433 % 1 4]
200941 A

KA Y F R

ACTA HYDROBIOLOGICA SINICA

WSSV #1 IHHNV —E LB 5t PCR & 77 iZ W # 5z
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AR JE DY b X AF EOBE ZE 43 AF W B WSSV (AF369029) I AL e 1k K2 R K i I A% E IR SE O # THHNV
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B HEAT T SEI 380 PCR G , &5 R FHE b 1 {5 WSSV Al IHHNV (R Ge . ARWT TSI iy — 8 5
3256 PCR Jr ¥k T WSSV Hl IHHNV [ G I B A R e AU PR o 18 A5 I A

KGR : HBELE G IR T 5 X IR A% e BT ROE 4L 8V BE R 55 5 2 L SE i 995 PCR

RESES 9945476 XEARIAME:A

Xof MR 1 BE 25 5 AR B (WSSV) & Je ik 2T K
T I A% PR A8 B (THHNV ) 2 24 i /™ 5 A 35 %) #F
e A R B . WSSV 35 5 B S X B 5 Py ]
FIBERGAE , [ 1990 4FFF 4 76 7 Y 1l X 55 58 X R v A
Wik & AT, JE TS RS 1k 100% . THHNV 1] 5| i
LA XU 2O B R R LT (90% ) L ik 7]
DL | R 35 0B L 0 o R /N R B LR B E T
BB XTI A K e, KB R T WSSV
A THHNV [ X6) R 0] 26 B 2, i 3o 12 F AL 754106 25
G245 —RAUK AL B AL 25 HAFPRE . 3 47 Sk Bl %5
ot AR R K i B BR G 32 T B 22, R 3R A o
WSSV fil IHHNV B &R A kA, AEHENZ
Vi) F1) %65 3132 W A0 A5 3 B35 3 38 m PRl 4 ket O 9%
Wb R T R AL TR

S PO PCR ¥ PCR 5 5 0l & M 7 12 AH 4
AL B BRE TR 25 0 U AR R SRR
GiN-R i) WM WS RTIE /bR Sl LU Ay
B HT, BN B A N S B 2¢ 5t PCR[R] B 4G ) X R
WSSV Hl IHHNV ) BiF 55 2 16 o S T & v A5 0 o o
P RS I 503 24 A O )30, AR 9 SR T S

I 5 H #5 :2007-02-05 ; &7 H #8 :2008-01-02

EETH ) PR IO #7823 8 A (HERLZE 0322006-3A) ¥t Bl

X E 4 S :1000-3207(2009)01-

W25 PCR HA , 57 [ I AG I xf #F WSSV Al TH-
HNV {4 ZH 920 556 PCR AR, IR &5 R 4 &
_FO

1 #M#BEFE

L1 FEMFEIRXF Lighteycler2. 0 2¢ 6 & i
PCR 1% ( Roche) ., %% & PCR X | & Premix Ex
Taq "4 F TaKaRa 2 &) (K)o JFRL/N i 42 BUK
& F b5t BioDev A W] o

1.2 FRASHEMERBE pMD-WSSV fil pMD-IHH-
NV B4 T4 ok i A = M /7 . WSSV THH-
NV X ERBERLE EE (TSV) ¥ i 9 bR A4 3K # , 19 H
AL A, S MUk [ 3] /907 15 #E 4T DNA
e,

1.3 FREPAMERIRAH & S Mok 4 O R &
VEBH , $2 HL pMD-WSSV 1 pMD-THHNV J5i ki , £5 25 4h
G3OGEBETH I A D260 B, 4 BT AL DNA Y ik B,
W PIAS BB DNA SR A B A W FEH#E N 1 x 1045
D/l 9 10 5 R G R B AL 1 x 10—1 x 10" $5 01/
pl %5 10 MRS, -20°CIRAE 45 .
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1.4 THEE PCR FEMEL
1.4.1 3|¥5 Tagman RETWFEIHTEEH Wk
GenBank H1 WSSV 3 K /7 %1l ( AF369029 ) il IHHNV
FEH P31 (AF218226) i R 57 i Be, SR ] Primer
Express 2. 0 24, 5 11 79 X555 M5 ) Fl MG 2% Taq-
mam £, B TaKaRa 2 @] & 6o

wssv. seq-415:5-GCCAGCCCCGTGAACTG-3

wssv. seq-492:5-ACGTCCAACTCCGTTATCATTTC-3

Thhnv ( mod ) 53F:5-AGGAGACTCAAACACCT-
TCCATCT-3

Thhnv(mod) 130R:5-TGACTGATTCTGGGTTCT-
TCGA-3

Taqmam £ £ ¥ 5. Wssv. seq-439T; 5-ROX-
TCAGTGTCTTATCCCAACAAGTCCGA-ECLIPSE-3

Ihhnv ( mod ) 78T: 5-FAM-CAAAACCTCATCG-
GAA AGTCCTACGCTC TC-TAMRA-3
1.4.2 S51¥ R ARKFIRERTFE N Ok
pMD-WSSV I pMD-THHNV % kI BE 5 % WSSV
ATHHNV By 5] ¥ 45 & A8 2k O 0.2—
0. 8wmol/L 2Z [A] , #E47 /N [A] ¥ B2 (1) 6T Lb , 7 3%k 1Y e A%
[f5] Fsf A6 9 %o - WSSV A THHNV , B.XF Cr Al Fl 4 14
R AN K0 5 ) R0 R T IE Ll R B 5 78 4 ] A 2%
JE it PCR 42 7] & i, U5 i AS [ vk B2 (1) MgCl, |
ANTP F1 Taq FA45 W, i1 50 52 50 45 5 B4 (1) 78
W BE N, T SRS PCR J5 ik
1.4.4 Z—E XA PCR ¥4 & BIRFE R
20uL, H: # Real time PCR Premix 10pL,25mmol/L
MgCl, 0. 25 L,2. Smmol/L dNTP 0. 5pL,5U/pL Taq
AN 0. 1250L, WSSV I R ilF51 W) SR B 2k i
#B 4 0. 6pmol /L, THHNV |- | F i 51 ¥y S 4R B 4 vk
FEHR K 0. 4pmol/L, KA 2L, 4 F JI K 14 DEPC /K
RV EISIR A, B Lighteyeler 22 % & PCR X I
AT A B AL T N . IR EE R 20°C /s, 7E
B0 PR 1 S A 5 BB R AT S O AE S R . R
FRIT o :95°C Tl A8 % 20s; SR J5 4% 95°C 48 % 10s,
60°C 1R K HEAH 30s HEAT 40 DNEIR, e 7 T 40°C 45
W o
1.5 Z“EIRXX PCR WS EMINE 5 iREH
GRS Kk pMD-WSSV Hl pMD-THHNV &
HI 10 RSB 1 x 10—1 x 107 % D1/ pL
PR dh , AT ZHE PO E & PCR, HAE {5 6 kK, I
GRS O S i3 PCRYY R B A ) 9%
i PCR #E47 HE 8. PCR 45 3 J5 , Bt PCR J Jf
W 2% Byt AR 5 J R Uk 5 5 7 W) o

1.6 “EXMRA PCRFRMERE IAXS
MF WSSV 1y i (5 20 DNA A 82 i, [\ B m A X
WSSV F1 THHNV (4 5] ¥y % &1 #F 47 52 5 52 56 PCR
R, XoF A &% T i B S K DU AL R B U 4R FAM A
ROX WP 28 {5 5, B 8 1% 7 i W 51 0 5 3R 1
WSSV FI IHHNV Z [8] (4 %5 5 Pk o IR 9 O 1
7 THHNV ) 8 5 fr 5 g0 . ) A i 53
ST E I R A T, X S R A 1 Al
X R B AN BEBR B VTSV RN I 5 B 28 47 4G, 0k —
A8 5 PR WSSV ORI THHNV = 8 52 B 59 PCR 5
R e

1.7 EEEMIRIE 1 x10° $#01/ul /9 WSSV FI
THHNV 85 0 YRR, 40 3 PR A [F] I A I, 3
B CoH AR IE 22 (S) FI7E 3 REL(CV) R Bk
Pt PCR AL N E B Pk, 3d J5 J & Kl fR £F
T =20°C BB DNA , Ofe 5 3R AL Al 19 £ 5 1 B % 0t
SE 5 PCR (L) & 42 4

1.8 ZE XM I K PCR B FHM MKW I xTUF
WSSV Fl IHHNV b fEF 5 4% A [\ (9 v B E 47 40 &
(10° #110%,10° F110°,10° F110°,10° 1 10") , 4351
EAT ZFE SEA 9 0 PCR AT B EE SE A 9% 5 PCR £
I, iff o Tk A 22 K WSSV R THHNV 22 Ja] (1) 6
e BAEAEME TS

1.9 —EXHEE PCRGMIEKRFBE A HE
S HE WSSV T IHHNV — & 52 B 38 9% PCR )5
R I S 56 %= AR A ) 45 15 4 i WSSV il THHNV
k(2% AL PCR R I o sl WSSV B THHNV [
£ ) B DNA i 28 5 0 PCR A I Sy B — SR G 114 95
BHE AR A B, PP I PR 52 P

2 7 R

2.1 pMD-IHHNV &E#i DNA & &8l E

PEHCAY R DNA 28 4% R 2 1 AL 52, pMD-
WSSV [ & ¥k & B 30. 36 wg/mL, T #e 5K 1.7 x
10"#% 01 /WL ; pMD-IHHNV [ 5 4 i 7 49. Spug/mL,
AN 3 x 10 # I1/pl,
2.2 5|¥ . RSHRE

AN TRY 1 5| 4 R A vk B T L 36 25 R
AT B 51 4 AN P 20 e B 33 36 48 SR 5 ) LR AR K
WSSV I i 5| ) B B 2k B 43 51 28 0. 6 umol/
L,IHHNV [ F Ui 51 ¥ B 48 B 2% & 40 5 R
0. 4 pmol/L, X AL A #E S B9 A5 AT 3R A5 28 /N[ Cr
1, (H 345 9 I 20 A R B AR A S AR 7 20l
9 R B Z& BB i 25mmol/L MgCl, 0.25pL,
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2.5mmol/L. dNTP 0.5pL, 5U/uL Taqg R &
0. 125w L, mJ {0 K6 00 4R A5 w0 (0 ™ 8 280 R, S 384
M otig , R E R SR,
2.3 "EXM%K PCRUIREMEZRRHEE

PL 10 i R 506 B WSSV HI IHHNV BRI &
W1 x10" =1 x 10" % D1/ pl) KBtk dE47 9 1, 4~
RO A R 96. 25% 1 97. 7% , 7 k15 2% 4% ) Ky
0.0254 1 0. 0879, 7% ¢ 5 & PCR (1 3 J&& P 45 If
(BT B 2 R 1), DT i 26 5 il 28 mT L, o
WSSV B0 1 x 10 #5 D1/ w543 5¢ 56 fih £k, %t
THHNV (4600 1 x 10" 45 0L/ L {754 286 i £, %
BA 2K 5 i % WSSV (1 S A N 2 #5 01, % THH-
NV () 2 S S 20 ¥ D1, Lt B PCR i 8k
100—1000 £ , 5 & K6 I (0 45 3 — 2k P o fiG e
R s, HL 2 5 iy £ B B ) B O R B (R Gl
5 EAT [ AR ) B B E BRLRG f) WSSV Il THH-
NV %86 & PCR Cr i 19748 5 R BOF AN K, A6 1E
3% VAW o
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Fig. 1  Sensitivity of the multiplex real-time PCR for [HHNV
1107 $£01 /2. 10° 3 01 /pL;3.10° $5 01/ ul; 4. 10* 3% 01/l
5.10° $£ 01 /pl;6. 107 $£ 01 /pl;7. 10" #2101 /pL;8. 10° #5111/ pl;
9. 25 X IR
1. 107 copies/pL;2. 10® copies /L ;3. 10° copies /pl;4. 10* copies /
wlL;5. 10° copies /wL;6. 10% copies /wL;7. 10" copies /uL;8. 10°

copies /pL;9. Negative control

2.4 Z"EXARK PCR R
RN AR Z b, oA WSSV 8 THHNV fi
DNA fE A 84, R B A &F X WSSV Al THHNV [
F1H) AR A PEAT SEF 9% PCR KGN, 45 9 H 75 2 41
I B )RR SR 9O i 2k, UE S T T R S A R
AR5 Mo 30 o o J e St B Al S 1 i Bk
BRI VTSV T I 9 B A 4G (P 3 R Rl 4) , 45 SR TE

S A% 07 W SRR B L 5 H A RS I R R TE A LR
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Fig. 2 Sensitivity of the multiplex real-time PCR for WSSV
1107 # 01/ ;2. 10° $2 01/ wl;3. 10° $#% 01/ pl;4. 10* $£ 11/ pL;
5.10% #01/ul;6. 10% # 01 /ul;7. 10" # 01 /ul;8. 10° % Il /ul;
9. = X
1. 107 copies/ wL;2. 10° copies /wlL;3. 10° copies /uL;4. 10* copies /
wL;5. 10° copies /wL;6. 10% copies /wL;7. 10" copies /uL;8. 10°

copies /pL;9. Negative control

F1 WSSV #1 IHHNV KR EH Ct &

Tab. 1  The Ct value of different concentration of WSSV and IHHNV

HE #¢ ¥ Concentration ( copies/pL)

Sample 107 10° 10° 10* 103 10? 10’ 10°

WSSV
IHHNV

22.04 25.66 28.91 31.60 32.27 33.82 35.69 36.74
24.61 28.54 31.60 32.88 33.98 35.34 36.45 >42
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Fig.3 The specificity of WSSV
1. WSSV ;2. IHHNV ;3. TSV ;4. BRI ;5. I 6. Btk
1. WSSV ;2. IHHNV ;3. TSV ;4. Streptococcus;5. Vibrio;6. Negative

2.5 EEEMHIKE

FH 1 x10° ¥ 01 /L ) WSSV 1 IHHNV J& &
B RE &, 3 3 A AR [R) IR ARG, Ce {FL 1) o 1 22
(S) 43514 0. 189 F10.323, 748 5 ZE(CV) 43 5K
0.70% F1 1. 10% ,3d J& 8 & K AR T - 20°C 14
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Fig. 4 The specificity of IHHNV
1. THHNV ;2. WSSV ;3. TSV ;4. HEBKEE ;5. I ;6. B4
1. THHNV ;2. WSSV ;3. TSV ;4. Streptococcus ;5. Vibrio;6. Negative

% 2 Real-time PCR gyt A E & 4

Tab.2 The Real-time PCR results of 3 repetitious detections

[ — A5 A AN [ A 00 B 1] ) Ce

v o1
FEih The Ci value of the same sample in different time
Sample . .
i5f 8] Time(d) 1 4 7 S CV%
WSSV 25.34 26.84 26.23 0.53 2.03%
IHHNV 27.62 27.11 28.54 0.07 2.13%

2.6 ZEXARK PCRKTFHMEKRE

Fs WSSV s IHHNV (1) by #E i 4% S [7] 19 e B
TG, R B2 — S R Ak A R T g — S A Al ik
JEE A AR B, BT A ST 5 vk K AR T LA TRD B A ) 3
WSSV uf IHHNV , Jf H 5 WSSV M8 5% ) % & PCR
Ho# K i Ce {19 28 573 A K (35 3) , % THHNV
F1R G T 445 SR 5o

%£3 RERER WSSV 5 IHHNV £ 8 PCR i1 Ct &

Tab. 3

The Ct value of real — time PCR for different concentrations of WSSV and IHHNV

WSSV I ITHHNV A 5] i B 40 &

Different concentrations of WSSV and T HHNV ( copies/pL)

10%and10® 10%and10’ 10°and10® 10%and10'
WSSV B %¢ 5% PCR Ct {8
33.19 18. 69 35.74 19.59
The Ci value of WSSV real-time PCR
Z &9t PCR Ct 1§
33. 89 19. 46 36. 68 19. 36
The Ci value of multiplex real-time PCR
cV (%) 1.04 2.02 2.04 0.59

2.7 ZEXLBR S PCR &G KR E

XF & 15 288 @ PCR G oy B — WSSV [ 44
G HR— THHNV FHPE Y 55 BL E 17 98 % 5 & PCR, 45
H15 fhy 22538 PCR A g 51— WSSV i 9 K
R (g #% DL AE 3.34 x 10°—1. 82 x 107 #£ Il /pL
ZIE), R WSSV Al IHHNV JE & gy, 15 (&3
i PCR AG I 20— THHNV BH 1 A4 955 R K6 0 i) % D1
BAE 5. 49 x 10°—1. 16 x 107 # 1 /pL Z i), Hr—
i3> THHNV 1 WSSV R & g gy, $8 D1 5 ok
6.78 x 10° H13.34 x10° ¥ 1 /L,

3 it i

SEF 2 %E B PCR # R T 1996 4F i 55 [/ Applied
Biosystems 2\ mJ#E H , & J& — Fp#E PCR S AR &
TG 5 A1, B 2 6 A7 5 B8R 5 I A ) % A~
PCR 8 , fe J 38 3k A M il 48 X0 A RO i A7 7
ST o ZBR AL T X DNA B AR 1 €
i, 0 H B R R R SR R R T RE S
EA AN RSIEIR Y I TR NS A R G SR

A ARSI AR R AR R, B
Pt PCR7E BLAS FH B ] 7 10 8 A7 AE — 2 19 45 3, i
YA B — s 38 i RS = AR T ok AT L
PRI R FH 205 T R I 22 A B AR Y
Z Bt PCR, e flk TR E SO PCR AR, H)E
HAL— N ZEROE PCR FE A ENELE G2,
S X BI W BOR T W B RIE A A B Z (A
WA TR, A AT PR R R S A AR R R
L B AR E SR E &, B T2 EXE PCR
Z X5 Py xR S8 4, 4T 2 B2k PCR B, 3K
TR 52 N e ) G 3 3 P B e R vk R 1 T
FLib AT AT M B R o 5B =, T BEAR UE R [R B 1
e i 7€ )l 5 P 8] JGAH B 3, i A 2 ) PCR Y
A HRE 1 22 A K

AWF5Y I i JE AT WSSV HI THHNV [y — 5 52 i)
79 PCR K, i % 4 T WSSV Fl IHHNV (1 i £
U RN ET DV B AL A AF 3R A5 11 il 26 O AN 2 3
RURY S AR, 8 2 7E 5 AR & s i MgCl, (NTP il
Taq B4 B 2t , o] (R I 35 A5 45 o 1 7 1 0%, 5
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At 154 il 28 v 5 LAY 5 S ok, Ui B MgCl,  ANTP
Hl Taq FA B BEXT Y BEROR M52 i JE 5 R E

AWEoE R R A 24 0% 3  LightCy-
cler2. 0 %25t PCR A%, 7 [F] — F W A& P, H 5 % PCR
B SPES %t WSSV Rl IHHNV JE 1747 1086 1 52 1
[] BF Ui £ AR F WSSV HI THHNV (#5865 5, AT 2t
ST RERE A HEG I WSSV A THHNV fi £ 8 52 i 9¢
ot PCR J5k 588l T —4 “ R H iy, IF H PCR Jx
NG EL 2 30min {1 B ], OO HR TR I
i A KR S 2E O i 4R 0 S, mT DA R A
IV 5 B 1

I B AG I B 9T 2 7 ) — FE S 26 % PCR Y
T I 26 5 1 B 5 R B G, AR 58 a5 B 51
B HEAT A At oA B B X AN B, I AT i
PRS2 el 1 A A A X 3 75 1 S 4 T AR B S i 1 K
(o BT ST R —E SEA P8O PCR 1Y G i, 5 A
ﬁﬁ%ﬁﬁﬁ@%%ﬁiﬁ%W$Vﬁﬂmm
JeE R PCR Cr (HIZE R RBOFA R (3% LIN) ,
BE I A S Xt WSSV Al THHNV [ 46

WSSV A THHNV TE Il K E 2% B 3R & K

PR R SR T RE A 2SR R, NI, AR
EH%H WSSV 1l THHNV {4 52 b v B o 47 98 4% L 21
B, T R 15 e B8 A5 Al o I e 3 A S 5 A7 76 T
MG . G5 R R I, — A B B 3 1 oy — A
vl FE AN, 9T 2 N7 04 O AR K AT L[] s 0 %)
WSSV af IHHNV , Jf H 5 5 5 (9 9¢ )% & & PCR Lk
B, Co fHIY7E 5 R BOF AR K, 3 W] v v 32 1 5 i X6
R ve AR AR 1) 4 B R I T A B B A X AR 30
3 1 PRAE ity B A6z 0 o, A7 — 173 2 WSSV Al THHNV 1)
TR AL, T4 ML PCR JF R AER H, 600 — 8 90 i
5t PCRBEAS I LAV AR B G 1) JE SAEAE 6 5 AR
R B9 35, PRt — 8 SE A 2¢O PCR J5 i 1 g o, %t
T WSSV Il IHHNV (A &4 Bim Mg i BA A E
HE ALY SPF S5 MR A ELA AR & 19 58 AN A
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DEVELOPMENT OF A MULTIPLEX REAL-TIME PCR ASSAY FOR DETECTION OF
WSSV AND IHHNV

XIE Zhi-Xun',XIE Li-Ji' ,PANG Yao-Shan',LU Zhao-Fa® ,XIE Zhi-Qin',SUN Jian-Hua',
DENG Xian-Wen',LIU Jia-Bo' and TANG Xiao-Fei'
(1. Guangxi Veterinary Research Institute ,Nanning 530001 ;2. Guangxi Bureau of Fishery and Animal Husbandry,Nanning 530022)

Abstract : White spot syndrome virus ( WSSV) and Infectious hypodermal and haematopoietic necrosis virus (THHNV ) are
responsible for significant economic loss in the shrimp industry. In order to simultaneously and massively identify WSSV
and IHHNYV ,two pairs of primers and two TagMan probes were designed and synthesized according to the conserved gene
sequences of WSSV ( AF369029) and THHNV (AF218226) in GenBank. The reaction parameters such as the concentra-
tion of two pair of primers,two TagMan probes and the reaction buffer were optimized to develop a multiplex real-time PCR
assay for the rapid detection of WSSV and IHHNV. The multiplex real-time PCR assay was found to be specific and be able
to detect and differentiate WSSV and IHHNV ;and no positive results were observed when nucleic acid from Vibrio, Taura
Syndrome Virus and Streptococcus were used as multiplex real-time PCR templates. The developed multiplex real-time PCR
assay was compared with that of routine PCR. The sensitivity of multiplex real-time PCR assay was 2 and 20 template cop-
ies for WSSV and THHNYV respectively, and its sensitivity was 10 and 10” times higher than that of the routine PCR. The
samples were examined using the multiplex real-time PCR repeatedly and the results indicated that the multiplex real-time
PCR was reproducible. Different concentrations of WSSV and IHHNV could be identified when mixed together, which im-
plied the assay could be applied to clinical confirmation for simultaneous infection of WSSV and IHHNV. The multiplex re-
al-time PCR results of 30 routine PCR positive samples showed that one specific amplified curve was displayed when
shrimp was infected by only one of these two viral pathogens, whereas two specific amplified curves were displayed when
shrimp was infected by two viral pathogens. The result indicated that multiplex real-time PCR was able to detect and differ-
entiate the presence of each pathogen in infected clinical shrimp. This multiplex real-time PCR assay is a quick,sensitive,
specific and quantitative tool for detection of WSSV and IHHNV ,and it will be useful for the control of WSS and IHHN in

shrimp.

Key words: WSSV ;IHHNV ; Multiplex real-time PCR





