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  !"#$%
$%&'() $*+, $*-./(0 $*.1 $23453 $6(0 $-7
$3 $6548+, $9-./(0 $:(;< $=>? $23453
$@)+&A $6(0 $-7 $B<3453 $@).A $6548-.C:D.)
$E.F?.G)$2.<+40$H:I.0$J)$&'()$9+,$9-./(0
$$9-./(0 $65+ $,+ $JI.D $KD&;A $=LM4C $E-&N
$K?.O $-7 $P7&I $J) $Q:1.R) $E-&N $37 $=0
$7&I $J) $Q:().D $7.O $K?.O $ST&/F) $=U $V3+
 P.indicus9.1$=D&C$-7$3$=L;1$37$JW$-7
$X-+YC $P.pencillatus $3 $ $%P.monodon

$E-&N$=0$=U$Z37$K?.O$-7$3$K<+$Q:574C
$J) $23453 $@).O $[+&\A $=0 $S.]?.^ $3 $J;_)
$9&'()$%.1$̀ \a4b$=(]I$J5.1$=D&C$-7$:I.0
$=U$7&I$J)$Q:1.R)$.14ccLd0T$3$JC4]D,3-
$Y(D$:(;<$=>?$9-./(0$,+$J/efA$g(1$ST&/F)
$Khi$J;jL_) $9.1$X3- $H:\17 $J/D $[.RD
$X-+YC $B<3453 $*.1 $9-./(0 $k(_R8
$%PCR $X3- $=j/i $[l $,+ $=U $K<+ $Q:574C
$$In$ situ$ hybridization$ %Dot $X3-
$X3- $3 $blot $ hybridization$ %ELISA

$k(_R8 $Khi $Q,34)+ $H:I.0 $J) $9m&?&8.n
$9.1$K(U $B<3453 $*.1 $*-./(0 $o54<
$.0 $=U $K<+ $Q:I $=Lb.< $J;jL_) $9-.p8
$37 $E-&N $=0 $3 $:\U $J) $-.U $PCR $X3-$
$k(_R8$-7$:D+&8$J)$qNestedr$9+$=jO4)
$H7&I$os+3$:(;)$3$4tu)$-.(d0$9-./(0$o54<
$E-&N$=0$=U$K<+$Q:I$BF<$=?.v)$65+$-7
$*-./(0$k(_R8$Z&<4)$*.1$X3-$4wL_)
$=>? $*-./(0 $S.N&w_) $&'() $B<3453 $*.1
$,+ $Z+:U41 $6(0 $=d5.v) $3 $x4G) $:(;<$

H745yn$E-&N$.1$X3-

$%:(;<$=>?$B<3453$*-./(0 &'"#() *+,-./

$Z4<$*.1$X3-$%BLM.0$B<.\I$z(<l$%PCR

$B<.\I
01"21

$*+,$*-./(0$@)+&A$6548${h)$[+&\A$=0$.1$23453
$BC:D,$|jL_)$@O+4)$H:\Ld1$=i&8$7-&)$&'()
$BN.b$B<3453$KD&;A$=0$K<+$6>/)$.1&'()
$3$=Ld1l$:I-$%E.;j8$z]<$=U$:I.0$2.dO
$,+$}(0$[&\U$.8$H7&I$B>()&8.Dl$*.1$Bj>I:0
$Q:I$X-+YC$.1&'()$*+,$*-./(0$23453$ ~
$$6548$�jh)$,+$B>5$:(;<$=>?$*-./(0$HK<+
$[.hi$�G<$-7$&'() $B<3453 $*.1$*-./(0$
$-7$����$[.Ld0.8$-7$[l$,340$.0$=U$:I.0$B)
$*.1-&RU$45.<$[&�/1$Y(D $.) $-&RU$%[+45+
$65+ $�-+&A $-.a7 $&'() $X-34n $-7 $4(C-7
$*.1-4�$[:)l$7-+3$40$Q3fA$3$:574C$*-./(0
$,+ $Bb40 $KF\N $65+ $=0 $Q74LdC $*7.wLs+
$H7&/D$=i+&)$Bj(GF8$.0$+-$-&RU$*.1$K5.<
$,+$B>5$.1$*-./(0$,+$*4('R(n$3$V4L\U$-7$
$*-./(0$os&)$=0$3$o54<$k(_R8$%{h)$*.1$Q+-
$=0$*-./(0$k(_R8$X3-$�._LD+$H:I.0$B)
$V.�) $[+&\A $=0 $H7-+7 $B'Ld0 $%B<-40 $�:1
$.1$*4�1$-7$.1$Bjn.D$3$65:?&)$}5.),l$*+40
$.0 $=d5.v) $-7 $B83.;L) $k(_R8 $*.1$X3-
$7-&) $23453 $B5+,$*-./(0 $*3- $40 $�(v�8
$@).I $X3- $65:\a $H74(C$B) $-+4s $Q7.;L<+
$%*-&D$�&><34>()$.0$Q:1.R)$%B\(?.0${efA
$�&><34>() $%K<+4L\U $,.M $�&><34>()
$�&><34>()$%$��5m&?&(0$}p\<$%Q4(8$=\(),
$*.1$X3-$%B<.\I$Z4<$*.1$X3-$%BD34L>?+
$k(_R8 $*+40 $�5m&?&8.n&Ld(1 $3 $B?&>?&)
$*.1$X3- $H:D+ $=LM.5 $=F<&8 $B<3453 $KD&;A
$,+$$B?&>?&)$3$B<.\I$Z4<$%*m&?&8.n&Ld(1
$=\(),$-7$=U$:\Ld1$B)&<4)$*.1$X3-$=j/i

 !"# $%&'()
 *+ ,"- .(/0
  1-23 4567
 $&8 $%&'()
 %9 :;(7 ,0<2-<
 =&6> ?@0 
 !A .B&) ,7
 %9 =C *<2) &)
 DEFD =&GH)&3
 %:IA J=+2-+ %9
 =:K'8 L(M &7
 $&8%:IA 2-&0
 %9 2(N%9
 :;(7 O%<2P
 1-+ Q%+:R %&S9
T.-92N $%&'()

1. Bioassay 
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$4LR(0$&'()$-7$B<3453$*.1$*-./(0$k(_R8
$BF<$-.LI&D$65+$-7$H:D4(C$B)$-+4s$Q.;L<+$7-&)
$k(_R8$*+40$Z&<4)$*.1$X3-$K<+$Q:I
$3 $*740-.U $�+:1+ $.0 $B<3453 $*.1 $*-./(0
$Q:574C$B<-40$.1$[l$B;(U$3$B/U$=d5.v)
$[.<.\I-.U$3$.1$6(d\>8$*+40$*+$=Nfb$3

H774C${1+4M$.1$Q.'R5.),l

3-4546+7489#: ;/< =>
$B5.1$V&j<$.0$:(;<$=>?$*-./(0$%=(?3+$@O+4)$-7
$B5.1$BC:(p\C$3$Q:I$BM3484�(1$*.1$=Ld1$.0
$=Ur$Cowdry$type$A$�&D$,+$�*+$=Ld1$@b+7
$3 $Q:I $Q:D+- $=(I.O $=0 $6(8.)34U $=j(<3 $=0
$q7&I$B)$k_R)${<fn&�jU&D$,+$Q:I$+:i
$@b+7$*.1$BC:(p\C$65+ $H7&I$B)$=Lb.\I
$Q7&0 $k_R) $B<&d�) $-&W $=0 $*+$=Ld1
$-7 $Q:)l $:5:n $*.1$BC:(p\C $,+ $48 $�-Y0 $3
$Q7&?l $*.1$=Ld1 $H:\Ld1 $IHHNV $*-./(0
$-7 $K<+ $6>/) $H:D&I$B) $odL) $3 $Bj(M3,.0
$3$=Ld1$[:I$=Ld>I$KD&;A$BD.5.n$@O+4)
$@(>R8 $=0 $4p\) $=U $:1:0 $�- $V&j<$BC-.n
$=je&U+3$[l$=w_R)$=U$7&I$B)$*+$Q,34>D$�.vD
$4C+ $HqLightner, 1996r $K<+ $KM.0 $[:I
$-7$B5fW$}5.),l$[+&\A$=0$X3-$65+$=U$=a
$Q7.;L<+$7-&)$B<3453$*.1$*-./(0$k(_R8
$K(N.wLb+$3$K(<.dO$,+$.)+$74(C$B)$-+4s
$B<.\I$Z4<$3$B?&>?&)$X3-$=0$K]dD$*4L/U
$=04p8$.0$3$kw_L)$7+4M+$=0$,.(D$3$Q7&0$-+7-&b40
$�<.n$=e+-+$*+40$Z,T$[.),$E:)$6(\�/1$%7-+7
H:I.0$B)$Bw(_R8$*.1$X3-$45.<$,+$}(0

?@+AB CD@ 3+: ;/< =E
$BLDl $,+ $Q7.;L<+ $.1 $X3- $65+ $BjU $V&N+$
$*.1$[m$BLDl$6((F8$*+40$�&w_)$*.1$*7.0
$*-.Lb.<$*+Yi+$,+$ST&/F)$=U$:I.0$B)$BN.b
$:(?&8$*.1$6(�834n$.5$3$Q7&0$+,$*-./(0$@)+&A
$-7 $H:\I.0 $B) $+, $*-./(0 $@).A $�<&8 $Q:I$
$*.1$*7.0$BLDl $,+ $B<.\I $Z4< $*.1 $X3-
$-7 $Q:I $:(?&8 $V.D&jU $Bjn $.5 $3 $V.D&jU&D&)
$z(U48&D$*.1$[m$BLDl$.5$23453$[m$BLDl$40+40
$E.F5.) $-7 $[m $BLDl $B0.57- $*+40 $23453
$7&I$B)$Q7.;L<+$Q:D,$7&i&)$B;\?$3$BD&b

$HqEscobedo�Bonilla$et$al., 2007r
$3 $KD&;A $k(_R8 $:(5�8 $*+40 $.1$X3- $65+

$B/U$*4(C$Q,+:D+$.5$3$Q7&?l$*.1$V&j<$Q:1.R)
$%o54<$Q&v?.0$=U$:I.0$B)$B<3453$*.1$[m$BLDl
$-7$.1$=D&/D$,+$*7+:F8$*+40$+4i+$@0.s$3$2.dO
$B1.'R5.),l$E.D.>)+$@s+:O$.0$B5.1$K(Fs&)
$B<.\I$Z4<$*.1$X3-$H:I.0$B)$�-+Y)$.5$3
$K(N.wLb+ $3 $B<3453 $*.1$[m$BLDl $[.(0 $=0
$*.1$[m$BLDl $40+40 $-7 $Q:I $:(?&8 $*7.0 $BLDl
$@(?7 $=0 $6(\�/1$3 $=LI+7$B'Ld0 $B<3453
$B'Ld0$&'()$-7$.1$X3-$65+$[7&]D$V&/F)
$40+40$-7$[l$K(N.wLb+$3$*7.0$BLDl$Kb.<$=0
$Z.pD+$=\5Y1$23453$@U$.5$3$Q�53$[m$BLDl$�5
$V.O$-7$.1$X3-$65+$H7&0$:1+&b$E3.;L)$[l
$B1.'R5.),l$S.M4N$3$B8.v(v�8$@>I$=0$4�.O
$Q:I $Z.pD+ $-&RU $*.1 $Q.'RD+7 $,+ $Bb40 $-7

HK<+

?54$541 3+: ;/< =F
 GPCR H I.D1 ?(7 3. !D#JKI LA)./ =>=F

$=U $K<+ $BI3- $,+ $4/(jn $*+ $Q4(pD, $}\U+3
$4(�>8 $%�:1 $DNA $,+ $B/U $457.v) $[l $-7
$*.14/5+4n$[740$-.U$=0$.0$X3-$65+$H7&I$B)
$,+ $BN.b$B?+&8 $3$|57-$*+40 $=U$BN&w_)
$$=0$H74(C$B)$Z.pD+$%K<+$Q:I$BO+4W$DNA

$B?&/F)$PCR$,+$4( $̂%4Lh0$*4(C$=p(LD$-&�\)
$%K<+$Q:I$=e+-+$PCR$,+$*:5:i$*.1$X3-

P@).I

3. 0(MD1 N6 PCR =

$*+-+7$=U$B5.1&'()$-7$+-$:(;<$=>?$23453
$:\Ld1$23453$DNA$,+$Bhi&8$@0.s${U+48
$K?.O $65+ $-7 $ST&/F) $=U $:17$B) $k(_R8
$[.RD $+- $*-./(0 ${5fA $.1&'() $K<+ $6>/)

HqJian et al., 2005r$:\1:D

GNested=PCRH <O ?@ ?7 – "89K =

$K(<.dO $}5+YM+ $-&�\) $=0 $X3- $65+ $-7
$H7&I$B)$Q7.;L<+ $4/5+4n $K;i$37 $,+ $PCR

$����~$V&W$-7$V3+$4/5+4n$K;i$�5$.0$+:L0+
$4(�>8$�:1$DNA$,+$Bw_R)$E.FGs$%=b4a
$=?&?$=0$@N.O$PCR$V&w�)$��<$%:\0.5$B)
$B)$Q7.;L<+$&'?+$[+&\A$=0$3$Q:I$@vL\)$*4'57
$=jO4)$%Z37$*.14/5+4n$K;i$=j(<3$=0$3$7&I
$:D+&8$B)$X3-$65+$H7&I$B)$Z.pD+$PCR$Z37
$Kdn$%Bjn.D$%65:?&)$-7$+-$|(;b$*.1$KD&;A

 $&8 O<% %9
 *+ ,0&UB V20

 $&8 $9&) ,GMC
 &- < W&M:5A:M:7

 .(#:3 W&M:5A ,5P
 2)+2) %9 X.B

 Y<2-< =Z ,GMC
 $&8 =Z ,GMC &-

 Y<2-< [(A23:M
 ,GMC ,)&-9% $+2)

 \&]-&7 %9 =Z
 9:>:7 ,/U# < ,M:^

 X9&/G0+ X.M*
T9:B ,7

1. Inclusion bodies 
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0123'4567 .)589:6 Y :4*( "+A'#A @$6 @-$8*T "Z*[B& @$6 EA- 'T @-A'(

H:17$k(_R8$[+&i$*.1&'()$3$3-T

GMultiplex=PCRH<O ?@ ?7 – P$(Q#85+1 =

$BN.wLb+$4/5+4n$K;i$:\a$,+$X3-$65+$-7
$.0$H7&I$B)$Q7.;L<+$|jL_)$*.1$�:1$*+40
$65:\a$B5.<.\I$[.>)+$X3-$65+$,+$Q7.;L<+
$[.)Y/1 $-&W $=0 $=D&/D $�5 $-7 $*-./(0 $@).A
$+-$�&j_)$*.1$KD&;A$[+&8$B)$3$7-+7$7&i3
$[.)Y/1$k(_R8$V.�)$[+&\A$=0$H7+7$k(_R8
$23453$@�)$.1$23453$4'57$3$:(;<$=>?$23453
$23453$%,.dD&b$3$*:ji45,$KM.0$BD&;A$,34>D
$37 $.5 $3 $23453&jU.0 $[37&D&) $3 $+-&8 $Z-:\<
$,.dD&b$3$*:ji45,$KM.0$BD&;A$,34>D$23453
$45yn$[.>)+$X3-$65+$.0$$+-&8$Z-:\<$23453$3
$}(0$X3-$65+$-7$HqXie$et al�$2007r$K<+
$K;i$�5$,+$}(0$�<&8$�:1$�D.><$�5$,+
$*.1$}_0$=p(LD$-7$774C$B)$4(�>8$4/5+4n
$*&pLdi$Khi$%�:1$DNA$�5$,+$BC-Y0

H7&I$B<-40$:D+&8$B)$E+4((�8
$Q.]LI+ $k(_R8 $@).I $PCR $X3- $z5.F)
$E.]t+$-7$X3-$65+$B5.D+&8$Z:A$%q��.U$K]�)r
$B'Ld0+3$%Q:I$B5.<.\I$DNA$[7&0$BD&;A
$kvD$%Q:I$BO+4W$4/5+4n$=0$}5.),l$K(<.dO
$-&�O$[.>)+$3$.1$KM.0$-7$23453$B0.5.i$-7
$B;\)r $.1 $KM.0 $Bb40 $-7 $.1$Q:\\U $KFD./)
$ Shekhar et al., 2006r $:I.0$B) $q��.U

HqSritunyalucksana et al., 2006

In situ hybridization  ;/< =E=F
$B?+&8 $B0.57- $3 $K(Fs&) $6((F8 $*+40 $BI3-
$KM.0$oW.v)$-7$DNA$3$mRNA$�.b$*.1
$=LI-$[74U$:54](1$�54W$,+$Q:I$K(]�8$*.1
$7-&) $�7+48 $=0 $4'D.RD $:(8&�jU&D $�5 $@/>)
$-7 $23453 $DNA $X3- $65+ $-7 $HK<+ $4�D
$�34n$.0$[&(<+Y5:54](1$=j(<3$=0$[.0Y()$KM.0
$k(_R8$*+40$3$7&I$B)$Q7+7$k(_R8$DNA

$K]dD$.)+$K<+$:(;)$KM.0$-7$Q7&?l$*.1$V&j<
$3$K<+$-+7-&b40$*4L/U$K(<.dO$,+$PCR$=0
$Changr$7-+7$*m&?&8.n&Ld(1$E+Y(hp8$=0$,.(D
 Wongteerasupaya et$al., ! et al., 1996

Hq1996

Dot blot hybridization ;/< =F=F
$+- $DNA $.5 $RNA $BLd5.0 $X3- $65+-7

$%7&/D $�(>;8 $Vm $*3- $-7 $3 $Q74U $*,.<+:i
$*-+yC$=>? $Y?&j<34L(D $*.R^$*3-$40 $��<
$E-&N$[74U$�34n$[l$@/>)$�7+48$.0$3$Q:I
$=0$23453$DNA$,+$*+$=FGs$os+3$-7$%74(C$B)
$k(_R8$DNA$�34n$.0$[&(<+Y5:54](1$=j(<3
$PCR$.0$=d5.v)$-7${1$X3-$65+$H7&I$B)$Q7+7
 Shekharr$K<+$-+7-&b40$*4L/U$K(<.dO$,+

Hqet al., 2006

$X3- $=0.R) $In situ hybridization $X3-
$65+ $-7 $B?3 $K<+ $[&(<+:54](1$V&/F)$*.1
$�7+48 $=U $7&I $B) $Q7.;L<+ $B034n $,+ $X3-
$3$.1$V&j<$@b+7$-7$+-$*:(8&�jU&D$�.b$*.1
$*.1$BC�53$6(\�/1$H:\U$B)$B0.57-$.1$KM.0
$K(<.dO$H7&I$B)$¡;O$KM.0$B>5m&?&M-&)
$B�U�~$� ~$:D+&L0$=U$K<+$BD+Y()$=0$X3-$65+

H:17$k(_R8$V&j<$41$-7$+-$$mRNA

3D#, 0J#8K
$=j(<3$=0$�:1$KM.0$-7$B<3453$*.1$KD&;A
$�(vj8$,+$�n$KA.<$� $%*+$=jO4)$�5$PCR

$.0$%KA.<$�#$*m&?&8.n&Ld(1$X3-$.0$%23453
$In$situ$X3-$.0$%KA.<$� $B<.\I$Z4<$X3-
$KA.<$ ¢$.8$� $3$KA.<$�#$hybridization

$Ef0 $[4L<3 $X3- $.0 $23453 $�(vj8 $,+ $�n
$Escobedo�Bonillar$7&I$B)$Q7+7$k(_R8
$*+40$Q:I$4U�$7-+&)$=0$=i&8$.0$Hqet al�$2007

$,+$[+&8$B)$k(_R8$-7$Ks7$3$KA4<$K5.A-
${1$=U$7&/D$Q7.;L<+$*+$=jO4)$37$PCR$X3-
$*.1$X3-$=0$K]dD${1$3$K<+$�(s7$3$o54<
$*48$6(5.n $=\5Y1$3$4L/U$BC:(�(n $,+ $4'57
$X3-$-7 $=U$65+ $@(?7 $=0 $.)+ $%K<+ $-+7-&b40
$+,$BD&;A$S.)3Y?$23453$Z&Dm$B5.<.\I$B?&>?&)
$65+$-.\U$-7$BLd5.0$:5./D$B/D$:(5�8$+-$[l$[7&0
$.0$k(_R8$:(5�8$3$B\(?.0${5fA$B<-40$,+$X3-

H740$Q4h0$*m&?&8.n&Ld(1$}5.),l

RS+A1 T@DUV
1. Chang, P.S., Lo C.F., Wang Y.C. & 

"#$% &'(' )*++,-' ./012345623#1 #7 

white spot syndrome virus associated 

baculovirus (WSBV) target organs 

in the shrimp Penaeus monodon by 

in situ hybridization. Diseases in 

Aquatic Organisms, 27, 131–139. 

 !A 1-+ _(#9 !)
 ,#:"#:7 O<% %9
 V:MZ ,-&0&UB
 ̀&7<L# Y<2-<
 =9:) +* ,M:/R
 .(-a3 +% =C
 ,GH-&) .-&'M ,'M
 1-+ %&UA %9
 ,0%2) *+ O<%
 < ,U(#&) b-cR
 d(eI3 .(-a3
 f-&7*C &)
 $Z:#:3&P:GH(8
T92) X26)

1. Carrying capacity
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