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TE: REXTKEETWFME T WSSV R, mEEET AL TN L EqdT
THRFEENEREEAEEEN, B x KR4 R WSSV 4 3t 8 & 47 i A 55
Ko ZRPFETHHESNEFRRK 7 KEHE WSSV R EF, 4R K A% 7w KK
AT A W A WSSV, X FIWSSV-VP28& g Rkt v K R #H MR E | # 47
Western Blot# Il , 7 WSSV-PCRFH {4 #f di: o ¥ 46 | 2| VP284F 7 1 4 4 , #£ WSSV-PCR
MR G P A M BIAE R A . R LR E # L yWSSVA X & EPCRY %, xR
FW T REZITONALME. §. . k@l FREAIFTLN. FRX
W, . FRETAMNZ RS HEE R 10 N /mg) , H k2 ik ® @ (107
# W /mg). FF MR (10°4 Il /mg), 760 JIE F % & 09 4 B R K(10°# l/mg), kAR EHE
HEEALRFRE. ERIETWSSVEELFETHAMAGY, A CKEES TR E
EEBRAARPREWSSV, FRMRE T KEEN AL RESETERNE — 2R, fir
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oL G R B MR (Procambarus clarki) {5 R /N
W, BTWESWIT. W, FEH. ZIF
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FE LI BEAE SR o A A O, I X HLBT A A

AT = AT IR

1 MRS ITE

1.1 RIKFEZEIAIKIRE R HHE LA DNARHZ B

S0 FH o DG B R R 1 3 I o D i 2 AR R
DX, VL FRITT L Al R X)) S Bl 1 3R
Fro BANHLDCRFE3R, BRI X R 1004 2
KA 5 [ R 2 MR A R TE W W AE o 2 JE 6
HZIDNAVEATHEI . 78 VK L 43 531 SR HCHR afn 6k 2
YNf . OME . FFBERR . B, BABZA100 mg, B
T & A 1.2 mLi /L% (100 mM NaCl, 10 mM Tris-
HC pH 8.0, 25 mM EDTA pH 8.0, 5 g/L N-
laurylsarcosine, 500 png/L%E HEFK)AYE L& T .
TEELEPHA T 2K, 165 °CEF 1 he
Bifi J5 in A CTAB/NaCliiz /5 # (1% CTAB 0.73 mol/L
NaCl), 4kZE7E65 °CHEH 10 min, FHEY . S {5 Al
SREE IR A W ARFLEL25 24 ¢ DIIEDNA; X
KZZBEVLTEDNA, 70% k% . THE,
DNA F TrisZ% ¥ ' (10 mM Tris-Cl,pH 8.0),
20 °CIF A7 H

1.2 WSSVHI#EN BT EE

SE E S PCR(qPCR)SE K 75 ¥ & % SCik
[15]: FHTrisZe vy fs 42 B 20 2L DNASE T 7
B, K DNAWREE A AL — 2., Bl B 5Ky
WSSV-vp28 (RT-VP28-F/R),fdi i1 18S rDNATE Jy 4
Z(18S RT-F/R, #1), KMWIBGW20 uL, H%
£ 2 uL DNA,10 uL 2xSYBRGreen Master Mix
(Roche), 50 nM L¥iEfI FIEG 19454 ul, SERTE
LightCycle480 System (Roche) I i#£17. qPCR%%
. 95°C 10 min, 40P1E¥, 94°C. 10s, 60
°C, 1min, BfJ57E72°C. 10 min, 65~95 °C %%
0.5 CCTRIUG il th 4 o 973 7 W R S PR 1 065 e
W HEAT 70 M o B vp2 845 I £ {E F118S rDNA L

=1

B, LI A H S WSSV AR & fE . R B
248 D12 20 1) 48 %) o f R FH E 20 WSSV-vp28 5L
KSR TSR bR . BAR T . 4 5 vp28E
) LR pGEX-5x-1-vp287E K A #1 i DH-50 4§~
W, BEFSYRAE, DE O B, AR R R B Ay
T, TFE TR A DL, XA
K, FEATI0ME R YIRS, FIMOSEAR . ] R Aa i
WSSV-vp28AH IR B 5 | ¥ A1 J5 4, AN [ s Je ok 32
() AT R A T SE IS 2 PCRY™ 14, i/ vp28+5 DL £k
15 50 7 X 501 FD A1 B0 U R b o it e o K A
R 20 2095 B vp2 8 5L R4 2 B PCR,  HAAJE PR UCEUAN
b o 2T L, AT B AR 2 U Y
DI, LR R 3K,

1.3  J®E A9 Western Blot#e

Western Blotl%) 5% 5 5 BE 2 B SCik [16]. FlAL
TS HiL X 2L 28 8% Y WSS VIR B 1 5 [C AL I
KA 2L a4 RN S A ), 4% B
UL PR B AN A A . B, & BRARE
Western Blotky il 77 %, ¥+ 5 7E10% SDS-
PAGENZ L7r By, ARSI 2 il 4 (19 R ST WSS V-
VP28 ML iE #EAT KL o B-Actinffi R N 45 B8R
HE . SR E R 3,

2 4R

2.1 RKREIIWSSVAI R R

XFai, WYL T AL EE K] 5 HL X
o VR ) v TG SR S R 0 Y B R AT R, RRIR R
M=K 100, KM3K ., L5 R FIEIT T
QIR B URRY R A i, R91.6%; HKCH X 5E
IR 2 0T (89.5%) ARl Bk e [ 5 2 1 (87.3%) 5 HH
I 70 PG JE A MR 9 B e 0 86.6% 5 TN 3 [ i B
R B SRR R A 1K (83.3%, 1), nl WL H R X s 5%
B IX 114 e EG i 28 MR A3k #4545 47 WSS VIR B o

ElEZEIES

Tab.1 List of primers

5% 7K primer names

51¥F%1(5°-3°) primer sequences(5°-3")

RT-VP28-F

RT-VP28-R

18S RT-F

18S RT-R

CTC CGC AAT GGA AAG TCT GA

GGG TGA AGG AGGAGGTGTT

TCT TCT TAG AGG GAT TAG CGG

AAG GGG ATT GAA CGG GTT A
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Fig.1 WSSV infection rate in P. clarkii from
different areas of Hubei province

1. Wuhan; 2. Qianjiang; 3. Jingmen; 4. Xiantao; 5. Huanggang

22 REREBIMBRLREMAENF—SHE

M4 F R PCREG D5 S, L% R Hh 1)
#5095 7 1 50 [Q R B0, i — 25 4T Western
Blotkg il . 4553 7k, PCRBAMEAE 5 A %A Al
F|WSSV-VP284F 5 5%, 52 PCRFH M 7e [ i
FEUF AR Y 2 RE G TN B VP28 45, & KE
il VP28 4% 1 55 4 22 31l (K12).

N 1 2 3 4 5

2 Western Blot# | 52 [ JR BS 4T 82 FAWSSV
RECE IR B UF A AR E A5, R Western Blot#E 47 16 Ul ,
— B A WSSVEE R [ VP28 4 e M HT AR LI, B-ActinfE 9
ZHE A . N.PCRE I Jy WSSV M RE & o LAt S2H 43 il 2 % 3
X PCRAG M WSSVFHPE I #E & (1. s 2,370 3. 9017 4.4
Be: 5. HXD)

Fig. 2 Western Blot detection of WSSV in
the gill of P. clarkii

VP28

B-Actin

Total proteins were extracted from the gill of P. clarkii and were
subjected to Western Blot assay. Primary antibody was anti-WSSV-
VP28 rabbit specific serum. B-Actin was used as internal control. N
showed negative sample by PCR, 1-5 showed positive samples by PCR
(1. Wuhan; 2. Qianjiang; 3. Jingmen; 4. Xiantao; 5. Huanggang)

2.3 ANEFEFX 5 KR ZE AR b WSSV R 4 X
E=

R KT WSSV Y H FH2H 21 2 Bl 2 21
DNA, H &S AN FE FF X 5w 1R R B 0F #5445
WSSV & &, B — 3 37 X B HL 1L B8 2 #5477
B 19 50 QR BER o 45 SR 3% W] 4% |l v UG i % O
R HEAE WSSV B 7E 1048 Dl /mgl) I, BRI K
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Ji B R BTG AR 0 B Y E10°F D /mgl |
HorP R Sk 9 A E 108 Dl /mg(1R); Wi
i, [ S 2 W T A R 5 0 75 1 9 7E 10795 DL /mg LA
b, Hrhi s S a8 10° W /mg (182);
T 5 G 5t 2 0F BT A RE S B 3 A 3 AE 10°
Pl /mgld 1, Hrh s i & s ik #10°9% Il /mg
(2 ) itk v [C J5 2 05 i A R o 25 9 1 1 2 7
10°% DU /mglA |, Hovb & i 6 8 & i 3k 2 107
P& 01 /mg(22); o X o [C JE 28 IR U A 40 o 25 06 B
WITE10°4E D /mgl) b, Hh e s & ik 3
10°0% 0l /mg(3)2, 1E3),

24 HRAELALEHWSSVETTEE

AR AR B WSSV E S 45 5, 40l AR
PO IR VRV L Ak AN B IX] S Hb A% ik B R 5 AT
WSSV i FE A — (8 1 25 10%%% D1 /mg) i v [C RS
L NS 1171 = 1 L 11 A Y 1 S 79
8 H AR B DNA . Bl AR I A R 4] 4L
WSSV X & i, 45 RERW, FrA M IX o 1G5
RS . H AP WSSVEY & R, 41054 1
/mg, HYH MK E A GRTT10%45 D /mg, 20X
10% Dl /mg, VYT AIE X 1045 Dl /mg, filiBk10°45
Dl /mg); USRI BRI G YT1048 Dl /mg,  #CRI
129104 D /mg, AlIBk10°%5 Dl /mg, ¥ X105
D /mg); O WSSVAY & B, HrEiT ol
29105 Dl /mg, AL X 10°~10°%% D1 /mg([&14)

3 iR

AW FE A T AL SR R Hb X5 G R B
B (8 WSS VA A 8 F1 15 78 2H 24 119 26 % 1 = 43
fii o WA RA, 5 #E £ B A7 T AR 1) il
MAE R G, R A > E >
B > Mk A A > SRR > o E . TR B AR X
VLI SR 1) v [C s B MR AT H EPCRAG I, 45
KIMTEM MM, 6. 5. . HERDR
D WSSVEHPE o B3 IE 22 E VTR FAL PR AR T A 2%
B oAU DN = B L AN 3 i SN = B 1 i
20 M, BH AR K R 5 N 92% . 86%~89% .
75%~81%. IR IX BE W 58 AT 4 X 7 5 7
{H = N ZU0 A R 10, A S 36 A 48 X 5 Tt 45
R —3,

KT WSSV 1 HAb R v 1y 4H 200 A 5
ZEHTAE AU OR 4 0] E T SE WSSV SR g
H JE YN (Exopalaemon carincauda)f) 441531 ,
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Fig.3 The amount of WSSV in the gill of P. clarkii collected from five cities

Absolute quantitative real-time PCR was used to detect the amount of WSSV in the gill of P. clarkii collected from five cities; 1-8 showed the serial

number of crayfish from each city; the experiment was repeated three times; (a) Wuhan; (b) Qianjiang; (c¢) Jingmen; (d) Xiantao; (¢) Huanggang; the

same below

45 B 3R U 21 200 1 B = Le g Sk Sk i R 4
g gl gl > 68 > fFEEAR > LA ; Durand %8R H
o %of 2 B 07 W B SE WSSV T Jgk e FL 44 J52 X6 AR
(Litopenaeus vannamei), 88 7E 4121 1Y 7 5 it
¥ O M EL A M > 68 > LA > JFER . FTLLE
L AE A [ R 2 AR b iy B A R
IR fFAE— 222 5% o Lande 5 QR B iR, i
IO O 200 A v o A o LU RS A, T AE ML T X
LIS R e € R 1| R N v 0 s R N 52
() 26 X 7 ok 1, 5 i 28 0 A b A T 1Y)
BEEEZY 1045 Dl /mg, (H ZAE FLANIE X A6 b 2 21
SR S ON4.1x10° $5 Dl /mg, MHZEIE A% LR
X0 22 S ) BB Y T 1A SRR RN R3S B

WSSVTEA [m] i X e [ 5 25 0F 1) 2 2R 5 1
KU —E 2R, HARWRETES EFRX TR
ZIREL . BRI TP RS, AN 10%E
DU/mg; 95 25 6 100 bk 0 240 0 v %) 485 2 8 7E 45 Hh %
PO 25 S, T 2910 I /mg, 3L 1074
Dl/mg, EX10%% 0l /mg, 1104 0l /mg, {ilidk
10°F% D1 /mg; 5 35 76 JH R A v () 485 0 et R B ih
25, FAT710° Dl /mg, VL1078 Il /mg, #KiX
10°4% D1 /mg, il Bk 10°4% Dl /mg, # X 10*4%
W/mg; L OHET SR ILED, HHRERHR
W2ER, FHT10°% Dl /mg, BRI, I ALk
10°% Dl /mg, #1045 Dl /mg. X Se 4540 15 &
s B Bk Y TN A2 T AT BE 57 31 7K J5 RN RS 5T 45 24 B 1A
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Fig.4 The amount of WSSV detected in the different tissues of P. clarkii collected from five cities

1. haemolymphocyte; 2. heart; 3. hepatopancreas; 4. gill; 5. stomach; 6. intestine; the experiment was repeated three times

T-HYSEA PRI DA SR PR AT B P WSSV T
E— AR,

IR R KOk, WSSVE & i 7714 T
FrH I ve [C LB R 22 vh (A A2 80% LA |, 1),
XA TR Ry Bl i v RS R WSSV i ik —
SO 25 B A 7R o 5 B NS WSS VY b [T 5
FEUFHR B & — R B WSSV & A2, (A2, &M
H i 5 [C R 8 R 2 & 5 4 R ok B, IR A
WSSV EIRERER K. o, REKE TA
HAr WSSV o [C R BE MR IR, R R T &Rk
1F WSSV 3, AR JOKAR R h BR A7 (1)
WA — MR, EMEENE, REF
() o FG R A R A0 36 1 O A B B A0 & o IR
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Quantitative analysis of white spot syndrome virus in the tissues of
cultured red swamp crayfish (Procambarus clarkii)

LAN Jiangfeng"’, DAI Yunjia', LIN Li"*"

(1. College of Fishery, Huazhong Agricultural University, Wuhan 430070, China;
2. Key Lab of Freshwater Animal Breeding, Ministry of Agriculture, Wuhan 430070, China)

Abstract: In the recent years, the amount of wild-caught Procambarus clarkii has declined rapidly and it was
under threat by white spot syndrome virus (WSSV). The absolute quantification of a virus in the host tissue is of
great significance to understand the pathogenicity of the virus. However, quantitative analysis of WSSV in the
tissues of infected P. clarkii was not reported. In this report, the epidemic of WSSV in red swamp crayfish from
five cities in Hubei province was investigated. More than 8§0% of red swamp crayfish were WSSV positive when
the DNA extracted from gills of red swamp crayfish were subjected to PCR assay. In addition, we also investigated
the presence of WSSV antigen in the infected red swamp crayfish by Western blot using WSSV-VP28 protein
specific serum generated in rabbit. The results showed that a specific band correlated with WSSV-VP28 was
present in WSSV PCR-positive samples, but not in WSSV PCR-negative sample. To better quantify the amount of
WSSV in the infected tissues, we established an absolute quantitative real-time PCR assay (QRT-PCR) for WSSV
using recombinant plasmid pGEX-5x-1-VP28. Briefly, plasmid pGEX-5x-1-VP28 containing WSSV-VP28 gene
was purified and quantified. Certain amount of pGEX-5x-1-VP28 was diluted serially and used as templates for
qRT-PCR using primers specific for VP28 gene amplification. In doing so, a standard curve for the absolute
quantification of WSSV was made. The amounts of WSSV genome that existed in the tissues were further
measured by the qRT-PCR using the same above-mentioned primers specific for VP28 gene amplification. The
absolute amounts of WSSV genomes in the tissues were obtained by comparison of the values of the qRT-PCR
with those in the standard curve. Six tissues of red swamp crayfish, including gill, stomach, intestine,
haemolymphocyte, hepatopancreas and heart, were sampled and used for WSSV quantification by the absolute
gRT-PCR assay. The results showed that the highest most amounts of WSSV genome (about 10° copies /mg) were
detected in the gill, stomach and intestine, followed by haemolymphocyte (about 10" copies /mg), hepatopancreas
(about 10° copies /mg). The lowest amount of WSSV was observed in the heart of infected red swamp crayfish,
indicating that the replication of WSSV was tissue dependent. The high infection rate of WSSV in the crayfish
cultured in the ponds (more than 80% of red swamp crayfish were WSSV positive) indicated that the cultured red
swamp crayfish was persistently infected with WSSV.
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