA28 g, AKZ10 em, fif
J3E 5 [ 5 B 0F W 0 1] A R T VK
Y, VR EZA21 g, KKZ8 em, B4 .
HZIDNASE UL & 0T A AW TR (KR
A RA R ; PCRY G519l slUHR SR A7 B A=
YE ARG RS F A B 2xTag Master Mix Il T i,
HRERLFE A M ARG RS o

12 ERWERRHE

T REERIA ., B, C4L K 78 [C A B IRt
A5 11 A DR R i S RE RO ZR o 3o B B 5 FG i
BN, MRSk M E R HR R B T R 4R RN AT
JEEAR, [FIET5Y R ECREmERMILA, 750 E
F—80 CAR-AFH110% H & 75 8+ 1 72

1.3 S|¥git

2 M AR R AG I 5 | S A B DG D B MR U 2 B
R AT s i ) i L R AR A i R s A IR
I 126t 370 AR A8 X v [ It 285 W 3 A ™ B A B
B AE YR BT Kk i 20 U B8R B (Infectious
hypodermal and hematopoietic necrosis virus, I[HH-
NV). BT X%} MR 1R 5% 7 (Monodon baculovirus,
MBV). FBEZE G ER R (WSSV)™, I 2 Hidg ik
SO Ty 1 PTG I 3 2 1 S T (R 1)

%1 HNUWSSV, IHHNV. MBV 3#EEH5|4
Tab.1 The primers used for identification of WSSV, IHHNV, MBV

I RE AR Bl J1 BRI bp
virus name primer sequence size
F1: ACTACTAACTTCAGCCTATCTAG
WSSV R1: TAATGCGGGTGTAATGTTCTTACGA | 447 941
F2: GTAACTGCCCCTTCCATCTCCA
R2: TAGCGAGAGCCTGTAATCA
THHNVY! F3: TAATGAAGACGAAGAACACGCCGAAGG 703
R3: TGGGTAGACTAGGTTTCCAAGGGATGGTT
MBV!'Y F4: TCCAATCGCGTCTGCGATACT 365
R4: CGCTAATGGGGCACAAGTCTC
1.4 DNAIEEX 2 uLAR R, 8.5 uL ddH,O. KM WSSV PCR

$—80 CAR-AF 27 2 Wi 4L v [ i B MR 14 fiT
R . 6 B AL 2R A S BT RE I AR
0.05 gZH41, 2 MRZH S DNA$E BRI & 1360 35 ok
TR ERZH ZHDNAFE R .
1.5 PCR#&EM KRG LB RMIE

DA IR WA FE 5 TG D 2 0F 4 2L DN A K 1
B, RS8035 7WSSV, IHHNV, MBV4E
SPEPCRAGIN . PCRIZ AR R SRR R25 L,
H1 8 12.5 uL 2xTagMaster Mix, _F FiiF5 #1451 uL,
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FEF M. 94 °C WAEPE10 min; 94 °CAE Y 1 min,
55 °CiH 1 min, 72 °CZE{H12 min, fFFF307K; 72 °C
ZGEMRT min, I THHNVFI I MBV % PCR
NFRF A . 94 °C FiAE P4 min; 94 °CAE 1 1 min,
56 °CiE k30 s, 72 °CHEf#H 1 min, FEFR30IK;
72 °CAFEA 10 min, S 45 o5 BUSU B 7= 416 pL
FH 1% 1 3 N5 W858 i F UK FE AT R, 8 A
RGNS AR . PCRFZ 4 2% AR 4 B o B A
R N Sl /NI B WS R 1 R DI L [ DS A R
GenBank | ¥ fTBLASTH X}, I FIMEGA 644 7
RAEREW,
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1.6 (HLAYIRHIE

15 FF I V8 I S B LR SR AT OK L B
B G, R s g B, O A ZH 4
PI R AL AT A 5 U0 e (5 pm), & T I A H
WAL B 2 BE A 137 °CHEIE 60 min, #EFTH MLH.E
gty ERICE R, 6 B R AR,
1.7 ATLRGESLIE

FESC I 2 BT F% S dJ e WO fE B A7 0 19 5 PG R
FEIF30R TN TS0, S8 30 [R] K IR AR
FE22~25 °C, 102 MR IE & 1 BHE g X B4,
202 15 MRV VT b DX R A 1) WA HE o [ T 285 M 21 41
MY, R S MR, T I R AR R
BTG O, FoRAEE T v QIR B IR A i .
JERAR . i RN ULIA) 47 2 2R E AT PCRAG I .

2 4

21 IlmKRERKEECER
FBG WAL e [ TR B MR I RRE IR 32 B R BN

bp
8 2000

1000

750
500

250
100

1 2 3 4 5 6 7 8 9

©

B W TR O IR, R RN T
WK b, R R, SRS RER, R
I Ji 2 R I BB s, Sk g P S Y W 52 b
B, WREARW T, RNARE, BRI K
g AR (BT -1,2), 82k BEmRT-1), ¥
faigas /g . B sk (E AR 1T -2), Mk EASZ5E [ .

22 PCREMEZRERGLEM T

X B 5E 50 G R ECR (AL 52, B4R, C4l
182, #i1278). AL DNAKA WSSV [ H)
PG, 3 AR REE X A MR REAS 2 B 7% 1447
bpHIHE S ME S (AZH 245, BAH44%, CH9%, 4t
T 154%), R BHM: R R 55.56%(15/27), FE 5B
PEXT B TCY 38 7= ) (1) o BEAIL 3 B — 20 A DU
45 R 0 B PE B 84S KE il (A2, B 24, CA
A FH N 514 (941 bp)ift 47 EXPCRAG I, FF A7
o AL 45 5 B B 550 Kb —3(&12), 3W]
I % 5 DX A AR e TG S MR AR P9 4 4 WSSV,
PCRA M THHNV FIMBV Y & 4 58 1 H A5 447,
1 B B B R R NS #EH ITHHNVAIMBV, PCR

1 2 3 4 5 M

bp
2000
1000

750
500

250
100

(b)

10 11 12 13 14 15 16 17 18 19 M

bp
2000
1000

750
500

250
100

1 PCRA&M WSSV
(@) L. BITEXT B, 2-6. RAESA, M. DL2000%r T brifl; (b) 1. BAMEXSBR, 2-5. K HE&AB, M. DL2000%r T =R (c) 1 FIPEXTHE, 2-19.

SKREAC, M. DL2000%: T & bR e

Fig.1 WSSV detection by PCR
(a) 1. negative control, 2-6. sampling point A, M. DL2000 Maker; (b) 1. negative control, 2-5. sampling point B, M. DL2000 Marker; (c) 1. neg-

ative control, 2-19. sampling point C, M. DL2000 Marker
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7= W) 2 R R b AR B R A BR S F I A
JG . A E N 1447 bphY 751 o ORI P A5 SR A
GenBank P #F 17 FRBLAST/r AT, 336 B[R] IR B
FE LR FS), FIMEGA 6844 H 5 A WF 52 1Y
(& F 5 : MF101757) X% GenBank'T WSSV |
IHHNV | 45 #8452 )% 7 (Koi herpesvirus, KHV)
TKHE K PR SF A o A% e P 3 il 4% B IR 5856
7 (Infectious hematopoietic necrosis virus,
THNV)GHE K 77 5 14 8 R et fe i o 45 R 1
N, ZIENFI H5WSSVE A —#%, H5WSSV
FIMEX2008Fk (& %5 : KU216744.1), CNOI1FE
(BH#S . KT995472.1), EG3fk (& %5 .
KRO083866.1)% ¥ 51 [F] i P A1 100%, i — 25 UE 5L
AR 5 TG B MR AR P 5 7 WSSV (113),

2.3 HIATRIENE
WA 0 K i U T s i 1% o B A b ™

1 2 3 4 5

HEIB IR 2L AR ZE R RN B, RIRAEARAS, (AR 4G
B BN, 3R aT W o A B o, =i
PERIRAE, (B4 5 B IRAF A, e (R
fifp, RASUUREL B WA A0 AR T N
(LTI N 2 S L N e E TR S R E RN
AERR L -3), A RA0H A B RE P (K i
[ -4)o WG 40 (B-4H ) A7 /8 A 400 i (R- 241
JHL) .l 200 (B -4 ) R 2T 245 200 ) 200 B e e 1
B BF/NVE R B R YOR, A IX R
(FIRR T -5), B 58, RAUEKM, Mkt eEm
LR B s 2 R AR AR R (B L -6); T /N 4
Moz 2 A, A N A AR 2 A A T
REEH o AR g (O iR i 2 = A, R E
A0 MLV AR, T BRBRAS , KM, AR R R
B -7).

WAL v [ I 2 A 0 22 40 0 i G L 45 R A
W, AR IS, A4k A UM b R 20 34 )

6 7 8 M
bp

1000

700

500
400
300
200
100

B2 PCREWSSV
1-8. LA PCRAM 51 W6 T 485 S PH Pk O 9 5 (1-2. KA AA, 34 RFEB, 5-8. R#E£C), M. DL1000%} T 5 b7 ik
Fig.2 WSSV detection by PCR
1-8. positive samples were detected by nested PCR (1-2. sampling point A, 3-4. sampling point B, 5-8. sampling point C), M. DL1000 Marker

100

72

—
0.1

WSSV strain HQY_1 (MF101757)

Shrimp WSSV isolate Taiwan gene (AY850066.1)

WSSV IWV-MS1 VP664-like gene (KT894028.1)

WSSV isolate BAN_ST-3 2013 VP664 gene (KJ719075.1)

Shrimp WSSV isolate NS protein gene (JX564899.1)

WSSV isolate BAN_SH_AL-1 2014 VP664 gene (KJ773998.1)
WSSV partial sequence (AF361753.1)

KHV 3 TK mRNA for thymidine kinase (AB182940.1) 4 fif Jtd 197 it

THNV glycoproten (G) gene (U50401.1) 1% Jettk ik 1l 8% 7 IR A0 25
IHHNV (AF218266.2) 1% etk f2 T K 3k 1. 2H 235K S99 15

B3 RELXEMIH

Fig. 3 Phylogenetic tree of amino acids

http://www.scxuebao.cn



14 fURERE, 45 WIHLAT IV DX e [G VB BF FH BE25 -5 AiE PCRIZ BT S 414U B 24 L4 135

=

ElhR 1

#R 5 52 R B AT AT BR PR R IR L 1L

1o FPBEARBICOIES, 2. ATBRARBICOAR S, 3-7: ATBRARAZUR B (HE): 3-4: HTAMIEA S MK, Tk, 50 AN ERERY

K 6: FF/NE B R EANAR I 7. MR R A RR R
Plate [

Anatomy of hepatopancreas, optical microscope observation of hepatopancreas

1. normal hepatopancreas , 2. abnormal hepatopancreas; 3-7. optical microscope observation of hepatopancreas (H.E); 3-4. hepatocyte structure col-

lapse, vacuolization; 5. enlargement of the cavity; 6. inflammatory cells infiltrated in hepatopancreas; 7. interstitial inflammatory cell infiltration

IIE, R, VERRVERLAN S 2 (BT -3),
B R A K AR, RSt TRR
PEAK B, RIBE8E 58, RAEAN MR I (& T -4),
HUA WL Qe Ry, L B iRAR SO, A A B
LS A, MR YL (g o, LYy fe, EA
JULET i 1B 2 it (PRI R IT-5) 0 A AR L e 2 2R
IANINSY 4 oK 378 AN o S ol 2 N R R
RGN, BB ST, AR o A e

0, NAERZHAEHEMmRESED, AT H
B RER R R 1T -6).
24 ANTBGREITHETIER X PCRIEM ZE R
YL 2 o [C R B IR P AR 2 R AR 4R BB T,
JEYL ST AN ERAE T (K 4) . S YL 4 78 [ iU B R
FRER 5 AR B IRAIEIR AR, R &
BNAS B . B AR Bl B R B OE A . R
2H Y v G R EE R 7 dBYFE TS Rk 3 100%, X FRZH
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¥4 Q%

Bl 1

100 pm
L |

LR REEMER, 7. AR RFEEEL

LEIR R, egieamy, 2 MK, BESTRT, 34 WASURNBEWEHE); 3. ERENMPYE L, 4 28k, RIEHRERE;

5L 4T 2 6. 9 PE A iR T

Plate I Anatomy and microscope observation of gill, intestines and muscle of P. clarkii

1. anatomy of gill, abnormal gill filament; 2. anatomy of intestines, abnormal intestines; 3. 4. optical microscope observation of gill (H.E); 3. eos-

inophilia; 4. vacuolar degeneration, inflammatory cellular infiltration; 5. rupture the muscle fibers; 6. inflammatory cellular infiltration

RABAET IR Y2 v [T R 2 IR PCRAS I 1) 95 75
FHPE A HY 30 100%(20/20), 11 X6 L BH 1 46
FH0%(0/10)(K15).

3 e
3.1 IEKREEIR KZPCRIG M ZE R o

IHHNV ., MBV. WSSV & ™ i i 3 iR 2 i
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B3RP H WG T, = & RENS [ i R e Z R
A AR TE R, R KRR R . R
IHHNV IR kb, 17 58, R B
R e TR e 2R By W= R S AL 87
MBV IR E B8, I s, 6L B RCRT iR
RHEWAREWWAEAY, 2GR RS
PR ERDY; R WSSVIIF S IR, W
WAL ASHIFT 2% S 9 91 BT 7 EC A IR I PRORE
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TR PG, 2. WIAUA VT X 52 QR 0 5255 1IE PCRIZ W S 2H 270 B 2% L 45 137

30 —— &4 infection group
70 —a— it {41 control group

BRIETIR/%
cumulative mortality rate
i
S

YL E R¥ud
day after infection
4 ANIREIWEHER

Fig. 4 Results of artificial infection experiment

I 2 3 4 5 - M bp
2000

1000

750
500

250
100

(@

RBFE WA W NGB BT
155, SARAEFEIIFRAE AL, TWIHHNVX AT
KR FR IR B 75 35 e B RO 22 31 YL THH-
NVHIMBV Y AFEPE K i e AR o

A58 F HITPCRAG M i1 BE 5. [G Ji 2 W 2H 21
DNA A A6 I BH A% 288 55.56%(15/27), A A I H
IHHNVHIMBV, PCREGINZE R kA, [F—A~
AR X IR A AR S AR BE A DU i AR SR, #fE
U 30 35K 155 450 7 I PR 2% 0 B A e [ i 288 I A
WA RS0 A B AR R, AT Dh3d o 385 A
i >R B B B O A Y A R R Y

1 2 3 4 5

M bp
2000
1000
750
500

250
100

(b)

El5 WSSVRREINS fi RE AR E LB PCRIMLE R
(@) SFBIIPCR=W): (b) W 51 WIPCRFA ) 1-3. #E MR SL 40, 4-5. %P4, —. BItEx B, M. DL2000 Marker
Fig.5 WSSV DNA detected by PCR from P. clarkii exposed to WSSV by oral infection

(a) outer primers; (b) internal primers 1-3. infection group, 4-5. control group, —. negative control, M. DL2000 Marker

HOR AR g A E
32 HRIBFUERATREDH

MBYV F= A7 F Z) BIF JE 1 JF EA F L
Jor b B L, JFAE A M AZ N A e TR M Y R
B AR THHNVY 32 B8 (¥R 25 B
DREIR R R ML HiE . A E . LA
&, EEMARANMChY b i . DLAIEAE, Ot
2 h B T SR R B, B R ) A M A N AT
PR P B G B 2T €8 1 St 4 AR HE B B A R AR
WSSV 5| e 5 B R 24 48 20 M 2 b K 4 i A AL 4
Mo, FOAMREAE R, Siufk, R, 41
FT¥EM, AMRIIRIERY, AR . M. LR, 6RAE
HUAH BV A RA L, RIRTEARAES . A5
PR I AR S R Bos, BB v EC R S 0 9 )i
JEAR . B WL . S 2H 2088 M 3R ) A B A8
FUIRFE LA S 4R 1 40 M i 1 45 L 700 9 3 = A8 £
g L 2 WL 2 24 SR 5 2 v 5% Y ) Manjusha > 3B 11
a5 3, B AR BELR A R B AR A
54 PCREGIN S R GE A BRAE IR, AT LA vl

JO T VLTI e 1 o T i 2 MR 5 ) 9 o WSSV

AN 3 PCROF 4 21 9 BELAIF 5% JC 325 7 '8 WSSV
A2 G U G B R R R AT R IR, Sk —
B E R, AR HEAT TN TR I, 2
SR 7 5 MR B 21 41 T TG R R S T R Gk F
100%, X 20 5 [C R B MR o st T, Ho6F AN T
YL i) o [C SR B MR i 4T A PCREG I, FHE R Ny
100%.. £ LA L I A I 5 51 ] DA o2 51 i B vk
TRV b, DX o UG i B M 25 2 9005 1 6 ) i WSSV o

33 RE

FRELR B R 4 200 B i STl P e, H
PLBIF 58 % WF L BE SR G B R A, X o TG 5
RS B 2R 5 N T 19 AL ZU0 BLOF T AL |
KA, HH BELE Gk B X AN [R e R
Z ) A LU e LU AT FR i — B IR AL S5
S B AT LR 5 AR RE AR 5 IR
SRS DAY 014 3 A 5 TR AL AR 1) 2 A R FH A fELAR
R, A B G D O AR B2 Sk A 2 2
S TN
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Histopathological study and PCR detection of white spot syndrome virus
from infected Procambarus clarkii

HE Qiyao', WANG Kaiyu", LIUTao', LIU Shaochun®, HE Yang',
YE Caiyan', HE Shengyu', QIN Zhenyang', XIE Heng'

(1. College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China;
2. Beijing YumeiKang Bio-Tech Co., Ltd, Beijing 102300, China)

Abstract: In May 2016, a severe infectious disease occurred among the farmed Procambarus clarkii in Qianjiang,
Hubei Province. Histological examination, virus isolation, nested-PCR. artificial infection experiment and phylo-
genetic analysis were performed to explore its causes and the epidemic law. Principal symptoms included darken-
ing of the body, reduction in vigour, low feeding. Histopathologically, hepatopancreas, intestines, muscle, gill
showed varying degrees of degeneration, necrosis and inflammatory cellinvasion. Pathologic changes were the
same as the white spot syndrome virus (WSSV) infected arthropod. PCR detection results also showed that tissues
of dying P. clarkii were positive to WSSV, the positive rates of PCR was 55.56%(15/27), while those were negat-
ive to monodon baculovirus disease (MBV) and infectious hypodermal and hematopoietic necrosis (IHHNV).
P. clarkii that died in oral infection was positive for the presence of WSSV by Nested-PCR.The sequenced ampli-
fication products shared 100% identity with white spot syndrome virus isolate EG3, complete genome (GenBank
access number: KR083866.1). Phylogenetic analysis showed that the isolate was belonging to WSSV. The hepato-
pancreas, intestine and muscle tissue of the diseased P. clarkii were fed to the healthy P. clarkii. The results
showed that a cumulative mortality of 100% was observed in the infected P. clarkii, while no death in control

group. Therefore WSSV was determined to be the pathogen of the P. clarkii.
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