#3548 A1 ol B b R Vol. 35,No. 1
201442 A PROGRESS IN FISHERY SCIENCES Feb. ,2014

TR 6 FhiE B 2 E PCR 5L E T

Ak KERFD OWRAE HwOEY
O oo P K4 A B B 266003)
o Ml RV M T R 5 T 5 o 5 B 2 B B0 K P2 B9 7 85 266071

w = ABF A3 I G AT 5F 6 AP gm A, 36 G 342 A AR A (WSSV) A5 4o bk T & % oo 20 4030
56 9% A& (THHNV) B M 20 0 55 & (HPV) Bk ds 22 & 42 55 & (TSV) L 3t 57 4 9% 5% & (BP) Fe 4% 22 b L
B3y (IMNV) A B A AR 5 AR R FHIN DR, 4L /TT £ —mF09) PCRE
PE, AR AR S T R M AR 6 A EFR A 5 E PCRAM KR, s R R & AT R4 5
BATHF A RAE G B3, S0pl BB 4R &, Mg #9&R E A Smmol/L,ExTaq BE R 20 A
3. 75U, B A2 P R AR R KR E 4 55.5°C . 6 Ao Z 18] YA B L5 3 oF 4K B 28 47 A L AR 4F 09 4 0%
R4 BZXIEIGE, % £ G0 m 2 AE s WSSV ik 10' # N, IHHNV 7 i& 10° # N, HPV T4
10" # M, TSV 7Tik 10° 3# N ,BP T3k 10° # N ,IMNV 7Tik 10° # M., &K% % ¥ PCR 7 2 E
R —#5 PCR AW & A2 R @it LR ZBERBIET Z 5 A ARV X REEHM, £
i P B T S A R A

X4 WSSV ;IHHNV; HPV; TSV;BP;IMNV; % & PCR

FESES S917.1 XHtARERE A XEHE  1000-7075(2014)01-0060-08

Multiplex PCR assay for simultaneous
detection of six viruses in shrimp
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ABSTRACT In this study., we developed a multiplex reverse transcription-polymerase chain
reaction for simultaneous detection of six major shrimp viruses including white spot syndrome
virus (WSSV), infectious hypodermal and hematopoietic necrosis virus (IHHNV), hepatopan-
creatic parvo virus (HPV), Taura syndrome virus (TSV), Baculovirus penaei (BP) and infec-
tious myonecrosis virus (IMNV), The reaction condition was optimized, and the specificity and
sensitivity of this method were tested. In 50 pl reaction system, the optimum concentration of
Mg”" was 5mmol/L, the optimum dosage of ExTaq enzyme was 3. 75U, and the optimal annea-

ling temperature was 55. 5°C. There was good specificity between the six viruses and shrimp ge-
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nome. The detection limits were 10*copies for the detection of WSSV, 10?copies for IHHNV,
10*copies for HPV, 10°copies for TSV, 10°copies for BP, and 10°copies for IMNV. Although
the multiplex PCR detection is not as sensitive as a single PCR, the actual sample testing valida-

ted that the method is time-saving and less reagent consuming.
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o0 B 25 0 BRI BRI 3 T EE R AR T E 8 A BT I TE A X R B 22 Tk BT b, Hoh WSSV TH-
HNV TSV 4 PR H X 42 BRI 5% 58 b 0% Jal W 4% 1 A 3l 4 T4 41 21 (World Organisation for Animal Health,
OIE) 7K A= sh ¥y T4 1k Bt )ik 5% (Chang et al. 1993 ; Wongteerasupaya et al. 1997,1995a.b; Kanchanaphum
et al. 1998;Robles-Sikisaka et al. 2001;Dhar et al. 2001;Sukhumsirichart ez al. 2006) ., FEXFUFFFEHE
rh L X IR AT R JER G A S B B — g 5L, U T B 2 R LT B IR . 2H BN B AR WL S AL GRS W R JC R TE
MBS R I o PRI , XoF 22 Aol g it PR S 0 100 A D0 A AT Sy o B it R S B R Ml A R R A ) R A M AR AR
R AR T B

R B9 S A I rp 2 37 (19 PCR G 5 2% 3 2243 45 % B PCR A6 U % R L RT-PCR 4 ] % R (Chang
etal. 1993; Wongteerasupaya et al. 1995b; Kanchanaphum ez al. 1998; Robles-Sikisaka et al.  2001;
Umesha et al. 2003;45 K%  2005) .PCR-ELISA 3 R (Hu et al. 2000;Sukhumsirichart ez al. 2002)
LI B Real-time PCR i R (Tang et al. 2001.2004;La et al. 2007), SR X LE 77 ¥ FE 18 B REXT F5E H)
— b R 15 O EAT R

(H R 7E 52 2% 1 55 58 P 5 o A B 5 2 388 58] — 2 X 0[] A /R % B o 25 19 155 90 (Manivannan et al. 2002)
. PCR FLE RT-PCR F AR B IR BAL G A I J5 v 4 58 1 A D0 BT 5 I [ L £ v 1 R 1 X Il S /7 S R &= 1Y)
A T AR R AR KB RN F] . Real-time PCR A R K I R 80U 40w (B HORFEM 28 F R ORI T
HAE W MR = /N . g, e 4ok 2 8 PCR 5i 2 8 RT-PCR A9 X8R g [ A6 0 £ AR 45 21 f7 ok 2 0 ¢ 1
(Paisarn et al. 2008;¥F $i%E 2008),

ATFFE I IERY |- 28 D0 052 50 B022 B 052 8L T 845 th R £ 90 WSSV THHNV  HPV TSV BP
A IMNV 6 Fifr 3 UL XS #F 055 2 19 7S B RT-PCR HAR L 38 T L 5 4 5 19 P 12 W 3 78 X R 9 st e i b B A 3
GERS -9

1 #H5RFE

L1 mEZRBEEERRN

S A WSSV IHHNV  HPV (8% B2 i 3 4F S v [ 7K 7™ B} 2 i 5% Bt 20 7K 7™ i 53 I 16 7K 55 38 A= 1 9%
o 2 il 5 0 9 B 2 S 0 2 DN 4 D S L SR AR 1 R X MR i b R AT s BB 28 B AR B (TSV) AL G PR AL A IR
HEa B (IMNV) 6 HRFFAR 995 B (BP) B A% 2 4 %6 B GenBank Jir i 18 (% AH ¢ 7 91 (K 4 5 43 5l AN 3R 1 )
R BCR N TR A B 77 45 i 45 (TaKaRa, Ki%) . 4 F iR IR e 2] pMDI18-T ki I, 43544 & pMD18-
WSSV . pMD18-IHHNV , pMD18-HPV . pMD18-TSV . pMDI18-IMNV FI pMD18-BP 6 #fi T 21 Jit i , T #g 2
Wik B TAEY) TRREAR IR S A R /) Rl Az 10 W0y 6 Sk BH A o b .

1.2 3|¥igit56mK

1 GenBank 31506 7 X W 7 91 5 6 . il i Oligo 6. 0 #EAT AL K5I H it (R D it 45 R & Blast 47
JPA XS E . 51 A T A .

1.3 #ZERHI&
BE ARSI B T DNA R R FH 53~ 58 05 il 5 125 32 30 0 100mg %P ARZH 2L A 1. Sml B0 A 400,
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Z44# Wi (10mmol/L Tris-HCI,15mmol/L NaCl,10mmol/L EDTA,1% SDS,pH 8. 0) W B4 5] ; ﬁuA%Eﬁ@K
A IR F] 100pg/ml IR GRS, 55°CAKE 2~ 3hs FEANASERFR I By = &4 ¢ S mE (25 + 24 = DIRS),
10 000r/min #§.0 10min, WOHE B W, B B4 1 vk, B3 o A S8R FLG T ¢ %iﬂi@t%m D LIR%T,
10 000r/min® 0> 10min, ¥ FJZ/KHIMA 1/10 & F 3mol/L Z R (pH 5. 2) , T A P A5 IR FUTE K £ B
127,12 000r/min & .0 Smin, IR UTIEH 75 %% CBEEE K, SR T )5 A 501 TE, —20°C {475 H
RNA it 4% i TRIzol RNA 4 Bt 7] (Invitrogen) % B 45 # 17 52 B0, $2 HUS 19 RNA ff JH 42 2046 7 20 1k i 5%
SR & (A 2 A B AR A R "D S ILBEAL T W) 5 5% R cDNA, ¥ Fr 53 B AL 5 T — 20°C R A7 4
M.

&1 WSSV,IHHNV,HPV,TSV,BP 1 IMNV 3| ¥ 1% FH 8 FF 71
Table 1 Primers of WSSV, IHHNV,HPV,TSV,BP and IMNV

W5 75 44 FR Virus 31 W %51 Sequence(5-3) FEM) K JE Product size (bp) FEIH 45 Accession NO.
WSSV F. ACC TTC TTC CAC TTC CTC TTC C 252 AY864665
R. TTC TCA TCC TTC AGG GCT ACG
IHHNV F. TCT ACC GTG GTG CTT CAT AGG 212 AF218266
R: AGT TTC GTT CGT GCG TTC TC
HPV F. CGG CGG AAG ATA CGA TGA AC 453 DQ002873
R. CCT CGC TCT TGG ATA TGT TGT C
TSV F. GCC TGA AGG ATT GGA TGA GAT G 278 AF406789
R: ATT GAT GGT ACT GCG TCT TAG C
BP F. TGA GGA GCG AGT AAG ACC ATC 498 DQ496179
: TCT CCG ACA TTG CTG TTT GC
IMNV : GTA TCC TGG GCA ACC GAT TTC 311 AY570982

~ ™ =

: CGA TTG TGG GCT GTG ATG TC

1.4 BE—PCR RKE&EZR

PL 6 Fi 25 9 51 90 43 M AT 51— PCR 97 B 300, R RN 25ul, 40 4f 1 X ExTaq Buffer,0. 2mmol/L % ff
ANTP i€ &%) . 45 0. 4pmol /L H— ﬁaﬂﬁ%%@i{f“*ﬂ?ﬂ”%l% 0.05U ExTag DNA E & i (TaKaRa. K
), DNA B Ry B — 35 5 5 41 B0k, 4 B A 10° ~ 10" copies, L 10 53808 . & B2 R 94°C A ¥ 5min;
94°C 30s,55. 5°C30s,72°C45s 3 35 MR ;72°C 10min, HL PCR §" 3848 724 3l F 1 %0 Byt i A Bk fise vp B A7 o K %
SE

1.5 £EPCRAEMNES

1.5.1 % ¥ PCR # Mg*" & E 1k

L 6 Ffis 2 A% R i B i) J A TR 45 Sng AR MR L 50l AR & % 1 X PCR ExTaq Buffer (J& Mg*" ).,
0. 2mmol/L #Fl ANTP I8 5 4¥).2. 5U ExTaq i, % 0. 2pmol/L () 6 Ffig 85 49 EUF 5 IR & % T 51 7R
G, MgCl, ¥ B4 51 (1. 0~6. 0)mmol/L 6 A8, [ W #2 )% : 94°C 48 ¥ Smin; 94°C 30s,55. 5°C
30s,72°C45s £ 35 NEFF;72°C10min, B PCR 8474 6,0 T 2 %6 35BS A BRI vh 547 1 Tk 52
1.5.2 Taq B :& Z M40

Fie 1.5. 1 W55 e ExTaq Bk X O0 Y 52 . Horp MgCly ¥ B 2 5mmol/ L. £ 41 ExTaq B H & 53
R (1. 25~6. 25U 5 A B,
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1.5.3 B KB EARAL
e 1.5, 1 8977 ik BBGE i B SN B 52 0 He i MgCly B 0l Smmol /L, 4% 21 Sz R % 7 9 18 Kl 73
H2 51.5°C (53, 5°C \55. 5°C \57. 5°C fil 60. 5°C,

E

1.6 ZEPCRHHFRMESMH

1.6.1  Buma 5] 4 xdxb3F A8 B 0 57 3 69 4F 14

S 4 15 DAXTERIE B 4] DNA g B4, 519 53 00 kg FLGA i %6 R 18S rDNA 514 PV-18S LI J¢ 6 Ff
I T RS W 43 AT R T I 5 | A K T R R 2 R R R
1.6.2 %% PCR &% & ) o945 F it

Z 1.5 1 ATk 4 I L6 e 75 v 0 B R R — 0 7 09 B R R AR L 7E AL AL 4P 1 £ H PCR RN R &R
AT 3G M 2 PCR (W 490 8 22 18] 10 R 5 1 F A5 PCR 7= 9 147 56 PR R 22 38 36 TF e 5 1

1.7 SEPCRUYRFENE

B 10° copies/l B 6 T 2 A2 IR R BEEL 2H JTORI#% 10 47% 28 51045 J88 A B D AR o 52 7 4R 8 AR s 7 A I [ L
TRUIR W I Hh R AT FRL UK L 0 S TE 22 A 2R A OB T A HR B0 RABOE

1.8 MmN

M1 23 45 67 8910111213141516 1718192021 2223 24

L 2009 4 4~10 AR H 1L

NSRS = | AN = 0 1 N [ AN s
TR AR 10 A FEReaese
ﬂii‘[ﬂ IX E,(J Xﬂ‘ m; jj\:i+ 46 % , 67\ %IJ 7Té M 2 3 45 6/ 89101121314 1516 /(8192021 ) )3 )4
FH -5 405 h 3 32 A TRIzol J5 3k

B DNA #1 RNA, DNA T{ 4% ' o0 - T

1E R B, RNA 2 #% 5% cD- B

NA, L cDNA R #bR . #4172 &
N - N . . 1~8 ¥ki < B e 8_10! ies BB UK. 9~16 ¥Ki NV
PCR 3 3l , [7 i+ 55 % #1 PCR J5 A:1~8 Jkili WSSV BM AR 108 ~ 10" copies #95,9~ 16 ¥k i THHNV # 45
. . e . AR H 105 ~10! copies # I8 » 17~24 yikii HPV AR KUK i1 108 ~10" copies 8 i ;
125 FIT A A D 235 SR R AT O B e K e s - I
B:1~8 Y3l TSV Bt {1 10% ~ 10" copies 38 I, 9~ 16 YK i BP AR &KW ih
2 QE% 108 ~10! copies 3, 17~ 24 Pk i IMNV FH ik BEARK U 108 ~ 101 copies 33 i
A Lane 1-8, amount of WSSV template decreasing from 10% to 10! copies in turn;
. lane 9-16, amount of IHHNV template decreasing from 10% to 10! copies in turn; lane
2.1 B—PCR{KRWIE

17-24, amount of HPV template decreasing from 10® to 10! copies in turn;

ééﬂi—‘ﬁ% E@ PCR *}L i‘ B: lane 1-8, amount of TSV template decreasing from 10® to 10! copies in turn;

. Lane 9-16 ,amount of BP template decreasing from 10% to 10! copies in turn; lane 17-24,
TR R I, &0 2 3 AT 3R A3 K/

amount of IMNV template decreasing from 108 to 10! copies in turn

i+ Hoh IHHNV, TSV, BP Al Fig. 1 Sensitivity of single PCR for each of the six shrimp viruses

IMNV ®] DLAG M 2 10 4~ 45 0
(F D, B, nf LLSEE 6 A0 8 ik 519 . 78 B — %) PCR IR R v ¥ 0] 5 B4 i 9 B8 20008 76 I L ik 1 15
#H1T£H PCR XL .

2.2 % EPCR&EHHEWL

2t Z W R Z AKX . 2 # PCR 501 KR . Mg* #EZ 1 KT 3mmol/L LU . 6 Flvj & 4547 4 7]
B, HLAE Smmol /L IR 455 2 A5 1 58 B2 45 31K B e KA, Rt Mg® " Sl ik B 16 4% Smmol/L; ExTagq B M & 78
3. 75U I 2% 2 2%t 58 JEE 08 B i O o EL A S T 340 25 1 65 000 35 0 4 S SRR s L O B ExTag il Y
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U

FAE Sy 3. 75U 5 B e e v il IR L 7R 55, 5°C I 450 2 A% 5 B2 AR Ik B e £ L 2 BUR IR IRy 55. 5°C
(Bl 2),

M1 2345

2000
1000
750
500
250

A B 100 G

H:A NZ & PCR KK &2 MgCly )% {4k, M: DL 2 000DNA marker; 1 ~6 ykii MgCly, ¥ JEK K H 1.0,2.0,3.0,4.0,5.0 F
6. 0mmol/L;B i £ # PCR K1k & ExTaq %Fﬁgﬁﬁﬂc M: DL 2 000DNA marker; 1 ~5 ¥k i 43 5 | ExTaq B E KK A 1 .5,
3.75.5.0 f1 6.25U;C £ H PCR KA ZRIE KIEE i M:DL 2 000DNA marker;1~5 yki B ki BEMK K N 51.5.53.5.55.5.57. 5
61.5C

=

Note: A. Optimization of MgCl,concentration for the multiplex PCR detection system. M. DL 2 000DNA marker; lane 1-6: Different
MgCl; concentration as 1. 0, 2.0, 3.0, 4.0, 5.0, and 6. 0Ommol/L; B. Optimization of the amount of the ExTaq enzyme for the multiplex
PCR detection system. M:DL 2 000 DNA marker; lane 1-5; Amount of the ExTaq enzyme is 1. 25, 2.5, 3.75, 5.0, and 6. 25U; C. Optimi-
zation of anneal temperature for the multiplex PCR detection system. M: DL 2 000 DNA marker; lane 1-5; different annealing temperature as

51.5, 53.5, 55.5, 57.5 and 61. 5°C

K2 Z®EPCRERMML

Fig. 2 Optimization of the multiplex PCR detection system

2.3 ZEPCRyHEHERKE

AW Y HE N7 W) B £ 8 PCR K
W72 m] LUK H 3 R B T
B HA E R R M. DA IR L
Y1 N BB 3G B L AN FH 45 9 B 19 A
— IR B S MG MR & 6 ﬁ:ﬁﬁaéﬁ
RA RS WA 7= AT AR 4F
P&, HA LG iE X IR 18S rDNA
Sl R Y G T BT 6 A
9 T Y A S T 15 A X Sk O R R A A e
A RS (B 3D . ¥ 6 Flv 25 40
P HE 0 7 Py AE R IR A R L PR R
(AT = R EiE AT,
oW B M 5 WSSV, IHHNV,
HPV,TSV,BP,IMNV, MBV (& 7
X IR FFR 0 5D L YHV Gl Sk 5 35 AN
smwf%&%%tﬁﬁ) M) B R IR

Bt AR S KB 6 Fh e B A
B P S04 60 T A 25 PCR 7= 9 )7 5
PO LA B BH M L B L 28 1A T 4R N

MR 5 R R L &R BE 0 PCR W78 B B 28 11 45 B4 IE W A1 00 T & 23 2

2000
1000
750
500
250

100

TE:M:DL 2 000 DNA marker;1~7 3k I8 £ R B4R 1y FLYY i 56 U 4
41 DNALVKE 1 4 FLANE XS EF 18S rDNA #5559 Ik il 2~7 ﬁ?{}\ﬁifﬁ
WSSV, IHHNV HPV TSV .BP fil IMNV {45 S 4k 51 95 k8 8 W& A&
6 T

Note: M: DL 2 000 DNA marker; lane 1-7: The template of PCR
mixture was Litopenaeus vannamei genomic DNA; Lane 1:primers for L.
vannamei 18S rDNA were used; lane 2-7: specific primers for WSSV, TH-
HNV, HPV, TSV, BP, and IMNV were used respectively; lane 8 con-
tains six virus primers

B3 ZH PCR & F Xb L4 o R I 520 AS AR 10 45 S5 4 90 i

Fig. 3 Validation of the specificity of multiplex PCR using the genome

of L. vannamei as the template

JSJBE o UE 5 2% 7 B 7 1) 440 A 5 JHG At g i s 0 ™ A 58 SR (8T 4)

55 S P R BT A AR B A 2 52
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e (O OCCO 00
FRPERTEE  AMEE SMEE MR
Positive  External External  Positive
quality quality  quality quality
control control control control

WSSV ITHHNV HPV TSV

oo oo oo GO0
BP N W IMNV

Inner quality Inner quality

control control
090)
MBV YHV BHME R SIMV
Negative quality

contro
FHPERGHE 7K Water 7K Water  FHP RIS

F |Positive quality Positive quality
contro contro
L. 2R B R th e e 25 5% I 2R A S R 2 R
Results of gene chip specific hybridization Arrangment of all spots on gene chip

E RBP4 ss JA. WSSV, B. IHHNV.,C. HPV.D. TSV.E. BP,F. IMNV
Note: I. The hybridization on the gene chip with the amplicon from the primers. A, WSSV; B. IHHNV; C. HPV; D. TSV; E. BP; F. IMNV
B4 FREDE % 6 BT iR 22 1Y PCR 473 0 5 55 1 90 4iE

Fig. 4 Validation of specificity of PCR amplification for six shrimp viruses using the gene chip

2.4 REPCRIREGE
2000
SR FH 6 B B 1 ) 148 DB AR XS 75 8 PCR #E AT 1000
REE ST (E 5, g5 R EW,ENTE PCR N A &R 750
rh WSSV (1K 52 5% Ry 10" #5 01, THNNV (5] 46 ) 500
RELE N 100 ¥ 01, HPV K R &7 4 10" $2 01,
TSV il 2 &% 8 10° 5 D1, BP & 2R 8% 8 10° #
DL IMNYV R 2 (05 10° #5001, 100

250

2.5 FTEREE @A M:DL 2 000 DNA marker; 1~7 JKiE 2 755 2 UKL 75 DLEURIK Ry
10',10%.10%,10%,10°,10% F1 107 $% 01
M: DL 2 000 DNA marker; Lane 1-7:copy number of

X} 46 B XSUREE SR 2 8 PCR #EAT R, 106 B¢

BHHEBE R HL Uk (B 6) 25 R R A 11 B WSSV & [H the template of the six virus was 101,102, 107,
.6 2 IHHNV W [P, i E HPV B #, N & 10*, 107, 10°, and 107 copies respectively
PCR 45 5 549 B8 B3 3 B PCR A 00 45 52 1 BH Ve 5 ZE PCR #R R U R
KRz 43, Hh  THHNV [ 4455 A 0 & B = Fig. 5 Sensitivity of the multiplex PCR

WSSV (52 BERS  X — LR AT e S WSSV g 5 58 X 20 8K THHNV B/ B A & vho g Fiois 25 19 47 384 208 A
2 A R

3 itie

Z & PCR(Multiplex PCR) , X frZ H 5|¥) PCR 85 & PCR, B & 7E [f]— PCR WK R B A Z X514, [
38 2 AR R By PCR B . H B0 s B L 2 B 3 500 AN 5 1 2 B 5 3% 3 PCR A [l ik — M & 05 .
Chamberlian 45 (1988) 4F 1 Yk 4t » H AT 28012 0 FH T B 2 B A= W) 4k 6 468 366 PR A B3 0 7 . 2848 L 2 2Pk A #r
E AT RINA K I K Bl A= it 245 460 0 458, S AR B AG 32 2E B, L HL A AR 3 A SN GRRZT RS 2007)

L2 & PCR N R EEAIE51Y Mg™ W B GB KEE i, JE7 X% Z2 8 PCR KR P & &R, L
HOE Mg WMl 87 msk EM Y 2 & PCR KMMA R R (% R%E 20100, fELH PCR
R B UL SRR S M Mg Ve B R T 249 2 S PCRY 1 s d 2 i WA IR FE 51 ik it Jr i
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B e NI g B 5 Y o R HE R T I HL M1 23 4 56 78 910 1112 13 141516 17
AHEL Z 8] R AN A 7R T30 51 47 1) B E X A
I SRR TE PSS S S R i 4
Mo M Mg R E KT 3mmol/L B gt A~
REAH 2 ARy H A9 25, Mg® ¥k B2 52 e 2|
TR RO R BT RR
AW 1) 2 8 PCR S AR R AT
A K [R] I 1G 6 T i UL XS R A L B4
B8 AN 3 35 R W R S P DK T LAY AT
Sy B R . X BRE G R 4 20 DNA Je 4%
P B Z RIS AFTE 28 XA 3G . B 50w 1R
Stk . TESEBRFRAE X HF [R] R g 6 A
o8 2 1 AT BE P K (HL 2 S 5 X A 17 R
g It H L T AG I S 06 2T HY 5 1A I i

W W

M1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17

YRR 6 T T A R B A Kk W, WSSV TH. IHHNV; H. HPV
T 4 24 () A A8 R T A . % P16 23 PCR X RTAFRE i 19 K

;%éﬁXﬂL WSSV #1 HPV E'ﬂﬁfmﬂiﬁ)}fi@iﬁ Fig. 6 Detection of viral infection in actual samples using multiplex PCR
10" # D1, IHHNV ik 10* # 1, TSV ik
10° #% 01, BP F1 IMNV ik 10° 4% D1, 3 % £ PCR 8 — PCR A9 K I 7 5 i 10 ~ 100 1% (Tsai ez al.
1994;Jackson er al. 1996) , AHF5¢ 37 1) 2 # PCR J5 £ [ BF K I 6 Fofig 2 1419 00 T b8 A — PCR R B
JEAR 100~1 000 £5 (18 6) , B ARIZ T ik R A B T R (2 1% R 40 3k 31 09 22 805 58 40T L3k 31y i 2
Ko FEMLIER R N &2 B PCR F AR ok #2546 D0 5 B0 R K S5 DT 42 5 BH MRS R . Cowley 4§
(2000 B HEXZ #E PCR N2 10fg Bk 25 B 4141 RNA dAH YHV il GAV, 5 H ZE4 (2011 # A iy
PUHE PCR XRS5 3K R 2 bt THHNV ., TSV WSSV #1 YHV B8 R FE 4524 0. 1.1.0.,0. 02 F1 0. 2pg,
FRE A AT T A9 75 0k 2% R pGEM-T (3 000bp) B K/ K H 89 - BEK 4351 8 301,508,435 .614bp, #5745 D1
oo 100107 107 F1 10° 45 D1, RGLEE 5 AW 58 4 57 (1) £ 8 PCR K Jr v /Y R B8 A1 3T, B WSSV 41,
THHNV TSV ¥KF A 350 14 72 80 A B0 2, i AR 7 035 875 8 PCR BT LA 5 i) R
ARG TS Z H RT-PCR $ AR, 0T LU A 2L s K 6 Ffr 5 | e Xof R A8 7 1 2 52 i %o 0 A 4K A 06 75
SR Z2 T PCR 7™ 4y AN 38 43 Byt i 5 60 Mg P, vk ok 52 BUG D B 1 &5 SR 1) s B AR e S M 9 3 & S B PR M 25 51
1T L 244 58 R B 0w et AR e 3 Ao B A A L Uk DX 43 T D0 o DA S 2 5 SEMOKG: 00 245 538 1) A5 0 8 1 B P . XY iy ik
P R AR — B 24 0 A W H R © A K =0 F AR O T 2 R (F - BLAE 2008) , AT LK £ &
PCR # A 5EK S ARG IS E (Gurrala er al. 2009) ,—J5 i 5e ]k PCR AEFE S Y M T4, 70— £
H PCR 78 3 PRUE R b 0 87 FH A S 80 1 90 58 g 308 A0 ARG 0, o A 7 ik 14 I 82 F 5 0 R FE B T R ) e s
&),

2 % X M

O HZE, HEW], X, AREEHE. PR D5, XSS, SKZAE. 2011, £ RT-PCR K Z A 4 FdFps 55 (49 5 k. K™= 224, 35(3) : 438-445
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Ve b, B . R . b UK. 2008, [ ARSI KT 00 B AN 4 FhOIEE (9 IR 25 PCR Jr ik I EEE . WK PERIFSE . 29(4) ¢ 39-45

UK, RBER. B G, SRR, RO, 2005, XM Yt H R R i 20 23R A6 # (THHN V) PCR A6 J7 ik B g 5. WEFE/K =098 . 26(2) : 1-5
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