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. " 
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- fll'j~'j1'ilffeJ'lJWSSV'illfl'IJ1t1W Conserve swquence 

~ "1 '" '" "'i_I '" 'I' :l.I - fll'jfl'flfll conserve sequence t'\.J(J'\.Jff-:Jtfl'jl~'\1 tlJ'j~'\.J tflHffn~ 
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1mJl,* primer NVP500F !m~ VP500R 
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OJ , 

'lJ 'YI fl vUHl 

" f:J\9l ~l'I1 m 'j :lJfll'j m l::;t~rN~~fJm~ 1 tr 'U -;hij'U'Vl'U 1'Vl alfl11!~tlfll'j~~ l~ 'j llli ~t ill 

~lh::;t'VlfY U~::;rJ~ijridU'h!fll'j~l~m~HU ijfmalfl11!~mfY'j'l:ljln1l1~w'jd:IJ'lJtl~lh::;t'VlfY u~lu 

1 HI1 dr~~dU~~ll~'lJldu~::;1drmrdn1~tl~ lun~f1m~l lu'j::;ll::;nm~~lum '~ij~fhf11'ji~mt~::; 
q q q cu . " " 

ff~l~i~\9l'jd'iliiJ 'illllll 'j~Vitn~'illmtjfm1~~tl~6)fiJ~ l~llij~dl:IJ' d 1 Ufll'j\9l'jdll~tl'U~~tm::;lhm 1 ~ 
• v v ~ I 

\9l'jd'ill U.fll~~U1:IJ '~U~d i1~altiru lufll'j\9l'jdlliiJ'illlmtjftl' dr~l1~~tl~~tl i~fll'j\9l'jd'ilVi4l11 U~::; 
" 

d _I'" "" '''191' g1"""'~l1Jglo... '1 l1J ... d 
'jd~t'jd lJ'j::;;w~nm m'jt~:IJ u~::;m A6)flll11 m'illlll~ A~mf1Wl'lroJUl6)f~\9l'jdll~tl'U A'j~ n'j~'Vl 

.. q 

"" " ~l:lJl'jt:l\9l'jd'il~tl'Ut91tl' dr~6)fiJ~l'W '~'I'l~tl:IJ"lnU t111f1i~fll'j\9l'jdll~tl'UiJil MUltiplex RT - PCR 

. " " 
'~fhfll'jtltlf1U'U'U primer 2 ~ lllf1'U~nwVit~u conserve sequence 'lJtl~t91tl 'lrffl1~~tl~6)fiJ~ 1~1l 

" '~tltlf1U'U'U primer al'l1r'U\9l'jd'ilfftl'Uttjftl'drmrdn1~tl~lllf1ridU'lJtl~fju ORF Ib 'lJU1~ 135 t'U~ 
" U~::;t91tl 'dr~~dU~~~~'lJldlllf1ridU'lJtl~fju noncoding VP28u~::; coding VP28 'lJU1~ 500 t'U~ 

jI I 91 if 

'illf1~~fll'j'Vl~~tl~~l:lJl'jt:l\9l'jdllt91tll dr~'~11'j::;:lJ1W 10
4 ~d 6)f~\9l'jdll~tl'UVi~roJU l~U iJt~Ufll'j 

q 

o d ~ d.oJ I 9 31 .. 1 Q.I 6/ ll] 9J Q.I ~ 
'Vll RT - PCR t'l'lll~'lJU\9ltlUt~lld 9f~6)fdll A'I1lJ'j::;'I111~n~lU~::;~::;~lf1 'jd:IJtl\l A~'I'lroJUlt'Vl~U~fll'j 

... "" """" d ~ at c:l 0' c:l l1J 91 'j) <V 0 "191.1 ... 
~f1~m~Ud~~tl~ (Total nucleic) 'Vlt1JU ~!tlUtmm::;tl1'jttlU!tl A~'I'l'jtl:IJf1U m A'I11J'j::;ml~nm 

u~::;I9l'u'vlu 1 U f11'j\9l'jlll~tl'U 
q 
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ABSTRACT 

The polymerase chain reaction (PCR) applied in diagnosis has the very useful 

advantages of sensitivity, specificity. We have developed a method for the simultaneous detection 

of both genomic RNA and DNA for two different species of shrimp viruses, yellow - head virus 

(YHV) and white - spot syndrome virus (WSSV), which are currently the cause of very serious 

and widespread losses in the shrimp industry in Thailand and in Asia. We describe a method 

which allows rapid diagnosis by performing a single step of extraction for both RNA and DNA 

using CT AB. The co - extract was then used for successful nucleic acid amplification in a 

multiplex RT - PCR reaction employing the Super Script One multiplex RT - PCR process with 

primer IOF - 144R for YHV and primer nVP500F and VP500R for WSSV. This multiplex RT­

PCR assay system is convenient and sensitivity and should be useful to shrimp aquaculturists for 

simultaneous detection of YHV and WSSV in post - lan'ae and broodstock of P. monodon and 

in other asymptomatic carriers . 



8 

o 

'UflUl 

~ , 

tl~ {l'1'l1 m 1lJ fl11! Vll~!~ eJ.:j tl'.:j mll~ ltJ1r.i l~ U'Yl'lJ 1 'VI Vi fflfl w~ tlfl11 {l'~ l.:j 1leJ i ~ 
q q q u 

11l!~'W ~1l!.uTlh ~!'VIfl'ill~lfY:h 50,000 tll'W'lJl'VI~tltJ H?I~cJ.:j~ri1'W t tHl11 ~l.:j.:jl'W -Vb t 11'!fl'1'hlin~ 
~ 

hW11lJ"1tlnh~!'VIfl'~~'W HI9i~?I~il~tl'.:j t 'W1l~ ~u'Wfl~'IJ~mn l.ulJ!~'W i 'ilt 'W 'VIl.:j?l~?I.:j {l'l!'l1~'I1~fl • • • 

'l'riX~l!~Y1.:.tllYl'Un (White spot syndrome virus) 

, 1 i' {l'~ 1 H~.:.t ~ ~ "1l1! ij 'W 11 fl ~ fl' tl t"r! n~ fl1llJ! iYeJ'I1l eJtl rJ l.:.t lJ lfl~' tl tl ~ {l'l '11 . . 
~ ~, 

m1lJfl11!Vll~!~eJ.:jtl'.:.tflm~1 ill!VleJ.:.tu~t 'W'il1~t'VIfl'i 'VI eJ!vil U'W H~cJ.:.t~fl1n~'IJl~ i 'il111f1iJfl1fl t 'W 
q q .. , <u 

, .': 91 

!m~eJ !6Jf'W fl'W l~iM1eJ ~'W '~'I1i'W tlitJ'W (Lo et al. 1997) 'Wtlfl~lflt!cJ.:.t~1-W.:.tl'Wfl1llJ!iYmneJlJ1fl 
u • 

31 , SJ I 

, "I d d "I 'J} ';;'1 'I' .1 "" 'I 'J} 0 '" I 
fl1l 80 % '1H).:.tVl'W'VIfl11!Vll~!?IeJ.:.t!lJtl~'Wu VI.fl'. 2542 !'Wfl?llJu1~!'VIfl'mmfl1!~ {l'1'l11'IJ'm~!'VIfl' • 

" 'j/ ", I , jI I 

, 'VIeJ l1flu '~1~'IJl~tl~1.:.tlJ1fl t 'W 11.:.t.w'WVi'lfleJf:l.:.t'VI~!?I1tlmh1' 'VIeJ f:l.:j'VI~mtJ'W~l:U'W H?I~'IJ 1 ;).w'W Vi 

'J} 

50,000 m'W'lJl'VI 

tl~N'1~~t'W6Jf1.:.t1l111meJtJ VI.fl'. 2538 ~.:.t~'WtJ VI.fl'. 2539 '~~fl111~'IJl~"1tl.:.t 
<r toG) ~ tI;: 3J GJ ~ d f G) I Q,I Q,I rI d.J d QI Q,I de:! j) 

! 1fltleJl.:.t~'W!! H 'VIl m~11lJ!?IeJ.:.tfJ.:.t ! 'WVI'W'VI{l'1'W mty"1tl.:jM'I11~bPl'hl~P1il'WCJf.:j!1I'W ~.:.t'l11~'VIlJJ;;! 
~ , 

'il1 ~ fl tl'IJtl~m'l1 m1lJfl11!~ eJ.:.t n.:.tlJ1flVi {l'~ , 'W 111 ~!'VI fl'i 'VI eJ ~tl.:.t i ~ 'lh~ {l''lJtl'IJllwmfl11lJ{l'W!iYeJ 
q q q v CUU 

f ~ dCi) QI QI d d .& 111 ' lIJ Q.I 

tleJl.:.tlJ'I1lfl'l?l 'Wtlfl~lflVl'W'VI !'W~.:.t'l11~{l'~?1 m~'IJ mfl~ H?I~1~'Wtl.:j CJf.:.t !lJ!fleJ111~{l''lJllwm !J1{l' 
OJ OJ U 

'j/ 'j) SI ,,, I 1 I 

'lfiJ ~ U lJ1ntl'W ~~ tl.:j!~~tytl'IJllty'l11U 11.:.t'1 Vi.w'W Vi' 'W ~.:.t'l1i~~.:.t fl~ l1~'lfleJf:l.:j tJ'W ~ l:U'W Vi eJ11!'11 £jeJ~ 
Q Q,I:J G) QI .J I QI ~ 0 CJ} d , : ~ lrI lr)9J1 .J 
lJ1~~'IJ'Wl"1'W?I.:.t !'W1'W'I1'W.:.t'1~1.:.tfl'Wtl.:.t111~lJ1W 2 !lJ~1 'VIl''I1fl11!'il?leJ'WtlleJ'Wl!'IJ'W!'il !~.:.tleJ CJf.:.t 

if jI I I iI I " 

!n~1it! t 'W.w'WVil9il.:.t'111lJtl'WHtl1 ill\91lfl';h~tleJ?I~ 50 "1tl.:.t~1{lJ!~eJ.:jn.:.t111'il1~!'VIfl' , 1i' {l''lfU~U-vh • 
I I" I 

t 11' Q.:.t ~ leJmlN 11~! 11 1 ~ eJVi ih~ 1"1 tl.:.t Q.:jVi~~! 91tl~~! 'il~ eJ'W!1:J'W iYfitl'W .ul.:.t!!~.:.t !m~~ ~~"111"1'W1~ 
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j}' tI oClo r ~ ... I~ ~ , <V a ~ ... 1.c9. j} • QI 

t ff'Uf.l1ij'UtlfH'l N 1.2 lJlJ. \9l \9ltl~1I) nwt lJ,wn'l1lJff1'U 'YI 1 tlJtl\9l,:jt lJ"tln'l1lJff1'U 'YI 1tltlnlJ1U" ~~\9l 
" , , I " 

ttl1t i1 tl tVtlVi~\9ltltln 11~-d' ,:jtnm'll'U 11\9l 'U 11Vitll~tln11'lJtl~1,:j.Jr\9lt 11'U 11i' ffG)fiJ \9lU fln,) \9ltl~'1 'U nrilJ 
q q qJ QJ q 

C! QI .;:'1 'j/ I 

baculovirus lJffWVl'UlJm)lJtlJ'U DNA tff'U~ ( Wongteerasuppaya et aI., 1995a) 
" . . 

mlftmm~eJ 11i'ffI9l1U\9l,:j11\9l'U11 '1'UnmVi~l'UlJ1 N'1,)tl1~t~lJm)111 . '" genomIc 

cloning 1J1,:jri1'U'Utl,:j 1Ji'ff tt~1'1l1lJ1111t~'U DNA \9l)'J'ilfftlll 1\9ltlvrIPJJ'U1m)\9l)111fftl1lt~tl i 11' 

.% 'I ')I ~ ., IIJ ')I ., """" 0 d IIJ.I' .ok 
ff1lJ1)flm1'il'VilltG)ftl !'Ul~tI~\9l'U (early detection) 'il'UlJ'il~lI'U !\9l'ViIPJJ'U1Tfi\9ll1'ilff1t)11 !lJff1'U'YI'U,:j 

tt~1 1~ttfi in situ hybridization ,1~ peR tt"~l~ Nested peR \9l1lJih~1I l\9ltll~ in situ 

" 
hybridization ff1lJ II fl111n 1) \9l) 1 'il19l 1tl~1,:j~,:j 111fltt 'YI ri,:j~ 1,:j "1 Yf,:j.fl1t1 i 'UtJ )~t V1fl'tt"~.fl1t1'U tln 

. " 
ll)~tVIfl' t'lf'U fl'U l\9lUt~tI ~'U fl'Ut~tI 'Vi1li1~t~'UW\9i)111fftl1l'U'U1\9l 4.2 kb Viff11,:j~'Uff1lJ1)fl . 

lI]QlQ.J GJ 91~.e!t j} o.c:ij} I 

\9l)111fftl1l !J)ff\9l1tt\9l,:j11\9l'U11 !'Un,:jG)f'U\9ltl'U'Utln111flmnm\9l1tln\9l1t1 tG)f'U P.chinesis , P.indicus , 
q q q q 

P.merguiensis tt"~ P. vannamei (Wongteerasupaya et. al.,1996 Kanchanaphum et.al.,1998) ri1'U 
" .' 

1~ peR tm~l~ Nested peR 1~~IPJJ'U111'Uff1lJ1)fl'll1lJ1\9l)1'ilfftl1lt~tl11i'ff1~1\9ltll~mllJ11i'U 

fil)\9l)111ff,:j tm~'Il1lJ1 i"*m11lmflff'U1lJi~U~1 '" . 

"I QJ QJ ~ 

n'HI''t'i1n-UU1.:! (Yellow head virus ; YHV ) 

llfl111m~tl,:j '1 'U n,:jnm~ 1t~'U 1 )fl11t1U) ,:jtt"~tn\9lm))~1J1\9ltl~1,:jlJ1m'lf'Ut~tl1 • • 
" " ", I 

fl1l hflI9l1U\9l,:j~\9l'U11 hflihn\9l~'U '1 'U1l)~!V1fl'1 V1t1t~'Ufli',:jmmlitln"NiJ 'Vi.fl'. 2534 ViTIlflJt'Vi1~ 
" t~ tI,:jn,:j n"l~ 1 '1 'Uttfl1l ,),:j'YI1\9lfflJVI) ff1f1) U"~fflJVll ff ,:jfl) llJ 111'111' !n\9lfl 11lJt ffl'J'YIl tit tn 

q q q q 

" " . 
tl\9lff1'Y1 m)lJm)t~l'J,:jn,:jt~'U tl~l,:jlJ1n U"~ 1~lJ1)~1I1\9ltl~N)'Um ,:jflnfli' ,:j!litltJml'JiJ 'Vi .fl'. 2540 •• • 

I iJ I 'jI 

11'Um~Yf,:j1l1,:j~'UVi !'lf1! ff~V1)ff1f1ltt"~ff~V1lff,:jfl)llJ 1llff1lJ1)fl111m)t~l'J,:j~,:j 1~fln~tl1tJ ~tl 
" 

lJ11 )flUV,:j 1~)~1I1\9lff11,:jfl11lJtfftl'YI1t1~tl1tJv,:j,),:j'YI1\9l '1'Umfl\9l~1'Utltlnfln~1l'J t'lf'U ~~t;,:jtVl)l 

')'UVI'lJ1 tt"~,),:j'YI1\9iVl1,:jmfl '1~ t'lf'U 'UfIlfl'11inm1G)f 

. " " 
n,:jVi~\9it~tl11i'm,hmiltl,:ju'U 'il~-d' ,:jtn\9l 1~';h111'Utl,:jn~ 'il~liffmiltl~ritl'Utt\9ln~l~ • • 

')I .1 "" , d IIJ ')I.,.ok ~ <!I ~ "" <!I ')I ')I "" ')I 

'il1nfJ~lJn\9ltltlNm'U !\9iG)f\9l C)$,:j1l1~fI) ,:jm~tln'il~nmtltlJ'Uffm"tl~\9i1l'J fJ~'il~n'U m'YIn'Utll'J"~'il'U 

~ G) d Q.I tI d QI ~ ~ d 11] VG) Q.I 'j} , It:! 
m~V1~\9l1t1mtl !'Unmt'Vil'J,:j 2-3 1'U TI1)lJVllll~ffllnll !)fI'U'il~m'U !\9i !'U1'Umm1 m'il~11l'Jtll'JVI . '" 

'JI I I" 

fb'lllU"~ lim)\9l1l'J '1 11't'll'U 1J1~t~'U tJ) ~tJ) 1t1 tt~~ tllJ1~ l'U 1'U n~ iIi\9l1l'J11~tTIlJ~'U tl~l~ t'll 'U 1 ~.Jr\9i 11'U • 
m~~~\9l1l'J'YIlJ\9l1itl i'U1'U~tllJl 11i'ff111miltl~li~tJ~1~t1~J'Utt'Yi~ (rod shape) 'U'Ul\9l 160-186x38-

50 nm. (Nadala et. al.,1997) '1'U)~tI~mnli)lt1~l'Uil 1Ji'ff111m~tl~liff1)~'U1im)lJt~'U DNA • 
" " U~.fl1 tI'YI ~ ~ 111nm) 1,) l'Jtl ~1~ "~tfl tI\9i 111nflW~ N'1,)l'J 1 ~'Vi1lilffl)vr'U 1i n)) lJ'Utl~ t ~tl1 1i' ffG)fiJ \9lU! ~'U '" . 

RNA (Wongteerasupaya et. al.,1999) 
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<u.1 d 
l111Q1Jl~t'I'~fl 

1. !'~ ~)'W(PJJ'W 1'1!\oW1':i1\l~HI'lJ i1i''ff~'mlOl~~1OI'tJ11U~~' 1i''ff'l11mileJ~ 1I01tJ11hJ~n~rJ1~f) 1 CJf 

l'W~!lJeJ!':i'ffU'lJ'lJH'fflJ (multiplex RT-PCR) 
, ,jI 'jJ 

2. !'Vi m11'l1101101':i1\l'ffeJ'lJYi~(PJJ'W1~'W' u'l ~\9l':i1\lmfl'ff'W1lJ !GJf'W \9l':i1\l'ffeJ'lJ111!~eJ 'l 'W~eJ !!:U 
q 

, v 
Q.I rl9J 9J ~ s'I Q.I ~ 9J ~ .<:::). ~ 

'W'W~~~ !!~~\9l':i1\l~f)~~ nauplii !'WeJ!'lJ'Wm':ifllOl!~eJf)~f)~~ 11':ieJ\9l':i1\lmm':i!f)IOI!'l1eJ 
I , 'JJ 'jJ 

, 1i' 'ff'l mJtI!~Yiti'~iJ~ ':UU 'ff1Ol~mm':i u~~!V1eJm':i \9l':i 1\lm'W111~'lJeJ~!~eJ' 1i' 'ffl1~'ffeJ~ 
q 

'" <u 'U8'lJ&'Ulll flll l1U.I 

1 fl ':i ~m':iifYl1m':iffmn1~tJintJ 'l 'WM'eJ~u~u~m':i mfl1'l11~h!flij fltl!~!!'W'I'Wrr1'ff\9l{ 
, v v 

lJ1111VltJ1~tJrr~'Wfl~'Wln11 ':i(PJJ !!~~Yl1m':i !~'lJ~1mj1~ti'~' 1i''ffYi~IOI!~eJ~1UIOl~\l1Ol'lJ11!W~!~eJ' 1 
q q 

~. I 'jJ 

i'm11mileJ~ \llmmri~~l~~ 'l'Wlh~!Vlrr'VltJYiih1tJ~1'Wmn~'UlIOl'lJeJ~!~C !!~~\llf)M'eJ~u~u~m':i 
" mfl!eJf)'l1'W~l~~ !GJf'W tl'W61~mY\9l1U1!fl1eJ!\l~ty l.flflJlt1!ct1 M'El~u~u~m':i\9l':i1\l1 ':ifl~~f1~11011'lJeJ~ 

1 1 0 Ii] 'JJ 'JJ .1 ""1.1 'JJ I ~ "'"' 

A~f) AlOItJ'ff1lJ1H1Vll':i1tJ AIOI!'lJ1lJ':i~!'YlrrlJ~~lJ':i~lJ1t1! 50,000 - 60,000 m'W'UlVl!!\9llJ\l\l'lJ'WeJ\9l':i1 
q 

t/Q./ " ,.<:::). I dt:! I .d 9J Q.I e1 9J' 'j/ 

m\9lm':itl!lOI~f)m1'ff ~H~m~Vl'lJ\9leJ~ ':if)\l\9l1~ ~ VllJ'ff1'W!f)tJ1'lJeJ~f)'lJm':i!'W1~!mNfJ~ !'l1'W !f1':1:1\9l':if;;j 

,1 'JJ '" 'JJ 'JJ G '" "' <I 0 'JJ !M~f)~ 11 ~-Wf) 11 ~~l'WH~\9lmm':im 11 ~~l'Wl1eJ~W'W 11 ~~l'WutlnuH~\9l.fltl!CV1 Vll'll1'ffm'W 
q q .. 

v 

flri eJ~ 'l 'W m':i !'W1~!~tJ~~IOI~~U~~\l~neJ 'l mnIOlH~!iltJ~eJ!rr':i':l:l;}n\l1I01tJ':i1lJ'lJeJ~U':i~!Vlrr m':ioW(PJJ'W 1 

v , 

eJ \9l'ff 111 m ':i lJ m'j rrn~!~ tJ~ ti'~f)mI011!~ 'W eJ\9l 'ffmm ':ilJ'lJ'W 1101 'l muYiYl1':i1tJ h~'l M'ti'lJ 
q q q q u 

19l1f)i1150,000rfW 
, v , 

H~m~Vl'lJYiIf)IOI1)lf)f)1':i'j~'lJllOl'lJeJ~!~eJ i 11ff 1 101m ij'V'll~eJ£h~~~ i 1fff~1 
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, ~ 

U~~1I~'U11U(1~ 1 1fffl11m~tl~~~t~uiJru111(1fl i ctft~tllJl9itl 1 UV~'jl£J 1 ~'Utl~tfll:l~'jfl'j Nt~£J~ti'~ 
q U qJ cu q q 

, , ~ 

fJm~l ~(1tl~ lIU~U'j~fltlUfll'j 1 U ~'jfh)l9il~ '1 -ntfi£J1.ij'tl~ nUf;!~'1:Yll1fl'j'j lJfll'j t'Vn~t~£J~ 
~ , ."." ~ .", 1 '\J) jI." jllIJ' ,.", <!I lIJ ' 

~~UU111fluru111~~ flm1 lJ! ~'jUfll'j!! f1 ~ 'Uu~'1:Y ~ ~Wfl'j~l'IU~tl'1:Y ~fllJtl£Jl~'j UU Ht Utl~tllfl !~ 
u q 

'J/ I' 'jI 

~fll'j~l~~lUlh 1 M'tfl~l1rul1T:h~~lu flw.fll'VI;i~'Utl~u'j ~"lflm 1 U WU-n-ntfl £J~ fll'j t'VI1~!~ £J~ 
u q 

~ ~ 

ti'~(1~(1~ r,mflni~m!(1~vr~Ul!l'lfl i U i (1fj'tltl~"lf~~'j1u 11f'1:Y'V1~ 2 "lf11~U 1l~"lf1£J1M'tl~'1:Y111 
q q q 

~ ~ 

m 'j lJ fll'j! 'VI l~! ~ £J~ ti'~ flm ~ l'1:YllJ n tt~ It 11 U I9i tl 1 U tl ~l~ ~U 'j ~ ffl'l ~.fll'VI lJlfl~ U 
q q 

3. U'j~ i£J"lfUt~~i"lflfll'j 

fll~':hll~'1:YllJl'jtt~iilJ~1u1n'1:Yl'jU1Ul"b'1~t~~N 

Development of multiplex R T - peR for yellow - head and white - spot virus in Penaeus 

monodon. 

4. U'j~ i£J"lfU~lUfll'ju~ffl'lnU~'j 

fI1~r;h\l~ffllJl'HlW~U1GJ!~m 1\lfff.)lJ 1 1i' m11!l1 i1f.)':!!!Cl~19i1!!~.:! ~~'tl11 i U Q.:!fJCll~l i ~(1 

in multiplex RT- peR 1~dl!~\l~~\l~1~Vilfll'j'il~l'I~!1i(luffl'liU\9l'jiuih~lJ~f.) 1u 

~ , 
\9l'j1'il! ~f.)!!Cl~fll'j!ffl~'Hl i lh~u!ill'\1lJlm~f.)Ul 1 uriflWW~UllflCJfU .. 
'I'll':!'j~lJ1~i'1'l(ll!rtm~f.).:!tiu hfl 11i'ff i~(Ifl~lJ.:!lUi~(I'tlf.)':! rl'.~'j. ioM(I lJtuUff.:! fll'jftmnfltl! 

q q CI q 

~ 

~fll:lW~'tlf.).:!m~iJ1fl~~fl'tlf.)':!!~f.) 11i'ff i~(Ifl~lJ.:!lUi~(I'tlf.)':! Dr. Peter Walker 'illfl f.)f.)m\9l'j!~(1 
q 

" flWth Polydonal antibody i~(Ifl~lJ.:!lUi~(I'tlf.)':! Dr. Phiplip Lo 'illflg111(l fll'jm1\lfff.)lJ!~f.) 11 

i'ff i~(Iin!l'lfliJfl RT -peR i~(Ifl~mlUi~(I'tlf.)':! Dr. Lightner 'illm.h~!l'Iffff'\1i'if.)!lJ1fll !!Cl~fll'j 
" \9l'j1'il!~f.) 1 1i'ffI9i1!!~.:!'il~'tl11 i~m'l'lfliJfl peR i~(ImilJ.:!lui~(I'tlf.)':! Dr. Lo 'illm.h~!'I'lfftM'\11U 

q q 



12 

9J 0 Q./Q../ r/<d )J 

1.1 fJ~fJ~lfll~lm)~lfl~HrHI,J{Jj1il'W "I1:JJl"l) U1Jfl~l 
, " " 

1.2 ~~fJm~hYi~fl!~el11i'fflh!'H~~N ~lnf11j~11'11'~fl!~el11i'ff1'W'I1'el~Uiilliif11j 
, 

\9l1~"1 

2. ~fl~~Hijtlffi,nUfl1'j't1~'tItl.:j 

31d Q Ct.; 
2.3 \9l!f1Ufflj!fl:JJelWlftl:JJ\9l1 

~ . ~ 

" " .c:!t Q.I 0 Q.I 9J 
2.4 !flj el~'lfnl~'\.J l'H'W nfll'WU'W 

2.5 !fl~el~~flffn~~~ltJU~:JJlW~l 

9Jd "" 
2.7 ~W'W - 70 el~fl'l!CJ:f~!G)Wff 

2.8 l:JJ lflj!TW 

2.9 !fl~el~u!~nl\9l1-whc)fff 

2.10 lni~ufl 

2.11 Laboratory sealing film 

2.12 'lfflriltJtll'VH~~ • 

MJ Research Inc., U.S.A. 

Warning, U.S.A. 

Sharp, Japan 

Sartorius, Germany 

Gilson Medical Electronics S.A., 

France 

Hettich, Germany 

Revco, U.S.A. 

National, Japan 

Pyrex 

Whatman 

Fotodyne 
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.ct.., J 
3.HUJflWan 

ffl'Hf1ihJf1'lfu~~t~t'Wfl1'jl~m~'Wtfl';j~11''eJ'nJil1J~f1T:i (Labolatory grade) 

3.1 thennus aquaticticus ( Taq ) Gibco BRL, U.S.A. 

DNA polymerase 

3.2 Deoxynucleotide Gibco BRL, U.S.A. 

triphosphates (dNTPs) 

3.3 QIAGEN one step QIAGEN 

RT-PCR 

3.4 PCR buffer Gibco BRL, U.S.A. 

3.5 SuperSCRlPT one step Invitrogen 

RT-PCR with PLATINUM 

Taq 

3.6 MgCl2 Gibco BRL, U.S.A. 

3.7 Agarose Sigma chemical Compa!!y , U.S.A. 

3.8 Ethidium bromide Sigma chemical Company, U.S.A. 

3.9 Phenol Gibco BRL, U.S.A. 

3.10 Chlorofonn Merck, Germany 

3.11 Lambda DNA - Hindlll Promega, U.S.A. 

Marker 

3.12 100 bp DNA Ladder Gibco BRL, U.S.A. 

3.13 CTAB buffer 

3.14 DEPC-water 

3.15 Dye 

3.16 70 % ethanol 

3.17 lOx TBE buffer 



4.1 Microtube 'tJ'Ul~ 0.5 1.0 

!!~~ 1.5 iJ~~~~1 

4.2 Autoclave 

4.3 Flask 200 ml 

4.4 Gravity convection oven 

" , 
OJ "t "t ~ 

5.1 m'unwi DNA mmU0!tlmH 
q 

14 

Treff Lab, Switzerland 

Hirayama manufacturing corporation 

Pyrex 

Precision 

, ," 
1 ~tJ'l11~,rvh~1J'~ 1)ltl1itJ~llJ~~'I1l~~l~'1 fifl1~-jl1)~~~ttjftJ '1 11' ffI'i1!!~~~~'lTJ 

" " thm~nl~ DNA 1~tJl,* CTAB buffer ~~.,j'U~tJ'U~~U 

l11hr tissue ~~m(J'l'U CTAB buffer 1~m~lJl'Ufl~11~YJ'U 1 g: CTAB 1 ml !!ft'11J~1i1't~·1r.''U 

~ , 

'"~ CTAB,bTer '~~ 500 ~I 
.d 9Id. .d. 

Incubate tIssue ~1J1'""~ 3 hr" 25'C 

Ulffl1~~mtJ'lff 1.5 ml tube 

~ , 

C trifu ;112 000 1 min 25°C 
en ge , ~ rpm •• 

!~1Jffl1~~~ltJff1'U1J'U'lff 1.5 ml tube fl'Ulmj (l11cif12 fl1'~) 

~ . 
"" . 'I !II !II '" '" d/ 
t~lJ 650 I.d 'tJtJ~ PCA solution ~fflJ mt'tJltl'U (tl~1J'tJ'U - ~H) ~ 30 sec 

~ . 



.d . 
Incubate >l I5.C 5 m .. 

Ul{ll~[\~m£rd'1'W1J'W ~ 800 III hi[\,:j 1 'W tube h'l~ 

~ 
"" 'I ~ ~ OJ 

!l9llJ 650 III 'tIel,:j CA solution H{llJ ! 'I1!'tIlfl'W 30 sec 

Centrifuge ~ 12,001 rpm 10 min 25·C 

Ul{ll';i[\~[\ltl"h'W1J'W ~ 700 ,.tl1ff[\,:j1'W tube h'l~ 

o 1, 
!l9llJ 630 III (0.9 volume) 'tIel,:j Isopropanol 

L 
Over mght 'VI 20°C 

.d ~ 
Centrifuge>l 1,2'001 rpm 15 mi~ 25·C 

Ii lIhu iilllu 1".'''" 1 !fVl' 

" " !~lJ 200 III 'tIel,:j 70 % ethanol A,:jVl,:jH IS min 

Centrifuge ~ 12'OO~ rpm 15 min 25·C 

• ,dll L", " 
I" "!fOU 1'1 I U pellet T'" 0 ifill" U61mfl 

lii~ 100 ~l '"1 DEPC - wate' 

19l~'1~{lel1J1.J~lJ1W 1\9ltl run 1J'W agarose gel (1 %) 

U{l\9l,:jelelfl'tlel,:j 1 ~fl i'Wti',:j !![\~!~1Jti',:j~19l1tl!![\~!!{l\9l,:jmfl1~'tIel,:j 1 ~fllJ1{ln\9l RNA 1\9ltli,,* Trizol • • 
"" " QJ ,~ '0 Q,I QJ Q.I do 

{lfl\9l~lfl{l'1'Wm ,:jelfl !![\~'\Jl'11tl'W1 \9l,:j'tl'Wl9lel'W\9l,:j'W 

15 



o G] ,d a. GI Q.I I 61 tJJ tJJ QJ 

'Wl tissue rff'Vl'U~ L~lJ Trizol reagent ~'WtJ~Hff1'W 1 g : Trizol1 ml 'U~ !'I1L'Ulf1'W 

• ~ y y 

ill tissue l1'~'tri't'W 1.5 ml 'UtJ~ microfuge tube I'l~Yi~H 30 'Wll1 

~ 
L~:lJ chloroform 2 L'vil'UtJ~tl~:lJltlH~:lJ 

. ~ 
Centrifuge,Vi 1000 rpm 5, min 

~.'m"u Torofonn Vi, 

L~:lJ isopropanol 1 L'VIl 'UtJ~ ff.rUl 

'~1JH~ r"C 12 hr 

d 

Centrifuge VI 'roo rpm 10 ~in 

91 91 .., 

"".," 70 'lrthanal2 "" 
d1l]9I91 

~~~mm~f1tJ'W'Vl ~~~1t1 DEPC - water 

d ~'" ," Lf1'Uffl'j~~~lt1'Vl t~'Vl - 70°C 

~ 
run caH~'U'W agarose gel 

, 
"" % 1:)'. I "" 'i' 2/ "",.g 'fl'flnbb1J'IJ primer '"l1ntJ'W'6'l~bflJ'I~'\.huJ'(?]'WbflJ'~~J'I~b'W'fl,",n'W1 Conserve 

16 

sequence"ll'fl~ WSSV bVltJl~.yhmJ''fl'flmb'IJ'IJ primer '"lln~I~'IJb'IJ~"lI'fl~U'W~~bflJ'1~'VI1iJJ'~'W 
'" bflN~¥1~ VP28bb~~nVP28 bil'W 2 "llVl ~~U • 

peR primer of VP28 coding regions 

VP28F ATGGATCTTICTTICACTCTC 

VP28R n ACTCGGTCTCAGTGCCAG 



PCR primer of n VP28 for non coding regions 

nVP28F 

nVP28R 

A TT ACGGTI ACGAAAA TTCC 

AGAGTGAAAGAAAGATCCAT 

5.4 'Vi1 Polymerase chain reactions 

v'h PCR b(?ltJH' 10 ng DNA, 30 pmol primer 1'W~1~~::;~1tJ 10 mm 

Tris-HCI, pH 8.3, 50 mM KCI, 2 mM Mg CI2, 200 ~m each dATP, dTTP, dCTP 

LL~::; dGTP, 25 U Taq PWO DNA polymerase (Gibco-BRL) b(?ltJl-if PCR cycle 

" 

30 

30 

30 

10 

1 

'"l1mrUi11n1~ elute bb~::; purified e.J~e.J~1?1 PCR b(?ltJH' 

OIAquick™ column (OIAGEN) 

5.5 Sequence Analysis 

.yhn1~t.l1~1c;)UbU~~')tJH' Sequenare (Amersham) bL~::;1.~Vhn1~ 

LmtJuLVltJu (Alignment) ~1C;)UbU~b(?ltJH'"l!'flvJbb')f Clustal x 1.0 b~'fln1~~b~~1::;'lft.l1 
zq,)'W Conserve 

, ~ 

17 

~ _~ ~.::t~ 4 ~ V ~ 

5.6 fl1'n'W1I'UfJUJ'U~mWmA'Ultli:n:}tl'UB-31~BWSSV1l1fl'IJ'nlW Conserve sequence AlfJl't1tl'Utl 

PCR 

'I.h"j'~1J~UJ1i~1~flfn~~~flU'IJ'lJprimer 'illmh~'lJ1'IJ1:1''lm~ Viral code protein VP28 tl1'IJ~n'IJ Viral 
, ~ 

code protein nVP281~WihJ'Wl~'\I~-3F'H'IN~\9l PCR t'vhn'IJ 5001111:1' (l1.Jfi 2) u~~ijih~111111:1'~~il 

NVP 500 F : 5' CAT ATT CTG GCA GCT CAA CCA G 

NVP 500 R : 5' ITT GCC CAA GGT GTC GCT GTC 

" 1~tJijff1'WN1:1'1J'\I~~ PCR reaction ~~il 



\?ll'n~ 4 ril'l.H·HnJ'lJ~H PCR reaction 

ril'WfoH"ll'lJfl~ PCR reaction 

Sterile distilled water 13.25 

10xPCR buffer 2.50 

50mM MgCl2 1.50 

dNTPs (10mM) 1 

Primer NVP 500 F (20 JlM) 1.25 

Primer NVP 500 R (20 JlM) 1.25 

DNA template 2 

RNA template 2 

Taq DNA polymerase (5U/JlI) 0.25 

~111 25 

o d", , jJ jJ tiL I~ 'I .,j _I '" '" 
(J 'U1 microtube 'Vlllff1'UfoH;Yll'lJ1~\?l'U !UU'U !'U!fl~fl~ microcentrifuge u~~ll1tu 30 1'U1'Vl .. ., 
(J U1ri1'UHffllVi'~'l1H'1'U!fl1fl~ PCR hWfhl1'U~fltul1fliJu~~nm~~i1 . .. 

'" '" '" Denaturing step 94 fl~fl'W1f~!CJftlff 30 1'U1'Vl 

'" '" '" Annealing step 60 fl~fl'l!CJf~!CJftlff 30 1'U1'Vl 

'" '" Extention step 72 fl~fl'l!CJfmCJftlff 1 'U1'Vl 

'" '" Final extention 72 fl~fl'l!CJf~!CJftlff 10 'U1'Vl 

"" . 
vilcih 35 ~mJ 1l1flU'UU1 PCR product !~'UHVi 4 fl~fl'l!CJf~!C]ftlff 

(J U1 PCR product 'U1~ri1'U1l1\?l~11l~ 1~m'VlflUfl agarose gel electrophoresis 1~mmtl'U!Vitl'U 

'lJ'U1~fi'U DNA 1l1\?l~i1'U 

(J 11'UViflfll'W 1~tI'1f~ri1t1fll'W!'il~ • 

'" mfl'Ufl RT - peR 

'1'Ufl1~vil RT - PCR ijri1'U11~~flflmhl'i'ru 4 ri1'U;ifl 
" 

18 

I , I V 

(J RNA template ;ifl RNA ff1m~(n Vi'~'il1flfl1~tl'fi~ RNA 'il1flfj~Vi~~!~fl '1fff'lr1m~fl~ DNA 

template 

(J QIAGEN one step RT - PCR Enzyme mix 



o dNTP mix f111111;Jll;J'W 10 mM 

o Oligonucleotide primer 

"''I 'JI Primer 'VI ~6Jf 

19 

" "dI 
Primer il~H)f)U1J1J1J1'iJlf)~l\9l1H1Jff1J~nfu ORF Ib gene 'Uf)~l~f) l1i'ff'l11mi1f)~ C)f~r-Hr;h 

. " 
l~'W1J~nwV1ij Conserve sequence t'Wl~f) YHV ('j'lfJ~1'Wt'W'¥J'W1~fJ'tI~~tl~t1!t1!1!f)f) ffm.tl 2543) 

"''I 'JI"! Primer 'VI ~6Jfflf) :. YHV135F 

YHV 135R 

(folWard) 5' GAC AT A ACA CCT T AC GAA 

(reverse) 5' AAG GTG TT A TGT CGA GGA AG 

~1'j'1~ 5 "h'Wf·-lffll'Uf)~ RT - PCR reaction 

"h'WJ!omll'Uf)~ RT";" PCR reaction 

DEPC water 

5x QIAGEN RT - PCR buffer 

dNTP mix 00 mM) 

Primer 135F 

135R 

RNA templete 

DNA templete 

QIAGEN one step RT - PCR Enzyme mix 

13 

5 

0.5 

0.5 

2 

2 

25 

o '" d , 'JI 'JI 11]" Ii-! 'I "j "I "" d 
o 'Wl micro tube 'VIllff1'WHffll'Ul~~'W ~lJlJ'W ~'W!mf)~ micro centrifuge lJ'j'~1J1W 30 1'Wl'V1 

.. " 
o 'I.hrh'WHffllV1 lf1'l tlHl 'W!f11f)~ PCR 1~fJil1H'W~f)W 'tI fliJu~~nrn\9l~il . ., 

DNA systhesis and pre - denaturation 

1 cycle of 

d d 

94 ~Nffl1C)fmC)ffJff 2 'Wl'V1 

PCR amplication 

40 cycle of 

d "" d Denaturing step 94 tJ~ffltC)fmCJf(Jff 30 1'W1'V1 

Annealing step 52 tJ~ffltCJfmCH(Jff 30 1'W1V1 



'" '" '" Extention step 72 -eJ~fYlt9HHCJffJ'ff 30 '1'WTYl 

Final extention 

1 cycle of 

'" d 72 -eJ~fYltCJf~HCJffJ'ff 10 'Wl'V1 

"" . 
'lh~l 40 'i-eJiJ 'il1m1'Wvh PCR product touHVi 4 -eJ'lfYltCJfr:H9ffJ'ff 

o '\.h PCR product 1J1~ff'1'WllWl'i'1'il~ hWt'YlflUfl agarose gel electrophoresis hwtmfJiJtVifJiJ 

'IJ'WWlfliJ DNA llWl'ij}l'W 

o 1J'WViflfll'Vl l~fJ'M~cilfJfll'Vlt'ilt'l • 

i'Wfll'ivh Multiplex RT - PCR lhl'1'Wlh~fl-eJiJfflfity 4 ff'1'Wfi-eJ 

o DNA Templat ,RNA Template 

o QIAGEN one step RT - PCR Enzyme mix 

o dNTP mix (10 mM) 

o Oligonucleotide primer 

"''1 iI Primer 'VI I'M 

" " 
Primer u-eJ-eJmtiJiJ'illfl~l~1JtiJ'ffiJ~t'1t1! ORF I b gene 'IJ-eJ~t~-eJ ~bl'ff~'1tt~'l~~'lJl'1Ut'l~ 

lbl'ff'l1'1mii-eJ~ \9l111~1~iJ 

"''1 iI"I Primer 'VI l'Mfl-eJ :NVP500F (forward) 5' CAT ATT CGT GeA GeT CAA CCA G 

VP500R (reverse) 5' TIT GeC CAA GGT GTC GeT GTC 

135F (forward) 5' GAC ATA ACA CCT TAC GAA 

135R (reverse) 5' AAG GTG TTA TGT CGA GGA AG 

\9l1'il~ 6 tt'ff~~bhWI!-l'ffll'IJ-eJ~ Multiplex RT - PCR reaction 

ff'1'WI!-l'ffll'IJ-eJ~ Multiplex RT - PCR reaction 

Autoclaved disstilled water 

2x reaction mix 

Primer NVP500F 

2.75 

5 

0.25 

20 



VP500R 0.25 

135F 0.25 

135R 0.25 

RNA template 

DNA template 

RT - platinum Taq mix 0.25 

10 

CI 111 microtube ~ljri1'W~H"lJ'u\~~'U'l1ihihJtfl~fJ~ microcentrifuge l1'J~lJ1ru 30 Ulli 
.. " 

CI '\.Jlri1WHYlJli'1111'ri''Utfl~fJ~ peR l~wfhH'U~fJW'\1f1iJtm~n"l~~il . .. 

DNA synthesis and pre - denaturation 

1 cycle of 

d '" d 
45 fJ~ffltC)mtC)ftlff 30 1'Ul'Vl 

peR amplication 

40 cycle of 

d '" d 
Denaturing step 94 fJ~ffltC)f"tC)ftlff 30 1'Ul'Vl 

d '" d 
Annealing step 30 fJ~ffltC)fmC)ftlff 30 1'Ul'Vl 

Extention step 

Final extention 

1 cycle of 

"" . 
yhciil 40 'JfJ1J lllnti'U'\.Jl peR product t~1J'1'li 4 fJ~ffltC)f"!CHtlff 

CI '\.Jl peR product 1Jl~ri1'UlJ1~'J11l~ l~m'Vlflufl agarose gel electrophoresis hw 

tmtl1Jtlitl1J'lI'Ul~n1J DNA lJl~'J~l'U 

CI u'UVinfl1'Vl hW'if~~lt1f11'Vl!ll" • 

21 
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"" l.fll"aVl"allltH)'U WSSV1l1fl'U"a&lWconserve sequence 

~ 1 <:I cv ~_I <:I ~ 'jI 

1.1 fll"aiitmn conserve sequence 'lU.l'UtJ':HfI"al~'t'im"aVl'I.urn,unl~ 

"'1'1 nn'1:i'~ m~n~'1 ~'lJ b'lJ~"lJ'el\lth.Jl\l brl:i''1:;~1U:i'~'\.J1 '\.J~')'\.J non Coding 

WSSV 

(:i'tJ~ 1 
'lJ 

6 isolates bb~::;1'\.J~,)'\.J coding ~'1'\.J,)'\.J WSSV 4 isolates 'V'l'lJ~'1ii~'1~'lJb'lJ~~mrJ'el'l.Jfl'\.J 
bb~::;nJ~ 2) bb~~\I~'1u'\.J1'\.J~,)'\.J"lJ'el\ll\lbrl:i''1::;~1u:i'~'\.J'i:rl:i'\I~~'1\1 VP28 bb~::; nVP28 ii 

'" 
~m~tru::; Conserve ~\I:I,nn 'Olf1fH'lf11'jfffl'hll conserve sequence l'U~'Ui1'l!fI'jl~,1hh~'U tflH 

'lJ 

oJ , 

fffl'lUffl1Jl'j(l'\.h~tIlJ"1Jll~!~t1f11'jtltlflu'U'Uprimer 'illfl~l~'U!'Uff'UtI'l Viral code protein VP28 

fll'U~ti'U Viral code protein nVP28 (NVP 500 F : 5' CAT ATT CTG GeA GeT CAA CCA G 

!m~ VP 500 R : 5' TTT GCC CAA GGT GTC GeT GTC) t~H.l~'U'Ul~'UtI'l~mf.l~~ PCR !'vilti'U 

500 !'Uff (11.J~ 3) 

Sur2nvp28 AACTAAAAAAATTCAATACTGGCACTGGATGATTGGGGTTCATTTTATIT ATTTTATTAATCATCGGAATITGGGGTIT ATITAGA TCTCGAAATGCAAC 

Sur7nvp28 AACTAAAAAAATTCAATACTGGCACTGGATGATTGGGGTTCATTTTATIT ATTTTATTAATCATCGGAATITGGGGTITA TITAGATCTCGAAATGCAAC 

Chu1nvp28 AACTAAAAAAATTCAATACTGGCACTGGATGATIGGGGTICATTTTATIT ATTTTATIAATCATCGGAATITGGGGTITATITAGATCTCGAAATGCAAC 

Chu2nvp28 AACT AAAAAAATTCAATACTGGCACTGGATGATIGGGGTTCATTTTATIT ATTTTATTAATCATCGGAATITGGGGTITATITAGATCTCGAAATGCAAC 

Padlnvp28 AAGTAAAAAAATTCAATACTGGCACTGGATGATIGGGGTTCATTTTATIT ATTTTATTAATCATCGGAATITGGGGTITATITAGATCTCGAAATGCAAC 

Pad2nvp28 AACT AAAAAAA TTCAA TACTGGCACTGGATGA TIGGGGTTCA TTTT ATIT A TTTT A TI AA TCATCGGAA TITGGGGTIT A TIT AGATCTCGAAA TGCAAC 

vp28 AACTAAAAAAATTCAATACTGGCACTGGATGATIGGGGTTCATTTTATIT ATTTTATIAATCATCGGAATITGGGGTITATITAGATCTCGAAATGCAAC 

Sur2nvp28 CACCCAAGAGANCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTA CATATIC!C'.,('..cAS£ICAACCAGCAGGGGTCCAGGTTCTGGATCTGGAAAC 

Sur7nvp28 CACCCAAGAGAGCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTACATATJCT('.,('..cA~CTCMCCAGCAGGGGTCCAGGTICTGGATCTGGAAAC 

Chu1nvp28 CACCCAAGAGANCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTACATATICTGGCAGCTCAACCAGCAGGGGTCCAGGTICTGGATCTGGAAAC 

Chu2nvp28 CACCCAAGAGAGCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTACATATTCTGGCAGCTCMCCAGCAGGGGTCCAGGTICTGGATCTGGAAAC 

Pad1nvp28 CACCCAAGAGAGCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTA CATATTCTGGCAGCTCMCCAGCAGGGGTCCAGGTICTGGATCTGGAAAC 

Pad2nvp28 CACCCAAGAGAGCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTA CATATTCJ(',GCAGCTCAACCAGCAGGGGTCCAGGTICTGGATCTGGAAAC 

Nvp28 CACCCAAGAGAGCAAAACTICTICCCCAACAATCTCCTCGACCCCAACTACATATTCI'.,(',(;A(',crcAACCAGCAGGGGTCCAGGTTCTGGATCTGGAAAC 
•• ____________ - ________________________________________ w. ________ • ________ • ____________________ • ____________ woo. 

Sur2nvp28 AAACCCAAAGATGACACATCCGTIGAAGGAATAGACCCTGGCTIACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTTGCCAATTGTCCTGTIAC 

Sur7nvp28 AAACCCAAAGATGACACATCCGTIGAAGGAATAGACCCTGGCTIACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTIGCCAATIGTCCTGTIAC 

Chu1nvp28 AAACCCAAAGATGACACATCCGTIGAAGGAATAGACCCTGGCTIACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTTGCCAATIGTCCTGTTAC 

Chu2nvp28 AAACCCAAAGATGACACATCCGTIGAAGGAATAGACCCTGGCTIACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTTGCCAATIGTCCTGTIAC 

Pad 1 nvp28 AAACCCAAAGATGACACATCCGTTGAAGGAATAGACCCTGGCTTACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTIGCCAATTGTCCTGTTAC 

Pad2nvp28 AAACCCAAAGATGACACATCCGTIGAAGGAATAGACCCTGGCTIACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTIGCCAATIGTCCTGTTAC 

Nvp28 AAACCCAAAGATGACACATCCGTIGAAGGAATAGACCCTGGCTIACTGTA ACAGAAAAAAGAGTAAAAGGCGACAGCTCGCTIGCCAATIGTCCTGTIAC 

Sur2nvp28 GTACTCTGTGGTITCACGAGGTTGTCATCACCAAAGGTAACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTIAATAACCAAGCAACGTICGATAAA 

Sur7nvp28 GTACTCTGTGGTITCACGAGGTIGTCATCACCAAAGGTAACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTTAATAACCAAGCAACGTICGATAAA 

Chul nvp28 GTACTCTGTGGTITCACGAGGTTGTCATCACCAAAGGT AACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTTAATAACCAAGCAACGTTCGATAAA 

Chu2nvp28 GTACTCTGTGGTITCACGAGGTIGTCATCACCAAAGGTAACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTTAATAACCAAGCAACGTICGATAAA 

Pad1 nvp28 GTACTCTGTGGTITCACGAGGTIGTCATCACCAAAGGTAACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTIAATAACCAAGCAACGTICGATAAA 

Pad2nvp28 GTACTCTGTGGTITCACGAGGTIGTCATCACCAAAGGTAACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTIAATAACCAAGCAACGTICGAT AAA 

Nvp28 GTACTCTGTGGTITCACGAGGTIGTCATCACCAAAGGTAACCTTTTTTTT TGTCCTCGCCGACAAAACGACATCTIAAT AACCAAGCAACGTICGATAAA 
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xU~1 Multiple Sequence Alingment 'lltl.:i VP28 coding gene 1'W~'ltl£l1.:ir1.:i~~1~1~~lPlb~tl WSSV 

Sur2vp28 

Sur7vp28 

Chu1vp28 

Chu2vp28 

Vp28 

Sur2vp28 

Sur7vp28 

Chu1vp28 

Chu2vp28 

Vp28 

Sur2vp28 

Sur7vp28 

Chu1vp28 

Chu2vp28 

Vp28 

Sur2vp28 

Sur7vp28 

Chu1vp28 

Chu2vp28 

Vp28 

Sur= ~~1'jj'nffi1il Chu= lllJ'W~ , 6J , Cha= ":;b~.:ib'm1 Ref= a reference VP28 noncoding 

sequence reported by van Hulten et al 

~~lPlb~'W1~~'El primer nVP500F 

CTCGCC.\ TCACTGCTGTGATTGCTGT ATTT A TTGTGA TTmAGGTATCA CAACACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGA 

CTCGCCATCACTGCTGTGATTGCTGTA TTTA TTGTGATTmAGGTATCA CAACACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGA 

CTCGCCATCACTGCTGTGATTGCTGTATTT A TTGTGATTmAGGTATCA CAACACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGA 

CTCGCCATCACTGCTGTGATTGCTGTATTTATTGTGATTmAGGTATCA CAACACTGTGACCAAGACCATCGAAACCCACACAGACAATATCGAGA 

CAAACATGGATGAAAACCTCCGCATTCCTGTGACTGCTGAGGTTGGAT CAGGCTACTTCAAGATGACTGATGTGTCCTTTGACAGCGACACCTTGC..G 

CAAACATGGATGAAAACCTCCGCATTCCTGTGACTGCTGAGGTTGGATCAGGCTACTTCAAGATGACTGATGTGTCCTTTGACAGCC~crrr,GG 

CAAACATGGATGAAAACCTCCGCATTCCTGTGACTGCTGAGSTiSGATCAGGCTACTTCAAGATGACTGATGTGTCCTTTGACAGCGACACCID3C,G 

CAAACATGGATGAAAACCTCCGCATTCCTGTGACTGCTGAGGTTGGATCAGGCTACTTCAAGATGACTGATGTGTCCTTTGACAGCGACACCID3GG 

ClIMi\TCAAGATCCGCAATGGAi:\GTCTGATGCACAGATGAAGGAAGAAGATGCGGATCTTGTCATCACTCCCGTGGAGGGCCGAGCACTCGAAG 

ClIMi\TCAAGATCCGCAATGGAAAGTCTGATGCACAGATGAAGGAAGAAGATGCGGATCTTGTCATCACTCCCGTGGAGGGCCGAGCACTCGAAG 

~TCAAGATCCGCAATGGAAAGTCTGATGCACAGATGAAGGAAG AAGATGCGGATCTTGTCATCACTCCCGTGGAGGGCCGAGCACTCGAAG 

c.MlIATCAAGATCCGCAATGGAAAGTCTGATGCACAGATGAAGGAAG AAGATGCGGATCTTGTCATCACTCCCGTGGAGGGCCGAGCACTCGAAG 

TGACTGTGGGGCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAA CAACACATCAAGAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAG 

TGACTGTGGGGCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAA CAACACATCAAGAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAG 

TGACTGTGGGGCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAA CAACACATCAAGAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAG 

TGACTGTGGGGCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAG 

TGACTGTGGGGCAGAATCTCACCTTTGAGGGAACATTCAAGGTGTGGAACAACACATCAAGAAAGATCAACATCACTGGTATGCAGATGGTGCCAAAG 

Sur2vp28 ATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCAACACCTCCTCCTTCACC CCCGTCTNTATTGATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACC 

Sur7vp28 ATT AACCCATCAAAGGCCTTTGTCGGTAGCTNCAACACCTCCTCCTTCACC CCCGTCTNTATTGATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACC 

Chu1vp28 ATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCAACACCTCCTCCTTCACC CCCGTCTNTATTGATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACC 

Chu2vp28 ATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCAACACCTCCTCCTTCACC CCCGTCTNTATTGATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACC 

Vp28 ATTAACCCATCAAAGGCCTTTGTCGGTAGCTCCAACACCTCCTCCTTCACC CCCGTCTNTATTGATGAGGATGAAGTTGGCACCTTTGTGTGTGGTACCACC 

Multiple Sequence Alingment 1J'fl>l VP28 coding gene 1UM'l'flth~~~~fl1~1~~(1)L~'fl WSSV Sur= ~nl::t!.lffnu. 

Chu= 'lll-J'Vi, Ref= a reference VP28 coding sequence reported by van Hulten et al 2000 

~~(1)L~u1~~'fl primer VP500R 
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1.2 tll'~fttl'lJlrll11.J"Jm'~rll11.J;)1''t'fl~1'Ufl1''jVl·n''WSSv 'U1nW VP 28 m'~nVP28 

1 'Ufl1'jm"H)1~ml~,.fflll:U 1 lm'~ml:U~l~'V'll~'\Ifl~ 1 li''ff~lU~Wil~'\Il1 1~(J 1'V'l'j 
q 

" ~:Ufl{ n VP500F Ut'l~ VP 500R 'V'llJ';i1 l~ml:U~l~'V'll~ t'Ufl1'j\9l'jlll'fffllJ~9ffll li''ff~lU~~~~ 

'\Ill Ut'l~1~flll:ul11'Ufl1'j\9l'jl'il'fffllJlu'j~~lJ 0.1 pg (~U~3Ut'l~ 4) 

2 3 4 5 6 

. " . • 1"" <!!lI)<v<v ""1Ij3J '13J 
~u'VI3 f:'W peR product '\IflWlffl n'j'ff\9l1U~~~~'\Il1 'VI t~'illflfl1'j t"ll' 

primer NVP500F Ut'l~VP500R 

I d 

"ll'fl~'VI1-6 WSSV 100-0.001 pg 

2 3 4 5 6 

~u~ 4 f.lt'lfl1'jfffl'hllf111:U~1~'V'l1~1'Ufl1'j\9l'jl'il'ffmJlli''ff wssv1~(Jl,* 

l'V'l'j~:Ufl{ primer NVP500F Ut'l~ VP500R . 
I "" 

"ll'fl~'VI 1 

I "" 
"ll'fl~'VI 3 . 

I "" 
')j'fl~'VI 5 -6 

lOng of HPV 

lOng of YHV 

I d 
"ll'fl~'VI 2 10 ng of WSSV . 

I "" 
')j'fl~'VI 4 10 ng of Salmonella 

100 Ut'l~ 10 ng of P.monodon 
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<jI " 0 G) ... 2.fl11'ftfl'tflfllUJ nUil~fllUnm'Vtl~ AUfl11'g)1'l{)YHV'lJ1'llW ORF 1 b gene 
., . ., 
Qld.. !V~Q.llI)'JIo & ~lI)QI 

'iJlfllltJ.:jl'WflHVl1 flW~~1'iJtJ t~Vllm1f1'fI'tJl Conserve sequence 'IJ~N!~U &1nl' 

'I11m~U.:j i 'W1,'h'WORF1 b 'IJ'Wl~ 300bp ~.:j!1j'W'IJ'Wl~~41tJi'Wm1~1'WH!;'lm1V1~!;'lU.:j U~l.:j h~~mtJ 
OJ' OJ. 'I iI '" dl!] '0 • iI .09 I!] 'I!] iI 

'H!;'l.:j'VfIJ11primeI4I~~.:jfl!;'l11 !'HH!;'l'V'lM1Vl tlJ'iJl!'V'l1~11lJ~1tJ(nonspecific product :Cjf.:j !lJ !\Ol11tJ.:jl'W 

d/l!]iI_1d 'Iii .09 'Iii 
H1,'l) 'iJ.:j !~!lJ!;'ltJ'Wlll!<J1 primer YHV 135F - YHVl44R(Wongteerasupaya et al.,1995b) Cjf.:j !'HH!;'l 

'" d I!] ilct I!] '" 'I iI 0 'I J I!] OJ OJ 

H!;'l\91 RT - PCR VI !~lJ'IJ'Wl\Ol 135 !1Jmm~ !'V'l1!lJU1 !'Hfl11lJ'iJl!'V'l1~ !'Wm1\9111'iJ1,'1'U1J!~U &111,'1''H1 

m~u.:j U1,'l~i,rfl11lJ'1i'Wfl11\9111'iJ1,'1'U1Ji'W1~~1J 0.01 pg 

w ~ 
o <!l It ...,..., <!l <!l liI ..., ..., 

3.fl1nn Multiplex RT-PCR \ltl-!ll'lftl n1'tJ't'il1'Hiltl-!lUil~l'lftl n1'tJg)lUYI-!I~YI\ln 
iI"'QI _I 0 d 'I 0 ..09 ~ 

flW~~1'iJtJlJ1~1,'1'1Jfl11lJ1,'1'l!1'iJ !'Wm1V11MultiplexRT-PCR1~'H11.:jWSSVCjf.:j!1J'W 

DNA virus U!;'l~ YHV ~.:j!1j'WRNA virus(lll~5) i~tJfll'nllRT-PCR !~tJ.:j~'W\9IU'W!~tJ1 H!;'l~V.:j . ., 
: ffllJ11flVilm11,'1'ti~ i11fflh1j'W DNAU1,'l~RNA 11lJti'W'~mtJi'W,j'W\9Iu'W!~tJ1 

1 2 3 4 5 6 

lll~ 5 H!;'l multiplex RT-PCR product 'lJU.:j'11ff~1U~.:j~~'lJ11!m~'11ff'l11m~u.:j 
dl!]iI '1i1'''1 OJ 

VI !~'iJlf1ml !<J1 primer 2 fJ flU primer 135F U!;'l~ 135R f11J primer NV500F !m~ VP500R 
., ., 

'lfeJ.:j 1-6 ~eJDNA 'lJeJ.:j!~eJWSSV U!;'l~ RNA 'lJU~!~eJ YHV ll~lJ1W 100-0.001 pg \9Ilmh~1J 
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o '&"OJOJ a '&"OJOJ 
4.fll1'f11 Multiplex RT-PCR 'llO~l~O n1t1''t'ill'H1,'10~1l1,'1~1~O n1t1'VllllYl~'\1Y1'llnil1tlt1'UUI 

tltu~~l~tJ'~~lMultiplexRT -PCR':i~"'rh~wssv U~~ YHV1 'U1'i':Wth~Q'HJm~l~ii 
':i 1 tJ~ 1 'U fl1 ':i ~~H4tl'01fl~~1~~ ~ ~fl1':i 1 '1f'l!~Wl ':i 1'0 fftl1J~.w\PlJ'U 1~'U ih ~~~fl1':i \9l':i 1'0 fftl1Jl~'U tl~l~~ 
(t1J~6) 

M 1 2 3 4 5 6 7 8 

500bp+ 

135bp+ 

t1J~ 61'i1tl~1~fln1'1f~~\9l':i1'Offtl1J Multiplex-RT-PCR 1~tl\9l':i1'Offtl1J'1fffM1miitl~ 
" U~~l<Mtl '1i'ffI'i1U~~'O~'\I111'Ufl1tlff'U1lJ~1'U1'U 81'i1tl~1~ • 

, " , 
Q.I , d & ~ ~ Q.I I .d 

\9l1tltJ1~'Vl 1 2 U~~ 5 Uff~~t:l~fffl11~\9l~lGlm~fflJ (Mix infection) \9l1tltJ1~'Vl 3 U~~ 

" ," 
6 ~~l<Mtl '1i'ffI'i1U~~'O~'\I11U~~1'i1tl~1~.yj 4 7 U~~8 ~~l<Mtl '1fffM1miitl~ • 
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, " , 
!'VlflUf1'Vit1tJtl'",h Multiplex RT-PCR h.!m1'Vl~~el'l'U 1~Vilm'.ielelfH!1J1J primer 2 ~'iJlf)1J~ntuVi 

" " " !~'W conserve sequence '\Iel.:.t!~el tli'fflr~rffel.:.t'MU~ 1~tJ1~elelf)U1J1J primer ff1'Hi'1J~n'iJffel1J!~el 
" 

1 1i'ff'l11!M~el.:.t'iJlf)ff1'W'\Iel.:.tfj'W ORF Ib '\I'Wl~ 135 !1Jff l!~~!:]fel 1 1i'ffI'i1U~.:.t'iJ~'\I11'iJlf)ff1'W'\Iel.:.t 
q 

'" "" "'1.1 d I 'J/ 'I "" 
tJ'Wff.:.t!f111~'H ~u'.i~'W'HmpJ VP 28 !W~nVP28 '\I'Wl~ 500 !1Jff ~'W1J1ntu conserve sequence 

, " " 
~~m'.i'Vl~~el.:.tVi 1~'V'/1J11 ffllJ1'.it:l~'.i1'iJffel1J!:]fel 1 1i'ff'l11!M~el.:.t!W~~11'iJ!~el 11 

i' ffI9i1U~.:.t~~'\I11 1~tJih111lJ 1 1m1~11'iJtl~t'W1~~1J O.lpgU~~ 1 pg~nlJih~'I.J ~.:.t!rltl~l'Wltu!~'W 
f iI. ," 

o tq Q.I do lrJiI jI Q.I ,.:so 11)91' Q.I 1.1) do .1f:!!.t lrJ QJ 1.1)91 
'iJl'W1'W'\Itl~ n1ff'Vl'iJ~~11'iJ t~U~l'W'W f11'Vlfll'Wltu t~tl~1~~1JmllJ n'VlffllJ11t:l~11'iJ!'Mtl nnr t~ 

~ " " 
1 'W1~~1JtJ1~lJltu 10

4 
l'il '11.:.t'lJ 1J11!~'W1~~1Jfll1lJ 1 1!~tJ.:.t'V'/tln1Jm1~11'iJ1!ml~,"m1~~!~m1.:.t 

, "" 
fftl.:.t'MU~'V'/~tllJn'W'~ tl~l.:.t h~~f111lJ i l' 'Wm1~11'iJfftl'I.Jff~~hf)11mHI11'iJfftl1J!~el 1 lffVi~~!~el 
• I I ~ "" .,; 'J/ d 01 'I 'J/d 11) 'I 
U1~lJltu 10!'Vll '11~!'YIfI'Wfl multiplex RT-PCR 'Vll'ltl~lJm1'V'/WJ'Wl t'HlJfl11lJ n ~'Wm11'l11'iJfftl1J~.:.t 

,% 
'\I'W 

, 'j/ J/ iI 

GJt~m1'iJfftl1Jfi~\PlJ'Wl~'Wih~'Wm1Vil Multiplex RT-PCR !~tJ.:.t 1 ;r'W1~ldl.:.t 
~?f ~?f. d~~ 0 0111)""";'" 

WSSV'11.:.t!IJ'WDNA virus !W~ YHV '11.:.t!IJ'WRNA VIrUS tlf)'Vl.:.ttJ.:.tffllJ11t:l'Vllm1fff)~ n1ff'Vl!1I'W 

" " " DNA!W~RNA i1lJn'W 1~.fIltJl'W;r'W~tl'W!~tJl ~~ffllJ1'.it:l 'oMl'l'.i1'iJ!:]ftl bi'ff''Wfi~ '~U.:.t 2 !~tl '~1 'W 
q 

n~1!~tJ1n'W 1 'W'H~tl~'Vl~~tl.:.t'H~el~!~tJ1 ~~!~'W1~~<JfltJtJ1~'Hff~nm' 'Wm11'l11'iJfftl1J ff~1'l1f)' 'W 

" " ~ 
m1U l' tJ, oMl1.:.t' 'W11tl~'Vl~~el.:.tU~~.fIlflff'WllJ 11lJl1~tJ1~'H ff~~h 1 oM~ltJ1um'.i1'l11'iJffel1J '11~ 1 'W 

iI ii, 'JI 

iJ 'iJ'iJU'W m1~11'iJ!~el , 1 i'ff'iJ 1 f)n.:.t 1I'lmwfH:]felViloMtl~'lJ'Wihlfllff .:.t1J1f) 
q q qJ 'U 

1'W el'W lfll'lfll1iim1~WJ'Wl'M~1'l11'iJffel1J~ffl1J11t:l~11'iJ!iel' 1i'ff HPV ~.:.t!~'W 
q 

, " 
ffl!MI9.lViVi 1111!n~ 11f1~~Ufl1~' tJfll1J~n1Jm1~WJ'W1GJt~1'l11'iJfftl1J!:]ftl' 1i'ff'l11!M~tl.:.tU~~' li'ffl9il 

U~~~~'\I11111iifll1lJ'11'Wm11'l11'iJ!~lJ~'W ~~'iJ~!~'Wm1~~nm~'oM''Wm1ml'iJffel1J ~l'lfil'oM 
I 'I 1o].1~ d 1I)'J/ I 'J/ 0 .1 

'iJltJ ~'Wm1ml'iJfftl1J 11lJ tut:l.:.t~l'lm1~ty!fftJ'.iltJ t~'iJlf)m1ff~eltlf)fJ.:.tfJm~1'\lel.:.tu1~!'Vlfl' 
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