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1. 

2. 

II 

Vl'U1 

Q JI .Ja. .., v ~ v ~ .QI 

tl1~1'1'f'J'OJl•Wll'l1l.JL'!l'El Columnea latent viroid(Cl Vd) Vll'll'JL•tn:i..nnULl..l'11'l'Yl'U~l.J~L'lJ'ElLV11'1 1 

~i11Loff1"0J1nl'i1..:ii.J1~LV1P1 (Interception of Columnea latent viro1d (Cl Vd) in Imported 

Tomato Seed) 

tl11Fll'IL~'Elfl"11EJTI'U~l.J~'1~fl'Ell11'1'UV11'U 11-r"1~1'11..:JLL 'Vn'U Papaya ringspot virus 1 'W"1m'Yl 42 

L~'El'UV11'1'1'El..:J (Screening Papaya Varieties for Resistant to Papaya ringspot virus 

under Greenhouse Condition) 

3. TI\iU'U1LVll'lUl'lfl111'111'0JlU"OJum~'El 11~'Elvvinu~1'U'lJEJ1EJTI'U~'lJ'El..:J~l.J (Development of 67 

Viroid Detection on Citrus propagation) 



Development of Viroid Detection on Citrus propagation 



L~'1~ nT~~11'1~~~111L~'1 Columnea latent viroid(CLVd) ~~~L.u'1111nt1UJ~~~\Jq 
4 ..lo II I .I 

1l~ L 'tleH 'V1fll'Vl'U1L 'tl1~1n~1~u1~ L Ylfll 

Interception of Columnea latent viroid(CLVd) in Imported Tomato Seed 

... ...1 " d ... ...2 
n1qj'1\J1 11~t1'!lt\J 1\JL~ty fll~'!l1" 

n~1H1\Jbi'5'11vim ri1tl'n1~f.ILL"t,;'~\J1m~mi'n'U1-n'!l 1 

• 
n~lJ1~flm~nnn\J-n'!l ri1tl'n1~flLL"t,;~\J1m~mi'n'U1-n'!l2 

uvi~\i\VCI 

L~ti Cotumnea latent viro1d (Cl Vd) Lll'UL~tl hri~'1ltlfltl'U6lJti'lthtL'V1P11vm 11-se:ivl1i'1l'Ll\i\ 

dLD'UL~tl?l1LVl\;)hF1~?i1~qi6lJti'llJtL~m'V1P1 vh1~~m~~\Jl"\i)".:j~.:j 49 LtJtiiL~'U!>l L~ti'1JU\i\di1~'1ltl1~EJ 
~fll1'l L"ll'U lJtL~m'V1P1, ~'UeJ~.:i, LL\Jl'lfl11, Yi~fl, lJtL~ti'1lU\i\~1'l 1 LL"t1~tJ-st~'\.JBflVl"1EJ'1l'LI\i\ Bfl 

~.:iv.:i?11m-smhE.J'V1ti\i\ 11ri~1'UV11'lLll~\i\~'UITT~ "il1rnmm1\Jl-S1"il?lti'\.J~\i\\Jl1llL~e:im-s?tn\i\L~e:i CLVd , 

tl'\.J LlJ~\i\~'Uifot L ~ti L 'V1 Pl~i.11 L oLJ1'11n~1.:itJ-st L Vll'l (interception) 1 'Un~ll'\.J'St L 'V1Pl~i1m1ll L~ E.l'l ~.:i LL~ , . 
tJ 2554 ~.:i 2555 vl1E.J15m-SL'Yi1t1'Uh.:iL~tl'U (seedling symptom test) L~ti'1.:iLnvimm1 LL"t~ll 

vi11'1v11mviriUri Nucleic Hybridization LLm:: RT-PCR L\i\E.J~ll\Jl'S1'11Jl1e:iv1.:iLll~\i\~'U6l.ltL~mviP11'U • • 
tJ 2554 "ii1'U1'U 6 F1~'l "il1fl 7 '\.J'StL'V1P1 LL"t1'UtJ 2555 "ii1'U1'U 10 F1~'l "il1fl 12 tJ-stL'V1P1 hJYi'\.Jfl1'S 

c.I ~ x V' QJ' I ~ Q.I ~V I d 0 O x 
u'UL utl'U"lltl~L'1ltl CL Vd flU\Jl1tlE.11'lLll"\i\Yi'Uli\i\'lfl"11 LL"tLlltl'V11fl11?1111"ilLL"t\Jl'S1"il?ltl'\.JL '1ltl , 

11-StJE.J\i\1 'ULL tJ"~~~\Jl LlJ~\i\~'U5lJt L ~tl L 'V1Plffi-ffffi-ff Lll~\i\~tl-LLlJ~'U5~tl1 L oLJ1'11fl~1'l'\.J1t L Vll'l , . 
(monitoring) v11v15m-stJ~m~ti'\.J'U~'1l'V1\i\?ltJU (Biological indexing) \Jl1llvl1E.IL'V1Fl'UF1 RT-PCR 

LL"t m11-um1ll~'V11'lvl1'U~1?111G'l'U LV1P1P11?1Vli (bioi nformatics) L oLJ1-d1 E.J ?11ll1'Sf1\Jl'S1"il'Yi'\.JL ~ti 
" 

CLVd "ii1'U1'U 4 \Jl1e:iv1.:i LL"tL~tl Pepper chat fruit VtfOtd(PCFVd) "ii1'U1'U 4\Jl1e:iv1.:i1\i\E.J"il1fl 

m11Lm1~v; Phylogenetic tree 6lJeJ~L~eib-se:iE.J~~~ 2 '1llJ\i\ Yi'\.Jl1i1fl11llLU'U1tJ1~~L~ti~~n"11 

m"ilLoLJ1m~~1m1n1'UtJ-stL'VlPl1'VlmL~1 (establish) 'Utin"il1ndv.:i'Yi'\.JL~e:i CLVd ?11E.J~'UmV1lJ"il1n 1 • 
1'W 4 isolate ~\Jl11"il'YiU i1Flru?tlJU~1'Um1v111~Yi'll'Vl\i\?leJ'Ullt5n (So/anum stramonifo/ium) , 

Ln\i\eJ1fl11~'S'ULL1~ fieiv111 ~Ln\i\tl1fl11~'UL~E.ILLF11tLLn~'U E.leJ\i\LL"t 1'1.JVl\i\"\i\1'\.J 1 tJilmm-s~h~ Liie:i1 'U , " 
Vl\i\V'U LL"ti1mm1L•1m~\Jl1E.l~'\.J~L1ruL'1'U1ULL"ttl1'U1'\.J ~'lLL\Jlfl~1~'11flL~tl CLVd isolate L~ll~LF1E.l 
i1m111E.1~1'U~"ilt 1lJLL?l\i\~mm-s~\i\tJn~ (latent) '\.J'Ullt5n LLm::"il1nm1iLFl11~v;~1~'1.Jii1Fifilei 1 'Vl~ 

LtJ~E.JULViE.J'\.Jtl'\.JL~eJ Cl Vd isolate L~ll Yi'Ul1i1~1~'\.JU1rifile:i1vil1i~LL\Jlfl~1'ltl'ULoWEJ'l 2 L'\.Jmvi1i!'U~ 

~\15'1m~Vl\i\"ci~ 03-04-54-03-03-00-10-54 



i1m1lJ'1lJ~'U6ti'u"'n~ru~mnT~~\iliJn~~th1nnu'UlJ~5n Fie:i~IJ11LLV1'l1.:i 83 ~Ln\ilm1L~lJLtJ'1 A 

LYllJ~'U 1 LU'1 (base insertion) LL'1~~1'11LL'Vl'll.:i 292 ~Ln\ilmwJ~V'ULU'1'11n A 'Vl~e:J T LU'ULU'1 G 

(base substitution) b\ilti~.:i 2 LtJ'1€J~tJ~nruil1LL'VIU.:J P domain 'lJ€J\IL~e:i111e:iv~ zj,:ii1V1u1~ 
'U 

~ d ~ ")' 4 dd Q d dd 
L 'llv Cot umnea latent viroid (CL Vd) L U'UL 'llv'11LVI~b1fll'l'llVllJ'lJ'U1\il L'1 n'Vl'1\ilVll.l11V.:J1'U 

' ' 
ifo.:il'1i.J1~nm.JLU'UmiLB'ULe:J'11m~v1~LU'U1.:iulil 1~ffi i.J1~'Uvtv~l.J il'll'U1\ili.J1~mru 370 LU'1 L\ilV 

' 
i.Jn~LL~1miLS'ULv 111vvii'1~vv"l. 'U'1.fnl'l bfl1.:JG'l~1.:ivi~vniJ~il6"n~ru~ L U'U rod-shape L~v.:i'11nm1 

'U ' 'U 

Ln\il~'Ufl'U'lJv.:JLU'11'U'11VmiLS'ULv'lJv.:JL~v111vvii~1V~'Uli~ 1[Jb\il1L'1'U zj.:JLU'U bfl1.:JG'l~1.:i~ilm1l.J 

L'1~v1mn~'1\il 111e:i vii L U'UL ~viJ1~~m111 'UYl'llmli'11lJ11'1'1.:i LF111~V11. iJ1~'U 1~ m1L YllJiJ~mru 
' 

n11Lfl~€J'U~1V LL'1~m1v111~Yl'llLn\il'el1n11~\iliJn~'1~1 m U1~'ULL'1~'111Lflil~1.:i 'l '11nYl'llm~v 

(Hadidi et at., 2003) 

L~v CLVd ~lil'11LL'Unv~"l.'U1.:il'i Pospiviroidae "1~'1 Pospiviroid L~v'llii\ildL-IT1v11mv 
Yl'll'V1'11V'll'Ll\il L'li'U lJ~L~e:JLVll'l, lJ'U~~.:i, LL~.:im1, Yl~n, ~'U~U'1~n LL'1~Yl'll~'U1'U'1~'1 sotanum spp. 

L~€J Cl Vd '11lJ11'1~1VVl€J\il 1·rn1~'Vl'11VVl1.:J 1~LLrl Vl1.:Jn'1 L'li'U Vl1.:JtJ1\ilLLe.J'1, Ll.J~\il~'U~ (1'1~iJ1~m, 
vv<X Q3::1 "° dov 4 ci. 

2551; Matthews-Berry, 2010), LL'1~'Vl1Yl'U~ L'llv'll'U\il'ULu'U'11L'Vllflb1flVl'11flqj'llv.:JlJ~L'llmVll'1, Yl1n 

LL'1~lJ'UtJ~.:i b\ilVrl€J 1 ~Ln\ilfl11l.J L~V'Vl1VtltJlJ~L~€JLVll'1€J~1.:J1'ULL 1-:J v111 ~~'UL~mLm~LLn~'U 1 'UL'Vl~€J.:j 
' 

11V.:J1'Un11LoLJ1vl1'11V~1'ULL 1-:Jfl'Ul.J~L~m Vll'l'Vll 1 ~e.Jm.J~~'1\il'1.:J'1.:JLnvu 50 L iJviL~'Uii (1'1~iJ1~m, 
' 'U 

2551) zj,:i1'ULL1.:in11L~v Potato spindle tuber viroid(PSTVd) l.J1n L~v'llil\ildv111~l!'U~~.:iLfi\il 
e:nm1~1l!'U~1'ULU'Um~'11VV11fl~1Vfl'UL~v Potato spindle tuber viroid(PSTVd) (Owen et 

at., 1978; Hammond et at., 1989) 'Uvn'11nd~.:i"11m1m-IT1v11mvl'l~m~\il 1~ b\ilVv111~Ln\il 
€J1n11~'U 1 Vl1l.JLLF11~ LLn~'U 1uL'Vl~v.:JU\il~1'ULL'1~ilmmwim~~1V~L'1'U1 u LL'1~n1'U 1 u (mL'll~i, 

"' 
2548) LL~n6"u1~v111~Lfl\ilV1fl1'~~\ili.Jn~1'ulJ~L~mu'n~ (So!anum me!ongena) LL'1~l.J~Bn 

(So!anum stramonifo!ium) (U~L'll~i, 2554) 
"' 

L ~v.:J'11 nv.:il'1'1.h~ nv'U'lJv.:J 111v viii] L ~ v.:i1.:iv1i LS'U Lv'11V L~V1'lJ'U1\il L~ n ml.lb U1~'Uvfv~l.J 
' 

~.:JLVlflilflVl1.:Jv~:il1iviv1 (molecular biology) LU'U'Vl6"n 1 'Um1~11'1lil'1UV 11l.J(i.:im1l.Jim.:i~1'U 
:S1'111'1'ULVll'11'11'1~i (bioinformatics) LoLJ1m'll1v~1v m11'1!15m1 Biological indexing ('Vl~vm1 

H'Yl'llVl\ilG'lvu) -:i1l.lnULVlflUfl nucleic hybridization LL'1~ RT-PCR Lll'U15m1m~-rum-rnvl.l-ru11 

ili.J1~~vi5nTvrn~1.:i~.:i1'Um1~11'1iii'1um~v111vvii (Hadidi et at., 2003) 11ilvm11-ii' ndhB ~'U 
(NADH dehydrogenase ND2 subunit) vl1'VIU1~LU'U internal control 1'Lil'11UfllJLL'1~~11'1"1vU 

' 
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l'l'1J.n1V'l'tle:J·:m11L~'ULe:J~?ln(;l 1~ L~e:JUe:J~tl'Uf1T~Lfl(;l~"'"'ULYim..1 (false negative) L 'Uf1111'111'0J?le:J\J , 

~1mvil'lill'l RT-PCR v111~~"'f1111'111'1ffi~iim1l.li.11L~e:i~e:i~~mn (Thompson et al., 2003) L\;JfJ 

.. d .. ""'" .. !'I '\' to 11.Joi ndhB fJ'U Vll'l11'0Jl.l~ru?ll.l'Ul'lLiJ'U housekeeping fJ'U e:i~ b'Ul'l"'e:J b1V'1"'1?ll'l Vl1Vl'U1Vl L'Uf11~\J1'Uf111 

Ll'l~e:J'UeJ1fJ electron (electron transport chain) L 'Uf111?1~1~V'l"'~~1'ULL"'~Vl1fJ h L 'U1~1ii'rn615m~ 

(ATP) 'lht ne:iununT~ 1 off m1l..l~'Vl1~~1'U'il1?1T~?l'UL 'Vl!'1!'11?tl'l1 L .LJ'1111-d1fJ L 'Uf111L \J~ fJU L Yi fJU LL"'t 
" 

1Ll'l11t~.LJ'e:il.Jm~11ii'uil1l'lfile:i1 'Vlilvi11 ~?11l.J11(11'111'0J?le:iu L ~e:i 111e:ifJ(;l1~e:iv1~ii-J1~~'VlfimV'I~~ 
" 

b) V'l.1'1. l!'.>ctcto 1m~11ii'u~ @inin 1.1.~e:iv1~hn1111l.J '11nm1'1111"0J11111"0Jnnn'LI~'tJV1"'~m1t111,.LJ'1 

(post entry quarantine) L i.JLL\J"'~~~l11Ll.J~(;l~'U~l.J~L~mvi!'1 1'111'1V'l\JL~e:J CLVd ~1'U1'U 1 ~1e:JV1~ 

L'UU 2547-48 (mL'tJ~{ 2548) 11ie:il.J1L'UU 2549-2551 1'111'0JV'l\JL~e:Jlii'~nci11~11.J1'U 12 ~1€JV1~ .. 
(\J~L'tJ~i, 2554) ;~LL?l\;l~L~b~'Ul1b~tl CLVd ffie:immL"'tl'l11l.JL~fJ~~'1~\J'UL~tl'ULL"'t~\;JLtLJ11!1tl\J 

"" 

'! • 1~ .J _,: ~ '! :;'1 .ct .. !'I 1• I~ 11.J Ji ~ II I/ 
b'Vl!'l b 'Uu11!1'1JV1 bV'll.l~~'tJ'U b'U~f1 1 u '1~l.11'111l.Jb u'U u b\;l'VlL'tJe:J CL Vd '1tl.I btlf11G"lL'tJ1l.J1G"l11~1'111l.J 

L~fJV11fJnu\J1t L 'Vl!'ll 'VlfJ 1~ 'Ue:Jf1'11nd"OJ1n.LJ'e:il..l"'m1~1fJ'Vle:J(;lL11'1 LL"'t L ~l.J\J~m ru L 'U~'tJVl"'1fJ'1!il \;l L 'U 
" 

1~1'1 Solanaceae L'tl'U l.JtBf1 Lb"'~ l.J~L~m\J11~ Lb\J\Jlilbb?l(;l~e:J1f111 (latent) vi11~Lfl\;1Ufl!Vl11'111l.J 

~~fJ1f1 L 'Uf111f1111'111'11il'OJUfJ LL"'~ m1n1~(;1 L ~Vll.J(;l~'U (Eradication) LL?l\;l~ 1 ~b ~'Uii~~ nw11V'I~ b ~e:i 

'tJU(;ld'1t?111!11(1~\;JL tLJ1l.J1bL V'l~1t\J1\;JLL'°'~rfo L ~Lfl(;lfl11l.JL~fJVl1fJ 1 'U\J1~ L'Vl!'ll VlfJ 1~ 'OJ1f11'111l.Jb~fJ~ 
lii'~nci11~~vi11 ~iim1l.J~1 L iJ'U~'1t~e:i~~1 L il'U f111 L 'Uf111~ \;) m1m1l.I L~ fJ~ L(;l fJf11111111'1~(;1\Jl1l.J L ~e:i 

CL Vd nu bl.J~(;l~i.JiS~tJ1 b oU1'11 f1~1~'lh~ b V1!'1'11f1LL Vlci~~iil'l11l.J L~ fJ~1ii'~nci11 , 

-~ 0 .... 1ti'11L\J\Jn1,-

2. tfi'LL'lieJruvu1iJ 4 '€l\JP11L'lf~L~~G't " , " 
II t Q - q 

3. ~LL'tJLL'tJ~~'1JVl.fJl..I -30 tJ~!'11L'llm'llfJ?I 
' ' 

4. Lfl~tl\J~\J~~La~~ VlP1U~l.J 4 ~1LLV1il\J 

5. el1~1'11\Jl'll.ltl'1JVl.f1ii , , " 
6. Ll'l~e:J~~'UL Vl~fJ~l'l11l.JL ~1~~ (Centrifuge) .. 
7. Ll'l1tJ~ Thermal cycler (PCR) 

8. Gel electrophoresis 

9. Gel Documentation UV-transilluminator 
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1. L~'W1'1ll1 One-Step RT-PCR (SS Ill reverse transcriptase /PLATINUM Taq 

polymerase) (lnvitrogen) 

2. L~'W1'1ll1 Taq DNA polymerase 

3. '11';ifl:;mv1vmim1~~1L"W1:; 

4. 100 bp DNA Ladder 

5. ~I'! kit G"lnl't agarose gel: QIAquick Gel Extraction Kit 

6. pGEM-T easy vector (Promega) 

7. competent cell (E. coli DH5a) 

8. '11-;ifl:;mv 5-bromo-4-chloro-3-indolyl-6-D-galactoside (X-gal) 

9. '11';ifl:;f11V isopropyl-6-D thiogalactopyranoside (IPTG) 

10. '11-;iLflij\;)1.:i 1 vtl'liJ.'U.ff'\.Jl'le.J'\.Jn1';iD~flL~e.J'U'W~'t1~1V1fin'1 
11. DIG High Prime DNA Labeling and Detection Starter Kit I (Roche) 

12. '11';iLf)ij\;)1.:i 1 vtlm'\.J~'\.Jl'le.J'\.J n1';iG"lnl'IV11LB'\.JLe.J n1';il'l';i1'1'1e.J'U~1VLJ~n~vi RT-PCR 

LLfl:; Nucleic Hybridization 

13. ~'t1Vll'IG"le.J'U'tli11'1\;)1.:i 1 

14. l'1\iln1';iLffl.~1'l';i\;)1.:i ., ~'\.JLLfl:;Umflij 
' I ' 

1'Wn1';iV11'1'1v.:itl'1:;bLU.:i.ff'Wl'lv'\.Jm';i~1Li1'W.:i1'\.Je.ie.imu'W 2 ~1'\.J ~e.i 1. n1';il'l';i1'1~1'11'11l.JL~v 
Columnea latent viroid n'ULl.l~\il~'\.J~~U1LoLJ1'11n~1.:iLJ-;i:;LV11'1 (interception) LLfl:; 2. l'l';i1'1 

~\ill'l1l.IL~e.J Columnea latent viroid1'WLLD'1.:J~~l'llJ:;L~e.JLV11'1vtl'5Ll.l~\il~'W-5~'11L-V1'11n 
' 

4 



' ' 
tJ'j:::L'VlP1ViiJm1iJL~~'I ru fl~l..li~~f11'jflfln'U~'ll 

4. LYt1tiA'1eti1~~"iuqiJiLte~Mi'1mh1 

Lyjilt1il1m·nii'e~tKutul-,~L;tl1mNS4 

..I 
fl1'WYI 1 

,, 
~'lfl1'avl1btJ'U'l1'U'Vll'1fftl'l\Wa1~~1'1mm~e:i Co!umnea latent viroid 

5 



... .x ··-' ._, .. ..i • ., •.1 
01'lfl'i151P1Plfl111L'!lil Columnea latent VJroidO\JUJflflllYql'IY1L'rl15110Pl1.:iv7tLl'lf'I 

Cinterception) 

1. aufl'uiil2;jf!01'~U1Li1UJ~~i'U~lltL~ilLYlfll5l10~1.:i\l'ltLYlfll 

1~tJ(;)11'0JLeJfl"'11-Umrn'VeNL~e:i b1mw'i CLVd 1~LLn -U'e:i:iJaV11-:i~11Vlm'LJe:i-:iL~e:i , 11tJzje:i 
~ ~ 

.J... "" JI V _,J a I ..j.., o II d <I • 

U1t L 'Vli'l'VllJ11tJ'll'Ufl111t'U1Vl'Vl1eJ'V'l'\J L 'lleJ Lb at 'LJtll.1'1 bbat11 tJ'lleJ u1t L V1 i'l'Vl:lJfl11'U1 L 'LJl LlJaVJ°V'l'Uli 
~ , 

l.lt L ~e:i L 'Vli'll.11~-:itl1::: L V11'11 V1 tJ 1ll.1'1-:itl1::: L 'Vli'IARl~ijm1l.I L~ tJ'l~eJfl11U'UL ~eJ'U"lleJ'l L ~eJ~ltJ L-ci'U 
~ 

U1t L V1 i'l~ijlJ11'113il'UV11'l ~"UeJ'UllJ tJYi'll~ 1bba:::tJ1::: L V1 i'I~ ij"' '1 l'Ut .fl l°V'l fl 11U 11 fl !)"U eJ.:J L ~e:i~hJ LL -J'U eJ'U 

LYle:inl'Vl'UVJU1t LV11'1tllboLJl~ijm1m~tJ'l"UeJ'l b 1fl~'OiJ:::ijfl111'11T'1?1eJ'U~Vll'lllJL~eJ CL Vd 

2. LPl~EJ1J15'1'l~tJo·HuLLf!t5'11'lLflij~1.:i 'l ~\lmWLO~'l~~1L tl'U l u.ff \J\Jlil\J~1.:i 'l 

2.1 ~'Ul'leJ'Ufl11L°V'lltLl.l~vi L 'U 11-:iL~eJ'UL Ylm1-:iLfll'ltllfl11~vitlfl~ 
Ll'l~tJlJ h-:iL~eJ'UlJ'l"U'UlVl 4 x 6 Ll.11'11 °V'l~eJ:lJeJtlmruLfl~l'l1~1'l ., Lbatbl'l~tJlJYi'll 

' ' I 

'VlVJ?leJ'U 2 'llilvi fie:i l.ltL~m'Vli'l-A''U~ Rutgers Lba::: l.ltBfl °V'l~eJl.l~-:ivJe:imi'Jl'IUi'JLvJe:ii fllll.ILoUl.loU'U 

0.1 M pH 9 . 0LYle:iH~1V1-rul'l11"il?leJUL~e:i111e:itJvi1'ULde:i-:i\Jl'U1vitJUi'JLvJe:iiiJm1l.11ITT'Ufl11Ll'l~tJl.I 

L~lJIJl'U'OJ1flfl11Ll'l~tJ:lJ"'11atmtJ 2 'llilVJ~LU'U~TUU1tfleJ'U~lflty fie:i 

a. 0.2 M NaH2P04.H20 (molecular weight = 27.6 fl-r:lJ) 

b . 0.2 M Na2HP04.12H20 (molecular weight = 71.7 fl-r:lJ) 

L'Ufl11Ll'l~tJlJ Phosphate buffer fllll.ILoUl.loU'U 0.1 M tl~l.111'11 200 iJa~~l'l1 vll LVltJ 

1. Ll'l~tJl.1?111a:::mtJ a. tl~l.111'11 5.0 iJa~~l'l1 1vitJ-&-:i?111 NaH2P04.H20 tl~l.111'11 
V II ~ ~ cf I ,g q .q.q 

0.0276 m:lJ a:::mtJVJltJ'Ulfla'U'U.:J'i.llL'l!eJ 5.0 l.laaa1'11 

2. "il1flt!'ULl'l~tJ:lJ?111a:::mtJ b. tl~l.111'11 150.0 iJa~~l'l11vitJi-:i?i11 
Na2HP04.12H20 tl~:lJ11'11 2.151 fl-r:lJ a:::mtJ~1tJtl1fl~'U~-:i~1L~e:i 150.0 iJa~~m 

3. l'l1-:i"'11a:::mtJ b . tl~l.111'11 100.0 iJa~~l'l11~tirnfle:ii 'OiJ1flt!'UL~:lJ"'Tm:::a1tJ a. 

ml.111'11 2.0 lj"'~~m "'~1i.J t:.J?ll.JL~LoLJ1fl'U u·ru pH 1m~ 9.0 LVJCJfl11LeU?l11"':::mv a. LL"'::: b. YI 

L'Vl~e:i <l-5'?111a:::mtJ a.tl-ru pH 1~avia~ LL"1:::?111a:::mv b.tl-ru pH 1~L~l.l~'U) 

4. t1-rut1~ml'l11 m~ 200 iJa~~l'l1 1vitJHtl1fl"''U~-:i<gj1L~e:i 

2.2 ~'Ul'leJ'UL 'Ufl11"'nvimiL~'ULeJ CTAB (Scottish Agricultural Science Agency) 

Ll'l~tJl.1"'11LfllJ~l'l 1 ~-;51LD'UL'U~'Ul'leJ'Ufl11Ll'l~tJl.I CTAB buffer iJ~-:iU 
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1. '11'rn~mEJ CTAB extraction buffer (U~lJ11111 1,000 ml) 

CTAB (Cetyltrimethylamonium Bromide) 

1 M Tris-HCl pH 8.0 ('11fl stock) 

20 g 

100 ml 

0.5 M EOTA pH 8.0 (ethylenediamine tetraacetic acid) ('11fl stock) 40 ml 

NaCl 81.8 g 

mm1t1'111~-!I 4 'll'ii~L-U1~1t1n'U 'll~\J'll~:IJ1(;11~1ml1n~'U LL'1~'111'llil-:i~hL~eJ LL'1~U~'ULU'U stock 

buffer 1~EJriei'U1"°-:i1'U 1~LL'IJ-:i (aliquot) '11fl stock CTAB buffer 1'U'll~l.l1ru~tilei-:im11i '11ni!'U 

L&il.l'111 Na2S03 LL'1~ PVP-40 b~tJileJIJl11~-!!d 

1 % 'tleJ-!!'ll~lJ1\J\1 stock CTAB buffer ~'1~1.ffnu 

2 % 'tleJ\lm:IJ1(;)1 stock CTAB buffer ~'1~1i-:i1'U 

10 mM Tris-HCl, 1 mM EOTA, pH 8.0 LL'1~ 1 % SOS) ilei-:if1'll1~fleJ'U~\ld 

1 M Tris-HCl pH 8.0 ('11n stock) 5 ml 

0.5 M EOTA pH 8.0 ('11fl stock) 1 ml 

L&ilJ'11)~\I 2 'llii~LoV1~1EJtl'U ~'1lJLL'1~U-r'Llmmm~1ml1mt'U LL"1~i111uU\1~1L~eJ '11fli1'UL&ilJ sos 
"1.:i1uu~mru 5 n-rl.l 

3. '11'H"l~'11tl chloroform: jsoamyl alcohol (24:1) (U~lJ1\J\1 1,000 ml) ii 

ti.:iF1'll1~nti'l.l~.:id 

Chloroform (CHCl3) 

lsoamyl alcohol ((CH3)2CHCH2CH20H) 

960 ml 

40 ml 

~'1lJ'111~\I 2 'llii~LoV1~1EJtl'U (LIJl~EJlJ1 'U fume hood) LL"1~Ltl'U 11l 'U'tl1~~"1!1'Vl~tivhJLL'1\ILL'1~ii~.htJ~ 
'1ii'Vl 

4. "1Tm:::mt1 5 M NaCl ('ll~m\J'l1 500 ml) iia-:il'1'll1:::nei'U~-:id 

NaCl (MW = 58.44) 

'1~m t1tl1n~'ULL'1~'ll-r'Llu~mm i111 'llil.:i~1 L ~ti 

5. Ice-cold lsopropanol ((CH3)2CHOH) 

L&il.l lsopropanol '1\11 'U'tl1~~1Ln~t11~tJ~'1ii'Vl i111tJLn'LIH~ -20 ti\IP11L'llmilit1'1 

146.1 n-rlJ 
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6 i'l1'rn~mEJ 1 M Tris-HCl pH 8.0 (Ll'l~tJlJLU'U stock buffer) (mml'l1 200 ml) i1 
" "QI CV .c:::il 

eJ.:Jf1 u1~ neJ'UV\.:J'U 

Tris-HCl (MW= 121.14) 24.288 n-rll 

'1~mmJ1n~'UmlJ11'l1 100 ml u-r'U pH ~1t!n1VI HCl 1m~ 8.0 LL'1~tl-r'Utl~lJ11'l1 tl11tl~.:J~1L~eJ 

7. i'!Trn~mv 0.5 M EDTA pH 8.0 (Ll'l~tJlJLU'U stock buffer) (i.J~lJ1\J11 200 ml) i1 

e:i.:ifii.J1~ne:i'U~.:id 
EDTA (MW= 292.24) 

'1~mml1n~'Ui.J~m1J11 100 ml u-r'U pH 1m~ 8.01vim~ll NaOH (l'U~i.JLn~vi) 1V1ni!'Uu-r'U 

mll1\Jl1~1ml1n~'U bb'1~i111 i.J~.:J~1b~eJ 

2.3 ~'Ul'leJ'UL'Un111'l11'1i'!eJ'U~1m'Vlf1ilf1 Nucleic Hybridization 

14.612 n-rll 

Ll'l~tJlJi'!11Lf1i11111.:i 'l ~~1LU'U1'U~'Ul'leJ'Un11vl1 Nucleic Hybridization l'l1lJ~iie:i 
t.J~l'lnru"fi DIG High Prime DNA Labeling and Detection Starter Kit I (Roche) 

2.4 ~'Ul'leJ'U1'Um11'l11'1i'!eJ'U~1m'Vlf1ilf1 RT-PCR (Reverse Transcription-Polymerase 

Chain Reaction) 

Ll'l~t!lli'!11Lf1i1~1.:i 'l ~~1LU'UL'U~'Ul'leJ'Um1v11 RT-PCR 11llfi.:i1vmlle:ii~1'Vl-r'U 
l'l11'1i'!eJ'U111e:it1~LL'1~ internal control 

..J _, 1 Q U # .. .I o ti ti .1.. ~ I ..... U U U 4 

3. "111\Jl1t1E.11.:JUJft'1.,,'U"1l~L~mYlfllYl'U1L~1~1n ~~LYlfllY111fl1111L5'1tJ.:J ru nft111~vm~nnnu.,,'tt . ' . 
~lJl'l11'1 blJ~V\~'UfilJ~ b <LJe:i b 'Vli'1'11n Lb 'Vl~.:JU1~ b 'Vli'1~i111 f.J.:i1'Un111~'\J1V\'Vl~Bl'l11'1'V'l'U b ~eJ , , 

CL Vd 'Ue:in1V1ndv.:i~lll'l111V L 'Un~lli.J1~ L 'Vli'1~i1m1ll L~ v.:i L 'U~1'UlJ11'l1~1'Ui'!'UB'U1l1 v Lrn~i.J1~ L 'Vli'1~i1 , , .. , 

OI I d .,, .. OI I 41 .f 11,:f .. 
4. L .,,,~\Jl1t:JE.11.:J UJft".,,'Uq11~ L ~m Yll'l".:Jnft11 L .,,t:J~mm~ L 'Utl.:J\Jl'U ~ 'U ~ ~.:i L ~tl'UYl""tl.:J 

L vrnm.J~Vl~'UTI:W~L:fim'Vli'1tl1L-U'1~"1:w'11nmh.Ji~t:Jn1''jflnn'U~"U 1tJmVILV'l1~1'U1 'NL1eJ'UlJ\I~ , , , , 

i1vi'8vi i.J~mru 100 - 200 Lll~vi~e:i consignment (~'Un'Ui.J~lJ1ru~tjlJ1~) LU'U1~t!~L1'11 1 '.il'UC'i.:i 

6 ~i.Jvi1l1 L~B~.:JLnl'lmm1~vii.Jn~~LnV\~'U LL'1~L~m~lJU~lJ1ruL~B CLVd 1 ~lJ1n'V'lmrn~~1tJ~eJ 

m11'l11'1i'leJ'U 1viti'1~\J111'1'Vl1~ nl!fru~ e:i1 m1~~1 L V'l1~'UeJ\I b ~e:i 111e:iv~~1V~i.J11 n{)'U'UlJ~ L <Um 'Vli'1 ~.:id 
mm1~1~'ULLl"11~ LLn~'U 1 'U'VIV\'1V\1U tl1'U 1'ULL'1~tJeJV\'VIV\i'Ue:i~1.:i1'ULL1.:i 1 'UDV\~1'Ub~tJ1U'V11.:l ~rnvi 

~ ' ~ 

1mJi1'U'U1VIL~n~vii.Jn~ i1mmw1m~1J11t1~'\J~LJruL'1'U1'U ~.:i n1'U LL'1~~1~'U 

vt1nl'l11'1V'l\J~ nl!fru~mnT'j~vii.Jn~~.:imh1 '1~tl1~'UlJ~ b <Ue:i b 'Vli'l~.:i mh11 i.Ji'!nvimi bB'ULeJ 

Lb'1~\J111'1lil'1UtJ~1m'Vlf1ilf1 Nucleic hybridization LL'1~ RT-PCR ~e:i1i.J 
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'"' ~ t '"' "" ill."' d " .. ..io II Pl'51Slflflfl111LD Columnea latent viroid~LL\Jimuw111tL'!JDLYlfll~UJijP!YilJ~YllJ1L'!l1SJ10 

~J:nhtLYlfll (monitoring) 

5. i1')1SJL~ilLTrn~l'l1iJLL\J~~~iiflUJ~l'li'U41JtL~ilLVlfllm-ttUJ~l'li'U4~ilLU.i~u1L<U'1S110~1~\J')tLYlfll 
'111151L~e:J111e:JCJ~L 'ULL tJ~.:i t:.i~l'l LlJ~~~°lJ5lJ~ L ~e:J L 'Vlial~tl1 L oLJ1 LlJ~~~°1J5vie:i mJ L ~e:Jt:.l~ l'lL tJ°lJ 

' ' 
LlJ~l'l~'\.!'ifont:.iG'llJL~e:im1~.:ie:ie:in1tJ'11V1U1CJV.:J~h.:itl1~L'Vlial1'U~'U~~.:i'Vl11'1"1fl~'Um "lJe:J'ULLrl'U 

'"' 
e:i~1u1il lJn1'11vt11 mvi~'U5 LL~~lJV11"111R1lJ 1~mnuti\1e:iv1.:ilJ~L'iim'Vliai~LLG'll'l.:imm1hR~f11~11 
' ' ' 
Lnl'lS11m~e:ib1e:iCJ~ fie:ii1"'m.~m.i~mm11'i''UL~mLf11~LLfl~'U CJe:Jl'lLLl'lmlJ'UvilJ n1'U1u 1u'Vll'l~mtl V°IJ 

' 'U 

LL~~i1e:J1fl11L61l~~l'l1CJ~U~LdruL~'U1 u tl1'U1u ~.:) LL~~'111Ji''U 

S11ni!'Utl1ti\1e:iv1.:i~.:in~11tJ~ ncl1CJ L ~m.J°lJYl"lJ'Vl l'lG'le:JUlJ~ L ~ e:i L 'Vlial~'U5 Rutgers (Solan um 
'U ' 

lycopersicum, Rutgers) LL~~lJ~~n (Sotanum stramonifolium) ~1CJ15n~ bl'lCJfl111i~e:im~l'l 

u~L~e:ii f111lJLoLJlJoLJ'U 0.1 M pH 9.0 Ul'ltil1e:iv1.:i-vl"ll S11ni!'UhCJt:.i.:i carborundum ~.:iu°IJ1uti"1J 

'Vll'lG'le:J'ULL~~'Vl11 uY1"1J'Vll'lG'le:J'U~1m11~'USl1flY1"11~1e:JV1.:J L~e:J'Vll'lG'le:JUf111lJG'11lJ11'11'Ufl11rle:J1~Ln~b1f1 
a.:iLfll'lLL~~Sll'lU'UVin"'m.~i-ru~mm1~tJ11n!] bl'lCJtl1fl11"1Je:J~ b 1f1Sl~LLG'll'l.:J 1 m~CJ~nm~.:JLLvl 2 mVil'lV 

~.:i 1 L~e:J°IJ vt"'.:iS11ntJ~ncl1m~mLIK1 
'U 

6. fl')1SJ'1il\J01')\J'UL~il'U'Uil~L~il Columnea latent viroidl'U~'U~tLij~l'l~1~1fi01') Nucleic 

hybridization 

6.1 fl11"1fll'ltl11°LB'ULe:J~1CJi6m1 CTAB (Jeffries and Tina, n.d.) 

V!"'.:JSl1 fl fl11 L vn~ LlJ~l'l~'UITT °1Jfl11'1 L vn~ tl11Ji''UY1"11~ LLG'll'l.:Je:J1fl11 ~l'lU fl~lJ1G1 fl\') 
' 

miLB'ULe:J~1CJi6m1 CTAB bl'lCJfl11U~1uY1"11 100 lJ~~nfa ~1CJ"111~~mCJ CTAB extraction 

buffer (2% CTAB, 100 mM Tris-HCl, pH 8.0, 20 mM EDTA, 1.4 M NaCl, 1.0% Na2503 LL~~ 

2.0% PVP-40; Na2503 LL~~ PVP-40 L~lJntl'u1i.:i1i.i) tJ~lJ11'11 1 lJ~~~m DlJ~ 65 e:i~iallL"llm~CJ?f 

'U1°lJ 30 'UTVi ~°lJl'lfll'l~fle:J°lJ~f111lJL~1 13,500 1e:J'Uvle:J°lJ1Vi 'U1'U 5 'U1Vi S11ni!°IJl'l\'1"1Je:J.:JLV!m1"1 
'U 

~1'U'U°lJU~lJ11'11 7501iJ1m~l'l11~vt~e:Jl'l micro centrifuge 1mJ L~lJ chloroform: isoamyl 

alcohol (24:1) 'll~lJ11'117501lJbf11~1'11 t:.i"1lJ1~LoLJ1fl'U ~'Ul'lfll'l~fle:J'U~f111lJL~1 13,500 1e:iu~e:i 

'U1Vi 'U1'U 5 'UTYi ~l'l"1Je:J.:JLV!~11?t~1'U'U'UU~lJ11'11 6001lJbf11~1'111~'Vl~e:Jl'l1vt~ L~lJ chloroform: 

isoamyl alcohol (24:1) tl~lJ11'11 6001lJbf11~1'11 t:.i"1lJ1~LoLJ1fl°lJ tl11tJ~'Ul'lfll'l~fle:J'U~f111lJL~1 

13,500 1e:JU~e:J'U1Vi 'U1°lJ 5 'U1Vi l'l\'1"1Je:J.:JLV!m1"1~1'UU°lJtl~lJ11'11 4001lJbf11~1'11 L~lJ"111~~mCJ 5 
'U 

M NaCl tl~lJ11'11 2001iJ1m~l'l1 (0.5 Lvl1"1le:J.:JU~lJ11'11"111~~mCJ) LL~~ isopropanol LL"liL~'U 

tJ~ml'l1 6001lJ bf11~1'11 ( 1 Lvl1"1Je:i.:itl~lJ11'11"111~~~1CJ) t:.i"1lJ1 ~LoLJ'1n'ULrn~\JlJ~e:JruV1.nlj -20 e:i.:il'11 
' 'U 

L"ll~L~CJG'l UlJY1.:iHLlJ'UL1m 12 -ti'11m S11mr'U~'Ul'lfll'l~fle:J'U~m1m~1 13,500 1e:J'U~e:J'U1Vi 'U1°lJ 10 
q ~ .:::.. Cl!.::. I.I 

'U1'Vl Lfl'Ul'l~fle:J'Ufl11'l'U1f1~e:Jfl ~~~1CJl'l~fle:J°IJl'l1CJ TE Buffer (10 mM Tris-HCl, 1 mM EDTA, pH 

8.0) mlJ11'11 2001lJbf11~1'11 S11ni1'UL~lJ"111~~mCJ 5 M NaCl U~lJ11'11 1001lJbf11~1'11 LL~~ 
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isopropanol LL~L~'Utl~l.11\111 300 h.111'11~\111 ~"1l.JL~L'li'1n'U ~'U\1lfl\1l:meJ'U~m1iiL~1 13,500 1f.lU 

~f.l'U1Yi 'U1'U 10 'U1Yi -;;i1m!'U611.:1\1l~flf.l'U~1v 70% ethanol tl~l.11\111 5001ii1m~l1l1 ~'U 

' " 
6.2 f11'~~~\1l cDNA probe Vi'11L'Yl1~\JlmiJf.l Cl Vd 

6.2.1 tl1m1~~\11'11m.J~n~v1 PCR 'llf.l.:JL~f.l CLVd hJL~l.lminru1~mn'Ylvl'l1v 

L'Vll'l'Lil'l PCR LL'1~tl1h.Jv111~u~~'Vltl'l1v~l'l~tll'I agarose gel (QIAquick Gel Extraction Kit) 

(QIAGEN) L~ml1l~vii6".:1LA11~v; cDNA probe L~v1m'Uf11111l11-;;i1-U-;;iuvl'l1m'V1A'DA Nucleic 

Hybridization ~Cl 1 tJ 
6.2.2 ~nl'I DNA 'lJv.:Jb1vv~CJCJfl"il1fl agarose L-;;J'1~1v1fim1 QIAquick Gel 

Extraction Kit (QIAGEN) ij1fim1~.:id 
V 1 I cJq .cil a d II ~ ~ 

6.2.2.1 \111'1 agarose 'U~1'U'Vll.JLLrlUl'I Lel'ULCJ'Vl\Jlel.:Jf111 -;;)1fl'U'UL\1ll.l 

~11'1~mv QG buffer tJ~l..11\111 3 LY11'llv.:itl1wum-;;i"' tl11tJul.l~f.lru'i-1nii 50 v.:iP11L"llm'llv~ LiJ'U 
, 'Ii 

nm 10 'U1Vi \-1~€J-;;J'Uf11~~.:iL-;;i'1'1~'11tJCJV1.:!"1l.JU1ru 
'Ii 

6.2.2.2 L~l.J isopropanol tl~l.11\111 1 LYl1'lJv.:itl1'i-1iJm-;;i'1 ~"1l.JL~L'li'1n'U 

-;;i1ni!'U~~~l'I column Ll'lvi.11 QIAquick spin column 11.:JU'U collection tube ~~"111'1~'11tl 
~m..11~1'U 'lll'I column Ll'ltJl'll'l"111'1~mvtJ~mm1:WLn'U 8001l.lLl'l1~\111 tl11tl~'U\1lf111l~nv'U~ , 'Ii 

R11l.JL~1 13,000 1vul'iv'U1Vi 'U1'U 1 'U1Vi ~.:itl11~1'U'i-1'1CJl'I collection tube 

6.2.2.3 1K1.:i QIAquick spin column l'l1v~11'1~mv PE buffer 

tnl.11\111 7501ii1m~\111 ~.:i~.:iH 3 'U1Vi tl11tJ~'U\1lfl\1l~flel'U~m1l.JL~1 13,000 1CJUl'if.l'U1Vi LiJ'U 

L1'11 1 'U1Vi 611.:i QIAquick spin column Bfli'l~.:!~1V"111'1~mv PE buffer tl~l.11\111 750 

1l.JLl'l1~\111 ~.:i~.:iH 3 'U1Vi tl11tJ~'U\1lfWl~flel'U~m1iiL~1 13,000 1CJUl'iv'U1Vi LiJ'UL1'11 1 'U1Yi 

:; .c::,1 a v 
6.2.2.4 "il1fl'U'U'1~'11tJ\1l~flel'Ul'ILCJ'ULCJmtJ~11'1~mv EB buffer tnl.11\111 

301l.lLl'l-s~m ~.:i~.:iH 1 mVi LLn~~'Ul'1fl1'1~flti'U~i'l11l.IL~1 13,000 -smJ\Jlm.nVi Lll'Unn1 1 mVi 

11l11"il~CJU'lJ'U11'1LL'1~tJ~mru cDNA ffil'll'l1v 2% agarose gel electrophoresis 'i-11n11'1LLrlU~LB'U 
1 v o v .ci1a dv o vc:i1c<:: 11 

rnmnm1 1 LLrlU -;;)~\JlB-!l'V11f1111'11'1LLrlUl'ILCl'ULCl'V1\11Cl'lf111LL'1~'V11f111~fll'll'ILB'ULCltJClfl"il1flL"il'1WJV 

QIAquick Gel Extraction Kit (QIAGEN) ~1Bfli'l~.:J-;;J'U11'lLLrlU~LB'ULBLL'1UL~V1 

6.2.3 6".:nm1~v; cDNA probe 1'11v DIG High Prime DNA Labeling and 

Detection Starter Kit I (Roche) Ll'ltJij~'Ul'1B'Ufl116".:iLm1~v;~.:id 

6.2.3.1 tl1~'1~~\1l"il1fltJnn~m PCR ~~1'Ufl11vl11~'lf~~'V1BLL~1 i'l11l.l 

L-U'l.l-U''U\J1~l.l1ru 10 'U11'Un-rl.l - 31l.l1A1n-rl.l tJ~l..111'11 11l.lLl'l1~11l1 LL'1~tl1n~'U~.:i'il1L~CJ 15 

1:u1A1~\111 L~:U'1.:J1'U'i-1'1Cll'I micro centrifuge 
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6.2.3.2 iJ11tJ~lJ1'UJ1L~vli1 'U1'U 10 'U1Yi LL"~LL'liJ1LL~\l~'UYi 'U1'U 5 

'U1Yi L~v1~~L~'ULBL~CJ'1fl1~ 'nn'1m~lJ'111"~mCJ DIG High Prime tJ~lJ11'11 41lJLf"l1~1'11 e.J'1lJL~ 

LoU1tl'U spin down tl11tJulJ~~ruY1JJij 37 v\li'l1L"l!m~CJ'1 L~'Unm 12 i1LlJ\I 

6.2.3.3 :;i1n'1m~lJ'111"~"1CJ 0.2 M EOTA (pH 8.0) mlJ11'11 2 

1lJLF11~1'11 L~v"r1~1i1tJ~n~CJ1 zj\11'U.ff'U.Q:;i~1~ cDNA probe ~'Jn~li1tl"1n~1CJ DIG (digoxigenin) 
q II 11 
L 'Rl'\.JTEJCJLL'11 

6.3 fl1)1'1)11\1'1v'\.JF111lJLoUlJoU'ULL"~tJ1~~Yl'5f11~"1Jv'l cDNA probe ~~~1'11~ 

6.3.1 Ll'l~CJlJ series dilution "IJB'l cDNA probe ~Ltll~CJl.11~ LL"~ DNA control 
d Ct.I~ 

1'11lJl'J1)1\IYl 1 li)\l'U 

11 

\Jl1~1\I~ 1 fl11Ll'l~CJlJ series dilution "LJB'l probe LLm~ DNA control L~vl'l111\1'1v'\.JY111'111lJLoUlJoU'U"1Jv'l probe 

Tube DNA control (µl) From tube DNA Dilution Buff er (µl) Dilution Final Concentration 

1 2 Original 198 1:100 10 pg/µl 

2 15 1 35 1:3.3 3 pg/µl 

3 5 2 45 1:10 1 pg/µl 

4 5 2 45 1:10 0.3 pg/µl 

5 5 3 45 1:10 0.1 pg/µl 

6 5 4 45 1:10 0.03 pg/µl 

7 5 5 45 1:10 0.01 pg/µl 

8 0 6 50 - 0 pg/µl 

6.3.2 Ltll~CJlJ'111"~mCJ cDNA probe ~~~t111~~ilm1lJLoUlJoU'U~1\I 1 ~\l.Q 10-
1 

10-
2 

10-
3 

10-
4 

10-
5 

10-
6 

10-
7 LL'1~ 10-

8 
Lvl1 (10 fold dilution) Lli1CJ1-tiJ1n~'ULU'U~1v'i1 

6.3.3 ~li1LL~'U nylon membrane 1'1Xii"LJ'U11'l 9 X 3 L'il'U~LlJtll1 Y1CJl'l'111'1~'11CJ 

b .J II II I .J "'° 111 I cDNA pro e LL"~ DNA control Yll'l11lJL"1llJ"1l'Ul'l1\I 1 YlLl'l1CJll 1"'l'\.J'ULL~'U nylon membrane 

Y1CJl'l"~ 1 11111'11~1'1) 1'11lJl'l111\I~ 2 



al IV .cJ Ill.II 

~1~1~VI 2 e.J\ln1'~'Vltl~G'l11"1~mtl cDNA probe bbfi~ DNA control VlF111l.lb"Ul.J"U'Ul/\1\I 1 

DNA control ---. 10 pg/µl 3 pg/µl 1 pg/µl 0.3 pg/µl 0.1 pg/µl O.Q3 pg/µl O.Ql pg/µl 0 pg/µl 

cDNA probe ___. 10·! 10·2 10·) 10·4 10·5 10·6 10·1 10·8 

6.3.4 U1bb~'U nylon membrane bU11\l'U'U UV-transilluminator 1~mX'U~1'U~ 

vm~ DNA b-LJ'1nrnbG'l\I UV b~vl/\~\I DNA 1~fl~~~rlUbb~'U membrane "'iJ1m!'Ubb~bb~'U membrane 

1'WG'l11"1~mtl Maleic acid buffer (0.1 M Maleic acid, 0.15 M NaCl, pH 7.5) ~"Qtu'VliJij 15-25 

v\IP11b'l1"1b~tlG'I b"UV1 'U1'U 2 'UTVi bbfi~bb'1!L'UG'l11"1~"'1tl Blocking solution (b~B"'il1\IG'l11"1~"11tl 
" 10 X Blocking solution ~1tlG'l11"1~"'1tl Maleic acid buffer) b"UV1 '\..11'\.J 30 'U1Yi "'il1n'U'UU1bb~'U 

membrane bUbb'1!L'UG'l11"1~mtl Antibody solution (~'Ul/\nl/\~nv'U Anti-Digoxigenin-AP ~ 

m1iib~1 10,000 1vtJ~v'U1Yi 'U1'U 5 m'Vi "'iJ1m!m~v"'il1\IG'l11'1~mt1 Anti-Digoxigenin-AP ~ltl 

G'l11"1~"'1tl Blocking solution 1'UeJl/\11~1'U 1:5,000) b"UV1 'U1'U 30 'U1Yi U1bb~'U membrane l.J1 

~1\11'UG'l11'1~"'1tl Washing buffer (0.1 M Maleic acid, 0.15 M NaCl, pH 7 .5, 0.3% (v/v) 

Tween 20) b"UV1 'U1'U 15 m'Vi 2 A~\I bb~bb~'U membrane 1'UG'l11"1~mtl Detection buffer (0.1 

M Tris-HCl, 0.1 M NaCl, pH 9.5) 'U1'U 5 'U1Yi "'il1m!mb~bb~'U membrane 1'WG'l11"1~mtl Color 

substrate solution (e.JG'll.JG'l11"1~mtl NBT/BCIP U~l.J11/\1 401ii1m~l/\1 '1\11'UG'l11"1~"'1tl 

Detection buffer U~ll11/\1 2 ijfi~~i/11) ~\lb1l'U~ij~1~v1ll~v\lb"UV1 u1~ii1ru 15 m'Vi - 2 -B'11ii\I 

'Vl~~u~n~m1~mb~bb~'U membrane 1'Utl1ni'W'Vl~BG'l11'1~mt1 TE buffer (10 mM Tris-HCl, 1 

mM EDTA, pH 8.0) l/\11"'ilG'IB'UF111l.Jb-LJ'l.J"UB\l~~~~bn~~'UL~BFl1'U1rum1iib-LJ'l.J-LJ''U"UB\I cDNA 

probe m~ 1~m'Vit1tJnu DNA control 

6.4 fl1~\;1~1'iliihium:ff"Ei1T·rnc.i~~1m'Vli'lUi'l Nucleic Hybridization 'il1n cDNA probe 

~e.J~l/\1~ ii16m1~-:id 

6.4 .1 i11~1vcl1\lbl.J~~~'Uth.J~b~m'V1Pi~i11b-LJ'1"'iJ1n~h\ILJ1~bVlP1 ~1'Ul'U 100-200 
' 

bl.J~~~B 111t1m1 ll1Ufln 1v"'il'U~'Un~1mt11~u1~lnru 2 mVil/\~ ~\ltl1mG'ln~m1b~'ULB b~B 
~ ' 

U1l.J11/\11"'il1u"'ilum ~B 111vt1vi~1t1 bVlAUA Nucleic Hybridization 1'U~'U~B1 u 

6.4.2 ~~bb~'U nylon membrane 1~ii"U'U1~b'Vll.J1~G'lllfl'U~1'Ul'U~1BV1\l~"'il~ 

l/\~l"'ilG'lv'U 'Vlt1~tl1n~'U~\l'il1b<ffv m1b~'ULB~G'lfl~"'il1n'~'1!~bU'U hA'il1m<ffv CLVd (positive 

control) m1b~'Ubv'il1n'~'1!'l.ln~ (negative control) bbfl~m1b~'UbB"'il1n~1e:icJ1\llJ~b:iimVJP1 "1\l'U'U 

bb~'U nylon membrane 'Vltl~fi~ 1 1l.J1m~m 1BL~bb~\I "'il1m!'UV1t1~1/\1l.J~1tlG'l11"1~'11tl 

12 



Denature solution (0.125 X SSC, 0.125 M NaOH) tJ1LL~'U nylon membrane LU11~'\J'U UV

transilluminator 1~v~'U~1'U~Vm~ DNA LsLJ1tl'\JLLG'I~ UV 'U1'U 2 - 3 'UTVi L~B\il~~ DNA 1~v~~~ 

tl'\JLL~'U membrane 

6.4.3 ~'UG'l1'.ia:::mv DIG Easy Hyb 1'UtJ~mruv1L'Vll.n:::m..1nunT~1.ff~1'U (10 
' 

i)"'~~(;l'.i I ~'Uv1LLC-J'U membrane 100 (;l1'.i1W!l'U~Ll.J\;\'.i) v1aru'Vl.nil 37 - 42 B~P11L'!lm~v"1 
' " 

'11fl~'U\'11m'.i Prehybridize LLC-J'U membrane t111v"11'.ia:::"'1EJ DIG Easy Hyb Y1L(;l~EJl.JH bl'iEJ 

L'!JV1L'\J1 'l 1'U.fl1'1l'U:::v1tJl'ie.l1G'!\l'Vl 'U1'U 30 'UTVi 

0 .J~ '1 ., b 6.4.4 Vl1f11'.i denature cDNA probe Vl1;1~Lm1:::'VI ~V\ill.J cDNA pro e Fl11l.J 

L"ill.JsLJ'U 20 i)"'~fl-rl.J I ila~~(;l'.i 'U1'U 5 'U1Vi U1LULL"!JU'Utl1LL~~Vl'UVi ~~11'U1'U 5 'U1Vi '11fl~'UL~l.J 
.JI ., ., ~.I"' .J "" ~"1 .I"' cDNA probe Vle.J1'Uf11'.i\ill.JLL'11'1~ b uV~ '11'.ia:::mv DIG Easy Hyb VlL\il'.iVl.JLB1 b1 'Uu'.il.J1ru 3.5 

ila~~\il'.i I ~'Uv1LLC-J'U membrane 100 (;l1'.i1~L'!l'U~Ll.J\il'.i f..lG'll.J1~LsLJ1n'U'.i:::1~acJ11~Ln~Yla~enml'l 

L'Vl"11'.ia:::mv Prehybridization solution ~~ L~l.JG'l1'.ia~mv probe/hybridization a~1tJv~LL~'U 

membrane Dl.JLll'UL1m 12 "li'11l.J~ v1~ru'VIJJil 68 B.:11'11L'!l'1L~V'11~m'!ltl1L'\J1 'l 
II I ~ I.I .Jq 

6.4.5 '11~LLf..l'U membrane 2 fl'.i~ mv'11'.ia:::mv 2 X SSC Vll.J 0.1 % SOS f.JG'll.J 
' ., ., 

atj Vi~ru'Vl.IJil 15 - 25 B.:JP11L6llm~v'1 L'!JV1'U1'U 5 'U1Vi '11fli!'U~1~LL~'U membrane 2 fl-r.:i ~1V 

"11'.ia~mv 0.5 X SSC ~ij 0.1 % SOS f.JG'll.J (~B.:J~'Uyj 68 B~1'11L6llab~VG'I nv'U1.ff.:i1'U) ~Bru'Vl.nil 68 
' ' " 

B~l'11L6llab~VG'I L'!JV1'U1'U 15 'U1Vi 

6.4.6 ~1-:JLL~'U membrane 1'Ll'11'.ia:::mv Washing buffer L'!JV1 'U1'U 5 'U1Vi 

'11fl~'WLL"ilLL~'U membrane 1'Ll'11'.ia:::mv Blocking solution (tJ~mru 1 ila~~\il'.i I ~'U~LL~'U 
membrane 1 \il1'.i1.:IL6ll'U~Ll.J\il'.i) 'U1'U 30 'U1Vi Ul.JLL~'U membrane 1'U'11'.ia:::mv Antibody 

solution (tJ~ii1ru 1 ila~~\il'.i I ~'U~LL~'U membrane 1 \il1'.i1~L6ll'U~Ll.J\il'.i) 'U1'U 30 'U1Vi ~1-:J 
~1VG'l1'.ia:::mv Washing buffer (tJ~mru 1 ila~~\il'.i I ~'U~LL~'U membrane 1 \il1'.i1~L6ll'U~Ll.J\il'.i) 

2 fl~.:! 'U1'U 15 'U1Vi '11fl~'ULL"ilLL~'U membrane lu"11'.ia:::mv Detection buffer (tJ~mru 0.2 

ila~~(;l'.i I ~'UyjLL~'U membrane 1 \il1'.i1.:JL6ll'U~Ll.J\il'.i) 'U1'U 5 'U1Vi Lba:::Ul.JLL~'U membrane 1'U 

"11'.ia:::mv Color substrate solution (L\il~Vl.J 1'Vlil'Vlnfl~~nB'U1 off.:i1'U) v1'.:i 1il'Llvlii~u'U~'U'.i1'\J11'1V 
' 

1ill1i'mL'llV1 tJ'.i:::ii1ru 16 -&1 h1.:i Vl~l'itJ~n~v111'1mL"iltl1n6"'Uvi~aG"11'.ia:::a1v TE buffer mTOJG'IB'\J 

Fl11l.J L sLJl.J'!JB.:1'11'1~yj Lnl'i~'U bl'i rn~'1atl1.:iv1 Lfll'1'1~J1 L~'Uil1~ L sLJlJU'.i1flf1 LLG'll'i.:J f.J'1f11'.i(;l'.i1'1~'\J L ~B 11 
' ' d.J 

'.iav~ 1 'U'!Jru:::v11111atl1~milLn~'1~~LLG'l~~111iJ~rn ~a 11'.iav~ , 

7. ~'11";:"'1C>tlf11'1tl'\JL~Cl'\J\IC>~L~EJ Columnea latent viroidl'U.&'\J~:::L€ivf1~1v1fim'l RT-PCR 

(Reverse Transcription-Polymerase Chain Reaction) 

'11111i'1atl1.:ien1LB'ULBmt11'11flf11'.i"1n~t111v15m'.i CTAB (\;\1l.J~1.LJ'a 6.1) l.J1\il'.i1'1"1B'\J'Vl1 

f11'.iU'UL~B'U'!JB.:!L~B Cl Vd t1J1m'Vlflilfl RT-PCR (one-step) 
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'1 1" 1 ' • r;! ' .J ~I . 1 ' .J b~tJfl11 '1! ~1Ll..Jt11 PC2 ( u1L'1!'l~Hi LL"1~Fltu~, 2548) 'lML u'U universal ~1Ll..Jt11 'Vlf;lfl ... ~ 

aamL'\J'\JL~'11l..J11f;l~111il'1t1'\J 111atJ~1'U'1~"1 Posipiviorid1fi 7 "llii~ ~a Co/umnea latent 

viroid(CLVd), Mexican papita viroid(MPVd), Pepper chat fruit viroid(PCFVd), Potato 

spindle tuber viroid(PSlVd), Tomato apical stunt viroid(TASVd), Tomato p/anta 

macho viroid(TPMVd) LL'9~ Tomato ch/orotic dwarf viroid(TCDVd) 11lJC1~1mvmmi4 

CLVd (\J~L'l!~~' 2548) zj~ijm1lJ'11LYl1~tlUL~tl CLVd 1'Ufl111'111'1~~1'11lJL~ti CLVd LL'9~1Yl1LlJti4 ... 
NAD (Thompson et al., 2003) ·vi'l-tli:urn11'111\IVl1 NdhB gene 'llti~Yl'l! zj~1iLU'U internal 

control 1 'Ufl11fn'\JFllJFltufl1~'Ua~1~rn1'1n~m4LB'ULti1 'U~1'U'Vl~'9e:i~d~btJ 1~ tJ 1 Yl1 LlJai~~Vll..J~ij 
' ' 

~i~u'Ll1flfilti 1 Yl~~~d 

1 Yl1LlJti{ PC2 

cPC2: TGT-TIC-WRC-DGG-GAT-TAC-TCC-TG 

hPC2: GGG-TTI-TCA-CCC-TIC-CTI-TC 

"vUJ1fJL'VI~ : W = A 'Vl~el T, R = A 'Vl~el G, D = A 'Vl~el G 'Vl~el T 

1~1Ll..Ja{ CLVd 

cCLVd: GGG-GCT-CCT-GAG-ACC-GCT-C 

hCLVd: GGG-GCA-ACT-CAG-ACC-GAG-CG 

1Yl1LlJti{ NAD 

Nad2.1a: GGA-CTC-CTG-ACG-TAT-ACG-AAG-GAT-C 

Nad2.2b: AGC-AAT-GAG-ATI-CCC-CAA-TAT-CAT 

7.1 ~'U~t1'U'lla~\J~n~tJ1\J1~nauhJfi1tJ 
2X one-step buffer 
~ oJ d I ~ 
'U1fl'9'U'U~~1 L 'l!tl 

2 µM 1Yl1LlJti4 6'11tJ c 

2 µM 1YmlJe:i4 6'11tJ h 

Superscript RT/Platinum Taq polymerase 

23 L'\J?I 

20 L'\J?I 

19 L'\J?I 

20 L'\J?I 

25 L'\J?I 

24 L'\J?I 

10.01llbfl1~~1 

4.5 1lJ bfil1~1'11 

2.0 1lJ1m~l'l1 

2.0 1lJ1m~l'l1 

0.5 1ll1m~~1 

1.0 1lJ bfil1~1'11 

20.0 1llbfl1~\Pl1 
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"11vt1'tllvrm.m1 CL Vd 

" ' 
oU'UYl 1 
" ' 
oLJ'U~ 2 
" ' 

oU'UYl 3 
~ .J 

"lJ'UVl 4 
" ' -ii''LlYl 5 

" ' 
oU'UYl 6 
" ' 

oU'UYl 7 

" ' 
oU'UYl 3 
" ' 

oU'UYl 4 
" ' 

oU'UYl 5 

" ' 
oU'UYl 7 

cj 

94 '€l.:Ji'\1b'1ffib61!CJ6'1 

94 '€l.:Ji'\1b'1fftb~tJ'i:l 

56 B~i'\1L"llr;'tL~tJ'i:l 

'U1'U 50 'U1Yl 
cj 

'U1'U 3 'U1Vl 

'U1'U 30 l'U1Yl 

'U1'U 30 1'U1Yl 

72 ei~i'\1L"llm"lit1"1 'U1'U 30 1mYI 

1~rn1'LI~'U~ 3 '1~ s "il:::~1Bn 34 ·mu 
cj 

72 B~i'\1L"llm"lltJ'i:l 

20 v.:ii'\1b"llm~t1"1 

48 B~i'\1L"llm~tJ'i:l 

94 B~i'\1L"llm~tJ'i:l 

94 '€l.:Ji'\1b"llflb~tJ'i:l 

60 '€l~i'\1b"llflb~tJ6'1 

72 eJ.:ii'\1L61lflb~tJ6'1 

'U1'U 10 'U1Yl 

'U1'U 15 'U1Yl 

'U1'U so 'U1Yl 

'U1'U 3 'U1Yl 

'U1'U 30 l'U1Yl 

'U1'U 30 l'U1Yl 

'U1'U 30 1mYI 
1~.J t:;f ~q 1~ltl 'U"lJ'UVl 3 f:I~ 5 "iJ:::61l1'€lfl 34 1'€JU 

72 B~i'\1L61lm61itil:l 

20 '€l~i'\1b61lm"lit1"1 

'U1'U 10 'U1Yl 

'U1'U 15 'U1Yl 

1 )'€1'\.J 

1 ·mu 

1 )V'\.J 

1 1BU 

11'€JU 

11e:JU 

11BU 

11'€JU 

11e:JU 

11'€JU 

l 1BU 

l 1e:JU 

7.2 Vl11"il'i:l'€JU"lJ'U1(;1"lJ'€J~r.J~r.J~Vl"il1mJnn~tJ1 PCR vflWI W11t115m1Bb~Fl 1vi11vfi~'i:lL(;)tJfl1) 

1-ff 2% agarose gel ~:::mt1L'Ul:l11~:::mt1 0.5X TBE buffer bb~1i11l.!1~1'UG'l'U11Av~vh~m1l.!~1.:i 

~n6 10011r;:ii\ L{J'Unm 40 'U1Yl "il1n'1'Ui11 agarose gel rJBl.IWJ'ltJl:l11~:::mt1 ethidium 

bromide LL~:::tJ11tJ\;1LLf:IU"lJB~~L~'UL'€JWJ'ltJLFl~eJ.:i Gel Documentation UV-transilluminator L(;)tJ 
" 

r.Jf;'tr.J~Vl"il1fl'tJ~n~m PCR ffiWl"il1n1vml.le:i1 NAO (internal control) "il:::il"lJ'U1(;1 188 base pair 

LLr;:i:::"il1n1vmimi PC-2 LLr;:i::: CLVd "il:::il"ll'U1(;1'tJ1:::mru~~LL~ 350 - 370 base pair 

8. vt1 U.~t1 Lfl~1t\1~1~UU'lfllltl L \'liiultiii fl1~\Jl~T'1'WU L (ti 
L(;)tJfl11tJ1 RT-PCR product vflWl"il1n1'U-X1-Uei~ 7 Lzj'€ll.l~m-U1nu pGEM-T easy vector 

LLr;:i:::cl1t1LB'ULsLJ1~ competent cell (DHSCX) LL~1tl11'tJvt1LLr;'t:::1Lm1:::l1~1v1'1.J'Ll1Flrnv1VliiL~e:J 

~'LIV'Ur.Jr;:im1vi11"il 1'LI~'Ui:l(;)Vf1t1 , 

8. 1 vhm11Flf;'t'Ur.Jf;'tr.J~Vl"il1fl'tJ~n~tJ1 RT-PCR ffiJI L~m~l.l'tJ~mru cDNA "llv~b'jvtJii 

L(;)tJfl1'jLzjBl.l~m-U1nu'V'lm'i:liJ(;)'l''n'VI::: pGEM-T easy vector (Promega) "il1n'1'Ucl1t11e:J'UboU1~L61l~~ 
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LLl.JAYiL~EJ LLm~'ll11tJiLm1~t-1~1~\JU1AllB1'Vl~L~mhLL'Un'l!U~'!JB~b~B1TrnEJ~~B1 tJ zj~16m1~ 
~~~v1ud 

8.1.1 bl'l~EJlJ~ft~~l'l~1ntJ5n~EJ1 RT-PCR vi'tvil~u~~'Vl~ 1~vm1'1111 Ub~Bl.J~Bn\J 
Yim?tiJ~'V'l1V1~ 1~v'll1e-if!~~l'l'!Jv~tJ~n~m RT-PCR m1.Lvn~1.Bmvl'l1l.J'!J'U1~ 1~vi6m1~1.~A 11'111 vl~ 

~"' v11CJm11-ll 2% agarose gel 1'1.J?111a:::a1CJ 0.5X TBE buffer LLiK1tl1me.l1'\.J?1'\.J1lJ1v.JVl1~rn1lJ 
~1-1~n~ 10011a~ Lll'\.Jnm 40 '\.J1Yi Lrn~l'i'~1.uvn:::1.1.ri'U~bB'\.Jbe:J~il'!J'\.J1~1nrK1.FiCJ-1fl'Ub~e:Jb1e:JEJii 
~e:JiJ'!J°IJ1~tJ1:::lJ1ru 350 - 400 Flb\J?I 1G'!Vlae:J~ centrifuge tube bba~-E'-1tl1wLi'n'!Je:J-1b~fl 1~v~:::IJi'v-1 

" 
1lJ1.n'\.J 400 iJa~n-rl.J 

8.1.2 ?1n~~b~°IJbBBBn~1m~av11v QIAquick Gel Extraction Kit (QIAGEN) 

l'l1lJ~1-Ue:J 6.2.2 ~1n'1"1Jtl1lJ11'111~?1e:J'U~'\.J~b~'\.Jbe:Jffil'il'l1m 'VlflUflBb~fl Ll'l11 v.J~~"' (l'l1lJ~1-Ue:J 
8.1.1) 111v11.1.ri'U~bB'\.J1.m1.ri'U1.~m'!J'\.J1~m-1n'U~IJi'e:J-1n1'lVl~tl 1lJ mm1-1il1.1.ri'U~bB'\.Jbtl~'\.J\J'\.J fit ~vh 
m11'i'~b ~"' bQ'Vi1~ bbrl'U~ bB'\.Jbe:J~IJi'e:J-1 n11Bnfl~-1 bbm~tl11 U?I n~~ bB'\.Jbtltltl n~1 n b ~av11 CJ QIAquick Gel 

Extraction Kit (QIAGEN) ~n ~'\.Jm~~-111'11.mu~bB°IJbe:J~IJi'e:J-1n11bbrl\Jb~tn 

8.1.3 1.~BlJ~tl cDNA '!JB-1b~v111vEJii (e-Jfl~~l'l~1n'Li~n~EJ1 RT-PCR) 1.-LJ1nu 

Yi"'1?tiJ~Yi1VI~ 1~mzjBl.J~B cDNA ~~1°1Jn11VhL~\J~~'Vl~bb~1n\J'Vi"'1?1iJ~ pGEM-T Easy 

(Promega) v11me:J'\.J1'1l~ T4 DNA Ligase ~-1il'11"1Ju1:::ne:J\J'!Je:J-1\J~n~m~-1U 
T4 DNA Ligase 2X buffer 10.01l.JLA'l~l'l1 

PGEM-T easy vector (50 ng) 1.01l.J1A1a1'11 

PCR product 

T4 DNA Ligase (3 uniVµl) 

11l.J 

8.o 1l.J 1A1am 

1.01l.JLA1a1'11 

20.01l.J1mal'l1 

tllJ~Brum1iJ 4 mP111.61la1.~v"' 1.ll'\.Jnm 12 -E'111.1-1 e-iaffil'i'!Je:J-1'tJnn~v11"iJ~°IJl'lB"iJU~v Yim?tiJ~ 
' " ~ 

~ne-i?tlJ ~il~'\.Je-iae-i~l'l~1nu~n~m RT-PCR ~1.11fl1~11th~:::1.ll'\.J1.~e:Jb1e:JCJ1'11.zje:JlJIJ!m-U11ue:J~ 
8.1.4 tl1Vim?tiJ~a mml.J 1.-U1'1b'llfl~1.1. uAYi L~ CJ 1~ CJ~1tJ'Vi"'1?tiJ~a ne-i?tl.J 1.-U1ci b'lla~ 

~ ~ ~ ~ 

bb'UflYib~CJ Escherichia coli ?11CJ~'\.Jfi DH 5a 1m5m1 heat shock transformation (Fristch 
' 

et at., 2001) 1~m~l.J?11'rn:::mCJ'Vim?tiJ~~ne-i?tl.J~1n'tJ~n~CJ1 ligation \J~ml'l1 201l.J1A1~1'l1L?IL'\.J 

Vlf!B~~ilb'lla~bb \JAYib~m~1D1'\.J~vi11 ~Yi~tll.J-r'U'V'l"'1?1iJ~ane-i?tl.Jb-LJ1G'i b'lla~ E. coli ml.111'11 100 
" " 

1l.Jbfl1~1'l1 Yi~nV1ae:J~1\Jm1.u1 'l ~1n'1mL-ciV1ae:J~'Vl~ae:J-1L'\.Jtl11.1.~-1bll'\.J1.1m 30 'l.J1Yi ~1n'1'\.Jtl1 
V1ae:J~lJ1LL"llL'\.Jtl1e:Jrum1iJ 42 e:J-1P11b'l!m"iici?t '\.J1°1J 451mYi 1.1.a:::~utl11'tJLb"llL"iJtl1LL~-1\1"1JYi1.lJ"iJ1.1m 

' " 
5 '\.J1Vl L~lJBTV!11Lvtff.J LB tl~lJ1(;1';j 1,0001l.Jbfl';i~(;1';j i.111ubb"ll"lml1LL~-1L1"'1 10 '\.J1Vl '11mr'\.Jtl11tJ 

b'!J~1~'Qruvt.1Jii 37 e:J-1P111.'1!m6iici?1 '\.J1'\.J 2 - 3 -E'11m tl11u~'\.Jl'lnl'l:::ne:J'\.J~A11l.Jb~1 10,000 1e:J\J~B 

i.nYi Lll'\.Jb1"'1 2 mYi b'Vltl1Vl1';i LB b~l.Jv\-1bba:::b~l.Jtl1V111Lvtm LB 1vtlJ U~lJ1(;1) 3001l.Jbfl)~(;1) a-1 

1u a:::mCJl'l:::ne:J'\.J'!Je:J-11.~mb'UflYib~CJ vi1m1 spread ~1vtii'1mm11.L~-1 LB agar ~ilLLe:JlJVi~a'\.J 
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ill 

m1lJLoLJlJoLJ'U 100 bl.I LFl'm1'l.1~8lJ'1~~\il1 ~1EJ?l11'1~'11EJ 5-bromo-4-chloro-3-indolyl-6-D

galactoside (X-gal) fl11lJLoUlJoU'U 20bl.I1mn-rlJ~8lJ'1~~\il1 tl~lJ1\il1 40 1lJ LF11~\il1 n'U?l11'1~'11EJ 

isopropyl-6-D thiogalactopyranoside (IPTG) fl11lJLoLJlJoU'U 10 lJ'1~LlJm{ tl~lJ1\il1 20 

1lJ LF11~\il1 ~.:i 1 iX~1vti!1'lJei.:imvn1LL'IX.:i '11mYmh?111'1~'11EJ'lJ8-:JL~mL'UF1ViL~EJ spread 'U'UV1vt11 

LL~.:i LB agar ~.:imh1 tl11iJtJlJ~~ruvtJ;Jij 37 eNi'11L"!!m~EJ'1 LDm1m 8-12 i11m LYleiA'~L~ein 

colony 'lJv-:Jb~Bbb'UFlViL~EJ~ii~mhu cDNA 'lJv~b~ei1TrntJii 1~m~eirnoV'l1~1Fl 1"1ii'lJ'U1~1vtaj~'lJ11 

LL'1~eitjvl1~'11n LFl 1"1ii~'U 11~EJ 11iL~ein LFl 1"1ii~i1Mhvt~ml1L~'U vt~ei 1Fi 1"1ii~'ll11'll'U1~L~n~eitj1ei'U 
., 1Fi 1"1ii'lJ'U1~1w1I vt~ei 1Fi 1"1ii~eiv:S~n'ULD'Um~'1n vnrni'.J'U1 iJ1~m1L~ein LFl faii~eiv'U~L1runm~ 

I v~ \J , " 

'11'Uv1m1 L~ v.:i L ~mL"1~ L~ EJ~ m1 L~ein LFl 1"1ii~eitj'U~ L 1ru'lJv'U'11'U 

8.1.5 '1tl~V'l"11'1ij~"1m.J'1lJ 1-ITT5m1 Alkaline lysis (Sambrook and Russell, 
" 

2001) 1~m~ein1Fi1"1ii'llv~L~ei E. co{i~i'.i~'lJ11:i.nb~~M1'Umvt11Lvt"11 LB ~iim1L~lJLL8lJ~~~'U 
tJ~lJ1\il1 1 ij"'~~\il) L~EJ-:Jb~€l'U'ULF1~8~L'lJV1~Fl11lJL~11€l'U 200 18'U~v'U1Vi eiruvt.11i) 378~Pl1 

' " 
L"!!m~EJ?I LD'Ub1"11 12 i1 h1~ '11ni!'U~'U\iln\il~nv'UL"!!"1~~m11.1L~1 10,000 1ei'U~v'U1Vi 'U1'U 1 

'U1Vi L'VlV1vt11Lvtmernn L~lJ?l11"1~mtJ Solution I (50 mM glucose, 25 mM Tris-HCl, pH 8.0, 

10 mM EDTA, pH 8.0) tJ~lJ1\il1 1001l.11m~\il1 ~?llJ1'1XL.U1n'U~1EJ vortex mixture '11n'1'UL~lJ 
?111"1~mtJ Solution 11 (0.2 M NaOH, 1 % SDS) tJ~lJ1\il1 2001lJLF11~\il1 ~b\il~t11.11vtlinei'Um11'ff 

~1'U ~'1lJ 1 'IXLoLJ1tl'ULL~1tl11 tJulJ~vruvt.11i) -20 €l~i'11L"!!m'tltJ?I 'U1'U 5 'U1Vi LL"1~L~lJ?l11"1~'11EJ . " 
Solution Ill (3M potassium acetate, 0.2 M glacial acetic acid) tl~lJ1\il1 1501lJLF11~\il1 

~'1lJ1 iXLoLJ1n'ULL-ci'U'Utl1LL~-:J'U1'U 5 'U1Vi tl11tl~'U\iln\il~nv'Ub"!!"1~~fl11lJb~1 12,000 18'U~eJ'U1Vi 
'U1'U 10 'U1Vi ~~?111"1~mtJ1'1vt"18~1vtll LL"1~L~lJ absolute ethanol tl~m\il1 2 Lvl1'lJeJ-:Jtl~m\il1 

" 
?111"1~mv ~?1l.11iXL.U1n'Ui111tlulJ~eiruvtniJ -20 ei.:ii'11L"!!'1L'tltJ'1 'U1'U 30 'U1Vi '11ni1'Ui111tl~'U 

' " 
\iln\il~nei'U~m1lJL ~1 13,000 1eJ'U~eJ'U1Vi 'U1'U 1 o 'U1Vi ~.:im1"1~mmL"1~\il1n\il~neJ'UV'lmG'li)~ 1 iX 

LLiX.:i m::mtJ\il~neJ'U~1EJtl1n~'Utl~lJ1\il1 2011.1 LF11~\il1 

8.1.6 \il11'1'1v'ULL()'lJ~L~'ULv~LzjeJlJ~ei1 'UV'lm'1i)~V'l1vt~ hrnL'VlFlUFl PCR vh 1~v 
n11\il1T'il'Vt1~'U~L~'ULv 111eJEJii ~1EJ 1 rm1.1eiivrt m 'Un11\il11'1'1eJ'U \ 11eJEJ~1 'U.ff 'U~'U fiei PC-2 vt~eJ 
CL Vd ~'Un'U~"1n11\il11'1?1v'U 1 'U~'U~'U 1~EJ 1 V'l1LlJvi~'11L V'l1~n'U 111eitJii~.:in~11'1~ 1 tJL ~lJtJ~mru 
bO'Vn~~'U~b~'Ub8'lJ8-:J 111eit1ii Lb"1~\il11'1G'leJ'U~"1~~\ilm~~1m'VlFlUFlL'1"1~b~Fl L\il1 L ~~~61 vh 1 iX 

?11lJ1)()\il11'1?18'U 1~11i'.i~'U~ b~'U Lv 111eJEJ~'lJ'U1~ b~lJ~ L 11~8-:J n11eJV'Vt~eJ 11J zj,:i15m1ii~.:id 
" 
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dd H20 

lOX PCR buffer 

25 mM MgCl2 

10 mM dNTPs 

2 µM Primer+ 

2 µM Primer -

Taq polymerase 

Total volume 

Total volume 

10.9 µl 

2.0 µl 

1.6 µ l 

0.5 µl 

2.0 µl 

2.0 µl 

0.5 µl 

12.Q µl 

0.5 µl 

20..Q µl 

"1~-!!'11n~~'U.J'111~1-:i "l ~1'\.J'\.J'\.J'1-!!h1"1'1v~ PCR tube L~tJ'\.J~vt11~i11L-LJ'1LFl~v-:i Thermal cycler 

1~ti~-:i 1 tJ1LLm~nwvh-:i1'U~-:id 
" 

'!l'Uo(i 1 94 ei-:imL61!m~ti'1 '\.J1'\.J 3 '\.J1-(i 11v'\.J 

" '!J'U-(1 2 94 ei-:iP11L61!m~t1'1 '\.J1'\.J 401'U1-(i 11v'\.J 
" ' 

'!J'U-(1 3 56-62 ei-:iP11L61!m~t1'1 '\.J1'\.J 401'U1-(i 1 )eJ'\.J 

" '!l'Uo(i 4 72 ei-:iP11L61!m~t1'1 '\.J1'\.J 401'U1-(i 11v'\.J 

~ .J "' 61!1 Step 'Vl 2 - 4 ein 34 1v'U 

" ' 
'!J'U-(1 5 72 ei-:imL61!m~ti'1 '\.J1'\.J 10 '\.J1-(i 11v'\.J 

" ' 
'!l'Uo(i 6 20 v-!IPl1L61!'1L~tJ'1 '\.J1'\.J 15 '\.J1-(i 11v'U 

'11ni!'Ui.11~'1~~\J\'11ntJ~n~t11 PCR .ffi~tJm1'1'1v'\.J'lJ'\.J1~ DNA ~1tJL'VlFl'LlFl 
L'1'1BL~FlL\J\1LYl~~'1 L~ti1off 2% agarose gel m:mti1'U'111'1~mti 0.5X TBE buffer LL~1i11~1~1'\.J 

?lml.J1 V'lrh~m1l.J1'11.:il'inv 100 b'1ii blJ'Urnn 40 'l.nVi tl11Fl'1'U'llv.:i'V'lm'1ii~'1n~?1l.J~\J\11'1V'l'U 
'IJ 

U'1'\.J~LB'ULv'lJ'U1~ 300 - 400 ~L'U?l1tJ1bFl11~~mLL'1~1Lm1~~~1~'U'Ll1FlTT'€J1'Vl~~v1 tJ 

8.2 1Lm1~~m~1~'U'Ll1Fifilei 1'Vl~'!Jv-!IL~ei111eit1~ "1~-!1'11f1f111\J\11'1'1v'\.JLL'1'\.J~LB'Ubv~ 
L zjei~~ei 1 'UV'l'11'1ii~V'l1"1~ LL'1~ 1mFi'1'U~ii LL'1'\.J~ LB'ULv'lJ'U1~m~~IJ!ei.:i m1LL~1 i11 LF1'1'\.J~-:i mi11~-:i 1 tJ 

1Lm1~~~1~'\.J'Ll1FlTTv1'Vl~'lJ'€J.:J~LB'ULvL~mfl~v-:i Automated DNA sequencer Lb~1 i.11~1~'\.J 
ii1Flfilv1'Vli;)ffi~m1Lm1~~~1t115m11'11.:i "l ~.:ii1 
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8.2.1 1Lfl11~'\.h\J~mJLVlV'UFn1llL V1jjB'Un'U'lJB.:i~1~u'Ll1flfilB 1vi~vhl'l1~mm~v 

hhLLmll Blastn (http://www.ncbi.nlm.nih.gov/ BLAST) LmvrnV1vu~1~uti11"1ll€JLVl~vhl'l 

nu'li'Bll'1~1~'U'i11flll€J 1 Vl~~ih1v~1'U€JV~.:iVll.J\il L 'U\l1'UoU €Jl.J"1'lJ€J.:i GenBank zj,:ie.mvhl'l\l~ 11'1-U'vll"1rJ1 
\I \J ~ \J \J 

~1~uii1flfilti 1vi~viL11?1.:i~ v'1~iim1ii 1n~Lfiv.:inuL ~v 111vv~V1~ti hl LL'1~\;l1.:inu'tliilil~'Utfllil L\il v 

m1'11 LL 'Un'tliilil L ~ti 111ti CJ~lil~'V111'1.J'11 nnT~L \J~CJ'U~1~'1.Jii1flll€J 1 'Vl~.X.:i~1'lJ€J.:J L ~ti (whole 

genome) 11iifl11l.lfl~1CJVl~€Jfl11l.JL'Vlifooun'U (identity) ii1nn11 90 L\J€J'h~'Uvl Vl1ti 1~ V11nA1 

fl11l.JLVli'.iti'U€J~L'U1~vl'U~.:JLL~ 90 L\JtiiL~'Uvl ~'U 1\J '1~~€J'°l1LU'Ub1vV~6lliililL~CJ1n'U 
\Jn~LL~11 \J1LLmll Blastn '1~iiA1ffi <ff-Yi'111ru1m1l.li.11Lzj€J~ti'11nm11 Lfl11~~ 

"llti\j'1'llti.:i 1 \J·rnmii 3 A11~LLri 

1. A1 o/o identity LU'UA1'U€Jfl1~vl'Ufl11l.JL'V!i'.iti'Un'U'lJ€J.:J~1vl'Uii1flll€J 1vi~ 
• .., J{ 1 ' Id .., ~ I • I ' cj ,,,¥ 1· 1"' .. I ~I J{ 1 ' "" .. .., 

?f1V11'1.JL6ll€J 11€JEJ\il\l~€JEJ'V11~\il'IJ\;l.:JLL\;l 90 L u€JWll'U\;l'lJ'U u'1.:J'1~'1€J11L u'UL 6ll€J 11€JEJ\il6ll'U\ilL\ilCJ1n'U 
'IJ 

V11n~1n11 90 L\JviL~'Uvl '1.:Jl.11 '1~~€JrJ1LU'Ub1€JEJ~6lliilil~'U5lVI~ • 
2. A1 ~ LU'UA1viLnlil\l1nm1f-11i.J1ruA1Ll.l'V1~n11ilcimwVivum1ll 

LV1i'.iv'Un'U'llv.:i~1vi'uii1flfilti 1vi~viL11?1'U hnu~1vi'uii11"1filv 1 vi~vivcii. 'U~1'U-LJ'tiii"1LL~'1~~1 
'IJ "' 'IJ 

(pairwise alignment) 11ilCJ 1 D1LLmll Blastn zj,:i~1\l~L\J~CJ'ULL\J'1.:i 1 \Jmllfl11l.JLVliiti'ULL'1~Fn1l.JV11 

'lJ€J.:J~1~'1.Jii1flllti1vi~vil11mL\J~CJ'ULViCJ'U 11ilci\Jn~Lb~1A1 score '1~~ti.:iii~1mnn11 200 bits ~.:i 

I ~ I ~I.I II c::il c:il II o Q./ 

3. m expect value Li.J'Ufl1'Vl blil'11nn11fl'ULL'1~LDW'Ub'V1CJ'U'll€J\j'1'11\il'U 

ii1flfilti1'Vllil1'U GenBank 11ilcivi~1 expect value '1~LU'U~1vi'Utin11~1vi''Uii1flfilti1vi~\;l1.:in'U~.:ivi 

L \J~CJ'UL Vi V'Ull1n'UB mLfl 1 Vl'U 11ilv~11 \J LL~1'1~ii~1 L-LJ'11n~ Pl'U~ LL'1~V11niiA1 L U'UPl'U~Vll.11 cim1ll11 
'IJ 'IJ 

Lu'U~1vi'uii11"1filB1vi~L~mn'U 

RNA-Folding-Form (http://mfold.rna .albany.edu/?q=mfold/RNA-Folding-Form) b ~ti 1 ~ 
1D1bbfl1l.J?f~1.:J1fl'j.:JG'l~1.:JG'leNiJ~vlLD'U 1\J1~'lJtl.:!~1vl'UU1fllltl1 Vl~ zj,:i Lfl'j.:JG'l~1.:J?lti.:ii1~'Utl.:J 1 'J'jt)EJ~ 

L D'Uflru~ m;ru~vi"11~n iti tJ1.:iV1~.:J'lJ€J.:i L ~€1 1 i.Jnciiid vh 1~?11m1'1•1hci1 'U n1'j V'UV'Ue.mm'j1 Lfl'j1~~ • "l! • 

~1vi''Uii1flfile:i 1 'VllilL~Lu'Ue:iv1.:i~ 

8.2.3 1Lfl'j1~~~1il'11LL'Unfl11ii~ii~'U5'lJti.:iL~ti 11'jtici~m~ 11ilcim~ci 1 \J'jLLmll 

MEGA 5.2 (ClustalW) 1'UmTvl1 multiple sequence alignment LL'1~?1~1.:i phylogenetic tree 

'lJti.:in~ii~1ii''Uu1flfile:i 1 'Vl~vi L 'S1~ m;1-J1ijm1ii~ii~'UBn'Ue:i ~1-:i L'S LL'°'~?11m'S'1-;ijlil"ii1 mm n'G'liie:ie:inm • • 
1m 'U~n"t;ru~ 1 Vl'U L~v\;l'j'JliJ?tti'U11L~e:i 11'Stici~vi\;)'j'J'1'1B'U 1~iim1ii~ii~i.J5n'UL~ti 11'Se:ici~?11ci~'U5 • 
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1~m1t1~'U\ilffUfl1"j alignment 1~n1Vl'U\il~1 parameter 1~~Lvim~~iinufl1"j 
1LFl"j1~~vi'.:id ~ pairwise alignment fl1Vl\,Wl1~1°11 gap opening penalty LyJ1fl'IJ 10, gap 

extension penalty Lvl1nu 0.1 ~1'U multiple sequence alignment n1V1t1\ilh~~1 gap 

opening penalty Lvl1nu 10, gap extension penalty Lvl1tl'IJ 0.2, DNA weight matrix L~tln 

Lll'U IUB LL"~ transition weight Lvl1tl'IJ 0.8 

1'Ufl1"j?1~1.:i phylogenetic tree L~t1n1m5m"j Neighbor joining method 

L~t1.:i\11n L tl'U15m"j~ L 'Vll.l1~?11J n'\Jfl1"jfl n~1rn11JX1J~'UITT 'Un"1mh~"ll1m"j~vl'IJ"ll'U\il~'UTIL~ v1n'U • • 

... e,J • ..., 

Yi'!! LL~t";Jfl'V11"I1'1~1U~~fl1"I1';1'1 

b\ilEJ"j1EJ.:J1mmfl1"j(il"j'J\JYl'IJ (Vi~tl 1l.JYIU) L ~ti 11"jt1EJvl~t1n"11Ji~Vfl1"jflntl'U~"ll LL"~Ltl'IJ • 
"j'J'IJ"j'Jl.JoUtlm1ffi~ 'l111 '\J1 LFl"j1~~~.m L ~tl'\J"j~ LlJ'Uf1111J L~ ~W1Jtl.:J L ~ti 11"jtl Vvl~\il"j'J"i)Yl'IJ 

'U 

~ 
L 1~1LL~t~fl1U'VI 

"It'-ltL1~1: ~.:JLL~ \il"1Fll.J 2553 5.:in'UV1V'U 2555 "j'Jl.J 2 tJ • 

41111 dv,1/ 

~"n1"j?l'IJFi'U~t11J"l.J\il.:J'U 
'U 

1.1 oUt11Jmin:i~11'VlV1~tl.:JL~tl CLVd: nt11~Ln\ilhFl~"j'\JLL"j.:J1'U l.J~L~t!L'Vll"l, Yl~n LL"~~'Ue.J~.:i 
'U • 

b\iltiVh 1 ~Ln\iltl1fl1"jti1'ULLFl"j~LLnfo 1 rn'Vl~tl.:JU\illJ1'ULL"~i1mmwllm~\il1V~L"''U1 'IJ tl1'U1 'IJ LL"~M.:i 
~rni1~'U1\ilL~n Ll.J~\il~'l.JV1~t11lJ?1~1.:iLl.J~\il 1 'Ul.J~L ~m'Vll"11'u~ru~~v111'1.~Y1~rnn\ilmnT~ti1'U 1 'Vl"jl.J 

1uL'Vl~tl.:JU\illJ1'ULL"~i1mm"jb'lm~\il1V~L"''U1 u tl1'U 1 u b\ilV~"il~v111 ~-X1~'UeJ~.:iLn\iltJ1fl1"jtJ1fl1"jU\il 

tl11LLVml.J bLl'l1l.Jv111~Ln\iltJ1fl1"j~\il'\Jn~n'Ul.J~L~m'\J"j1~LL"~l.J~Bn 

L~t1"1J'U\ildcl1v'Vlt1\il b "jF1~1'U'V11.:in" ('U1\ilLL~") 1~~1J1n ?111J1"jf:lcl1v'Vlv\il L "jFie.i1'U'V11.:icl1'U 

~V1V~'U6~1.:i ., LL"~Ll.J~\il~'U51~ LL~U"il"iltJ'UE!.:i1lJi1-Uvl.J"fl1"jcl1v'Vlv\il L "jFie.i1'U'V11.:i"~t1t1.:iLn?l"j 
" I " " '\J 

U'1'ltJ'Utl':i~L'Vll"lviih1v ·n'Ufl1"j\il':i1\IYl'UVl~viinT'j':i~U1\il~v.:iL:ff v~.:i~'U 8 tl':i~L'V1i'11~LLn LLfl'U1\il1, 

Lum~vl.J, L\il'Ul.J1~n. Wtl"jl.Jtl, L'ULTitl~LL"'Uvi, ?l'\/l"j1"1Jv1ru1~m. ?l'Vl-r~ml.J~m Lrn~ t)"j~L'V11"11'Vlv ... 
(Hadidi et al., 2003; Verhoeven et al., 2004; Matthews-Berry, 2010 LLm~ '\J~L"ll~~. 2548) 
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d ( ( CV Q.I Cit. 

Lm:m.J'U, L'UL5tl'HL'1'Ui;i, ~'V!11'lltl1'1.11'1m LLm:: ~'V!1~e:JLl.J1n1 
II 

'11V1~u\J1:m·1131Vi~m1l.J 1~-ti~L'1'U'Utl'l~f11'U~f11'Yin11U11n!J'UeNL ~el CL Vd 1~Lbri U1~bVll31 
d Cit. c:il Q1dc::il d -=! 1v.J.X1 .. fV I c:il I 1•1 
':il'U, tl'UL~V Lb'1::ffU i;ii.wim L'Utl'l'11nl.JLL'U1 'Ul.JVlL'lltl 11tJV~~.:inm1l.Jn11Lb'Yi11::u1i;i 'Uui::LVll'l 

~'(JtJ'U1lJVYl'll i5.:ivh 1 ~iim1l.J"il1LV'U~el'l\;111'1~i;iml.J 1~Lbn tl1::LV11311'ULbf!Uml.J~n1n'11'lLL'1::1~ 

~.:ii!'Ui5.:i 1~oLJtll.J'111 v~e:it11~ L V11'1~'1~~e:i.:iiim1'1l.J \;111'1~i;i\;11l.Jn11tl'UL~eJ'U'(JtJ.:j L ~tl CL Vd .., , 

~.:i~e:i1tlll1~LLn LLfl'U1~1, Lvml.Jii, L'UL5e:iiLL'1'Uvi, ~m1'!le:nru1"5'm, ~'Vf~~ml.J~m, ~'LI, B'UL~v, .. 
B'UL~iiL~v, LLm:: tl1::LV11'11'LILLriuml.J~mnm.:iLm~1~ 

2. L~~EJ1.11'"''l~tlmwu.~::"'1'Hflij~1~ , ~tln"iW'Vl1~n1'Hfiml"i~'11L~'UL'Ui'U~ffU~1~ , 

1~'1'.:iLfl11::'1-1 probe ~ilm1l.J"il1L'Yi1::~m~e:i Columnea latent viroid1i;iv15m1 DIG 

High Prime DNA Labeling and Detection Starter Kit I (Roche) 

1!:'1 ' .Jc< 0 I Ji , , 
~b'V'l1Ll.Jtl1 PC-2 LL'1:: CLVd Vll.JF111l.J'11L'V'l1~\;'\e:JL'lltl Columnea latent wotd mi~ 

1Yl1Ll.Je:ii NAO L~e:i1m'Un11\;111'1~tJUV'U~'ll Lll'U internal control 11l.J~'l~11Lflil~"il1Lll'U~1'l 1 

b ~tl 1 m 'U'll'tJVli;i~e:iu 

3. q1.1~1e:if.l1~L1.1~'1i'Uq1.1::L;ieJL'Vlfll~tl1L-li'1~1n~1~tl"i::L'Vlfl1~ijfl111.IL~EJ~ W n~1.11~EJn1"innn'Ufi'I! 

1~'1l.Jti11e:i~1'lbl.J~i;i~'U5l.J::L~mV1P1~'11LoLJ1'11n~1.:itl1::L Vll'l ~.:i~e:i 1 till , , 

3.1 tJ.:iut11~mru 2554 '11m'U 6 fl~.:i 1~LLri 

1. t11~LVll'l~'U tl1wun o.o5 Kg t11Li11''U~ 4 iJ'U1fll.J 2554 

2. tli~LVll'l~'UL~V tl1V1'1'n 24.7 Kg ti1LoLJ1l'U~ 24 Ll.J~1V'U 2554 

3. tl1::LV1!31~'U tl1V1'1'n 276.8 Kg '11LoLJ1l'U~ 4 'V'l')~fnfll.J 2554 
II ' 

4. tl1::LVll31e:JLl.J~n1 Ltl~ :a~ Lb'1::d1n~1n t11V1'1'n 14.131 Kg t11LoLJ1l'UVi 24 

°r'l')~fnfll.J 2554 
II o 

5. tl1::LV11'1L'UL5vfo'1'Uvl t11V1'1'n 0.282 Kg t11Li11''UVi 6 mn!J1fll.J 2554 
II 

6. tl1::LV1PlL'ULtmiLL'1'Uvl t11V1'1'n 0.357 Kg t11Li11''UVi 6 mn!J1fll.J 2554 

3.2 tJ.:iut11::l.J1ru 2555 '11m'U 10 fl~.:i 1~LLn 
1. tli::LV1Pl~~'lLl31~ tl1V1'1'n 0.84 Kg '11LoLJ1ltJ~ 30 TitJ11fll.J 2554 

2. tl1~LYll31B'UL~iiL~V tl1V1'1'n 11.768 Kg t11Li11'u~ 23 l.Jm1fll.J 2555 

3. tl1::LV11'1YllJ1 tl1V1'1'n 4.83 Kg '11LsLJ1l'U~ 23 l.Jn11fll.J 2555 

4. tl1::LV11'1bbffVfim1~ tl1V1'1'n 0.022 Kg t11LoLJ1l'U~ 23 l.Jn11fll.J 2555 

5. tli~LVll'l~~'U tl1V1'1'n 7.5 Kg ti1LoLJ1ltJ~ 23 l.Jn11fll.J 2555 
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6. '1.htLVlfll~'U tl1viiJn 70.55 Kg °Ll1LoU1l'U~ 1 ~l.l.rn'W''U5 2555 

7. U1tLVlfllG'IVl~~ml.J~m L'l.h '8~ L~n~1n LL"1t~G'l11Lti"1 tl1vii!n 9.078 Ko 
"' " :;, 

0 ,, 

'U1L'lJ1 
., .J 
1'UV1 4 Yl~~.f11Al.J 2555 

8. tl1:::LV1PIG'IVl~!ml.l~m Ltl~ '8~ L~n~1n LL"1tBG'l11Lti"1 tl1wun 4.322 Kg 
., .J 
1'UV1 4 Yi(j~.f11Al.J 2555 

9. U1tLVlfllLU~ tl14v1Ufl 2.0 Kg t!1L-V'11''U~ 14 Yi(j~.f11Al.J 2555 

10. U1tLV1PlB'UL~EI tl14v1Ufl 30.3 Kg t!1L-V'11''U~ 25 Yl(j~.f11Al.J 2555 

OI I GO/~ .. OI I ... ,k If~~ .. 

4. LYi1t\J11'1E.n~UJ~WIYi'U~lJtL "'1L 'Vlfllfl~m't11L Yi'1~mm~L \J'1~\Jl'U ~ 'U ~ ~~L ~'1'U'Vlfl"'1~ 

e..mm1vi11'1?1e:iu~1e:iv1.:iLl.J~~'W''U5l.J:::L~tiLV1P1vit!1L-V'1'11n~h.:itl1:::LVJfllvi?il.J'11nn~l.Ji~vnnn'LI , , ' 
Vl'l.! e.mm16".:iLnvimm1e'j~tJn~L~e:it!11tltlr;:im~e:i~mm11'U11.:iL~ti'U'V'l'Ui11ili1~1e:iv1.:i1~LL?l~.:imm1 

" " 
'llti.:i 11Avi-..i1Lm:::"Uti.:JL~e:i 111e:ivil i] Lilv.:iu1.:i~1e:iv1.:i~ LL6'1~.:i'1n~ru:::mm1e'j~1n~ L~v.:inu b~mv11~'U 

'11nm1vfuJ'Yiumm1Lom:::l'i'e:i.:i6'1.:i6"v 1'Um1vi11'1G'lti'U~mm11'U11.:i L~e:i'U ~.:i~'U~.:il'i'e:i.:iv11m1 
" 

~l.JV111'1Vl1L~tl CLVd ~1VLV1Ai'iA Nucleic hybridization mi::: RT-PCR b'U~'U~ti1tl 

5. \J1~1"\1~1'1V1~UJ~fli'U~i.ltL;'i'1L'Vlfll~LL~fl~mm~~fl\Jnm'U~'U"tLijEJfl~1EIL'Vlfilijfil Nucleic 

hybridization LL"t RT-PCR 

e.mn11Vl11'16'ltl'U~1tlV1.:Jl.J:::L~tlLV1Pl~t!1LoU1'11fl~1'l'l.h:::LVlflll~'lviLL6'1~'ltl1n11e'j~\Jn~ 
~'lfl~11 LLr;'l:::milLL6'1~.:imm1e'j~'\.Jn~ ~1VLV1Ai'iA Nucleic Hybridization LLGi::: RT-PCR Yi'U11 

1~e.Jm\J'U negative b 'U'Vln~1e:iv1.:i LLG'l~.:i111ili1~1tlV1'lLl.J~~'W''Utfl~Yi'Un11U'UL~tl'UL~tl CLVd LGiEI 

~1Vl~'U b 'Un11Vl~Gitl'l b 'U?i1'Ud tl1'1L{J'U1 '1.J1~~1~m11 'Un11Vl11'1~~ml.J n11U'UL~tl'U"Utl'l L ~tl 
n'U Ll.J~~'W''U5oJ1LoLJ1tl1'1rl'l1iJ LV11.J1:::6'll.J ~.:idm'1L ~tl'l~1 EleJVl11 n11U'UL ~tl'U"Utl'l L ~tl~ ~1 ~'lvl1 b ~ 

' 

4v11n L \J'Umrud-..i1 L \J'Ul'i'm L ~l.Jtl~l.J1ruLl.J~~-w'U5~1e:iv1.:ivit!1mvi11'16'le:iu 1 ~i1ml.J1rum n~'U 1~ v , 

tl1'1e:J~1:::vii1.:i 500-1,000 Ll.J~~ L~m~l.J1tim6'1b 'Un11Vl11'1'Yi'UL~tl LL~~.:idn~'Un'Utl~l.J1ruLl.J~~~ 
6'11l.J11'1'1l.JVl11'11~~'Un'UU~l.J1ruLl.J~~vit!1 L oU1~1EI L ~tl'l'11n'11'U1 VIW L \J'ULl.J~~vltl-LLlJ'W''U5vii] , " ' 
mmru-Ue:iv ~.:iv111mil'11l.J11'1?il.J°LJ~l.J1ruvimn1~ , 

6. '11~1"\JL f '1L1~'1Elfl1 'ULL \J"~~i\\JlUJ~fl~'Uql.ltL ;'im 'Vlfllvtl .UUJ~fli'Utfvi'1LW~U1L -li'1"\11n~h~\J~tL 'Vlfll 

'11 fln11~111'1 Lrn:::Lfl'U~1e:JV1'ltl1n11 b 'U LL Ur;'l'le.J~ VI Ll.J~~'W''U5l.J::: L ~tl L VJP!vit '1J Ll.J~~~tl LLil~'U5 , , 
d 0 I.I I e11I CU I cf 0 ci\ JI Ci d V ~ 
Vl'U1L 'll1'11flVl1'l u1::: L VIP! LL(;'!::: Vl1eJEl1'll.J:::e:J fl LLr;'l:::'U1l.J1 ur;'l m 'l.!tl'U'U'Yi'l.!Vl~?ltl'Ul.J::: L 'lle:JL Vll'l'Yi'Uli " , 
Rutgers LLGi:::l.J:::Bn ~1EJ1~n"1 Yi'Ui1~1e:iv1.:il.J:::L~mV1fll-..i1m'U 7 ~1e:JV1'lLLr;'l:::l.J:::Bn 1 ~1tiv1.:i 

LL6'1~'le.lr;'ltl1fl11-..i1L'V'l1:::'U'UYi'l.!Vl~6'ltl'Ul.JtL~mV1Pl~'U~ Rutgers 1 ~tl1fl11~11'i''ULLA1t LLfl~'U b 'U\-1~(;'!~ 

1'\.J tl1'U b 'LJLLf;'l:::EJti~'v1~~'UtlV1'l1'ULL 1.:J 1 'Ll'U~lJ1'UL~El1UV11'l Eltl~ 14v1ili1'll'U1~L~fle'j~tJfl~ i1mm1 
" , " 
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b61l'1~mv~u~nrub61'u 1 u M-:i n1u bb'1~6'11vi'u ~-:ibllu~n~ru~enrn~~:S1b'ill1~6ll8-:J hri~6ll~bnvi~1rn~8 
b'jmwi (m'ill~ 2) (\?11'j1\I~ 3) 

., 
;;11vt-r'U e.J'1 fl1'j'\11VJ?l8'U'U'U'l'..il6ll'Vl VJ?l8'U:lJ~ 5 n 'ill'Ul1 ~1€1 ~1\IVJ\I 8 ~18 ~1\1 bb?lvi.:ii;r n~ru~m fl1'j 

~bb\?ln~1.:in'W ~8 ~Tei~1\1:1.J~1.~mvif'llil1m'U 3 ~18~1.:i 1~vh 1 ~'l'..il6llvivi?1e:itJ:1.J~5rn1.?1vi.:imrn'j~VJtln~ 

e:i~1.:i1vi (m'ill~ 3) (\?11'j1\I~ 3) zj.:iri~1tJi;rn~ru~mfl1'j6lJe:J\lb~e:i CLVd ~bfltJi1'j1tJ\11'U 1'W6lJru~~ 

~18~1\l:lJ~b~8bVlf'11iJ1'U1'U 4 ~18~1\l~bV!~8 '\!l11 ~'l'..il6llVJVl?l8'U:l.J~5rnb?IV!\1€11fl1'j 1 tJVIV1'1~'jtJ b.Q'81 'U 
" 

I I I iJ 

bb'1~ 6) (m'j1\1Vi 3) 6/i.:ii;rn~ru~e:i1fl1'j~\ln~11bb\?ln~1.:i~1nmrn'jVii1'j1tJ.:i1'U6lle:J\lb~e:i CLVd 
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tmmn n-d ~1B 81..:i11~5 n 1 ~1eJ81..:iv111 iX~'11Vl~~BtJ11~5nmw1..:imm~vi'ub~mbf"l~~ bbn~u 
EJei~m1~ 1 uvt~~~~tl 1 u iimm~~1..:i bdei 1 uvt~vu bb~~iimn1~b61J~~\911EJ~'U~nrub~tl 1 u (m~~ 7) \I 

fl1~vl 7 ~n~ru~mm~~~tlfl~'1Jei~ia~5n~1~~um~tl'1rn~€l 
'IJ 

a) b tl~EJ'Ub ViEJ'Ul°l11l.J?f~'(Jf)~~'U~ b lJ'U brin'U~'Utl fl~ 
'IJ 

b) vt~~1'U'l1€l~~'Wtln~ 

c) vt~~1u'IJei~~'U~blJ'Wbri: iimm~~1~ b-dei1uvt~V'W 
d) Vlei~ 1 u'IJB~~'Wtln~ 

e) VJ€1~1u'IJ€l~~'U~blJ'U11ri: iimm1b61J'1~\911t.1~u'1nrub'1'U 1 u 
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LL'1~ 1 u-U1.:i~?1~1.:i1 "1li'1dhru1V1L~n (m~~ s) (1J1Tn.:i~ 3) zj,:i1'ui1'1'1U'UE!.:i 111n'.i1ti.:i1'U11n 
' 

L ~e.i 111e.iti~~ne.i 1 ~LnV1mrn'.i~V1tJn~1 'U~·1mcilJlJ~L ~e.i 1~ LL'1~L ll'LI~n~ru~~ LL1J1n~1.:i'11n L ~e.i , 

Co{umnea {atent vt!oidzj.:i'1:::1liLL?l~.:ienrn'.i~V1tJn~1V1 j U'U~:::5n (latent) 

" ' .I ...i ~ ... 
1111~wwr1 "!!e.J clone tnn1'h1JlJ~L'lle.JLYlfll 

2 Prayong-17 

3 Sathap 

4 Duenpen 

5 Pin it 

6 Prayong-19 

7 Supattha 

8 Aurai 



:u1rn.J'1flTrn?1~.:ie:nnT~'lJe:i.:iYl'lJYl~1.'le:ii.Jl..l~5n v111~F11~1~11~1e:i~1.:i~.:i 8 ~1e:i~1.:i L11:u~il 
L ~e:i 1 Trnv~mnni1 1 'llii~ zj,:i:u~l'i'e:i.:iv11m1Yi?1:u'Ui. 'U~'U~v 1 tl1~vm1~11:u1ii:uov~'U'1~L~v~~1v 

'U 

LYlF1UF1 RT-PCR 

7. \Jl~T'1~1tJV1.:!L ;1'tl l 1·rnv~1 \JU. tl".:i~~\JllJJ~~~tJ~11~L ;'Im 'VlfllL u.&u"~Liiv~~1m 'Vlfililfil RT-PCR 

lil1flfl11lhYl'lJYl~G'IB1Jl..l~Bfl1 tli.'ln~e:n{ L~'WLB bb'1~Yl~i.'1B1Ji'l rum~'lJti.:ie:n{ b~'U LB~G'ln~ 1~ • 
(internal control) 1~v~11:u~~~1l.J ndhB ~'U ~1CJfl111-ITT.~1Ll.JB1 NAD ~1Ji11~LLt:11J~L~'ULB 

.1 .d d ., 1 ' .d .. 
'lJ'U1~u1~l..11ru 200 L1Ji.'l (m~Yl 9) "ll.:J~1.:Jfl1J'lJ'U1~'lJB.:J PCR product 'VB.:! ~1Ll..lv1 NAD Yll..l'lJ'U1~ 

188 L1JG'I LLG'l~.:i1~L~'U11e:i11L~'Ube:i:u1n~1e:i~1.:i~.:i 8 ~1e:iv1.:ii1Firum~~~?11l..l11i;i'l11m1J111:u1ii:uov , 

L~ti111BCJ~b~ 

MB1234 5678 

SOObps ... 

200bps ... 

1l1Vi~ 9 ~'1fl11~11:u1ii:uom~e:ib1e:iv~~1mYli'liiF1 RT-PCR LL'1~ Gel electrophoresis 1~v~ 
1~1bl..lv1 NAD (internal control) 

M = 100 bps DNA Ladder 

B = buffer (blank) 

lil1flfl11\Jl111il"Vn111e:ivl11~1CJ 1~1Ll.JB1 PC-2 fl1JB11L~'Ubv~G'ln~ 1~ ~1Ji1~1e:iv1.:iYl'lJ~.:J 8 

~1B~1.:J 1'1XLbt:11J~L~'Ubtl'lJ'U1~tl1~mru 370 Lb'1~ 350 L1Ji.'l (m~~ 10) 1~mll'ULLt:11J'lJ'U1~ 370 L1JG'I 

4 ~1tiv1.:i bb'1~ 350 b1Ji.'l 4 ~1tiV1.:i zj,:iiJ'lJ'U1~1n~bflCJ.:inrn~e:i111e:iu\1l 
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Ml2345678.B 

SOObps .... 

300hp$ .... 

m~~ 10 e.J'1n1'~\)'\11"ili'll'ilum~eib1eit1~~1m'V1Fl'WFl RT-PCR bb'1::: Gel electrophoresis 1~t1~ 

1~1b1rn1 PC-2 

M = 100 bps DNA Ladder 
., 

1-8 = m1L~'Wrn"il1nlii'1eiv1\111:::L~m'Vlf'1LL'1:::11:::~n~\I 8 lii'1eiv1\I 

B = buffer (blank) 

8. 1Lf11~1~~~1~u\j1fllfile 1 YI~ Lf11~~'1~1~YJ~f11Jij LL~~m~~~n~11'Ue~LL'1\J~L~'ULt1~1J1~1"il 1~ 
Vl6"\l"il1nfl11\)'\1'J"ill'W"ilum~B 111eit1~~1tlb'V1FlUFl RT-PCR Lrn::: 1~ml'U~b~'UbB~ii'll'W1~ 

1n~ LA tl\I nub ~B 111ei ti~ bb~1 \)'\111'1.ln~ bb~1Fl11"il:::~B\l'Vi1 fl11 filmJ'We.J'1~1 ti m1i bfl11:::"1~1~u-U1 FlllB 

1'Vl~ffi~nei'W 1~mu~1:::eiv1\1~'11'Wmruffi~'ll'W1~LL'1U~L~mmL\)'\nv11'11'1.l"il1m~11 Vl~ei1~e.J'1m1 

'V1~?1eiumm1u'U~'ll'V1~?1eiu~ LL\)'\n~1\l 1 'Ll"il1 n L~11 L ~eJ\)'\11"il?IBu11LU'W111eit1~'ll'W~ L~ t11n'Unu~ 

?\\l"'tl'Vl~B 1~ 

1~t1i'\.J\)'\B'W1'Wfl111bm1:::"1~1\ilu'W1flffiB1 'Vliitl'W 'OJ:::IKB\1Wl1L'll'Um1"il1nm1 cloning ~'W~ 

bB'WLBffi~"il1m.J!)fi1t11 RT-PCR b ~m ~11'1.l1111ruL~t1nB'U "il1ntl'U~\l~\11'IJV11~1~u'W1flllB1 'Vl~bb'1::: 

~\l'Vi1m1iLfl11:::"1~1~UU1FlllB 1'Vl~m~i!'U~tl1 'Ll 

8.1 \11LL~~1Lf11~1~~~1~\Jil1fllfilt1\Y1~ 

e.J'1fl11 cloning ~'W~L~'WLB~?l\l"'tl~\I 8 lii'1eiv1\I L~m~11'1.l1111ruLL'1:::~\11'1.lV11 
~1\ilu'W1flffiB1'Vlii m.r:h1~LL'1U~LB'UbB'll'W1~th:::111ru 370 LU?\ ~1'W1'W 4 ~1BV1\I Cm~~ 11-14) 

LL'1:::'lJ'U1~'1.l1:::111ru 350 LU?\ "i\'1m'W 4 lii'1eiv1\I (.m~~ 15-18) 
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> Solanum-4 
CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCCTGCAGCCATGCAAAGAAAAAAAGAAC 
GGGAGGAAGAGCGCAAAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAGCGGGGTCTTGAC 
CAGTGGCGAGCGCCCTGTTCAGACAGGAGTAATCCCAGCAGAAACAGGGTTTTCACCCTTCCTTTC 
TTCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAGTCTTGACCAGCGCAGGTTCTGACGCG 
ACCGGTGGCATCACCGAGTTCGCTCAAGCCTCATACCTCCTTTTTCTTCATTCTAGCTTGGTCTCC 
GGGCGAGGGTGTTTAGCCCTTGGAACCGCAGTTGGTTCCT 

> Prayong-17 
CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCCTGCAGCCATGCGAAGAAAAAAGAACG 
GGAGGAAGAGCGCAAAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAGCGGGGTCTTGACC 
AGTGGCGAGCGCCCTGTTCAGACAGGAGTAATCCCCGCAGAAACAGGGTTTTCACCCTTCCTTTCT 
TCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAGTCTTGACCAGCGCAGGTTCTGACGCGA 
CCGGTGGCATCACCGAGCTCGCTCAAGCCTCTACCTCCTTTTTCTCTATCTAGCTCGGTCTCCGGG 
CGAGGGTGTTTAGCCCTTGGAACCGCAGTTGGTTCCT 

> Sathap-3 
CGGAACTAAACTCGTGGTTCCTGTGGTTCACACCTGACCCTGCAGCCATGCAAAGAAAAAAAGAAC 
GGGAGGAAGAGCGCAAAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAGCGGGGTCTTGAC 
CAGTGGCGAGCGCCCTGTTCAGACAGGAGTAATCCCCGCAGAAACAGGGTTTTCACCCTTCCTTTC 
TTCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAGTCTTGACCAGCGCAGGTTCTGACGCG 
ACCGGTGGCATCACCGAGTTCGCTCAAGCCTCTACCTCCTTTTTCTTCATTCTAGCTTGGTCTCCG 
GGCGAGGGTGTTTAGCCCGTGGAACCGCAGTTGGTTCCT 

> Duenpen-8 
CGGAACTAAACTCGTGGTTCCTGTGCTTCACACCTGACCCTGCAGCCATGCAAAGAAAAAAAGATC 
GGGAGGAAGAGCGCAAAGAGCGGTCTCAGGAGCCCCGGGGCAACTCAGACCGAGCGGGGTCTTGAC 
CAGTGGCGAGCGCCCTGTTCAGACAGGAGTAATCCCCGCAGAAACAGGGTTTTCACCCTTCCTTTC 
TTCTGGTTTCCTTCCTCTGCTTCAGCGGCCTCGCCCGGAGTCTTGACCAGCGCAGGTTCTGACGCG 
ACCGGTGGCATCACCGAGTTCGCTCAAGCCTCTACCTCCTTTTTCTTCATTCTAGCTTGGTCTCCG 
GGCGAGGGTGTTTAGCCCTTGGAACTGCAGTTGGTTCCC 

> Pinit-29 
CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAAGGGGAA 
GCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGGACAGACCGGGCGGAGAAGCGCACGAGC 
GGGACCGTCTTCTGACAGGAGTAATCCCCGTTAATCGAGGGTTTTCACCCTTCCTTTCTTCGGGTT 
TCCTTCCTCAGTCGACCGGTCCGCGTCGGCCTTCTCGCGCACTGCTGTCCGGCTACTACCCGGTGG 
ATACAACTGACAGAGGTGCTTTTTCTTCCACCCGACTTCTACCGACGCGGCCGGGAGTGAAGCTAC 
CCGGGACCCGAGAGGATCT 
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> Prayong-19 
CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAAGGGGAA 
GCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGGACAGACCGGGCGGAGAAGCGCACGAGC 
GGGACCGTCTTCTGACAGGAGTAATCCCAGTAGAAACAGGGTTTTCACCCTTCCTTTCTTCGGGTT 
TCCTTCCTCAGTCGACCGGTCCGCGTCGGCCTTCTCGCGCACTGCTGTCCGGCTACTACCCGGTGG 
ATACAACTGACAGAGGTGCTTTTTCTTCCACCCTACTTCTACCGACGCGGCCGGGAGTGAAGCTAC 
CCGGGACCCGAGAGGATCT 

> Supattha-3 
CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGTAGCCCGCTTAGGGAAAAAGAAAGGGGAA 
GCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGGACAGACCGGGCGGAGAAGCGCACGAGC 
GGGACCGTCTTCTGACAGGAGTAATCCCAGCAGAAACAGGGTTTTCACCCTTCCTTTCTTCGGGTT 
TCCTTCCTCAGTCGACCGGTCCGCGTCGGCCTTCTCGCGCACTGCTGTCCGGCTACTACCCGGTGG 
ATACAACTGACAGAGGTGCTTTTTCTTCCACCCGACTTCTACCGACGCGGCCGGGAGTGAAGCTAC 
CCGGGACCCGAGAGGATCT 

> Aurai-2 
CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGACGCCCGCTTAGGGAAAAAGAAAGGGGAA 
GCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGGACAGACCGGGCGGAGAAGCGCACGAGC 
GGGACCGTCTTCTGACAGGAGTAATCCCTGTAGAAACAGGGTTTTCACCCTTCCTTTCTTCGGGTT 
TCCTTCCTCAGTCGACCGGTCCGCGTCGGCCTTCTCGCGCACTACTGTCCGGCTACTACCCGGTGG 
ATACAACTGACAGAGGTGCTTTTTCTTCCACCCGACTTCTACCGACGCGGCCGGGATGAAGCTACC 
CGGGACCCGAGAGGATCT 

Cll" ~ "I ~Ix d~ 
bb'1'Ulilbtl'Ubtl61J'U11il 370 b'UG'l'Vl~ 4 mm.n~bu'Ub"lleJ Cotumnea latent viro1d (Cl Vd) bb~~bb'1'Ulilbtl'U 

L€l'!J'U11il 350 L'U6'1~.:i 4 ~1€lV1.:JLU'UL~€l Pepper chat fruit viroid(PCFVd) Llilt1~1eic11.:ivi-;ij1LL'Uf1 
11ii\tJ'Ub~tJ CLVd i161J'U11il~~bb~ 368 - 370 b'UG'l i1fi1 % identity (Fl':m.JL'VliieJ'U61JeJ~~1~uii1Afilei 
hwi) m!Lm~~u 97-99 LtJei{b~'Ul'i i1fi1 score ei~1'U~1~ 612-665 bits bb~~i1fi1 expect value 

~ ~ 

v~L 'U~'J~ 6e-172 f)~ 0.0 LL~~~1vcl1~vi-;ij1Lb'Un 11ii\U'UL~v PCFVd iJ61J'U11il~~bb~ 348 - 349 b'UG'l i1 

1"11 % identity (m1~b'Vli'.lv'U61Jv~~1~uii1Afilv1Vlri) m.i1'U1~~u 96-99 LtJv{b~'U~ i1fi1 score vcl 
~ ~ 

1'W~1~ 549-634 bits bb~~i1rh expect value v~"l'U~'J~ 4e-153 f)~ le-178 zj~fi1~~'Vl~lil~mh1 
~ 

mbb'11il~1~b~'U11bb'1'U~b~'Ubv~HtbU'Ub~tl111e:i~ri Cl Vd bb~~ PCFVd 
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8.2 1Lfl'n:m1fll"I.:i'1~1.:iVJ~WJij 

'11nm11 L1°111~vt'11"11.:i'1~1w1~ ~.nii (t1"11.:i'1~1.:i'1ei.:iii~) 'lJei.:imi L~'ULei~ L u'U 1 u1~ 
' " 

1~m11'11~u'li11°1filei 1'Vlr;'lJei.:i 11"1'1'U~.:i 8 in1L1°111~vt1m.:i'1~1.:i'Vl~~.nii~i1~1Vi~.:i.:i1'U Gibb's free 
' " 

energy ~1~~~1~1tJ1LLm11 mfold version 3.1 L~ei~1~1'Ufl11V'UVm.m Yiu111~~n~ru~ 

Ll°11-!1'1~1-!IVJ~WJii~il~n~ru~LU'ULLvl.:J (rod-like secondary structure) ~il hairpin loop Ln~~'U 
.Jf'l 8 Ll"lmJ (mVi~ 19, 20 LL~~ 21) LU'Um1~1~V'UV'Ue.J~m11Lm1~\.111i'U~L~'ULti~1~'11n 
~1e:iv1.:iti"!!.Jf.:i a ~1tiv1.:i LU'UL~e:i111e:i~ii cLvd LL~~ PcFvd 

& • 
~ 
J 
~"""""f"=<:P:c::;;:Q!n="""°"'°'"°"'"°""°"=rq;:q;m;;:uOJ::)=;;;d=::>==i~y==:>IQ=:ib!(.J""i=O=::i 

f 
I~ .. 

..I 'i IV ... .¥ 'i 
m~YI 19 bf1).:J'111'l'VllJ1~.tl11'lJB-!IL"!!ti Cl Vd bl°1~'U (clone Solanum-4) 

' " 

& 
I 

m~~ 20 Ll°11-!1'1~1-!IVJ~~.IJ11'll€l.:JL~€l CLVd Ll°1~'U (clone Duenpen 8) 

& 
• 

..I 'i IV "' .¥ 'i 
m~YI 21 bm'l'111'l'V11J1~.tl11'llti-!IL"!!ti PCFVd bl°1~'U (clone Aurai-2) 

' " 
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L 

8.3 ~~n~11fil1111a11~uti'tlt1.:i~1~uil1filfilt11VI~ (Phylogenetic tree) 

'11tltl1''a~~tl~lJfl11lJ~lJ~'U56lJB.:J~1~'U'il1f1filB 1Ylil6lJB.:Jb~B1 Trn8il~.:i 2 61!\l~ ~B , 
' ~ v 

Cotumnea latent viroid mu:; Pepper chat fruit viroid 'Viii~18.:J1'W~.:J'VllJ~ 1 u NCBI m8 

1'Li~bbml.l MEGA 5.2 (ClustalW) ~u11?11m~t1~~tl~l.lf111lJ~lJ~'U56lJti.:Jb~€l PCFVd 1~b'U'U 3 tl~lJ 
' ' 

(m~~ 22) bb'1::;?11lJ1~t1~~tl~lJfl11lJ~lJ~'U56lJti.:Jb~B Cl Vd 1~b'IJ'U 6 tl~lJ (m~~ 23) , , 

LP2-5c4 Q CR11-15c2 

LP1-15c2 

LP1-6c1 

LPng20-6c1 

LPng20-6c4 

LP4-8c3 

LP4-8c1 

LP2-5c2 

LPng20-11c1 

CR14-8c1 

LP4-7c2 

LP1-12c2 

LP1-7c5 

LP2-6c2 

LP1-3c4 

LPng19-4c2 

LP3-3c1 

LP2-3c3 

LP1-7c1 

.--------- gil2134934981re~NC 011590.1 

.-------- LP1-14c5 

~-- LPng19-3c1 

3264951 

CR14-9c2 

gil2127261271gb1FJ409044.1 

~------------ CR14-8c5 

~------------- NK11-8c2 

.------------- Prayong-13 

Prayong-19 

Prayong-28 

Prayong-18 

Prayong-7 

Aurai10 

NK10-6c5 

Aurai2 

NK10-12c1 

NK-12c2 

NK10-6c4 

'------ NK10-6c1 

.--------- Pinit-20 

Pinit-4 

Supattha3 

~-- Supattha11 

Pinit-2 

Pinit-29 

Pinit-14 

fl1Yi~ 22 tl1~~WD1bb'Utlfl11lJ~lJ~'U56lJti.:Jb~e.J PCFVd ~181'Li~bbmlJ MEGA 5.2 (ClustalW) 
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.,j 
fl1'WV1 23 

LPng19-4c1 

LP1-13c1 

LP1-3c1 

LP2-5c1 

CR14-9c1 

NK11-14c3 

LP1-&5 

LP1-12c3 

NK10-10c3 

NK10-10c1 

LP2-8c1 

LP2-6c1 

NK11-14c5 

LP1-15c4 

LP2-1c1 

NK11-8c4 

LP3-3c2 

PQ-49 

PQ-720 

PQ-728 

PQ-430 

MC-M-11 

GC9 

Solanum16 

LP4-7c1 

LP2-7c1 

LPng1&6c1 

CR11-15c1 

LP4-7c4 

Rutgers3 

Sathap-3 

Sathap-21 

Sathap-2 

Sathap-1 

Prayong-16 

Solanum4 

Rutgers9 

LP1-14c1 

Prayong-17 

Prayong-13 

Duenpen8 

Solanum1 

mRNA 

gil20095239 

gil588861emb1X15663.1 

WildType 

13clone3 

13clone1 

12clone2 

14clone2 

13clone4 

14clooe3 

14clone4 

12clone1 

12clone3 

14clone1 

12clone4 

89001013 

1 

1-S 

93007908 

95001530 

95006685 

93007481 

96009271 

CM10-6c1 

1 

CM10-6c2 

PC-2-Pa54 

PC-2-Pa2 

NC17 

PC-2-Pa29 

20708266 

20710799 

07084401 

07060402 

0 

0 
G) 

0 
gil116664598iQblEF015581 .1 

PCFVd (Pinit-2) 

f11~~~'11bb'Uflfl11l.l~l.l~'Ufi6llti'lb~ti CLVd J\J1:.1hh1,1,ml.I MEGA 5.2 (ClustalW) 
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~~'11nn1'~1Lr1"i1~~m1lJ~lJ~'U~"lleJ-:JL~ei PCFVd Ll'mmwh Phylogenetic tree Y'IU11 

' " 
'11l.J1"if;)~1LL'Unm111~11~'U~l'1LU'U 3 na11 (mYIVi 22) ~,:iij , 

1. nal.J A LU'UL~v PCFVd ~\))"i1'1Y'IUL'U~'U~~-:JVl1til'V11-:J.fl1r1LVliiv"lltl-:Jtl"i~L'Vli'11VlvoX-:ivtlJ\il 
' 
I " .r .,jq ... 0 , <> .Joi < !'1" 

2. n~l.J B LU'UL'llel PCFVd 'Vlm1V-:J1'Uf11"iL"lJ1'Vl1~1V b'UY'l"if1'Vlu"i~L'Vli'1L'ULlieJ1LL~'U\il btil 
' 

1... .r .J 1 .r .,i., ., ... 
11EJ~1'U 1 (Verhoeven et al., 2009) LL~::L'llv PCFVd 'Vl\)111-:VY'IU 'UY'l'U'Vllil~'Vl1\il'V11~mr1L'Vl'Ue.J'tlv~ 

i.J1::L'Vll'l1 'V1EJ~11Ji1i'1EJ 

3. nci11 c LU'UL~v PCFVd ~1)111-:VY'IU1'U~'U~~~'Vl1til'V11~.fl1f11)1::1'Ue.itim5v~Lvi-Lle.i'1Je.i~ 
' 

i.J1::L'Vli'11'V1EJ~~'Vl1J\il 
1tilEJY'IU11L~v PCFVd ~~ 4 isolate 1vilJ ~\il~1LL'Uf1B~nci11 c ~~LU'Uncil.JL~eJ~l))"j11iJY'IU 

" ' ' 
LOY11:: 1 'U.f11A\))::1'UvvnLOEJ~LVl-LlB'1lv~i.J1::L'Vli'11 'Vlm v11'1'U 

'11f1f111rl'UoUv1J~ Y1U':J1 L~B PCFVd tl1o:v::L~~LoLJ1m1'Ui.J1::L'Vli'11'VlEJA~~LL1f11'U'll1~U 2553 
" 

\))11J~il11EJ~1'Uf111\))11-:VY'IUA~~LL1n (Reanwarakorn et al., 2011) zj~'11n-Ue:i~~m1'1111-:v 
\))11-:V'1BUL~B 111eivtil1 'ULL i.Jft~~~l))L1J~til~'U'B~ii1L "ll1~e:i-u.lJ~'Ufio:v1n~1~i.J1::L'Vli'1 ~~LL~tJ 2548 O:V'U 

' ' 
~~ 2551 i.J1::L'Vli'11'Vlv1lJLAEJilfl1)\)))11iJY'IUL~v~~nci11LftV 

LLft::o:v1n Phylogenetic tree ffil'l LL'1til~1iXL~'U11L~B PCFVd ~il11v~1'U1'Ui.J1::L'Vli'11'Vlv1lJ 
tl1-:v::~\il1J1-:V1f1fl11D'UL~B'UO:V1nn11i11L"ll1L1J~\il~'Ui5Y'l~no:v1ni.J1::LVli'lL'UL'5BiLLft'U~LU'ULLVlci~ 

' 
L~v-:J'11nL ~el PCFVd ~YIU 1 'UmAL 'Vl-LlB~1'U 1 viqjLLft::mf1\))::1'UBBnLOV~L vi-Ue:i~~Vl1JtiliJ11'1il 
m1:1.J6":1.J~'U5~tilnci:i.J~1:1.JL~EJ1n'U (nci:i.J A LLft:: C) nuL~B~il11v~1'UL'UL'ULlivfoft'U~ (nci:i.J B) Bn~~ 

' ' ' 
L 'UL~v~'1le:i~m1:1.J6":1.J~'Ufi"llei~~1~1:: v:: L 1ft1~ \)111-:VY'lu L ~m::vi11~ 1 'Vlv LLfl:: L 'ULTivi LLft'U~v~ml'l 
LL\))f1~1-:Jtl'Umnun LL'1til~11L~v PCFVd tl1'1::~tilL"!l1:1.J1num1i11L"ll1L:1.J~\il~'U51J::L~mVli'1~\J'UL~B'U 

' 

f;)f11'i'v~°i!n LL~B~1~hn~ lil1f1~ftfl1)~\il~1LL'Uf1L'Unci:i.J B Y'IU11ilL~v PCFVd U1~ isolate ~Y'IUL'U 
" ' 
.fl1AL'Vl-LlvvEJL 'Unci:i.JL~EJ1tlU~Y'IU 1 'UY'l~f1-:V1f1L 'UL'BBiLLft'U~ ~~ilm1:1.JLU'U 1 i.J11ilBn11L~v"!liJtilB11il~\il 

" ' 

'Uvno:v1ni1E1~v111iXV111u11L~B PCFVd ~tilL"li'1m1'Ui.J1::LVli'11VlEJ mo:vinlil~ti1L"li'1mo:v1mLV1ci~ 
1::U1\ilL~mYiEJ~LLV!ci~L~EJ1 LL~Lfl\illil1f1fl11ii1L"li'1L:l.J~\il~'U5B~1~UBEJ 2 LLV!ci~ 1tilEJB1'1ilm1i.J'UL~v'U 

' 
'llv~ L ~eio:v1n LL 'Vici~ LL ':in L "ll1ln 1 'LI~'U~~~'Vl1tilmAl)1::1'Ue:iv n L5v~ L 'Vl-Lleine:i'U 1 'UtJ~ei:1.J1~~ilm1i.J'UL ~B'U 
'1Jv~L~vlil1f1LLV!ci~1'VllJL"ll1:1.J1L'U~'U~~~Vll\il.fl1r1L'Vl-Llv ~~dL~v~o:v1nm1:1.J6":1.J~'U5'1Jv-:JL~tl~Y'IUL'U 

4 QJ 4 4V I CV IQ.I 

.fl1AL'Vl'UBLLft::\))::1'UBBf1LQEJ~LVl'UB lil\ilf1ft:l.JLLEJf1f1'UBEJ1~"!l\ilLO:V'U 
' 

ol 1 q .r ~ 1 :;'1 1 QI ., I u':i::L'Vli'l 'VlEJl.J11EJ~1'Ufl111)111-:VY'IUL"!lB PCFVd A':i~LL':ifl 'Uu 2553 'Ulil~'Vl1~'1JB'ULLfl'U LLft:: 

ilfl1)\)))11iJY'IU~m~ei~1'UtJ 2554-25551'U~~'Vll\il'1Jv'ULLn'U , Vl'Uv~A1EJ , L~EJ~11EJ, ~1D1-:J LLft:: ~1Y'l'U 
" 
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~1'Ufl1ilLfli1~"1m1l.J'1l.J•1~\16'Ue:i\IL~€l CLVd L~tJfl1ivl1 Phylogenetic tree Yl\Jl1 

?11l.J1i'1~1LL'Uflfl11l.J'1l.J~'UITT~LU'U 6 nal.J (fl1YI~ 23) ~\Id 
' 

1. nal.J A L~\JL~€l Cl Vd ~m1'1Yl\J 1'U~'U~~\IVl1~Vl1\lf\1fl\il~l'U€l€lflbQtJ\ILVliiB'lleM 
' 

'lh~L'VlP11Vlti1'Utl 2549-2551 (iBL'll~~' 2554; Pl~'lh~m, 2551) LL"1~f\1flLVIUmL"1~ ... 
\Jl~l'Ut:it:imut1\ILV1Ut:i\Jl€l'U'\.J'U ( ~\lvt1vivt'Ut:i\lfl1ti) 'llt:i\l'lli~L'V1P11 'Vlti1 'Ull 2552-2555 

2. mfa.J B LU'UL~e:i CLVd ~\Jl11'1YltJ1'U~'U~~\IVllVl'V11\lfl1flLVIUmL"1~\Jl~1'Um:imut1\ILV1Uti 
' 

, a Jt .J 'l 1" ., t cf ., ... 1 ., .Jc1 
3. mu.J C Li.'.J'UL'llti Cl Vd 'Vl\Jl11'1"r'l'\.J ~'U l.JU1~Vl'U'Vl\1Vll.JV1 (11l.l'1\l\Jl'U"1u?l\Jln'Vlm1tJ\11'Ufl11 

' 
\Jl11'1Yl'Ufl~\ILL 1n) zj\11~nm1m1-;;iY1u 1 "Ui.l1~L'V1Pi1 'Vlt1 

5. ncil.J E LU'UL~e:i CLVd ~\Jl11'1"r'l'U1'U~'U~~\IVllVl'Vl1\l\Jl~1'Ut:it:imut1\ILVIUt:i'U€l\li.J1~L'VlP11 VltJ 
' 

1'UtJ 2547-2548 (\Jl11'1Yl'UL~€lf0l~\ILL1fl1'Ui.J1~L'V1P11'Vlti) (i.J~L'll~~' 2548) LL"1~f\1flLVIU€l'Uel\IU1~L'VlP1 ... 
1'Vlti1'Utl 2552-2555 

6. ncil.l F LU'UL~e:i CLVd ~\Jl11'1Yl'Ul.J~L"ilm'VlP11'U~1\l'll1~L'VlP1 (~~\ILPl?l, ?IV1i1'lle:i1ru1~m 
' 

LL"1~ 1 U1\JlLfl?l) 
' 

'V11\lf\1f0l L VIU€l LL"1~\Jl~l'U€l€lfl LU tJ\I L VIU€l'U€l\IU1~ L 'VlPl 1'VltJ1 'Utl 2552-2555 

'11fl Phylogenetic tree ffi~ LL?l~\11~Li1'Ul1L~€l CLVd ~lji1tJ\11'U1'Ui.J1~L'VlP11'VltJ (fl~l.J 

1 1 I ., 0 ., 1 "· I ., .J. I !i Jt I • I ( I ) cf 
A, B LL"1~ E) l.J'U1'1~\JlVll.J1'11flfl11'U1L'U1 l.Ju1~~'\.J'Vlu'ULu€l'UL'll€l'11fl\111\lu1M'VlP1 fl"1l.J C 11l.Jf;l\I 

' 
~~'11flfl11tJ1 L-LJ'1 bl.J~~~'U5l.J~ L i1J €l L 'VlPlU'UL ~t:i'U~i.J'Ub~t:i'Ub ~el'11fl~1\IU1~ L 'VlP11 'U flcil.J~lj11tJ\11'U1 'U 

' ' 
GenBank (flcil.J 0 Lb"1~ F) LL~U1'1~~~b-LJ'1l.J1fl'Ufl11tJ1L-LJ'1Ll.J~Vl~'U5l.J~Li1Jm'V1Pl~i.J'Ub~eJ'UL~eJ'11fl 

' ' 
~1\IU1 ~ L 'Vl Pl~ b U'Ui.J 1~ b 'Vl Pl fl Fl 1~'U LL~€l1'1 '1 ~m~n1TI fl11 \Jl11 '1?1 t)'\.J \Jl1l.Jl.J 1 m~1'U?l'll e:imir tl~'ll~ 

~ ... ' 

L'ULi'rn1LL"1'U~ 

L-ci'UL~t11n'Un'UL~t:i PCFVd ~viL-U'1:1.J11'Ui.J1~L'Vll"11'Vlt1 L~e:i CLVd beJ\I Rm'1in~~viL-U'1:1.J1'11n 
I x .cl I .cl IClt, O II Q CV~ I V I .. .cl I tJ' 

bbVl"1\11~'\.J1Vlb'll€lL"r'ltl\lbb Vl"1\lbVltl1 Lb\JlbflV1'11flfl11'U1b'U1bl.J"Vl"r'l'Uli€ltl1\l'Ueltl 3 bb Vl"\I "l!\ll.J€ltl1\l'U€ltl 3 
' 

f0l~\11 'Ufl11U'Ub~€l'Ub~€l Cl Vd ~vib-U'1mn'Ubl.J~~~'UBl.J~b"ilm 'V1Plthb-U1 b~€l\1'11flfl11\Jl11'1Yl'Ub~€l 
' 

~\lnci111'U 3 'li1\11~tJ~b1"1 b~t:i CLVd ljl'111l.JLb\Jlfl~1\lfl'Ufl'U"1~flcil.J fiei b~€l~\1111'1"r'l'U1'UtJ 2547-, 

2548 ~viei~"l'Un~l.l E 1'U'Uru~~b~t:i~\Jl11'1"r'l'U1'Utl 2549-2551 ~vie:i~"l'Un~l.l A Lb"1~b~eJ~\Jl11'1 
Yl'U1'Utl 2549-2551 ~VleltJL'Uflcil.J A, B LL"~ E LV\tl~flcil.J B '1~LU'UL~€l~\Jl11'1Yl'U1'Utl 2553-2555 

~ ' ' 
oX\l~'U LL?lvi\11 ~L~'U11L ~e:i CLVd ~\Jl11'1"r'l'U 1 mL~"1~'li1\ltJ tl1'1~:1.J1'11mLvtci\l~'ll'UL~t:i'UL~t:ifl'U"1~ 
bLVlci\lfl'U 
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'l.mmnnil' '11n-Um.mfl11\Jl11'1YiUL~8 CLVd ci1'1Vl 1 '\.JthMVIPl1'VlV (2552-2555) Yi'Ul1ij 
\I ' 

11 I II II 

fl11m~'11V~18~~ '\.JVlnncilJ ~-:incilJ A, B LL~~ E ~-:iijm1lJLU'\.J1 tl1~vh~8'1!ilviil'1~LL'Vi~)~'U1Vl 
\j 'I 'I 'I 

m~'11v1tl~'\.J~tl~nlJ~L~8L'V1Plb'\.J~'\.J~'Vlmv-;J-:i·wl'vi'U8-!lfl1flL'Vlti8LL~~\Jl~l'\.J88nLOtJ-!IL'Vlti8LL~1 
\I 

th~L VIPl1 'Vlvij11v-:i1'\.Jfl1)\Jl)1'1Yi'UL~8 CLVd LL~1fl~-!ILL 1n 1 '\.JU 25481 '\.J~-!l'VllVl'U8t!LLrl'\.J 
(mL'1!~~. 2548) 1'18lJ1ijm1\Jl11"0J'Vi'U8V1-:il'im~8-:i1t1tl 2549-2551 1t1~-:iV11'vi'll8t1LLnt1, '1nat1ri1, ... 
~V\)liTU, lJ"11'111fl1lJ, fl1Vl~'\.Jq LLa~ ~nvi1m1 (tJ~L"ll~j, 2554; P1~tJ1~m, 2551) LLa~iim1 

\Jl11"0JTiu1tJtJ 2552-25551tJ"5'-:iw1vi'U8tJLLntJ, '1natJl'l1, ~vi1li1'1, llm"111fl1ll, rnvi~tJq, 

lJnvi1m1, 'Vl'\.J8-!lfl1tJ, L~ti-:i1'VllJ, L~~M11tJ, ~1tJ1-:i LLa~ ~1Yi'\.J 
' \I 

8V1-:ihn\Jl1ll "OJ1rnrnm11Lfl11~~ Phylogenetic tree 'U8-!IL~8 CLVd LLi;;'1 81'1iim1ll 

Lll'\.J 1 tJ1~'1-!ll1 tJ1~L'V1Pl1'VltJ1vi'-ruL~8 CL Vd lJ1'11fltl1~L VIPl~~1~'\.J~fl1))~'U1Vl'U8-!IL~mLl'imvi'ij 
\I \I 

I JI I G V ~ c:!.11 I CLI I ~ <V ~ 
11tJ-!I1'\.J fl1) LL Yi)) ~'U1 Vl'U8-!I L '1!88 m-:i L iJ'\.J'Vl1-!I fl11 Vl-!l'\.J'\.J fl11La8 fl'1lJ LL a~ \Jl11 '1"18'U \1118 tJ1-!I LlJa Vl'Vi'\.Jli 

' ' 
ll~L~m'V1Pl1md8-:i~tJ (~1-U8m1V1via8-:i~ 3 Lrn~ 4) ~-:ivh1mlJ"11lJ11'1\Jl11'1Yi'UL~81~L'1itJntJ 

9. 1Lfll'i1t\1~11A'uil1fllru-a'l'Vl'1~iHL~-a CLVd-new strain 

~1'Vl-r'UL~8 Cl Vd isolate solanum Lll'\.JL~e:J Columnea latent viroid strain 1 'VllJ~ij 

m1lJLL\Jlnl'i1-:i'11n'1!tlvi~1~iirn111v-:i1t111 L~llL~8-:1'11niiflru'1ll~1 t1rn1n81~Lnvi11ri 1 till~an zj-:i 
' 

tJn~LL~1L~8 CLVd '1~1lJne:i1~Lnvimm1~vitJn~1till~an (latent) 1ti'Uru~~ CLVd isolate 

solanum '1~n81 ~Lnvimm1~~'\.JL~mLri1~LLn~t1~1mL1-:i mm1ve:iviLLa~ 1 u~1-:iLLa~Vt1V1viamtl 
' \I 

11lJ~-:iiimrn1L"1la~mv~L~tJ1u LLa~~-:in1'\.J (vein necrosis) (m'Vi~ 24) ~-:JLLli'11~1~uU1riil8 

1'V1~'1~iim1lJLL\Jlnl'i1-:intJ1lJmm!nn\Jl1ll U'1'1UtJ~-:izjm tltJ CL Vd-bolo maka 
' 

(Tangkanchanapas et al., 2012) 

L~e:i'l11~1~utl1rifile:i 1 'Vl~'U8-:JL~8 CLVd-bolo maka ll1lLfl11~~vi1 multiple sequence 

alignment vi'1v 1 tJ1LLmll ClustalW21vimtJ~vrnVivunu~1~uU1riil81 'Vl~'U8-!IL~8 CLVd ~ij 
11v-:i1t1111lJn81~Lnvimrn1~vitJn~1t1lJ~an (latent) zj-:i1vi'LLn PC-2-Pa2 (DQ022677.1), PQ-728 

(00923061.1) LLa~ MC-M-11 (AM698095.1) (•1.fiL'1!~~. 2548; tJ~L'1!~~. 2554; Pl~tJ1~m, 2551) 

Titm11e1tJLLtJ'i'U8-:1~1~utl1flil81'Vl~~u~nru P domain LlltJ'11tJ1'Vlqj (u~nru~1LLWU-:J~ 39 - 91 

LLa~ 277 - 328) ~-:iu~nru~-:in~11iiuV1u1V1V11!1~L~t11nurn1vi11~Yi'1!LlltJhflLLa~rn1muflll 
' 

f'\11ll1'l.JLL1-:J'U8-!I hri 1vim~mtJ~tJ'ULViV'Utl'U CLVd MC-M-11 Yi'U11iitl1riffi81 'Vl~~l'i1-:in'U 9 

~1LL'Vl'll-:i [LU~V'\.JL'UG'I 2 ~1LLWU-!I LLa~Lnvi'1l8-!!l1-!I (gab) 7 ~1LLW.l-:i] zj-:i'1l8-:i11-:i~-:i 7 ~1LL'Vl'll-!!8V 
\I 

u~nru P domain ~-:J'VllJVJ 1tJ'llru~~ CLVd PQ-728 iitl1flil81'Vl~~l'i1-:in'\.J 14 ~1LL'Vl'll-:i (LtJ~ti'\.J 
L'UG'I 10 l'i1LL'Vl'll-:i LLa~Lnvi'1l8-:Jl1-!I 4 l'i1LL'Vl'll-:i) ~-:Jfl11LtJ~tJ'\.JL'U'1 2 l'i1LL'Vl'll-!!LLa~fl11Lnvi'1l8-:i11-:i~-:i 4 

~1LL'Vl'll-:18V'U~L1ru p domain '11'\.J CLVd PC-2-Pa2 iiil1riffi81'Vl~~l'i1-:in'U 28 ~1LL'Vl'll-:i (LtJ~V'\.J 
\I 

L'UG'I 9 l'i1LL'Vl'll-:i LLa~Lnvi'1l8-:Jl1-:J 19 ~1LL'Vl'll-:i) ~-:Jfl11Ltl~tJ'\.JL'U"1 4 ~1LL'Vl'll-!!LLa~fl11Lnvi'1l8-:i11-:i~-:i 5 
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~1bbvt'1~eitlu~nru P domain (mYI~ 25) zj~~~ MC-M-11, PQ-728 bb'1~ PC-2-Pa21lJnei1~bn~ 
" 

mm1~~tln~1 'Ul.l~Bmb~eitl1~1~ 1 'U'lJru~~ CLVd-bolo maka nei 1~bn~mm1~1mb1~1 'UlJ~5n 

., ' 

b~eJ CLVd '11tJ~'U~VibfltJi111!'.M1'U111neJ'U (i1tJ~eJ) 
' 

'Lleimnnd tl11lbfl11~-vitl1flfilei L 'V1191'1Jei~ CLVd-bolo maka Yl'Ul1l1'i11flfilei 1 'Vll91b~tJ~ 2 

~1bbvt'1~bvi1J'U~btl~tJ'Ubbtl'1~ml.lmm1ut1lJ~5n ~e:i~~1bbvt'1~ 83 bb'1~ 2921~tJU-mfile:i1vil?l~ 
~1bbvt'1~ 83 bn~tl11b~lJb'U'1 A b~lJ~'U 1 b'U'1 (base insertion) bb'1~~~1bbvt'tl~ 292 bn~m1btl~tJ'U 

-;u1m'U'1 A vt~ei T bU'Ub'U'1 G (base substitution) 1~tJfl11lJbbl?lf1~1~~~n~11-;u~m.he'.rt11?11lJ~f1'tl'ru~ 

mm1~tl11nfiti'u~6ll'V1~'1eiu (mYI~ 25 bb'1~1?1111~~ 4) ~~Jt1~~1l11il~m~lJ1t11~11~1bbvt'tl~~n 
m1lJbb1?1n~1~nt1ut1 P domain 2 ~1bbvt'tl~~~n~11 bU'U~'J'Ufl1'\JfllJfl11mt1bb'a~'1Jei~mm1~bn~~'U 

' ' 
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Solanuml 
Solanwn4 
Solanuml6 
PC-2-Pa2 
PQ-728 
MC-M-11 

Solanuml 
Solanum4 
Solanum16 
PC-2-Pa2 
PQ-728 
MC-M-11 

Solanwnl 
Solanwn4 
Solanwnl6 
PC-2-Pa2 
PQ-728 
MC-M-11 

Solanwnl 
Solanum4 
Solanuml.6 
PC-2-Pa2 
PQ-728 
MC-M-11 

Solanuml 
Solanum4 
Solanuml6 
PC-2-Pa2 
PQ-728 
MC-M-11 

Solanuml 
Solanum4 
Solanuml6 
PC-2-Pa2 
PQ-728 
MC-M-11 

Solanuml 
Solanum4 
Sol.anum16 

PC-2-Pa2 
PQ-728 
MC-M-11 

CGGAAC'l'AAAC'l'CGTGGT'l'CC'l'G'l'GG'l'TCACACCTGACCCTGCAGCCATGCAAAGAAAAA 60 
CGGAAC'l'AAAC'l'CGTGGT'l'CC'l'G'l'GG'l"rCACACC'l'GACCCTGCAGCCA'l'GCAAAGAAAAA 60 
CGGAAC'l'AAAC'l'CGTGG'l'TCC'l'G'l'GG'l"rCACJl.CC'l'GACCC'l'GCAGCCATGCMAGAAAAA 60 
CGGAAC'l'AAAC'l'CGTGGTTCC'l'G'l'GG'l"rCACJloCC'l'GACCC'l'GCAGCCATGCAAAGllAAA 60 
- GGAACTAAAC'l'CGTGGT'l'CC'l'GCGG'l"rCACACC'l'GACCCTGCAGCCATGCMAGAAAAA 59 
CGGAAC'1'AAAC'1'CG'l'GG'l'TCC'l'GTGG'l'TCAC1iCC'l'GACCC'1'GCAGCCATGCAAAGAAAAA 60 

AAGAACGGGAGGAAGAGCGC~GAGCGGTC'l'CAGGAGCCCCGGGGCAACTCAGACCGAG 
AAGAACGGGAGGAAGAGCGC~GAGCGG'l'C'l'CAGGAGCCCCGGGGCAACTCAGACCGAG 
AAGAACGGGAGGAAGAGCGC GAGCGGTC'l'CAGGAGCCCCGGGGCAACTCAGACCGAG 
A- GAACGGGAGGAAGAGC - GAGCGGTC'l'CAGGAGCCCCGGGGCAACTCAGACCGAG 

120 
120 
120 
118 

AAGAACGGGAGAAAGAGCGC - GAGCGGTCTCAGGAGCCCCGGGGCllCTCAGACCGAG 118 
A- GAACGGGAGGAAGAGCGC - GAGCGGTC'l'CAGGAGCCCCGGGGCAAC'l'CAGACCGAG 118 
lllliiililillillllllllilillllll .. 1111111111*******************1111111 
CGGGG- TC'l'TG- ACCAGTGGCGAGCGCCC'l'G'l'TCAGACAGGAGTAA'l'CCCCGCAGAAACA 178 
CGGGG- 'l'C'l"l'G- ACCAG'l'GGCGAGCGCCC'l'G'l"l'CAGACAGGAG'l'AA'l'CCCAGCAGAAACA 1 78 
CGGGG- TC'l'TG- ACCAGTGGCGAGCGCCCTG'l'TCAGACAGGAGTAATCCC'l'G'l'TGAAACA 178 
CGGGGATCGCGGACCGAGGGCGGMGCC'l'GC'l"?CAGJl.CAGGAGTM 'l'CCCCGCAGAAACA 178 
CGGGG- 'l'C'l"l'G- ACCAG'l'GGCGAGCGCCCTG'l"l'CAGATAGGAG'l'AATCCCAGCTGAAACA 1 76 
CGGGG- 'l'C'l"l'G- ACCAGTGGCGAGCGCCCTG'l'TCAGACAGGAGTAATCCCAGC'l'GAAACA 176 

GGGTTT'l'CACCCTTCC'l'T'l'CTTCTGG'l'TTCC'l'TCCTC'l'GC'l'TCAGCGGCC'l'CGCCCGGAG 238 
GGG'l'T'l"l'CJl.CCCT'l'CCT'l''l'C'l''l'C'l'GG'l"l'TCC'l"l'CCTC'l'GC'l"l<cAGCGGCC'l'CGCCCGGAG 2 38 
GGGTT'l"l'CACCC'l'TCC'l''l"l'C'l'TC'l'GG'l'TTCC'l"l'CCTC'l'GC'l'TCAGCGGCC'l'CGCCCGGAG 2 38 
GGGTTTTCACCCT'l'CCTT'l'C'l''l'CGGG'l'TTCCT'l'CCTC'l'GC'l'T--GCGGCC'l'CGCCCGGAG 236 
GGGT'l"l"l'CACCC'l''l'CCT'l'TC'l'TC'l'GG'l'TTCCTTCCTC'l'GCCTCAGCGGCC'l'CGCCCGGAG 2 36 
GGGTT'l"l'CACCC'l''l'CC'l''l'TC'l''l'CTGG'l'T'l'CC'l"l'CC'l'C'l'GC'l''l'CAGCGGCC'l'CGCCCGGAG 2 36 

TC'l''l'- GA- - CCAGCGCAGGTTC'l'GACGCGACCGG'l'GGCA'l'CACCGAG'l''l' - CGC'l':i- C 293 
'l'C'l''l'- GP.- - CCAGCGCAGGT'l'C'l'GACGCGACCGG'l'GGCA'l'CACCGAG'l''l'- CGC'l' - C 2 9 3 
TC'l''l'- Ga--CCAGCGCAGG'l''l'C'l'GACGCGACCGG'l'GGCA'l'CACCGAG'l''l' - CGCT - C 293 
TC'l'TCGP.A'l'CCAGCGCAGGT'l'CTGACGCGACCGG'l'GGCA- CGCCGAG'l'- - CGCTCA 2 9 3 
'l'CTT- GA- - CCGGCGCAGGG'l'C'l'GR.CGCGACCGG'l'GGCA'l'CACCGAGT'l''l'CGCT 2 92 
'l'C'l'T- GA- - CCAGCGCAGGTTC'l'GACGCGACCGG'l'GGCATCACCGAG'l'T'l'CGCT 2 9 3 

1111111111111111111111**************** 
C'l'CA- 'l'CC'l'CC'l'TTT'l'C'l''l'CATTC'l'AGC'l"l'GG'l'C'l'CCGGGCGAGGGTG'l''l"l'AGCCCTTGG 352 
C'l'CATACC'l'CC'l'TT'l''l'C'l''l'CAT'l'C'l'AGC'l'TGGTC'l'CCGGGCGAGGGTGT'l"l'AGCCC'l'TGG 353 
C'l'CA- ACC'l'CC'l''l''l'T'l'C'l''l'CA'l"l'C'l'AGC'l"l'GG'l'C'l'CCGGGCGAAGG'l'GT'l"l'AGCCC'l'TGG 352 
C'l'CA- ACC'l'CC'l'T'l'T'l'CTJl.C - TTC'l'AGC'l"l'GGTC'l'CCGGGCGAGGG'l'GC'l'TAGCCCTTGG 351 
C'l'CA- U C'l'CC'l'T'l'TTCT'l'CA'l'TC'l'AGC'l'TGG'l'C'l'CCGGGCGAGGG'l'GT'l'CAGCCC'l'TGG 351 
C'l'CA- A'l'C'l'CC'l''l''l'TTCT- CA'l"l'C'l'AGC'l"l'GG'l'C'l'CCGGGCGAGGGTG'l''l'TAGCCC'l'TGG 3 51 

AACCGCAG'l'TGG'l''l'CC'l'- 369 
AACCGCAGT'l'GGT'l'CC'l'- 370 
AACCGCAG'l"l'GGTTCCT- 369 
AACCGCAGTTGGT'l'CCT- 368 
AACCGCAGTTGGT'l'CC'l'C 369 
AACCGCAGTTGGT'l'CC'l' - 368 

.f11'W~ 25 .fl1'\"l b tl~ti'Ub Vi tl'U 1A';i''l?l~1'1 bb?l(91'11(91 b:i.J'U~'I 5 'VB'! b ~B CL Vd-bolo maka nm ~B CL Vd 

~1J.Jrfo1~bfl(91B1n1';i'~(9ltJfl~1'U:iJ~5n (PC-2-Pa2, PQ-728 bb~~ MC-M-11) 

~bVl~eN = C domain 
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II 

..I ~ v ~ 

~1~1~'t'l 4 fl1'Hi.J~uuLVi~u~1~uu1AllB 1Vl~1'ULL~~~ 1~Ll.J'U'UB-Wl!tl CLVd-bolo maka fl'IJL'!!B 

Cl Vd G'l1~~'Ui5vtliJnei1~Ln~mfl11L'Ul.J~Bfl 
' 

% f'11111Lm'la\J'UtHL~a CLVd-bolo CLVd .,,vmi~ilJ 

1'1UJ'IJ 
Pi1u·wil~ 

maka nal°l1Ln"hf'll\J11::vn 
il1f'lruY1t1 

Solanum 1 Solanum 4 Solanum 16 

Left terminal domain 329 - 39 96 96 95 PQ-728 

(79 base) 98 98 97 PC-2-Pa2 

100 100 98 MC-M-11 

Upper pathogenic domain 40 - 91 96 96 96 PQ-728 

(51-54 base) 100 100 100 PC-2-Pa2 

100 100 100 MC-M-11 

Upper central domain 92 - 110 100 100 100 PQ-728 

(19 base) 100 100 100 PC-2-Pa2 

100 100 100 MC-M-11 

Upper variable domain 111 - 153 100 100 100 PQ-728 

(41-43 base) 68 68 68 PC-2-Pa2 

100 100 100 MC-M-11 

Right terminal domain 154 - 215 95 97 95 PQ-728 

(62 base) 98 96 93 PC-2-Pa2 

96 98 96 MC-M-11 

Lower variable domain 216 - 259 93 93 93 PQ-728 

(43-44 base) 90 90 90 PC-2-Pa2 

100 100 100 MC-M-11 

Lower central domain 260 - 276 100 100 100 PQ-728 

(14-17 base) 100 100 100 PC-2-Pa2 

100 100 100 MC-M-11 

Lower pathogenic domain 278 - 328 92 92 95 PQ-728 

(54-56 base) 88 80 90 PC-2-Pa2 

94 85 96 MC-M-11 

Fl11lJ1'WLL1\l"l.leJ\lbF1LL~~'!l\j~"l.leJ\l~'!lm~~ (Wassenegger et at., 1996; Zhu et at., 2002) 

'Ueimnnd~'lii11t1\11'U11111ei ti~ L U'U~'liiiiil'l~iieJ'l'l11 rnirnn tJ"l.leJ\1'111~'W5m1lJG'l\IG'I~ (Gago et 
' 'U ' 

at., 2009) vh 1 meimm tJt11 u1t'l~~~ Lfl~L~el 111eit1~'!li)~'1'UITT Vlli Vl~ei'!l\)~'1t16L~l.J~ijm1m'ULL 1\1 
' ' ' 

"lleJ\I 11A~Ltl~t1'W 1 tJ l-1~m-LJ'1v11mt1Yl'llm~v~1\l'!l\)~'11n~LAt1ii11v\11'UlJ11~ ei~1\l 11n\Jl1l.lm1Yi~'1tl 
11\)1flillei1'Vl~l'i1LLV1ll\I~ 83 LL'1~ 292 ~\leJ~tf~rnu P domain ii~'1~eJfl111°11'UF1l.lfl11LL'1~\leJeJn 

'U ' 

"l.lel\lel1fl1111Fl'!JeJ\IL~eJ Cotumnea ta tent viroid ~1L tJt1~ei'liim1fin~1 LL'1~vl1fl11'V1~'1eJ\IL ~lJL~lJ 
L~eJV'U~t1oLJeJ'1lJ~~~1'U~\ln~11 (1~vm1v11 mutagenesis LD~tl'U"1~'l.J\j'JfllleJ1 'Vl~"l.lel\IL~el Cl Vd) 

V11fll'i1LLVl'tl\l\)')fllleJ 1 'Vl~~\I 2 l'i1LLVl'tl\lij'l.J'Vl'U1'V11'UL~el\lfl111°11'Ufll.Jfl11l.J1'ULL1\l"l.leJ\IL~eJ CL Vd '1~\I 
' ' 

oLJellJ'1ffi~'1~LU'Utl1~ btl'll'W1 'Ufl11'1-r1\11°111lJ-rm1lJLoLJ11'1L~tl')tl'l.Jfl'11n'11'WrieJ1)fl"l.lel\IL~el111eit1~ 
'U 'U 

LL'1~el1'1'111l.l1'1Vll'U1l5m1m'U Al.I LL'1~DeJ\ltl'U 1 )fl L ~el 111eit1~~\lfl~1') 1~ 
' 
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~1tl~~n11~~~~~~~t~1~uttl1 

lil1fl~rlf\1W\VlrlB-!l'W'UrJ11l1'W'Uf\11U'UL~B'U"UB-!IL~B Columnea latent viroid ~~Wll1ll1tl'U 

LlJ~Vl~'U5ittL~vLV\i'1~tJ1L-U'TOJ1f\U1tLV\i'1~l1m1itL~EJ..:J ~..:J'OJ1f\f\11tl'1f\L~e:J~..:JLf\~e:J1f\11 LL'1~f\11 , ~ 

V111WIV'U1'U~'UrltL~VVl~1mV\fl'Wfl Nucleic Hybridization LLrlt RT-PCR ~.:iUv11ilLfiVIL~v-!l'OJ1f\ 
mmrum1G'litvt11'0J~tiv mfi'U 1 'll m1il f\11L ~it'l.l~it1ru 1 'Ufl11~lJ~1vV1-!! Lll~Vl~'U5!. 'U'l.l~mru~mfl~'U , , , 

zj-!IB11il~v-!llJ1flf\rJ1 1 000 LlJ~VI Lb~~.:id~'Ufl'\.JU~lJ1rublJ~Vl~'U5~tl1LoLJ1~1V tiv1.:ihnvt1lJ'OJ1f\~r\f\11 
' ' 

1Lfl11t~ Phylogenetic tree Yl'\.JrJ1B11ililm1mi'.J'U1'\.J1~~'l.l1tLV\i'11Vlv1~-rrn~ti CLVd ll11il1f\ 

U1t b V\i'1flR1~'U~f\111t'\.J1\tl"Uv-!l b ~B bb~in~il11 cl-!11'Uf\11bb 'W~1t'U1Vl"Uv-!l b ~Bv V1-!l b tl'UV\1-!lf\11 v111 m 'U 
~ 

m1 b~tin'l.l1t b V\i'l~lilt"1itvi111V'1B'U~1ti v1.:ibit~vi~'U6itt b ~ti b vii'11 'Ub i1ti.:i~'U~-!IB11il 1l.Jvi1.:i n'U bb 'Vl~..:i~m , , 
Jf <l <l 1" "Uti-!lb"lltim'\J'U vi 

~'1f\11~111'0JL~v 111e:ivvi1 'ULL 'll'1-!!~~VILlJ~Vl~'U5itt L~mvii'1vi'l ivtl off blJ~Vl~v-Lbll~'U5~l11L .V1 , , 

'OJ1f\~1..:i'\.J1tLV\i'1 Vl11'0JYl'\.JL~ti b1tiv~ 2 "ll'Wvifiti Columnea latent viroid LL'1t Pepper chat fruit 

viro1d '1°1'U1'U"l!tivi'1t 4 ~1ti~1.:i zj.,:i 111tiv~~.:i 2 "l!tividl111v..:i1'Uf\11Vl11'0J'WtJ 1 'U'll1tLVli'11 V\mL~11 'Utl 

2548 Lmt 2553 vi1it~1~u 1vivu'OJ'OJU'U1'Utl 2555 vi11'0J'WtJb~ti CLVd 1'U~'U~'l.l'1f\ittL~mvii'1 11 , ~ 

~-!!'Vli'VI \~bbn "Uv'UbLn'U, '1fl'1'Ufl1, v\tl1i:i1U, lJ'Vl1'111fl1lJ, f\1\4~'U5 , lJf\Vl1'Vl11, 'Vl'UB-!lfl1V , b~V'l1'Vll.J , , , , 

b~V'l11V, ~1U1'l bb'1t ~1Yl'U LL'1tVl1TOJ'WtJL~v PCFVd 1'U~'U~U'1f\lJtL~mV\i'1 5 ~'l'Vl1vi 1~LLn 
~ ~ 

"Uv'ULLn'U, 'Vl'Uv'lfl1V, b~V'l11V, ~1th.:i bb'1t ~1Yl'U 
~ 

'Utif\lil1f\Uv.:i'W'\.JL~ti Columnea latent viroidstrain 1'Vll1 (CLVd- bolo maka) ~LLVlf\~1..:i 
'OJ1f\b~v Cl Vd strain ~'U 'l ~Lf1Vil11EJ'l1'UlJ1nv'U 1vivnti1~LfiVIB1f\111'ULL1.:i1 'UittBf\ v111 ~Lfivi 

' 
B1f\11~~'Ub~mLmt LLfl~'U~1'ULL 1'l B1f\11Vv\tlbL'1t 1 tJ~1'lLL'1t~'U'VIVl'1\tl1U LL'1tilmmw1m~mv~L'1'U , ~ 

1 tJ LL'1tM.:in1'U 1vim~vvl1f\111Lfl11t~~1~'U'W1flllv 1 V\~LL~1YltJrJ1 ilti1flllv 1 V\~~L'l.l~EJ'UbL tl'1.:i 1 ti 

vi1it"'n~rutmm1~~vitln&i 2 LtJ'1 fiti~1bbV1il.:i~ 83 Lfivim1L&iitLtJ'1 A L~lJ~'U 1 btJ'1 Lb'1t~~1LLV1il.:i 
292 bfivim1L'l.l~EJ'Ub'U'1'0J1n A 'Vl~ti T btl'UbtJ'1 G zj,:i'W1flffiti1vi~~.:i 2 1'11bLV1il.:iti~'U~nru P domain 

~ 

Jf1 <dd 11...I 'i 
'lltl.:J L "lltl 1';i€JE.IVI 'll.:JiJVl'U1V\f'l1\Ji'pJm'rn"1Vl.:Jtltl flLL'1:::f'l11"'1~'ULL ';i.:J'!Jtl.:Jtl1f\1';i b ';ii'l 

'lJ~b"l!is~ vr.:im'\jlil'Um'1tl. 2548. fl1'~~11~f!EltJL;fEll'l'rnE.Jfl1'UU.tl~m.i~~UJ~fl~'U~1ltL;'lm'Vlfll1'U 
L 'Vl'lll1f't~~1'UllllnLam1L ~ijll'Vtl'ltl1~L 'Vlfll1 'V1EJ. 1vi V1'WY'l'U5'lJ~'\j'\j1 L V\ ' 
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mL'll'l!ti ~~fl1qj"ilUfl1~U. 2554. fl1'jlJl'j1~~t1\JL(t1lT~t1t1fl1~1JtL~tlL'Vlt'ILflm'Vlfi1Ufll~1WL"~"· 
~"~1~1~m~t1~L~1J. vtu1 66-71. 7u rn1u1~'lll.l~l.ll.l'U11'll1rn·rn1-rn'U1Vi"ll "m-rn'U1Vi"ll 

1Vlv ~nv~1J11Vi"ll" '11i!ni~v~~'U1rn1m-rn'U1Yi"U 28-30 i1'1'U1V'U 2554 ru b~LL':il.1Vl11 
" " . 

u~L"U~i ~-:irncy"il'Um~tl, l"l'1-:ii1Vl~ Lvt~my111m, L~~ii~~ ~'UVl1Lu1ii LL6'~ -r'llil ~Nu1~~1. 

2548. 1Y11Liiti1'11vt-ru1J111"il~tiuL~ti111tivil~r1ti1~Ln~hl"l1'Ul.l~L'iimVll'1 6'll'il~1'Un~ii 

Pospiviroid~1fJLVll"liil"l RT-PCR. 11'ji'!1'j1'jfll~'!I. 1-2: 13-21. 

1'1~u1~m ii111'll. 2551. 1fll'1'\JfltJ1'jfll'!JtJ~L~tl Columnea latent viroid U.'1t~'1n'j~'Vlu!Jiti 
1JtL ;°itJL 'Vlfll't~\Jqm'j~\ 1'Vlmil-wut5. 1'Vl v1i'.lY1'U5u~'lJC\!1 L 'Vl, iivt11'Vlcn"' mn~l'111'11~1'1{ 

85 vtu1. 
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~~'U1 L VlflUfl n1~~~1 '11ii '1\l'V L ~tl \1~tl V ~ nu~1'\J'tl V1 EJ~'U~'tl tl~~11 
Development of Viroid Detection on Citrus propagation 

, :: ,1 .. ...1 
\RL'!I~ \Jl~n1t\l~'Ul11'11'U n1t\j~'U1 11"l::1'!1::'U 

"' d ... ..2 .. • .. 2 • ~ "''!I ,2 
1'ULVity 1'1~'!11\JI 11\J'!I f11Vi1'U'!I 1J"lVVi"l"lN Vi~l'l1Vi N 

nq11~1ul1~'1li'Vlv1 ri1ll'n1~v~~::n9llu1n1~~1~n'!l1~'!1
1 

nq111~vm"lnnti'u~'!I ri1ll'n1~v~~::n9llu1m"lm~n'!l1~'!1
2 

"1 I 

\J'Vlfl~V~ 

L~el111eltJ~~LoLJ'1vi1mt1Yl'1ln~l.lG1'l.lii11t1.:i1t1~.:i~t1 7 '1lil~ Rel Citrus exocortis viroid 
' 

(CEVd), Citrus bent leaf viro1d(CBLVd), Citrus viroid II (CVd-11) [vt~el Hop stunt viro1d 

citrus-type], Citrus viro1dlll (CVd-111), Citrus viroidlV (CVd-IV) LL!;'l:: Citrus viroidOS (CVd-

05), Japanease citrus viroid(JCVd) 1~tJl'l1l.lth::mPlm::vi11.:iLn~l'l1LL!;'l::f.'lvtmru L~el-:J n1vtt1~ 
~l'l~Yl'!!Ltl'U~-:J~el-:J~1l.ll'l1l.JYl1::11'1luqiqi~ti'nYl'1l Yi.Pl . l!Jcto~ (uU\J~ b) Yi.Pl . l!Jctcto 1~n1vt'U~1~ 

L ~el 111el tJ~V!!;'l1tJ'1lil~ L tlt!~l'l1Yl'1Jn n tl'U ~.:ii1t1m1~~'U1 fl111'111'11il'10tJ~-:JiitJ'VlU1'Vl~-;J1 L tlt! ~.:i 
'U 

c:.c:t Q.J ~~ d cv.Xdd Ill lc:tc:..:::I d 
'11m.m fl11'Vl~!;'lel-:JV!11'5fl11?1 n~m1 Lelt!Lel'Vl L vtl.J1::G'll.J nu L t!el LtJ elWllfl!;'ll.JG'll.JYlU11l.J1'5fl11'Vl L vtl.J1::G'll.J 

' 
3 15 Rel MacKenzie buffer, RNeasy Plant Mini Kit LL!;'l:: CTAB buffer b~tJ~-:J 3 15m11~mi 
LB'ULel~iitJ~mru m1l.J?1::m~LL!;'l::Flrum'Vl?l-:J LL~15 MacKenzie buffer LL!;'l:: RNeasy Plant Mini 

' 'U 

Kit ii unit cost ~?1.:ini115 CTAB buffer l.J1n e.J!;'lfl11'Vl~G'lelU1Yl1Ll.leli~elelnLL\JU~1tJfl111'111'1 
'U 

~1t1?11t1~LB'ULelb1elt1~"'.:iLm1::,,.;~,:i 2 L~el Rel CEVd LL"1:: HSVd Ylui1iiFi11l.lf.'11l.l11'11'Um1 

1'111'1G'lelUL~v 111vtJ~L~~ b~t1iim1l.l-;J1LYl1::tlU'1lil~'llv-:JL~el 111vtJ~~-:J V-:J hJ Ln~tJijn~tJ1oLJ1l.Jtl\J 
JI '" .1"" 0 ., "'l 1,J/.J L'Uv Cl Vd LL!;'l::tl11Lel'ULB'llel-:Jl.J::t!11ufll'l LL!;'l::'11flfl11?1111'1?11t!G'll.J ?Ill bel LL!;'l::l.J::°L.!11 t!Yl'U'Vl 

~.:ivt1~ t!fl1tJ~l.J 11'!!\J~ Lb!;'l::odtJ'U1'Vl ~-:JLL~\J 2551 ~-:J 2553 v.:ihJYltJB1fl11~~tJn~~6"n~ru:: 
"' ' 

fl~1tJB1 fl11~ Ln~ b oSei b 11vtJ~ LL"1:: L~elvl1 fl111'111'1liJ'1UtJ~1 tJlTin11'1..l!;'l n L oSei 1 'UYi'!!'Vl~G'IBU 
'U 

(Biological indexing) LL!;'l::L'VlfliJri RT-PCR YlU'h1l.liitii'1el~1.:imm1~~'1..ln~1~m~e.JmLf.'l~.:imm1 

~~'t.ln~tJ'UYl"ll'VlV!f.'IBULL"1~ 1~LWU~L~'ULV~ii'll'U1~Lvl1n'UL~el 111eiv~ LL?lvi.:i 1 ~L ~'Ui1L~v 111eit1~~.:i 5 

'1lil~v.:ihJiim11~'U1~ 1'U~'U~e.J~l'l'1l.l1 'U't.l1~L'V1PlL 'VltJ ?i1'UL~el b1eltJ~ 2 '1lil~~ii11tJ-:J1'U 1 'U't.l1~L'V1Pl 
L'VlmL~1 (CEVd LL"1~ HSVd) m'1v.:i1l.liim1LLYl~m~'11t1-U1l.lYl'1lm~t1'11nYl"llm~m~l.lAell.l~'U11 

LL"1~v~'U 1 't.l v.:i~l.J vt1eiel1'1iim1m~'11vtil1'llel-:J L ~ei 1 'U~'U~u~ nruLLflU 

';j~f.'lf111'\11Vl!;'lel-:J 07-01-49-07-04-01-01-51 



fli1u1 
d ~ ., d"" o ., "" "" • I fl'U 

'1l..I (Orange, Citrus sinesis) LD'U~l..1~"1Vll.Jfl11l.JG'l1f1ClJV11~Lfl11'lj~fl"il~~ l.Jf11'hJ'jfl 

LL~~V1mv-*1 L"1fl'rrn~~'Ll1~LVlfl1L VltJ~1v Ll'ltJ~~w~l'l~ijm~'IJ~mnfl 1~LLn L ~v-:i1 VI~ L~ti-:i~1v LL Yd 
oJ1'U ~L'!JVltJ rl1LL~~L~"ll1 ?11~'4~ 'LlVJl..lti1\1 y;~~1 "1~'4~ ?lliV11?1'1m1l..l 1l..J~1 LL"1~'Uf11fl1~ti'f~~11"1l 
L\J'U~'U Yi"ll?1f1"1'1l..lilvtj 130 "'f1"' 'Ll1~l..J1ru 1,500 "llill'l ?11m1i;i'Ll'jf11~'U?1m~JJijmmfl1L'!J~n~ 
~e:i'U ~~LLIJi~f11"'mV1ue:i L'!l~Ll.J~L~e:iimiltJ'U '1'U5~~fll"1f11~ LLD~tie:im\J'U 5 fl~l..11'Vlqj fie:i ~l..l 
'1l..!L~tJ1'Vl11'U L"1l.Jtl'ULL"1~l..J~'U11 Lm'Ll~1~LL"1~~l..J 1e:i Lb"1~~l.J~'U 'l ~m\J'U~"11lJ~ih?l"ll1~~LL"1~i1 

' 
f1t\Jrl1V\1~ fo"ll'U1f111?1~ ::5~ L \J'U~tltJl..J'U~l11f1 LL ~~'V1"11tJ~1 l"1 f1~'1f111U~lf1f1~"1?1\9l Vl~vtl1m~1'U 
' " 
m~'U1'Uf111LL'Ll11'Ll L'll'U J1~"11lJ LLtJl..J ~"' 1lJL~vl..J G'lnl'ltl1l!'ULU'Utl1l!'U'Vlvl..J1~L'VltJ 1.ul'U 

" 
e:i~?11V1m1l..ltJ1 LL"1~Lf1~v~~1m~ 1'Uu ~.\11 . 2548 ilm1tl1Li1~"1~l..!LoU1m1'U'Ll~l..!1ru5'1 4,072 vl'U , 
fil'lLU'Ul..1"1rl1 103.6 ~1'UU1Vl LL"1~ilm1~~vvf1~"1~l..!1'Ummru 12,939 vi'U fil'lLU'U~"1~1 248.8 

" 
~1'U'U1Vl L~v~'11 fl~l..J L U'UYi"ll~ffi 1f1 LL"1~ LLl..J"1'1~~1l..J1fll..J1tJ'Vl"11 tJ"lltll'lli1'1 tJ fl'U 'Ll1~flv'U nu'Ll1~ L Vl\11 

" 
1 VltJi111lJV1f11\11~~v'U~'U ~~LG'l~l.J 1m1f1LL"1~LLl.J"1'1~~Trl"ll?11l..J11mnl'lLL"1~LoU1vl1"11tJ~l..J 1\i)~ L'li'U L~v 

" " 
11 LLUFIViL~tJ l'J-r?I LL"1~ 1'J1vtJvl 

-;;i1m1v-11'U 1 'Uu-;;i-;;iu'UilL~v b1e:ivvi~ne:i 1 ~Lnl'l hFi 1 'UYi"ll?lf1"1~l..J ~~~'U 7 "ll'Lll'l 11i1LLn , , 

Citrus exocortis viroid(CEVd), Citrus bent leaf viro1d(CBLVd) ['Vl~v Citrus viroid I (CVd-1)], 

Citrus viroid II (CVd-11) [Vl~v Hop stunt viroid citrus-type], Citrus viroid Ill (CVd-111), Citrus 

viroidOS (CVd-05), Citrus viroid-IV (CVd-IV) [Vl~v Citrus bark cracking viroid(CBCVd)] LL"1~ 

Japanese citrus viro1d(JCVd) (Hadidi et al., 2003) ll'ltJ"'fl'ljt\J~V1f111~~1~ClJ'!lv-1hfl~Lnl'l'11fl 

L~v CEVd "il~nv1~Yi"llLnl'lV1f111LLFl1~LLflfov~1~1'ULL1'1 bULrl~-1m"1~v-1~\9l LL"1~ilmmwim~~1tJ~ , 

u~L1ruvie:itl1vie:i"1L~tJ~ (necrosis vein) ~1l..lli1'1v LL"1~'1~'Ll11flnmm1L'Ll~vmL~fl~~'U~v (bark 

scaling) LL"1~vi11 ~~"'~~~mli1"11'1"1'1 Ll'ltJ"il~~'Uti'u~'U~~l..l~t'i1l..!11-U L U'UtJv\91"1~ e:i~m U'U~1~ cy (Hadidi 

et al., 2003) b 'U'!Jt\J~~ L~v~-1fl~11'1~vl11~Ln\91V1f111LL~mll'U'1\9lm u 1 'Ul..J~'U11~1l..Jli1'1tJ LL"1~ b 'U , 
citron -;;i~ilmm11uV'ULL"1~lJ1'U"1'1vV1'11'ULL1-11 ULL~fl LL"1~ L61l"1~~1tJ L U'ULL~"1~tl1~1"'m~ L~'U 1 u LL"1~ , 

1 utJv\91 1~milmm1LLf11~LLfl~'U~1l..l L~v"ll\l~rd'?11m1i;i~1tJVlvl'l L 1f1'11flf1111-U'A~~'U5~ LU'U 11F1 m1 , 
'Ll'UL~v'UL~v'11flv'LlmruVl1~Lf1~1\Jl1~ S'] LoU1~U11'1LL~"1'!lv~Yl"ll dodder Ll'ltJ?11m1i;iv11m1l..IL~tJmtJ 

' I " 

1~n'Uf111~~~~l.J11i1~~5~ 5,147 \9ltl'U~1 \Jle:i LfiFILL~i (Hadidi et al., 2003) 

~1"1-rUL~v CVd I ("1~v CBLVd) '1~v111 ~Yl"llLnl'lV1f111L61l"1~~1tJ~L~'Ufl"11~1 U~'J'UVlv-11 u 

LL"1~1uilmm11ri'~~v"1~ b'U'!lru~~L-d'v1u1lJilmm1e:J\9l'Llfl~ (Duran-Vila et al., 1993) LL"1~L'Ll~vfl 
~'U\Jlvilmm1L\J'UV1~l.J~fl Ll'ltJVi11 ~Yi"llLLvmM -:m~m~mh~-a'l'lL"il'U (Roistacher et at. , 1993) 1'U'!lru~ 

~L~v CVd II (Vl1v HSVd citrus-type) "il~il 2 fl~l..lv1f111 CVd Ila '1~vi11~Lnl'lv1f111 cachexia 

fie:iilmm1L'iiv1~L'Ll~e:imtl'UVl~l.J (stem pitting) LL"1~ilm~m\lv1 (gumming) 'Ll·nfln1~L~'U 
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(Hadidi et al., 2003) '11u CVd lib -:V~nv1~vh1\if'ULLfl'j~LLn~'ULlJ1'ULL'j-'.l Lnli1tJ1f11'jL'll~vnLLl'ln 1viv 

Ldv1m\i1Ltl~t1n-:v~Ltl~v'ULU'U~L~v1 (Roistacher et al., 1993) •tmJ~~L~B CVd Ill -:v~vh1~ citron 

Ln~V1f11'Wl:l~~l'l1V~U1b1ruL~'U b '\.J b '\.J 1f"i'~·:rn~,:i LL~~vl1 b m ufN ~11'l'ULL'1~vl:l.J b '1.J'W'lln'U'U1~Lan~,:i 
' 

(Roistacher et al., 1993) 'Ut1n-:v1ndtJ-:iv'i11~t:J~l1'U'U11i1L~n'1-:i~1:1.Jii-:it:Jm.J~l'lvfl~'11i1'1-'.!~1v 
(Semancik et al., 1997) LL'1~L~B CVd IV LU'UL~tJL1'jtJCJli11u'1ii~l1f11'jLLV'l~m~-:v1v\Jl1~1~~1i1 v'i1 

1~vh1Lnli1t11f11'jLLfl'j~LLn~'U (Duran-Vila et al., 1988) 

vnn L ~B 11'je:J CJ~ L vt6'111l'~li1 L .LJ1:1.11n'U'11'U'U CJ1CJ~'LI5'Uv-:i~'ll?ln'1'1iim-:v riv 1 ~Lnvim1:1.1 , ' 
L~CJ'Vl1CJn\Jf11'jt:J~l'l'1:1.JLL'1~~'ll'llUli1~'U 1 'l.Jtl'j~L 'Vlial1'V1CJ1~ ~-:ii!'Uf11'jUtJ-'.ln'ULL'1~fl1U~:l.J 1:1.1'1. m 'jfl 

Pll'l'j~'ll~lil L .LJ1:1.11nu'11'LI'UCJ1CJ~'LI5'1:1.1~tl1 L oU1-:v1n~1-:itJ'j~ L'Vlial~-:il1m1:1.1~1A'n 1LU'Ut1~1-:i~-:i1 'Um'j 
~ , ·~ 

tlnUtJ-'.lfl1flf11'j Ln'\~l'\'j'UtJ-'.!U'j~ L 'VlialL 'VlV 11i1 Vl'\1:1.J'lh~ miai m~'VJ'j'),:j Ln'\~l'\'j LL'1~?1vtmru L~eN tl1Vl'Uli1 

P1111i~'llLUu~-:i~t1-:i~1ii1111:1.1V'l'j~'j1'lJiJqiqi~nn~'ll V'l.iai. tvcro~ (uiJu~ t>) V'l .iai . tvcrcro 1~n1vt'Uvi1~ 

L~B l:i'jtJCJ~vtmCJ'!lUlil LU'UPi'm~'llnnn'U (Quarantine pest) LL~L tit1-:i-:v1n L 1'je:JV~LU'UL ~B?l1Lvtli1 hfl 
~ , 

~'ll~lJ'U'U11i1 L~ n~?lliltl'j~ nt1u~1CJm~ L~'ULB?l1 CJ L~ v1~ L U'U'NDlil LL'1~ 1lJffi t)'j~'Uv1t1~:1.J L viii vu 11-r?I 
' ' 

~-:i 1lJ?11:1.J1'j'1~1m 'VlflUfl'Vl1-:i L'll~:l.l1'Vl v11~ ~t1-:imPi'CJm'jtl11 -ff L 'VlflUfl'Vl1-:it1ru"!i11'Vlt.111 'Lim'jli1'j1-:U , ~ 

1-U-:vom vhi!'U tJ'j~nt1unu"'m~ru~vn-:i~'Utm'j'j:1.J'!Jt1-'.!L ~B 11'jvv~l1m1:1.1LL111n~1-:i-:v1m~t1?11Lvtli11 'jfl 
' ' 

'llUlil~'U ~-:ii!um'jtl1L'VlflUfl'Vl1-'.!B~"!ii'Vlt.11~1-:i 1 :1.11'tl1vw~'U1f11'jli1'j1-:U1i1-:vovhfl L'ti'U RT-PCR 

(Reverse Transcription-Polymerase Chain Reaction) zj-'.!LU'UL'VlflUfl~l1m1:1.J'1nvlt1-'.!LLlJuv1?1-:i 
~ ~ 

LL'1~ 1 ~t:J'1f11'jl'l'j1-:vii1-:vovt:J'1~'j1vi L ~' ~-:iL U'U15m'j~l1tJ'j~~'Vl5mV'I LL'1~ L vi:1.11~?1:1.J L 'Ufn'jUeN n'Ufn'j 

LL V'l~'j~\J11i1LL'1~f11'j?l~1-'.lfl11:1.JL~VVl1V-:V1nL~tl L 1'jtJV~ 

- .... 
1~1Jl1L\J\Jn1~ 

~tlmcl 

1. 1 'j-:iL~t1'U:W'-:in'ULL:1.1'1-:i , 
2. 

II I Q c:;il 

l'lLL"!.ltlUJ'Vlil:l.J 4 tl-'.lial1L'll'1L'llV?I 
~ ' ~ 

3. 
II I d q 

~LL'tlLL'll'l -30 €J'll'11L"llr!L"ilV'°' 
' ' 

4. 
4 V .r:il Clt. O I 

Lfl'jtJ-'.!'ll-'.!rt~LtlCJlil 'Vll'l'UCJ:l.J 4 li11LL'Vl'U-'.l 

5. 
I 

tl1-'.lfl1'Ufl:l.Jtl UJ'VliliJ 
' ' ~ 

6. d ~ .J a 
Lmv-:i 'UL 'Vl1CJ-'.!fl11:1.JL 'j1~-'.l (Centrifuge) 

7. 
cl 

Lfl'jtJ-'.l Thermal cycler (PCR) 

8. Gel electrophoresis 

9. Gel Documentation UV-transilluminator 
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[ 

[ 

[ 

... 
'11"lLfl1l 

1. bB'U1~31 One-Step RT-PCR (SS 111 reverse transcriptase /PLATINUM Taq 

polymerase) (lnvitrogen) 

2. bB'U1~31 Taq DNA polymerase 

3. G"111"1:::mti1vm:we:i{~'11b~1::: 

4. 100 bp DNA Ladder 

s. G"111briil~1.:i 'l vtlmtJ~'Ul'le:itJm1tl~m~e:iu'LlYl'!lJ11ti15n"1 
6. '111bAiJ~1.:i 'l vtlm'U~'U~e:J'U n11G'ltl~e:J1{b~'Ube:J m1~11~'1'€lUJ11titl~n~tl1 RT-PCR 

bb"1::: Nucleic Hybridization 
"" C> I 

7. ~'!lVl~G'le:J\J'll'U~\Y\1.:J 'l 

8. 1G'IV)n11bm~l'l1~1.:i 'l ~'Ubrn:::qmrili 

1. ri1"l1~ 1 "lfll l 'U'11'U~11LL~~L~\J~1cif.l1~~LL'1~~mm"l L"l"~"1~i1Ln~~1m ~ci l 1"lcit1~ 

~111~ b 1A 1'Ll'1:W1 'Ll~'U~~.:J"v1l~'UA1tl~:W 11'll\J~ bb"1:::-8'ti'U1Vl bfl\J~1e:JV1.:J'1:W~bbG'l~.:Je:J1n11 ... ' 
11ri~m~i1bn~~1m~e:i b1e:iti~ Fie:ili~m~ru:::mm11'1'Ub~mbAi:mn~'U 1ub"v1~eN~~ 1f'l.:i"1.:i bb"1:::1i 

~ .J ... "1 e:J1n1Wil"1"1\Y\1tJVl\Jib1t\lbG'l'U \J 

~1ni!tJ'111~1e:iv1.:il'i'.:in~TJtl"1n~1m~e:iu'LlYl'llVl~G'le:J\J Citron (Citrus medica) bb"1::: 
~ 

Gynura (Gynura aurantiaca) J11ti15n"1 L~t.Jmi1-dv.Je:imv.J~uv.Jbv.Je:i{ m1:wboLJ:WoLJ'U 0.1 M pH 9.0 

\J~~1e:iv1.:iYl'!l ~1ni!'U 11t1e.i.:i carborundum "1.:J\J'U 1 uYl'!lVl~G'le:J\Jbb"1:::Vl11 uYl'llVl~G'le:iuJ11ml1~'U~1n 
Yl'!l~1e:iv1.:i b~e:ivi~G'le:ium1:wG"11:w1i'11tJmine:i1~bn~1 iA ~-:ibnl'lbb'1:::~~u'UYin~n~ru:::mmi~ 

tli1n!J 1~vmmi'!Je:J-:ihri~:::bbG'l~.:i1m:::v:::nm~-:ibb~ 1 i.1-:i 2 b~B'U "v1~-:i~1ntl~n~1m~mb~1 "v11nl1 

b~B b1e:it1~avYl'llvi~'1B\J Citron ~:::bbG'l~.:immivi''Ub~mbrii:::bbn~'U 1 \Jb"v1~a.:i~~ va~ 1f'l.:i.:ia'1.:i bb'1::: 
~ 

2. ~\J~'Llici~~L ~ci '1"lciu~~rlci l l1Ln~ 1 "lfll l 'Ll~11L iJcicicinLL \J\JL .,,"lu.mi 

1~rnwn~be:imrn'li'e:i:w"1"1Je:i.:ib ~e:i 111mwi~ne:i 1~bn~11ri 1 tJ'1:w~1rwh11bb"1:::~1tJ'li'e:i:w"1 NCBI 
~ ... ~ 

(http://www.ncbi.nlm. nih.gov/) ~n~ru:::mmi, bb"v1~.:Jbb~~i:::\J1~ bb"1:::~11'i'ui11rifila1vi~"lle:J.:Jb~B 

i1:wi.1.:ioLJ'm.m 1 ~11lrn{~1.:i ., ~lii1t1.:i1'U bb"1:::i11'li'a:w"1~11'i'ui11rifila 1Vl~"llB.:Jb~B11iat1~ bb~"1:::'llii~ 
~ I ~ 

LmtJ\JLVitJunu1 ~1ll.Je:J{~il11t1.:i1'U mnil~1~ui11rifile:i 1Ylii"lleJ.:iL~e:J1'J1e:it1l11 isolate 1"1l.J 'l ffi ~1L:we:J{ 
~ih1v.:i1tJ11\~:w bJmm1'1l'li1~~u 1J1 ~:::v11m1tl-rrnbm "ll"1~e:ie:iambuu 1 "1il 1tJmruhJ~u11t1.:i1tJ1 ~i 

L:We:i{vtl m 'Un11~11~tl\J 111e:JtJ~'lli1~"1~.:J'llii~ 1~ n~:::vl1n11eJeJn bb \J\J 1 ~1 Llle:Jfl "v1lJ b~t.Je:J1i'i' tJ b tl1Lbn"l:W 
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Multiple sequence alignment 1'tmT~'\111~1LL'VIU~L'U6'ttl~-rn~ (conserve sequence) 1111·1.me:imL'U'U 

1'1"111lle:ifl~ml.!Tm6"~Ll'111~vh~e:i 1Trnv1111mli1LL'U'UL~lJ'N (full Length) (m'V'I~ 1) 

-

ll1Yi~ 1 m16"~Ll'111~vh~e:i111e:ivviLL'\J'\JL~lJ~1 (full Length) ~1tJL'Vll'l'ill'l RT-PCR 

~l.11: Hadidi et at., 2003 

3. Y1~'1tJUfl111J'111J1'rn 1um·nn111tl~mm"UtJ~1 Yi'iUJtJi~tJtJn u. uu 

Ltim,nn 1'u~1t1'Vl111~e:i~d l'11L'ilt1m1nrn~e:ii'i'l'11~'!lnnnt1"1i~i1 2 'll'il111~i111v~1t11 t1tl1~L'Vll'l 
" 

1'VlmLl'111l'V'l'U1'Ll1~ff~1~ fim~e:i CEVd LL~~ HSVd ~~'1t11t1m':i'Vl\116'ttl'UU':i~~'VlTI.fl1'V'l'!Jtl~1'1"11LlJtJ1~ 
e:ie:imLuum~~i1rn1l.!~1Ltlt1 L~mh 1-X~t11'1111'1"11LlJe:J1~~n"116't1l.!11'1\1l':i1'1~'\JL~e:J111e:ivvi~~ 2 

'll'ilV11~ ~1Lllt11'le:i~i1L~tl~~n"1111l-tl'Lllt1 positive control LL~mh~hn~Ltie:i~'11m~e:i 111e:ivvi~~ 2 

Lllt1i'l\1l~~°llnnnt1 ~~111'11lJ11'1tl1Li1L~e:i~1e:iv1~mL~tl 1-tl'Lll'LI positive control 11i1 ~~'1m~mllt1 
m1LLni1qiV11~~n"11 m16"~Lm1~v;6'11tJ~L~'LILtl 111e:ivvi (Gene synthesis) ~~tl1l.!11-ffL~mllt1 

positive control 1t1m':i\1l':i1'16'ttl'Utl':i~~'Vl5m'V'l'!Jtl~1 '1"11LlJtJ1~e:ie:imL '\J'\J 11 

~~m t1m16"~ LF111~v;'11tJ~L~'Llbtl 111e:ivvi '1~6"~LF111~v;\Jl1lJ'"1~'U'il11'1lltl 1 'Vlvi'lltl~L~tl 
CEVd Lb~~ HSVd ~i111v~1t1m111111'1'V'IU1'uu1~b'V11'11'VltJ fie:i 

1. b~tl Hop stunt viroidisolate Thailand, complete genome L~'ll ACCESSION 

NUMBER 00023269 '!Jt11V1 298 L'\J'11111vi1~1~'\J'U1F1lltJ1'Vlvi~~~e:ihHf 

>giJ66269343JgbJDQ023269.li Hop stunt viroid isolate Thailand, 
complete genome 

CTGGGGAATTCTCGAGTTGCCGCATCAGGCAAGCAAAGAAAAAACAAGGCAGGGAGGTACTTA 
CCTGAGAAAGGAGCCCCGGGGCAACTTCTTCTCAGAATCCAGCGAGAGGCGTGGAGAGAGGGC 
CGCGGTGCTCTGGAGTAGAGGCTCTGCCTTCGAAACACCATCGATCGTCCCTTCTTCTTTACC 
TTCTTCTGGCTCTTCCGATGAGACGCGACCGGTGGCATCACCTCTCGGTTCGTCCCAACCTGC 
TTTTTGTCTATCTGAGCCTCTGCCGCGGATCCTCTCTTGAGCCCCT 
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2. L~eJ Citrus exocortis viroid isolate lime, complete genome b"1'1J ACCESSION 

NUMBER - (h.tl~ submit 1'W GenBank) '1J'U1\i\ 371 bll6'111iltiil~1~lJU1f1file:i1vilii~-:i~ei1tld 

>CEV-lime 

CGGGAACTTTCTTGAGGTTCCTGTGGTGCTCACCTGACCCTGCAGGCAGGAAAAGAAAAAAGA 
GGCGGCGGGGGAAGAAGTTCTTCAGGGATCCCCGGTGGAAACCTGGAGGAAGTCGAGGTCGGG 
GGGACAGCTGCTTCGGTCGCCGCGGATCACTGGCGTCCAGCGGAGAAACAGGAGCTCGTCTCC 
TTCCTTTCGCTGCTGGCTCCACATCCGATCGTCGCTGAAGCGCCTCGCCCCCTCGCCCGGAGC 
TTCTCTCTGGAGACTACCCGGTGGAAACAACTGAAGCTTCAACCCCAAACCGCTTTTCTTGTA 
TCTTCACTGCTCTCCGGGCGAGGGTGAAAGCCCTTGGAACCCTAGATTGGGTCCCT 

11iltJfl1~'1116'11tJ~bB'UbeJLTrntJlii~-:ibm1~'\..h~-:i 2 b~eJ tl1m~~1'16'1eJlJ~1tJtlnn~tJ1 PCR 

LvitJ1mV'lw.rn1~'11LV'l1~tl'l.JL~eJb~mJ\ii~,:i 2 'llll\i\ bb~1~~1'16'1€lll~e.J"1e.J~~'1lmtlnn~EJ1 PCR ffi~ 
(15m~~1l.l-X1-Ue:i~ 4) 111~ Lbtlll~ LB'ULe:i~il'1l'U1Vltl n~e:i-:i LL"1~il m1l.J<ti\i\ b '1'U'Vl~e:i hJ 

" 
- u 'd ..I u.f..i,., 4. 'Vlfli'lt1\J~11tm1,-i'lnflt1Tnt1\JL'1'VIL ~111ti'IJ.Jn\JL u-aLml L \Ji'l11 

L tl~tJ'l.J L Vi tJtJV1115m~6'1 nlile:n1 LB'ULe:i~ L 'Vll.J1~6'1l.Jn'l.JL -dm~e:i 1 'l.J~l.J L\i\m ti~ till L Vi tJtJ'11n 

~rumV'l'1Je:i-:im1LB'ULeJ'1JeJ-:J Citron ~6'1nvi1~~1tJ15m~ 4151~Lbn 15 MacKenzie buffer 

(MacKenzie et at., 1997), 15 RNeasy Plant Mini Kit (QIAGEN), 15 CTAB buffer (Jeffries 

and Tina, n.d.) LL"1~ 15 MacKenzie buffer ~tl1mtl~~tJnt'l '11mr'Utl1e:n1LB'UbeJl.J1~11'16'1eJ'l.J , 
~rumV'lbVltlfl1~m1'16'1eJ'l.J NdhB gene (NADH dehydrogenase ND2 subunit) ~-:Jbtl'U 

housekeeping gene 1'Wf1"1eJhV'lm6'11'l ~1tJL'Vlf1llf1 RT-PCR lvitJm~1mV'l~Ll.Je:i1 NAO 

(Thompson et at., 2003) zj,:ie:ie:imLtJtJ1mV'l~Ll.JeJ1L~'U forward (Nad2.la) 6'11l.J1~i;im1'1&ivi~1l.J 
NdhB gene 1~L\lV'l1~ 1 'W6'1.f11V'l mRNA Lvl1,f'U bb~LllLn\i\tlnn~tJ1flll NdhB gene 1~L\lV'l1~ 1 'WMl1V'l 

Genomic DNA (mV'l~ 2) fl1~~~1'1 NdhB gene ~-:JLU'Ufl1~~~1'1 internal control b~e:iue:i-:in'U 
m~Lnvie.J"1"1'1.JLVitJl.J (false negative) eJ'UL tie:i-:i'11nm~6'1nliltn1LB'UbeJ 11lL~'Vl~e:im1LB'UbeJ~6'1n\i\ 1~il 

6'11~1 tl~~'UvtJ8-:i (inhibitor) tl'UL~e:i'Ue:i~mn'1'U1 tl'iJvi'1J11-:im~Lnvitl~n~tJ1 RT-PCR (Reverse 

Transcription-Polymerase Chain Reaction) 
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lli 

A nd/tBgene 

primer Nad2.la primer Nad2.2b -- -
non I (777 bases) lntroo (704 bun) eson 2 (756 bun) 

B rullrB mRNA 

primer Nadl.la primer Nadl.lb - -11111111111iiilliiillllllllMMMA.MAAAAAMAMMAA 
HOD I (777 bun) HOD 2 (756 bases) 

il1~~ 2 b'Vl'm.m1 NAO vtlm'Uf11'W1'H'il NdhB gene (internal control) 

A: 1 "fl'j'b1JB1 Nad2.1a "il~ 1~~unu NdhB gene 1 'W?l.fl1il'l Genomic DNA 

B: b"fl'j'b1JB1 Nad2.1a bn~tll)fi~cnnu NdhB gene 1'W?l.fl1Yl mRNA 

4.1 lTI MacKenzie buffer: u~1uvh 200 ih1~n1'1J #11c.i MacKenzie buffer 

(4M Guanindine thiocyanate, 0.2 M Sodium acetate, 25 mM EDTA pH 8.0 bb'1~2.5% 

PVP-40) tl~m~d 2,000 blJ bfl'j'~~d "il'U'1~b~c.J~ b~lJ ~-mercaptoethanol tl~m~d 20 

bl.Jbfl'j'~m ~?11J1~\oif1n'U ~~?11J'1~mc.i1ci~'1B~ micro centrifuge 1~~ b~1J?\1'j''1~mc.i Sarkosyl 
" 

m1moif1JoLJ'U 20% tl~m~d 10011J1m~m ~?11J1~boif1n'U L111tJLJ1J~e:iru~f1il 70 e:i-:i?iw1lm61lc.i?I , " 
'U1'U 15 'UTVi "il1f1,!'U~~61JB'lb~mtl~mm 750 bl.Jbfl'j'~~d '1'1'U'U QIAshredder™ column 

" 
(QIAGEN) :u~~1bb'1~L111tl~'U~f1~~f1v'U~fl111Jb~1 13,000 'j'f)'lJ~v'U1Vl bU'Ub1'11 2 'U1Vl ~ 

mu~f1il~m ~~?\1'j''1~mc.i~~1'U Q!Ashredder™ column tl~m~d 400bl.Jbf'ld~~d1ci~'1v~ 
, " " 
micro centrifuge 1 ~~ b~lJ ethanol (96-100%) tl~m~d 200 blJ bfl'j'~~d ~?llJ 1 ~boLJ1tl'Ubb'1~~~ 

?\1'j''1~mc.i~?l1J~'lf1~11'1'1'U'U RNeasy® mini spin column (QIAGEN) ll~~1bb'1~L111tl~'U 
I I l/ I 

~f1~~f1B'UVlfl111Jb~1 10,000 'j'fl'LJ~v'U1Vl bU'Ublm 12 mV1 V1mu~f1il~e:i-:i V1-:i?11J'1~mc.1V1~1'U 
' " 

RNeasy® mini spin column mi~tb~f1B'U collection tube b~1JboLJ1n'U column b~lJ QIAGEN 

buffer RW1 tl~1J1m 600 bl.Jbf'ld~~d '1'11'1.J column ll~~1bb'1~L111tl~'U~f1~~f1B'U~fl11m~1 

10,000 'j'fl'lJ~B'U1Vl bU'Ub1'11 15 1mV1 ~~ruw;iil~e:i-:i v1'-:i?\1'j''1~mc.i~~1'U RNeasy ® mini spin 

column bb'1~U'j'~f1B'U collection tube 1~~boLJ1tl'U column "il1ni!m~1J QIAGEN buffer RPE 

tl~m~d 500 bl.Jbf'ld~~d '1'11'1.J column ll~~1bb'1~L111tl~'U~f1~~f1B'U~fl111Jb~1 10,000 'j'eJ'lJ~B 

'U1Vl bU'Ub1'11 15 l'U1Vl ~~ruw;iiJ~e:i-:i v1'-:i?l1'j''1~mc.J~~1'U RNeasy® mini spin column bb~~ 

tl'j'~f1B'U collection tube b~1JboLJ1n'U column b~lJ QIAGEN buffer RPE tl~m~d 500 

bl.Jbf'ld~~d '1'11'U column ll~~1bb'1~L111tl~'U~f1~~f1B'U~fl111Jb~1 10,000 'j'€J'lJ~B'U1Vl bU'Ublm 
.:::::.. .c:t.d .:::::..2-' ,,!; .d1 ® 

15 1'U1'Vl Vl~tl.l~J;]lJ~m Vl'l?\1'j''1~'11CJVlm'U RNeasy mini spin column bb'1~tl'j'~f1B'U 
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collection tube L~1.1L-U'1nu column LL'1t~'U\JlfWltf1v'U~fl111JL~1 13,000 1B'U~v'U1Vi LU'UL1'11 

2 'U1Vi ~'EHU'Vl.nih~v.:i 'lhtf1ff\.J RNeasy ® mini spin column L-U'1n'U'Vl'1B(;l micro centrifuge , ,, 

1'VI~ L~l.J RNase-free sterile water u'1l.l11'11 50 bl.JLfl1~\Jl1 L(;ICJ'VICJ(;l'1'l'U'U filter L(;ICJ\911.:J U1J'U1'U 

2 'U1Vi ,nni!'Uu(jle.J1LL'1ttl11i.J~'U\Jln\Jl~ne:i'U~m11.1L~1 10,000 1e:iu~e:i'U1Vi Lll'Unm 1 'U1Vi ~ 

4.2 15 RN easy Plant Mini Kit: '\.J\jl 1 uri'll 100 lJ'1~n-r1.1 ~1CJ RL T buffer 

mm\911 500 11.11m~m ~ij [3-mercaptoethanol ml.111'11 5 11.111'11~(;11 'OJ'Uf11t~'l~1BV1'l 
.. O 1 .. ~ .J d I -=ii d d d .c::ir, II 

'1tLe:JEJ(;l 'U1 'llu'U\Jlf1\JltnB'UVlF1111.IL11 12,000 1B'\.J\;lv'U1Vl LU'UL1'11 5 'U1Vl vimu'Vl.n1l'Vlv'l (;!(;! , ,, ,, 
"llmL'Vl'111"16'11'U'\.J'U 40011.11fl1~\Jl11cl'Vl'1v\jl1'VllJ L~1l phenol:chloroform:isoamyl alcohol 

(25:24:1) ~"11.IL'\.J1 11~L-U1n'U 'OJ1ni!'Utl11'll~'U\Jlf1\Jltne:i'U~m11.1L~1 12,000 1vuvie:i'U1Vi LU'Unm 

5 'U1Vi ~mu'Vl.nlJ~e:i.:i \jl(jl"lJtJ'lL'Vlm1"16'11'U'\.J'U 30011.11fl1~\Jl11cl'V1'1B(jl1VllJ L~1J sodium acetate , ,, ,, 
pH 5.2 'll'11.11\Jl1 1 LvJ1"llv.:i'll'11l1\Jl1"111'1t'11CJ LL'1t absolute alcohol 'll'11.11m 2.5 LvJ1"llv.:J 

m1.11\Jl1"111'1tmCJ ~"11.11~L-U1n'U i.J1.1~ -20 e:i.:iP11L'llm~CJ"1 15 'U1Vi tl1hJ~'U\Jlf1\Jltne:i'U~m11.1L~1 

12,000 1vuviv'Ll1Vi LU'UL1'11 5 'U1Vi ~mu'Vl.nlJ~e:i.:i Ln'U(;ltf1v'Um(;li11fl~~mL'1t~1.:i~1CJ 70% , ,, 
ethanol 'll'11l1(;11 50011.111'11~\911 tl11'll~'U(;lf1\Jltf1v'U~m11.1L~1 12,000 1v'Uvlv'U1Vi LU'UL1'11 5 

'Ll1Vi ~m1JV1.nlJ~e:i.:i Ln'U(;ltf1B'Uf11(;li11fl~~mL'1t~1.:i~1CJ 70% ethanol '\.J~1.11\Jl1 50011.111'11~\911 , ,, 
o 1• 1i1 .J <l I "" ~I "" .J "" V 'U1 uu'U\Jlf1\Jltf1B'UVlfl111JL11 12,000 1B'\.J\Jltl'U1Vl Lu'UL1'11 5 'U1Vl Vlt!W'Vl.fl1J'VIB.:J 1'11f1\Jltf1B'Uf11(jl , ,, 

i11fl~~n1~LL~.:i '1t'11CJl'1tnt1'U~1CJJ1u~"1vi~mlJi1 nuclease '\.J~1J1(;11 3011.111'11~\911 , 

4.3 iE CTAB: 'IJ{;l1'1Jri'll 100 iJ'1~n-rl.J ~1CJ"111'1t'11CJ CTAB extraction buffer 

(2% CTAB, 100 mM Tris-HCL, pH 8.0, 20 mM EDTA, 1.4 M NaCl, 1.0% Na2S03 LL'1t 2.0% 

PVP-40; Na2S03 LL'1t PVP-40 L~1.1ne:i'U1i.:i1'U) '\.J~1.11\Jl1 1 lJ'1~~\Jl1 u1.1~ 65 v'lPl1L'll'1L~CJ"1 'U1'U 

30 'UTVi ~'U\Jlf1\Jltf1B'U~fl111JL~1 13,000 1B'Uvlv'U1Vi 'U1'U 5 'U1Vi 'OJ1n'1'lJ(jl(jl"lJCJ'lL'Vl'111"16'11'U'U'U16'1 ,, 
'Vl'1CJ(jl micro centrifuge 1'VllJ L~1J chloroform: isoamyl alcohol (24:1) ml.11\911 700 

1:uLfl'i~\Jl'i i:.J~:u1~LsU1tl'U ~'U\Jlfl\Jl~f1€l'U~fl11l.JL~1 13,000 1€l'U~€l'U1Vi 'U1'U 5 'U1Vi \jl(jl"lJ€J'lL'\/1'111"1 ,, 
cl1'Uu'Um1.111P11 5001l.J1fl1~1P111ci'VlffeJ(jl1'VllJ L~l.J chloroform: isoamyl alcohol (24:1) '\.J~l.l1m 

5001l.J1fl1~\Jl1 ~"1l.J1~LoU1tl'U tl11'll~'U\Jlf11'1tf1v'U~fl11l.JL~1 13,000 1B'\.Jvlt!'U1Vi 'U1'U 5 'U1Vi (;!(;! ,, 

"llmL'Vlm1G'lcl1'U'U'U L~l.J"111'1t'11CJ 5 M NaCl '\.J~l.J1\Jl1 0.5 LvJ1"lJB'lD~l.J1\Jl1"111'1t'11CJ LL'1t 

isopropanol LL'llL~'U '\.J~1J1\Jl1LvJ1tl'\.J"lJB.:J'\.J~ml'11"111'1t'11CJ ~"1l.J 1 ~LoU1tl'ULL'1tUl.J~BW'Vl.fllJ -20 , ,, 

B.:JPl1L'llm~CJ"1 u1.1~.:i1i'Lll'Unm 12 '5'11l.J.:i '11ni!'U~'U\Jlf1\Jltnt1'U~m1m~1 13,000 1vuvie:i'U1Vi 
.:::ii " .c::ir, .c:.l.c::::it. .., 

'U1'U 10 'U1Vl Lf1'\.J\Jltf1B'Uf111'l'U1fl'1Bn '1~'11CJ1'1tf1€l'UmCJ TE Buffer (10 mM Tris-HCL, 1 mM 

EDTA, pH 8.0) ml.l11'11 20011.111'11~1'11 '11n'1m~l.l"111'1t'11CJ 5 M NaCl 'll~mm 100 

1l.J1fl1~\Jl1 LL'1t isopropanol LL'llL~'U'll'11.11\Jl1 3001l.l1m~\Jl1 ~"1l.J1~LoU1tl'U ~'U\Jlf1\Jltf1B'U~ 
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m1l.!L~1 13,o,oo 1tJulJie:i'U1Vi 'U1'U 10 'U1Vi '11oi!'U~1.:i1J1~oe:i'U~1ti 70% ethanol tJ~mm 400 

1l.JLF11~1Jl1 ~'UIJIO\Jl~Otl'U~l'l11l.JL~1 13,000 1eJ'UIJieJ'U1Vi 'U1'U 4 'U1Vi LL'1~1Jl101Jl~Otl'Um~il11'1~~0 

L~LL~.:J '1~'11tJIJl~Ot)'U~JtJtl10Gi''U~.:!~1b~eJ iJ~l.J11Jl1 1001l.JLF11~1Jl1 
Qc::.:il .J 0 al f' I V '} V • 

4.4 15 MacKenzie buffer Vl'U1lnv)~~OIJ1)1l.JO'U01)J,"ll chloroform: 1soamyl 

alcohol: 'U~L'U~"lJ 200 iJi;i~o-rl.J ~1tJ MacKenzie buffer (4M Guanindine thiocyanate, 0.2 M 

Sodium acetate, 25 mM EDTA pH 8.0 ~L'1~2 .5% PVP-40) tJ~lJ11Jl1 2,0001l.JLF11~1Jl1 '1'U 

'1~L~tJ~ L~l.J (3-mercaptoethanol tl~a.n1J11 201l.JLF11~1Jl1 c.J'1l.JL~LoLJ1n'U ~~'111'1~mti1?l'Vl'1e:J~ 

micro centrifuge L'Vl:W L~l.!'111'1~mtJ Sarkosyl i'l11l.JLoLJl.JoLJ'U 20% tl~l.!11Jl1 1001l.JLl'11~1Jl1 c.J'1l.!L~ 

LoLJ1tl'U -J11tlul.J~e:Jru'Vl.niJ 70 e:J.:!1'11L'llm"liti'1 'U1'U 15 'U1Vi ~'UIJIOIJl~OeJ'U~FlJ1l.JL~1 13,000 1e:iu\Jle:i , " 
'U1Vi 'U1'U 5 'U1Vi '11oif'U~~'1JeJ.:JL'VlmLrt?l1'U'U'UL?IV1'1tl~ micro centrifuge L'Vl:W L~l.J chloroform: 

" 
isoamyl alcohol (24:1) ma.n1J11 7001l.JLF11~1Jl1 c.Jrfl.JL~LoLJ1tl'U ~'UIJIOIJl~OeJ'U~m1l.!L~1 13,000 

1e:iu\Jle:i'U1Vi 'U1'U 5 'U1Vi ~~'1le:J.:JLV1'111r1?!1'Uu'Utl~a.n1J11 5001l.!1F11~1J111?1V1i;ie:i~1V1:W L~l.! 
" 

chloroform: isoamyl alcohol (24:1) ma.n1J11 5001l.JLF11~1Jl1 c.J'1l.!L~LoLJ1tl'U t111tJ~'UIJIOIJl~Otl'U~ 

i'l11l.JL~1 13,000 1e:iu\?le:i'U1Vi 'U1'U 5 'U1Vi ~~'1JeJ.:JL'VlmLrt?f1'U'U'U L~l.Jrf11'1~'11tJ 5 M NaCL ma.n1J11 
" 

0.5 LvJ1'1JtJ.:Jtl~l.!11Jl1'111'1~'11tJ LL'1~ isopropanol LL-llL~'U mlJ11Jl1LvJ1tl'U'1JeJ.:JU~lJ11Jl1G'f11'1~'11tJ 

c.Jrtl.!L~LoLJ'1n'ULL'1~Ul.!~tlruV1.oiJ -20 e:J.:!1'11L'llm"liti'1 uuvl.:iHLU'UL1m 12 -5'JLl.J.:J '11oif'U~'UIJIO\Jl~Oe:i'U , " 
Vim1l.!L~1 13,000 1e:iul'le:i'U1Vi 'U1'U 10 'U1Vi Ltl'U\Jl~Oe:i'Um~'Ll1Fl~~o i;i~mtJIJl~OeJ'U~JtJ TE Buffer 

(10 mM Tris-HCL, 1 mM EDTA, pH 8.0) ma.n1J112001l.JLF11~1Jl1 '11oif'UL~l.!rt11i;i~mti 5 M 

NaCL ml.!11Jl1 1001l.!1m~IJ11 LL'1~ isopropanol LL-1iL~'UU~lJ11Jl1 3001l.JLF11~1Jl1 c.J'1l.JL~LoLJ1tl'U ~'U 
' u 

IJIOIJl~OeJ'UVim1m~1 13,000 1e:iul'ie:i'U1Vi 'U1'U 10 'U1Vi '110U'U~1.:J\Jl~Oe:i'Utii'1ti 70% ethanol 

ml.!11Jl1 4001l.JLF11~1Jl1 ~'UIJIOIJl~OeJ'U~i'l11l.JL~1 13,000 1tl'U\?le:i'U1Vi 'U1'U 4 'U1Vi LL'1~1Jl101Jl~Otl'U 

m~'Ll11'1~~01 ~Lb~.:! '1~'11tJIJl~OeJ'Utii'1titl10Gi''U~.:!~1L~eJ ma.n1J11 100 1l.J LF11~1Jl1 

u 

'110,r'U °Ll1tJThB'ULe:Jffiti1'110011'1tl~~.:i 4 15011 lJ11Jl11'1rftl'Ul'lru.fl1Yitil1mV11'1ill'l 

Nad2.1a: GGA-CTC-CTG-ACG-TAT-ACG-AAG-GAT-C (25 bps) 

Nad2.2b: AGC-AAT-GAG-ATT-CCC-CAA-TAT-CAT (24 bps) 

, 

Tm= 63.2 

Tm= 60.2 

-D''UIJleJ'U011°Yl1 RT-PCR 

.ff'U\Jltl'U Reverse Transcription (RT) L~e:ir1~1.:irt1ti cDNA tJijfi~mtJ1~oe:iu1tltii'1ti 

2~11'10-rl.J1Yi1Ll.Je:ii '11ti c 10.0 1l.J11'11~1J11 

3.5 1l.! 1m~1J11 

13.5 1l.J 1A1~1J11 
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ill 

[ 

[ 

' u u 

tl1L'll1Lf'l~ti.:i Thermal cycler 1~v~.:i1u·rnml.lm1v\1.:i1'U~.:iu 
u ' 

-u'"UVi 1: 97°C tnu 5 "U1Vi 
II II II II 

'11ni1t1tl1m LL ~tl1 LL ~.:i~'UVi~.:iVi.:i H 2 'U1Vi 
u ' 

oU'UVi 2: 

u u 

'11f1i!'Utl1mL~l.1"111~.:iil 

37°C 'U1'U 15 'U1Vl 

5X reverse transcriptase buffer 

10 mM dNTPs 

200 U/µL reverse transcriptase 

11l.l 

11e:JU 

4.0 1l.11f'l1~1'11 

2.0 1l.lbf'l1~1'11 

0.5 1l.l bf'l1~1'11 

6.5 1l.11m~1?11 

~'Ul'le:J'U Polymerase Chain Reaction (PCR) L~m~l.lu~mru DNA 1~mn~e:i~'1::: 
1'111'1"1e:iu1~ 'llljn~v1u1:::ne:iu 1 'll~1v 

u ' 
oU'UVl 1: 
u 

oU'UVl 2: 
,, ' 

oU'UVi 3: 
,, 

oU'UVl 4: 

u ' 
oU'UVl 5: 
u 

oU'UVJ 6: 

50 mM MgCl2 

10X PCR buffer 

10 mM dNTPs 

2Vilf'ln-rl.l1~1Ll.le:J1 "11V c 

2 ~bf'lf11'l.l 1~1Ll.le:J1 "11V h 

2 U/µl Taq DNA Polymerase 

cDNA 

94°C 

94°C 

56°C 

720( 

'U1'U 3 'U1Vi 

'U1'U 30 l'U1Vi 

'U1'U 30 l'U1Vl 

'U1'U 30 l'U1Vi 

0.8 1l.11m~l'l1 

2.0 1l.11m~1?11 

0.5 1l.11m~1?11 

2.0 1l.l bf'l1~1'11 

2.0 1l.11m~1?11 

0.5 1l.lbf'l1~1'11 

10.2 1l.lbf'l1~1'11 

2.0 1l.11m~1?11 

20.0 1l.lbf'l1~~1 

11e:JU 

11e:JU 

11e:JU 

11BU 

1~m1t1.fft1~ 2 5.:i 4 "il:::"51~n 34 Tvu 

n°c 'U1'U 10 'U1Vl 11BU 

20°c 'U1'U 15 'U1Vl 11e:JU 
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[ 

1'1'n\l'11B'U'U'\.J1~'UeJ.:ie-.J6'\e-.J~\J1\l1m.l~n~m PCR vhv'l v11v15rn1BL~f'1Lm1vl~~"'1~£Jfl11 L otl 

2% agarose gel mm1£JL'\.J'11116'1~6'11£J 0.5X TBE buffer LL~1tl1m~1'\.J'11'\.J1:1 . .ilvJVh~m1:w~1.:i~nv 
100 b6'1~ L~'\.Jnm 40 mVI '11ni!'\.Jtl1 agarose gel ~B:W~1tJG'l116'\~mti ethidium bromide 

LL6'1~tl11'1..l~LLtt'U'UeJ.:i~LB'\.JLBvl1£JLf'1~a.:i Gel Documentation UV-transilluminator 1~£Je-.J6'\e-.J~\J1 
\I 

L~a 1m5rn1'1!n~m1 Lama~ L vtm~"':w LL~1 v11 rn1 \J\11\lvt1L~a111a v~ n'U~1a £11.:i~ Ln'U\l1n 

'111'\.J~:IJ'UB.:!Lflij\J\1fl1LL6'1~\l1fl~"!lV1~'1!B'U~U6'\flL~B L~£Ji'.i~'\.J\J\B'Ufl11i;\1LU'\.J.:!1'\.J~.:l.Q 
\I 

5.2 \J111'11i:l'1~m~a111av~v11mVlf'1Uf'1 RT-PCR LL6'\~V!1'11fl11~~LV!:IJ1~'1!:1J'lJB.:!'l..l~n~tJ1 
1~v1-olvm:wa1vflm'Urn1\J111'1L~ab1av~~.:i s "!li:l~ 1~ve-.i6'1e-.i~\J\'11n'l..l~n~m RT-PCR vhv1'1~ii 

'U'\.J1~a~"l.'\.J'!l1.:i~.:iLL~ 300 5-:i 400 base pair 1~vhm:wa1vhv'laarnL'U'UHi'.i~1~'UL'U'1!~.:i~a1'1..ld 
,, 

5.3 -iJ'\.J\J\B'\.Jfl11vl1 RT-PCR 

5.3.1 ~'\.J\J1B'\.J Reverse Transcription (RT) L~B'11~1.:!'111£J cDNA \l1flL~B 
b·rnv~ 'l..lljn~v1'1..l1~na'U1'1..lv11v 

10.0 1:w1m~\J\1 

3.s 1:w 1f'11~\J11 

13.5 1:w1f'11~\J\1 

,, ' 

-if'\.JVi 1: 97° C '\.J1'\.J 5 mVi 1 1B'U 

\l1ni!'\.Ju1mLL'lltl1 LL ~.:iVl'\.JVi~.:i~.:i H 2 mVi 
,, ' 

-ifi.JYi 2: 

,, ,, 
" 0 ~ Q,J .c:il '11 fl'\.J'\.J'\.J1:1J1 L\1l:IJ'1111~.:l'\.J 

37°C 

5X reverse transcriptase buffer 

10 mM dNTPs 

200 U/µl reverse transcriptase 

11:1.J 

m '\.J 15 mYi 11B'U 

4.0 1:w1m~1111 

2.0 1:w1m~1111 

0.5 1:w1m~m 

6.5 1:w1m~1111 
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[ 

[ .ff'l.J\Jlv'l.J Polymerase Chain Reaction (PCR) Lyjm~ii'l.fa..nru DNA L~l.11n'V'lv~"il::: 
\Jl11"il'1v'l.J 1~ tlljn~v1tl1:::nvu 1 tl~1v 

50 mM MgCL2 0.8 1ii1m~\Jl1 

lOX PCR buffer 2.0 1ii 11·r~~\Jl1 

10 mM dNTPs 0.5 1ii1m~\Jl1 

2 ~1Fln1ii 1vr~Liivi '11V c 2.0 1ii1m~\Jl1 

2 ~1Fln1ii 1vmiivi '11V h 2.0 1ii1Fl1~m 

2 U/µl Taq DNA Polymerase 0.5 1ii1m~\Jl1 
" .., .. I JI 10.2 1ii1Fl1~\Jl) . 

'1.J1fl"1'1.J'l.J.:j~1L"1lv 

cDNA 2.0 1ii1m~\Jl1 

11lJ 20.0 1ii1Fl1~\Jl) 

" ' 
oV'l.JVi 1: 94°C '1.J1 '1.J 3 '1.J1 Vi 11v'\.J 

" ' 
oV'l.JVi 2: 94°C '1.J1'1.J 30 l'l.J1Vi 11v'\.J 

" ' 
54 ~.:i 60°C (~'1.Jfl'l.J1Yi1Ll.lv{) '1.J1 '1.J 3 0 1 m Vi oV'l.JVi 3: 11v'\.J 

" 720( oV'l.JVi 4: '1.J1'1.J 30 l'l.J1Vi 11v'\.J 

11~d 4 ~~ 
~v '1.J'lJ'l.J'Vl 2 m 4 "il:::ra1vn 34 1v'\.J 

~ .J 
'lJ'l.J'Vl 5: 72°C '1.J1'1.J 10 '1.J1Vi 11v'\.J 

" ' 
oV'l.JVi 6: 20°C '1.J1'1.J 15 mVi 1 1v'l.J 

5.4 \Jl11WIV'U'lJ'l.J1~'lJe).:je.JrJC-J~\Jl"il1fltlljn~V1 PCR vtltii' tii'1v15m1~L~Fl11Jl11mi8'11~vm1 

1rff 2% agarose gel ri:::mv1'1.J'111ri:::mv 0.5X TBE buffer LL~1oJ1ii1~1'1.J'1'1.J1lJ1vh~1~Fl11l.1~1.:i 

!ilnv 10011"1~ LD'l.JL1"11 40 mVi "iJ1ni!i.J°Ll1 agarose gel ~viitii'1v'111"1:::mv ethidium 

bromide LL"1:::°Ll1hJ~LLt1'1.J'lJv.:i~LB'l.JLvtii'1mf'l~v.:i Gel Documentation UV-transilluminator 1~v 
" 

e.im.J~\Jl"il1ntlljn~v1 PCR vtbtii' "il:::ii'lJ'l.J1~tl1:::ii1ru 300-400 base pair 

Vl1fl 1tii'LLtlU~LB'l.JLv"il1fl~'l.J\W€l'l.Jfl1'mn"iltii'1v15m1 PCR LL~1 "il:::~1L'il'l.Jfl1TVl1LL"1:::1Lf'l11:::~ 

~1~u'il1Flruv1'Vllii~.:in~11Lvlv~'l.Jti''l.Je.irim1\Jl11"il 1~vm1oJ1 PCR product vtbtii'"il1n1i.J~1.Uv~ 4 

Lzjvii~m.U1nu pGEM-T easy vector LLri:::cl1v1vm.U1~ competent cell (DH5a) 1~vm5m1 

~.:i~v1ud 
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v11m1Lf1"1'Ue.J"1t:.J~\Jl'11ntlfin%1 RT-PCR vTtv1 L~m~l.ltl~iJ1ru cDNA '!rn.:i111eiv~ Ltilvm1 

Lzjvl.l~m'li1nu'Vlm?liJtil'Vl1VI~ pGEM-T easy vector (Promega) '11m!'Ucl1v1ei'UL'li1~L'll"1~WUflViL1v 
LL"1~tl11t11Lfl11~~~1~u'11flfilv 1vi~L~v-;J1LL'Un"!lii~irn-:iL~B1THm~~a1 'll zj,:i1~mi~~-:i~ei 1'1.l~ 

6.1 L\?\~Vl.Jt:.J"1t:.J~(Jl'11f1Ui)n1m RT-PCR m~~u1~'Vlt LtilVf111tl11tJL~tll.J~tltlU Ylm?llJtil 

Yl1VI~ 1tilvtl1t:.J"1t:.J~l'l'llv.:itJi)n1m RT-PCR 1l1LLvn~LB'ULvl'l1l.l'll'U1til 1tilv15m1BL~f111'l11 ffi"B?I ~1vm1 

1-ij 2% agarose gel 1'U?l11"1~mv O.SX TBE buffer LL~1tJ11J1~1'U?l'U1l.l1~Y11~m1l.l~1.:i~n~ 100 

11"1~ Lll'UL1m 40 'U1Vi LL"1~~tilLQYl1~LLtl'U~L8'ULv~ii'll'U1til1n~LAV-:JtltJL~vb1eiv~ ~vii'll'U1tilU1~1J1ru 
350 - 4001'1Lu?l1'1Vl"1vtil centrifuge tube LLm~i.:itl1V1iJ'n'llv-:JL'1"1 LtilV'1~~ei.:i'WLn'U 400 i1"1~n-rl.l 

" 
6.2 ?lntil~L8'ULtltltlf1'11f1L'1"1~1V QIAquick Gel Extraction Kit (QIAGEN) ~1v15m1vi'.:id 

6.2.1 L~l.l?l11"1~mv QG buffer tJ1l.l1\?\1 3 LvJ16!Jei.:itl1V1iJ'm-o;i"1 tl11tJul.l~ 
eiruV1.f1i1 50 ei.:imL'll"1L:Sv?I L\J'Unm 10 'U1Vi V1~v'1'Um~~.:iL'1"1"1~mveitl1.:i?1l.lmru 
, " " 

6.2.2 L~l.l isopropanol tJ11l11'l1 1 LvJ16!Jv.:itl1V1iJ'm'1"1 e.J?ll.JL~L'li1n'U -o;i1ni!'U~~ 
~til column LtilVtl1 QIAquick spin column 11-:JU'U collection tube ~til?l11"1~"1Vt:.J?ll.JL?IL'U 

"!l~ column 1~vtil~?l11"1~mvtJ1iJ1l'l11lJLn'U 8001iJ1m~m tl11tJ~'U\Jlfl\Jl~flv'U~m1m~1 , " 
13,000 1eiu~ei'U1Vi 'U1'U 1 'U1Vi v1'.:itl11?11'UV1"1v~ collection tube 

6.2.3 ~1-:J QIAquick spin column ~1V?l11"1~mv PE buffer tJ1l.l1\Jl1 750 

1l.lLf11~\Jl1 ~.:iv1'.:iH 3 'U1Vi tl11tJ~'U\Jlf1\Jl~nei'U~m1l.lL~1 13,000 1au~ei'U1Vi Lll'Ub1m 1 'U1Vi ~1.:i 
QIAquick spin column Bf1f1~.:iv11v?111"1~mv PE buffer tJ11nl'l1 7501l.JLF\1~m ~.:iv1'.:iH 3 

'U1Vi tl11tJ~'U\Jlf11'l~nei'U~m1iJL~1 13,000 1eiu~a'U1Vi LU'Unm 1 'U1Vi 
,, 

6.2.4 '11niJ''U"1~"1Vl'lrnv'U~L~'ULv~1v?111"1~mv EB buffer tJ~1J1\Jl1 30 

1iJ1F11~\?\1 ~.:iv1'.:iH 1 'U1Vi Lrn~~'Ul'lnl'l~nei'U~m1iJL~1 13,000 1-vu~a'U1Vi LU'Unm 1 'UTVi 

\Jl11'1?1vU'!J'U1tilLL"1~U1l.l1W cDNA vl'l.~~1V 2% agarose gel electrophoresis V11f11~LLtlU~L8'U 
I II o V Cl d d11 o V .c:i1 d II 

Ltl1J1f1ff'J1 1 mn.J '1~\?\tl-:J'V11f111\JW1 LLm.Jtil Ltl'ULtJ'Vl(JltJ,:j f111 LL"1~'V11f111?lf1til(il Ltl'ULtltltl f1'11 m '1"11'11V 

QIAquick Gel Extraction Kit (QIAGEN) J1Bf1i'l~.:i"il'UL~LLC1'U~LB'UL'ElbLC1'UL~t11 

'11mf'Utl11l11'l11'1?1titJ~'U~LB'ULtiffiv1v11m'Vlf1Uf1BL~FlLl'l11~168?1 ~1vm11i 2% agarose 

gel 1'U?l11"1~"11V 0.5X TBE buffer LL~1tl1l.l1~1'U?1'U1l.l1~vh~m1l.l~1.:i~n~ 10011"1~ Lll'UL1"11 

40 'U1'Vi L ~tl\?\11'1?1tltJtil'J11~ LLtltJ ~ LB'ULtlLLtltJL~ V16!J'U1til\?\1-:J tltJ~~tl-:Jf111Vl~tl 1lJ Vl1f1 ~.:iii LLtltJ~ L8'U 
" 

Ltl~'UU'U R1 ~Yi1f111~til L '1"1 LQ'Vl1~ LLtltJ~ L8'ULtl~~ei.:i f111B f)f)~,:j LL"1~tl11 U?I tltil~ LB'ULtltltl f1'11f1 L '1"1 

~1V QIAquick Gel Extraction Kit (QIAGEN) Bn 'OJ'Um~~.:i1~LLtltJ~LB'ULB~~ei.:im1LLtltJL~v1 

6.3 L~til.l~v cDNA 'llv-:JL~vb1eiv~ (t:.J"1t:.J~\?\'11f1Ui)n1vi PCR) L-ff1nu Yl"1?1lJtilYl1VI~ 
Ltilm~vl.l~v cDNA ~~1'Um1Yi11~u1~'VltLL~1ntJYl"1?1iltil pGEM-T Easy (Promega) ~1mti'U1'1ltl 
T4 DNA Ligase ;.:iiici1'UtJ1~neiu'!Jei.:itJi)n1v1~.:id 
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T4 DNA Ligase 2X buffer 

PGEM-T easy vector 

PCR product 

T4 DNA Ligase (3 unit/µl) 

1'Jl.J 

10.0 Ll.JLl'\1~~1 

to Ll.JLl'\1~~1 

s.o 1l.J Li'\1~m 

to 1l.l Li'\1~~1 

20.0 Ll.JLma~1 

tll.J~vrul-1.niJ 4 v-:if'l1L"llm~tJ~ LD'Unm 12 .a-1Ll.J-:1 ~~m~"llv-:itlnn~m1'Ll~'U~v'Utl?'lv ~:::1~Ylm~iJ 
' 'U ~ 

~~fl~~l.J ~il~'U~~~~~~1ntlnn~tJ1 RT-PCR ~L 11i'\1~11t11~tLD'UL~tl b1vtJiiLzjtll.l~mi11 tlv~ 
'U ~ 'U 

Escherichia coli ~1tJ~'UTI DH 5a 1m5m1 heat shock transformation (Fristch et al., 
' 

2001) L~m~l.l~11~:::mtJY1m~iJ~~n~~l.l~1ntl~n~m ligation tl~m~1 20 Ll.l LR1~~11~L 'Ul1~v~ 

~ilL"l!"~LL Ui'lViL~m~1\J1'U~Vi11 ~Yl~vl.J-ruYl"1~iJ~"fl~~l.JLoLJ1~L"I!"~ E. coli tl~l.!1~1 100 
'U 'U 

Ll.!Li'\1~~1 Y1anl1"v~1tll.l1Lu1 1 ~1fl~'ULL~l1"v~Vl~"v-:i1'Utl1LL~-:1LtJ'Llnm 30 'U1Vi ~1n~m11 
l1"v~l.l1LL"llL'Utl1vrul1.niJ 42 v-:Jf'l1L"l!m6ii~rn 'U1'U 451mVi m~:::~rn111tlLL"llL'Utl1LL~-:J~'UViLD'Unm 

' 'U 

5 mVi L~l.ltl1l111Ll1m LB tl~mm 1,000 Ll.!Li'\1~m t111tlLL"llL'Utl1LL~-:in"1 10 mVi ~1fl~'Ut111tl 
L"ll~1~tlWl1.fliJ 37 tl-:!f'l1L"l!m6iitJ~ 'U1'U 2 - 3 ~'JLl.l-:! U1Ltl~'U~fl~tfltl'U~i'\'J1l.JL~'J 10,000 1tl'U~tl 

' 'U 

'U1Vi LDm1"1 2 'U1Vi LVltl1\111 LB L~l.lvi'-:iLL~tL~l.ltl1\111Ll1m LB 1l1ll tl~m~1 300 Ll.!Li'\1~~1 "-:i 
1tl "tmtJ~tflv'U"llv-:JL~mLui'\ViL~tJ Vi1m1 spread ~'Jl1i!1mm1LL~-:J LB agar ~ilLLtll.l~~~'U 
i'\'J1l.JLoLJl.JoLJ'U 100 Ll.!Li'\1n-rl.l~viJ"~~~1 ~'JtJ~11"t'11tJ 5-bromo-4-chloro-3-indolyl-6-D

galactoside (X-gal) i'\'J1l.JLoLJl.JoLJ'U 20 Ll.J Li'\1f1-rl.J~viJ"~~~1 tl~l.!1~1 40 Ll.J Li'\1~~1 nu~11"t'11tJ 

isopropyl-6-D thiogalactopyranoside (IPTG) m1l.!LoLJl.loLJ'U 10 iJ"~Ll.!"11 tl~l.!1~1 20 

Ll.J Li'\1~~1 vi'-:i1 ~~'Jl1i!1"llv-:JV1\111LL~-:J ~1fl~'Ut11~11":::"1tJ"llv-:JL~mLUl'lViL~tJ spread U'UV1\111 

LL~-:! LB agar vi'-:in~11 '111 tltll.l~vrul-1.niJ 37 v-:Jf'l1L"l!m6iitJ~ LD'UL'J"1 8-12 ~'J Ll.J-:J L~tlR~L~tlfl 
' 'U 

colony "llv-:JL~mLui'\ViL~tJ~il~'U~'J'U cDNA "llv-:JL~v 111vtJii L~m~vflLOY11t Li'\ L~i1"ll'U1~ 1 l1qj~"ll1'J 
LL"tv~l-i1-:1~1n LR L"tl~'U ., L~tJ1llL~vn LR L"tl~il~~1\1~vtl1L~'U l1~v LR L"i1~"ll1'J"ll'U1~L~nv1v~1vu 

"' I "' 

I LR L"tl"ll'U1~1 l1qj l1~v LR L"tl~v~:S~nmiJ'Um:::~n mrniJ'U1 tl1~m1L~vn LR L~tl~v~u~L1runm-:i 
~1'Umm1 L~tJ-:i L ~v LL"t L~ tJ-:Jfl11L~vn LR L"tl~v~u~ L 'JW"llvu~1'U 

'U 

6.5 ~n~y.im~il~~fl~~l.l 1m5m1 Alkaline lysis (Sambrook and Russell, 2001) L~tJ 

b~tlflLi'\ L"U"lltl-:JL<ffv E. coli viil~"ll1'Jl.J1L~tJ-:J1'UV1\111L\1m LB ~ilfl11L~l.JLLtll.J~~~'U ml.!1~1 1 
Q <Cll.C:. JI ,g d I d ~ I Q Q .c:ij Q 

l.!"""~1 rntJ-:JL"llv'U'ULfl1v-:iL"lltl1Vlm1l.lL111vu 200 1vu~v'U1Vl vrul-1.nl.l 37v-:Jf'l1L"llm'lltJ~ LiJ'U 
' 'U 

nm 12 i1Ll.J-:J ~1fl~'U~'U~fl~tfltl'UL"ll"~~i'\'J1l.JL~'J 10,000 1tlU~v'U1Vi 'U1'U 1 'U1Vi LVltl1\111 

L\1"'Jtltlfl L~l.l~11"tmtJ Solution I (50 mM glucose, 25 mM Tris-HCL, pH 8.0, 10 mM 
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lli 

fil 

EDTA, pH 8.0) tl~:w1\J\1 100Ll.JLf11~m e.J'1l.JL~LoU1tl'U~1V vortex mixture '11ni!m~l.J'111"1~"11V 
Solution 11 (0.2 M NaOH, 1 % SOS) tl~l.J1\J\1 200Ll.JLf11~\J\1 ~L\J\~Vl.JL"vi1lnv'Um11i.:i1'U e.J'1l.JL~ 

L'll1nmL~1t111tltll.J~Bru"vifllj -20 B-:Jfil1L61!"1L~V'1 'U1'U 5 'U1Vl LL"1~L~l.J'111"1~mv Solution Ill (3M 
, 'U 

potassium acetate, 0.2 M glacial acetic acid) tl~:w1\J\1 150 Ll.JLf11~\J\1 t:.JG'tl.J1~LoU1n'ULL6liU'U 

tl1LL~.:J'UTU 5 'U1Vi 'l111tl~'U\J\fWl~f1e:J'UL'll"1~~m1m~1 12,000 ·rnu~e:i'U1Vi 'U1'U 10 'U1Vi ~~ 

'111"1~mv1?i"vi"1v~1"vill LL"1~L~l.J absolute ethanol tl~l.J1\J\1 2 LvJ1'llv.:Jtl~lJ11?11 '111"1~mtJ e.J'1l.J 

1~L-U1n'U't111t1ull~mww1ii -20 e:i.:imL'llm~vG't 'U1'U 30 'U1Vi '11mr'U'l111tl~'U\J\f1\J\~ne:i'U~ri11l.JL~1 
, 'U 

13,000 1BU~e:J'U1Vi 'U1'U 10 'U1Vi ~-:J'111"1~"11VLL"1~\J\1f1\J\~f1B'U'V'l"11'1ii~1~LL~-:J "1~"11V\J\~f1B'U~1V 

tl1n~'Utl~ll1\J\1 20 1ll 1ri1~\J\1 

6.6 \J\11'1"1e:JULbttU~L~'ULv~bzjvll~v 1 'U'V'l"11"1ii~'V'l1"vi~ L~VLVlflUrl PCR vl1 L~tJf1111?111'1"v11 

~'U~b~'Ube:JL11vtJlii ~1VL'V'l1Ll.Jv{vl'tm'Uf111\J\11'1"1BUb1vv~1'U.fr'Util'U Av PC-2 "vi~v CLVd ~'UnU 
t:.1"1f111\J\11'1'1vu1 'U.fr'Ulil'U 1~v L 'V'l1Lllv{~'11L 'V'l1~nu 111avlii~.:in~11'1~ 1 LIL ~l.lmmruLu'V'l1~~'U~LB'U 

Lv'lla.:i 111vvlii LL"1~\J\11'1'1vut:.1"1t:.1~\J\m~~1mvtriliriL'1"1~L~ri L\J\11 vl~~G't v111~'11m1t1\J\11'1'1vu1~ 

-J1ij~'U~LB'ULv 111vvlii'll'U1~L~l.J~L11tii'v.:im1v~"vi~v hJ zj,:i15m1ij~.:id 

dd H20 

lOX PCR buffer 

25 mM MsCL2 

10 mM dNTPs 

2 µM Primer+ 

2 µM Primer -

Taq polymerase 

'U 

Total volume 

Total volume 

10.9 µl 

2.0 µl 

1.6 µl 

0.5 µl 

2.0 µl 

2.0 µl 

0.5 µl 

12.Q µl 

0.5 µl 

2Q.Q µl 

"viii'.:J'11f1~t:.1"1ll'111~1-:J "l ~1'UU'U"1.:J1'U"v1"1v~ PCR tube L~tJU~vtJ1~'l11LoU1Lfl~v.:i Thermal cycler 

1~v~.:i 1 tl1 LLrnll m1v11.:i1'U~.:id 
,, ' 

oU'UVi 1 
~ .J 
'lJ'UVl 2 

.fr'U?i 3: 

'U1'U 3 'U1Vi 

94 v-:JP11b'll"1b~V"1 'U1'U 40 l'U1Vi 

54 5-:i 60°C (~'UnUL'V'l1Lllvi) 'U1'U 301'LI1Vi 

11V'U 

11e:JU 
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" ' 
"ll'UVi 4 'U1'U 40 1'U1Vi 1 1tl'U 

" ' 
61!1 Step Vi 2 - 4 ~n 34 Ttl'U 

II o 

oU'UVl 5 
q q 

7 2 ti \l Pl 1 b 'lfflb6lHJ ?I 'U1 'U 10 'U 1 V1 

'Ul'U 15 'U1Vi 

"OJ1mrinl1~ri~~\Jl'OJ1n-tJ~n~v1 PCR vtt~1h.Jm1"0J?teiu'!J'U1vi DNA ~im'V1Fli1Fl L"OJri~L~Fl l1J11 

l~~~?t lviv1-ff 2% agarose gel ri~mtJ1'U?111ri~mtJ O.SX TBE buffer bb~1tl1:1..11~1'U?t'U1:1..11~vh~ 
m1:1..11Ji1.:iPi'n~ 1 oo l iri\Jl Lllmim 40 'U1Vi tl1 lFl'1'U'!JeJ\l'V'l'11?1iivirin~?1:1..1~1J111"0J'V'l'UbU1u~ Lamei 

" 

6. 7 1Lm1~~V11~1~uU1Flfilei1 'Vl~'!JeJ·H ~ei 111eiv~ V1"'.:i'OJ1 n m11J111"0J?leJ'Ubb'1'U~ Lamei~ 
L zjmJl'ieJ 1'U'V'l'11?tiiV1'V'l1Vl~LL'1~1mFl'1'U~i1LL'1'U~LB'ULtl'!J'U1V1\Jl1:1..1~~tl\lf111LL~1 tl1LF1'1'U~\lmh1'1.:i1 iJ 

1LFl11~~~1~uU1Flfilei 1'Vlvl'!JeJ\l~LB'ULeJ 1vimFl~eJ\I Automated DNA sequencer Lb~'J tl1~1~u 

U1Flfilei 1 'Vlvivtl~:1..111Lm1~~~1vi6m1vi1\I I ~\Id 
6. 7 .1 1Lm1~~LiJ~tJ'UbVitJ'UF111:1..1b'Vliiei'Un'U'!JeJ\1~1~'UU1Flfilei 1 'Vlviffi~ lV1tJtl1PltJ 

liJ1LLm:1..1 Blastn (http://www.ncbi.nlm.nih.gov/ BLAST) biJ~tJ'ULVivu~1~uU1Flfilv1'Vlvivfl~ 

nu-ff ei:1..1ri~1~u'11Flfilei 1Vl~~i111tJ\11'UeJ~~\l'Vl:l..IV11 'U~1'U-ff ei:1..1ri'!Jv\l GenBank zj,:i~rivfl~'OJ~ 1~-Uei:1..1ri11 
\I \l "' \I \I 

~1~'UU1Flfilei 1'Vl~~L11?1\l~tJ'OJ~i1m1:1..11n~LFltJ\lfl'Ub~tl 111eJtJvl'Vl~tl hl LL'1~\Jl1\lfl'U'llUV1~'UITTV1 lV1tJ • 
m1"51Lb'Uf1'l!UV1L~ei 111eivvi'OJ~'V111'U'OJ1f1f111b tJ~vu~1~uU1Flfilei 1 Yl~~\ll'l1'!JeJ\I b~eJ (whole 

genome) 11i1m1:1..1Fl~ltJ'Vl~eim1mV1iiei'Un'U (identity) :1..11nn11 90 LiJeiiL~'Ui! Vl~ei1~ V11nr11 

Fl11:1..1b'Vli'.ieJ'UtltJb 'U1~~'U~\lbbvi 90 b tJeiiL~'Uil ~'U 1 tJ 'OJ~~ei11L ll'U 111vtJvl'l!UV1L~tJ'Jfl'U 
" 

iJn~LL~i 1 iJ1LLm:1..1 Blastn 'OJ~i1r11ffi offlli"OJ11ru1m1:1..1'11L zjei~ei"OJ1nm11Lm1~~ 

-ffvl.1'1'!JeJ\lliJ1bbn1:1..1 3 A11~LLn 
" 

1. r11 % identity LlJ'Ur11ueim~~um1:1..1LV1iiei'Un'U'!JeJ\1~1~u'11Flfilei 1Ylvi &11V1-ru 

b~tl 1 THltJvl'OJ~tl~~1~~'U~\lbLvl 90 bUeJib~'Uil~'U 1 tJ~\l'OJ~~eJ11LlJ'UL~tl l'J1eitJ~'lli1V1L~V'Jn'U Vl1f1~1 
" 

2. A1 ~ bll'UA1~ bnV1'0J1f1f1111°i'1'U'JruA1b:l..IYl~f1 LV1tJf111LVitJ'UF111l.Jb'Vli'.ieJ'Un'U 

'!JeJ\1~1~uU1Flfilei 1Yl~~L11?1'U 1"0Jnu~1~u'11Flfilei 1 'Vl~~eiv"l 'U~1'U-Uei:1..1mLl'iri~l'i'1 (pairwise 
'\J "' " 

alignment) 1viv 1 iJ1LLm:1..1 Blastn zj\IA1'0J~biJ~tJ'ULLiJ'1\l 1 tJ1J11:1..1m1:1..1 L'VliieJ'ULb'1~m1:1..1v11'!JeJ\1~1~'U 

U1Flfilei 1 'Vl~~tl1:1..11LiJ~vrnVivu 1vivtJn~bb~1A1 score 'OJ~~ei.:ii1r11:1..11nn11 200 bits ~\l'OJ~~ei11i1 

I d l~t.I II' d d t.I OV ~ 
3. Fl1 expect value bU'UFl1Yl~V1'0J1f1f111Fl'Ubb'1~LtJ1tJ'UbYltJ'U'!JeJ:l..l'1'11V1'U 'U1Flfilei 

" 
1Ylvi1'U Gen Bank lviv~r11 expect value 'OJ~blJ'UA1~'Uein11"1~uU1Flfilei 1 Yl~\Jl1\lfl'U~\I~ 
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b ll'U6l1~u'W1flfilei 1 vit'ib~cnn'U 

6. 7 .2 ibm1~'Vl'1m-:1~1'1-:ivi~tJ.nlJ'1JeJ'lb~ti 1Trnf.lt'i~1~111wm~f.l 1 iJmmlJ mfold 
' 'IJ 

RNA-Folding-Form (http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form) byjeJ 1 ~ 
1 U'rnml.J?1~1'11fl'J\l?l~1 ·H'leJ\liJ~~ b U'U 1tJ1~'1JeJ\l6l1~u'W1flfilei1 vit'i zj'11fl'J\l?l~1\l?leJ'1iJ~'l.lei\l 11'Jtif.Jt'i 

b lJtJArui;;'n~ru~~~1\0lruei~1\lV1tl'1'1JB\lb~ei 1 tJfl~l.Jd v\'11~?11l.J1'Hl-tl1EJ1 tJfl1'J~tJfJ'Ue.J(t fl1'Ji bfl'J1~~ 
' ~ ' 

., 
'ltf.JtL1"1: lil\lbb~ \91"1Al.J 2550 (i\lntJtnf.JtJ 2553 'Jll.J 3 U 

' 

,J ,.'f OI tl I~ .. • 1. '11'l1~L'lflLtJ'11tJ'1l.JLL"::: ~nmm'!!t1UtJYi'!!vt~'1t1U Citron LL"::: Gynura 

'11 f1fl1'J~1'JT'11 'Jflbb(t~ bfl'Ulii'leJ~1\leJ1f11'J1 tJ?ll'U'1l.J bb(t~l.J~'W11 b 'U~'U~~\!Vl1V1 'J1'1l'U~ 
' 

tJmtJ;jl.J -a'EJtJ1vi 1~1i11ei~1\l 1ul.J~tJ11~bb?lvi\lmm'J1 'JAmn~bfiEJ'1numm'J~ bnvi'11m ~e:i 11'Jeif.Jt'i ... 

.J~ x • ti IV .c::J 

fl1fl1'JVlbflV1'11f1b'lleJ greening mm'll'Wf1'U (m'WVl 3) 

e.J'1fl1'JU~m~ti'\J'U~'llVlV1'1eJ'IJ Citron bb(t~ Gynura b'U'J:::EJ:::b1(11 2 b~ti'U 1lJ'W'UeJ1f11'J 

~vii.Jn~~ bllt.1mmitl'1~bu"W1:::'1Jei\lb~ti 11itiEJvi1 t.1'1lltJ'J1nn 

A 

..I ., ., ' d ~I 1 fl1Yivt 3 (tfl~ru~eJ1fl1'J'\JtJ\9lleJt.11\ll.J~tJ1TVlb utJ 'JA 

A: mm'J 1 'Ub Vl~v\16/ivi ilm fl1'Jb"l!mfonEJ~u~nrub'1tJ 1ubb(t~n1'Ll1 u 

B: mm'J 1 uVlvi(tvi'JtJ bb"~ 1uuvi~1tJn1'U1 u 
'IJ 
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v1nn1'~~'U~'UoLJvll'1L~ei 1'".l'rnvii~nei1~Lii11111fl1 'LlVi'1lncill~llv1n~1111'1l1m1LL'1~~1'UoLJ'eilJ'1 
\I , .-.a " 

NCBI ~'Ul1i1L~eil;mm~~nei1~Lii11111fl1'UVi'1ln~ll~ll 7 '1lii11111'1LLn Citrus exocortis viroid 
' 

(CEVd), Citrus bent leaf viroid(CBLVd) [V!~v Citrus viroid I (CVd-1)], Citrus viroidll (CVd-

11) [VI~€! Hop stunt viroid citrus-type], Citrus viroid Ill (CVd-111), Citrus viroid OS (CVd-OS), 

Citrus viroidlV (CVd-IV) [V!~v Citrus bark cracking viroid(CBCVd)] LL'1~ Japanease citrus 

viroid (JCVd) (Hadidi et al., 2003) zj-:iv1nnT:il'l11vL€lrn'l11~'U11i1b1€lCJii 7 '1liivi~i1m1m~cM 

~mvl'l11v~'UL'i'lv.:i 6 '1liil'l AB Citrus exocortis viro1d (CEVd), Citrus bent leaf viroid 

(CBLVd), Hop stunt vliwdll (HSVd), Citrus viroidlll (CVd-111), Citrus viroidOS (CVd-OS) 

bb'1~ Citrus viroidlV (CVd-IV) 

1'111vG'l€l'UoLJ €lll'111CJ·:nu 1 ~1LlJB{ffi -ill 'Um1L~B111eivii LL~'1~'1liivi 1111vihm1 ~1 LlJB{ LL~'1~ 
" 

L'1'UmLU~CJ'ULVlCJ'Un'Utl1-LJ'€llJ'1~1~'U~'Ulin11ll'tJ€l.:Jb~€l b1Bvii~i111v-:i1'U 1 'U Gen Bank Vin ., isolate \I , , I 

b~eJ\Jl11vG'lei'U111 ~1bll€l1bb~'1~L'1'U~i111v-:i1'UG'l1m1t;1~'Un'U111eivii'1liiviif 'U 111'1YJn isolate V!~eJ 1li 

V11n hJa1m1t;1~'U 11'lv~vi1m1u-r'U LLm 'tl'Vl~BBB n LL 'U'U 1 V1lJ 1'Llmri11lJ~m1v-:i1'U1 ~1LlJei{ffi -ill 'Um1 

\1111vfl'U 111eivii'1lU\11V1U-:i'1lii1111111 nv~vi1m1eieirnb 'U'U 1 ~)blJvfl. V!lJ L\11CJV1PlCJ 1 U1bbn1ll Multiple 

sequence alignment 1'Un11V!1~1bb'V!U.:Jb'UG'lel'4-rn~ (conserve sequence) zj-:i~rnm1V1\11G'lv'U1'U~'U 
-d 1m~1LlJei{~-:il1L~1~~m~ei b1eivii~-:i 6 '1liivi~-:inci11-:il1'U1'U~-:i~'U 16 L~'U 1~LLn 

CEVd (Ben-Shaul et al., 1995) 

c- CCG-GGG-ATC-CCT-GAA-GGA-CTI 

h- GGA-AAC-CTG-GAG-GAA-GTC-GAG 

CBLVd 

CV di 

c- GTC-GAC-GAC-GAC-CAG-TCA-GCT-CC 

h- GAA-GGC-TCG-TCA-GCT-GCG-GAG-G 

c- CCG-AGG-AGC-CCT-CAG-GGG-TIC 

h- AGA-CTI-CTI-GTG-GTI-CCT-GTG-GTG 

CVdll 

c- GGC-TCA-AGA-GAG-GAT-CCG-CGG 

h- CCT-GGG-GAA-TIC-TCG-AGT-TGC-CG 

(21 bps) 

(21 bps) 

(23 bps) 

(22 bps) 

(21 bps) 

(24 bps) 

Tm= 61.4 

Tm= 57.9 

Tm= 67.1 

Tm= 69.6 

Tm= 65.8 

Tm= 62.7 

(21 bps) Tm = 67.0 

(23 bps) Tm = 66.4 
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CVdlll 

c- GTC-GAC-GAC-GAC-AGG-TAA-GTI-CCC 

h- GAA-GGC-AGC-TAA-GTI-GGT-GAC-GCC 

CVdlV 

c- TIC-CCC-GGG-GAT-CCC-TCT-TCA-GG 

h- ATC-TCT-TCA-GAC-TCG-TCG-AGG-GG 

CVdOS 

(24 bps) Tm = 64.4 

(24 bps) Tm= 66.7 

(23 bps) Tm = 65.8 

(23 bps) Tm = 65.3 

c- TIA-CCC-TGG-GGA-CTC-CAC-CGC-CG (23 bps) Tm = 67.5 

h- AAC-ACG-ATI-GGT-GTI-TCC-CCG-GAG-G (25 bps) Tm = 65.2 

HSVd 

c- TCG-GAA-GAG-CCA-GAA-GG (17 bps) Tm = 54.7 

h- TGA-GAC-GCG-ACC-GGT-GGC-ATC-ACC-T (25 bps) Tm = 67.5 

" ~1vt-r'ULfliei CEVd 

" 
oLJ'UVi 1: 

~ .J 
'!J'UVl 5: 

" 

94°C 

94°C 

56°C 

720( 

720( 

20°c 

~1vt-rrn'liv CBLVd, CVdll, CVdlV LL"1~ CVdOS 

~ .J 
'!J'UVl 1: 

" 
oLJ'UVi 2: 

" ' 
oLJ'UVi 3: 

" ' 
oLJ'UVi 4: 

" oLJ'UVi 6: 

94°C 

94°C 

64°C 

720( 

720( 

20°c 

'U1'U 3 'U1Vi 

'U1'U 45 1'U1Vi 

'U1'U 45 1'U1Vi 

1 )tl'U 

'U1'U 45 1'U1Vi (~'U~ 2 - 4) 34 )tl'U 

'U1'U 10 'U1Vi 1 )tl'U 

'U1'U 15 'U1Vi 1 )tl'U 

'U1'U 3 mVi 

'U1'U 45 1'U1Vi 

'U1'U 45 1'U1Vi 

1 "itl'U 

~ .J 
'U1'U 45 1'U1Vi ('!J'UVl 2 - 4) 34 )tl'U 

'U1'U 10 'U1Vi 1 )tl'U 

'U1'U 15 mVi 1 "iv'U 
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... 
~1Vl~UL;itl CVdl 

... ' 

-U''UVJ 1: 
... ' 

sLJ'UVl 2: 

"' ' 
eU'UVl 3: 

"' ' 
oLJ'UVl 4: 

"' ' 
oLJ'UVl 5: 
... ' 

-U''UVJ 6: 

"' 
i;;'1"1-rrn:ee:i CVdlll 

"' ' 
-U''UVJ 1: 

"' ' 
-U'tJVl 2: 

"' ' 
-U'tJVl 3: 

"' ' 
-U''UVJ 4: 

"' ' 
oV'UVl 5: 

"' ' 
-U''UVJ 6: 

... 
i;;'1"1-r·rn:ee:i HSVd 

" ' 
oV'UVl 1: 

" ' 
oV'UVl 2: 

" ' 
oV'UVl 3: 

~ .J 
"IJ'U'Yl 4: 

" ' 
oV'UVl 5: 

" ' 
oV'UVl 6: 

94°C 

94°C 

60°C 

720( 

720( 

20°C 

94°c 

94°C 

62°C 

720( 

720( 

20°C 

94°c 

94°c 

52°C 

72°C 

12°c 

20°C 

'Ul'U 3 'U1Vl 

'Ul'U 45 1'U1Vl 

'Ul'U 45 l'U1Vl 

'Ul'U 45 l'U1Vl 

'Ul'U 10 'U1Vl 

'Ul'U 15 'U1Vl 

'Ul'U 3 'U1Vl 

'Ul'U 45 l'U1Vl 

'Ul'U 45 l'U1Vl 

1 1€!\J 

(.rr'U~ 2 - 4) 34 1tl\J 

1 1tl\J 

1 1tl\J 

1 1tl\J 

'Ul'U 45 l'U1Vl (.rr'U~ 2 - 4) 34 1tl\J 

'Ul'U 7 'U1Vl 1 1€!\J 

'Ul'U 15 'U1Vl 1 1€!\J 

'Ul'U 3 'U1Vl 1 1tl\J 

'Ul'U 45 l'U1Vl 

'Ul'U 45 l'U1Vl 

'U1'U 45 l'U1Vl 
" .J 

(oV'U'Yl 2 - 4) 34 1tl\J 

'U1'U 7 'U1Vl 1 1tl\J 

'Ul'U 15 'U1Vl 1 1ffU 

3. Y1i;w1t1uf11112.J'112.J1·rn t '\Jm·nn,,tl~ffiEJ1'Tlt1~ 'l vi~wt1i~t1t1nu. uu 

~'°' m1'Yl~?te:i\Jm1:1.1?11:1.1Trn 1 'Wrn1bii~i.Jnn~Vl"l.lti~1-w1 b:l.le:i{~e:ie:i n bb \J\J~ti?t1 v~ bB'Ubti 

111e:iv11i"'~bl°l11~~~~ 2 b~ti fie:i CEVd isolate lime bbn~ HSVd isolate Thailand -wu111-w1b:1.1t11 

CEVd 1~bbt1\J~bB'UbtJ"l.l'U1~'\.J1~:1.11ru 370 b'U?t (m-w~ 4) bbn~ 1-w1L:1.1e:i1 HSVd 1~bbt:l'U~bB'Ubti"l.l'U1~ 

th~mru 300 b'U?I (m'V-l~ 5) zj~\>l'j-:!n'U'lJ'U1(;1'1JeJ-:ib:S'eJ~-:i 2 '1JU(;l 'UBmnnffiY-l'jLl..rn1~-:i 2 Fl v-:ihi 
" 

Lnm.J~n~m.V1:1.1nrn~B CLVd bbn~m1Lame:i"lleJ~:1.1~tJ11'\.Jn~~n~1v bb?t~~1 ~b~"U111-w1L:1.1e:i1~ 
eie:imbuu~~ 2 r1 ilm1:1.1?11:1.111t11 tJrn11?111'1?teirn~e:i b1e:iv~'1~~ bbn~ilm1:1.1':ii1L-w1~nu'1l'W~'llti~b ~e:i 

" 
b1eivl1i?t~ 

" 
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500bps ... 

JOO bps ... 

M 1 2 3 B 

M = 100 bps DNA Ladder 

1 = '211tJ~bB'tm1l:l'rnt1~~.:ibri11~"1 (CEVd isolate lime) 
' Q d .:Jq ,: 

2 = tl11btl'Ubtl'11m.J~b'Ueib'V1Pl'V11Jb'lJtl CLVd 

3 = mibB'Ubtl'11n1J~'U11tln~ 

B = buffer (blank) 

M l 2 3 B 

M = 100 bps DNA Ladder 

1 = '2!1tJ~bB'Ubti111tit1~~.:ibm1~"1 (HSVd isolate Thailand) 
' ~ d dq x 

2 = tl11btl'Ubtl'11n1J~b'Ueib'V1Pl'V11Jb'lJtl CLVd 

3 = mibB'Ubtl'11n1J~'LI11tln~ 

B = buffer (blank) 
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~"1flTHU~V'ULViV'U~HIJ.f11'V'l'll€l'l mRNA "l.JeMV'U NADH dehydrogenase ND2 subunit 
' 

Vl'll '11fl15'1nl'len{L~'Urn~.:i 4 15m11~LLrl MacKenzie buffer, RNeasy Plant Mini Kit, CTAB 

d 0 QI ' ' ~ .:::..c::t CV ' ~ 'l buffer bLi;'l:: MacKenzie buffer 'Vl'U1l.11u1::Vfl~ 'V'l\J11'Vl'l 4 16fl11'111l11tl'1fll'ltl11L'tl'UL'tl"il1flb'U 
' 

citron 1~~'lV!l.ll'l biltJ'111l.11~11'1'1tl'UVl1 ndhB gene (NADH dehydrogenase ND2 subunit) 

~1Elb'V11°1'Ll1°1 RT-PCR 1~bLtl'U~LB'ULtl"IJ'U11'1 188 bp (m'V'l~ 6) bb'11'l'l1~b~'U'",hB11LB'ULtl~'1nl'l1~i1 
1°1rum'V'l~~~.:i 4 15m1 vm1'U15m1 MacKenzie buffer ~'111mth::vnl'1 'V'l'Ul1~::nti'Uen1LB'UL'tl 
' ' 
vi1~'1::\l~mruLbU'lFltl'UoLJ1'll.J1flzj'lB1"il~'le.J(;l1'\Jn1'Ul'lti\l~n~v1 RT-PCR 1~ 

M12345 68 

SOObps. 

lllObp. 

fl1Vi~ 6 fl11LU~EJ'UbYlV'\JU1::~'VlTI.f11'V'l15m1'1nl'lB11LB'ULtl~'l 4 1511'1Vfl11~11"il ndhB gene 

M = 100 bps DNA Ladder 

1 = MacKenzie buffer, 

2 Lrn:: 3 = CTAB buffer 

4 = RNeasy Plant Mini Kit 

5 bLi;i:: 6 = MacKenzie buffer ~'111mth::vnl'1 
' 

7 = buffer 

LLi;i::Ldmu~vuLVivu15m1'1nl'len1LB'Ubti~bvt~ti~n 3 15 'V'lu1115m1 MacKenzie 

buffer bbi;'l:: RNeasy Plant Mini Kit i1m1l.!'1::mm1l'lb~11'Um1\lniJ'~'l1'U'1'l'11'1 bl'lVH'nm1'Wfl11 
';..J \I ' 

'1nl'len1 LBmti b ~ v.:il°1~.:i1m v11'1'U LLl'l-.51LD'W~ti.:i1 sff ?111 L1°1i1LLi;i::'l!l'l'1nl'len1 LBmti~i111m?1.:il.!1n ~1'U 
' \I 

.... b ff 1" 1 ., < d .. .J ., .J I ""~ V "" .J I 16 CTAB u er "ii:: "llnm 'Ufl11'1fll'IB11Ltimtit1.:ivt'U'l1'Wm.:i bL~'111L1°1l.l'Vlb"ll"il::m1m'Vlt1flm1 
\I 

mn zj,:i16 CTAB buffer -J1'1:::i1m1l.lbV1m:::'1l.!~1vt-rum1'111m1-b"l'Wfl11\Jl11'11i1'1um~ti111tiEJl'lL'U 

'1l.11~ L~ti'l"il1fl1~en1LB'Ubti~i11°1rum'V'l~~ bbi;i::i1 unit cost 1'1tivi-J1v~1~?1l'l 
' ' 
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";;J1nn1'jl'J'j1";;J\9l1av1.:i &1'l.l &1'l.l1a LL'1~l.J~'U11 1il1'U1'U 30 1'11av1.:i ~1m'Vlfltlfl Reverse RT

PCR 'VlVl'118\J'\,nL~vb'jeJtJ~~.:i 6 "!Jtlvi Av CEVd, CBLVd, HSVd, CVd Ill, CVd IV LL'1~ CVd OS 

~'1U'j1n!J111ll'V'lu LL()U~ L~'ULm i.J1V1l.l1v (246-380 Lua) LLavi.:i 1~L~'U11v.:i1ll'V'lun1'j'j~\J1vi'lla.:i L ~a 
b'jt1tJ~G1'l.l"!l'Uvi\Jl1.:i 'l 1 'UU'j~L'Vll'11'Vlv 

";;J1n~'1n1'jl'J'j1';;J~1Vl°5n1'jU'1nL~vU'UYi"ll'VlVl'11v\J (Biological indexing) LL'1~ RT-PCR ~ 
\I 

l'J'j1";;J 1ll'V'luL~a 11'jt1tJ~'Vln"1J'Uvi~n~11m 'j111'1.:i~'1";;J1nm'jL~ul'i'1av1.:imm'j b 'jfl";;J1n 1 'Ua1'Ll'1l.JLL'1~ • 
di, '·I ... .J., ... 0 Jf 1 ' 1" d I "1 ' l.J~'U11'Vl Ll.Ju'j1n!J'1n<t;ru~mn1'j'\lll'Jtl.:!'1!.:!'1ttJ';;J1L'V'l1~'lltl.:!L"!Jtl 'J'jtJtJVI LL'11VI.:! VIL'Vl'U11tJ.:! l.J'V'l\Jn1'j 

'j~\J1Vl'lltl.:!L~tl Citrus bent leaf viroid, Citrus viroid Ill, Citrus viroid IV LL'1~ Citrus viroid OS 

zj.:i11'jav~~.:i 4 "ll'Wvidv.:i1llih1v.:i1'Um'jl'J'j1";;J'V'lu 1 'Uu'j~L'Vll'11 'Vlv~1v 

~1'Ub'jeJtJ~~n 2 "ll'Dvi~ii'j1tJ.:!1'Ul'l'j1';;J'V'l\J1'Uu'j~L'V11'11'Vlv f1a Citrus exocortis viro1d 

(al.Ju'jcl, 2545) LL'1~ Hop stunt viroid (1'j1~ni;ru, 2545) i!'U";;J1nm'j1Lm1~i1-LJ'al.J'1'V'lu11 
\I \I 

L ~a HSVd iin1'jl'J'j1';;J'V'l\JL\l'V'l1~ 1'U~'U~U'1nvfo1 'U~'U~~.:i'Vl1Vl'j1"1JUl '1tl.J'Vl'j'1!1fl'j LL'1~ n1fll';;J'U\J~ '\I , , , ir:it , 

Lvhif'U (1'j1~ni;ru, 2545) ~.:iiifl11l.JLU'U1u1~av1.:il.J1n~11L~v HSVd v.:i1l.JL~LL'V'l~m~";;J1V1uv.:i-Yi"IJ 
I I/ 4 d ..K ~ J'q ~'J I ';' 111.e::il ~ I 

n'll.Ji1l.lmt1l.l~'U11 L'Ut1.:i";;J1m"!lt1'll'UV1'Ul.lflru'1l.JUl'l b 'Un1'jmtJ'Vlvvi b 'jfl'V11.:!n'1 vivimn LLl'IJ.l.J'11m·rn 

cl1v'Vlt1VI b 'jfl~1'U'V11.:!Ll.J~Vl~'UG, '1~tltl.:!Lni1'j LL'1~ LLl.J'1.:! 1~ vh 1~n'11n 1 'Un1'jLL'V'l~m~";;J1tJl'i'1'lltl.:!L~tl • 
.LJ1111 uv.:i-Yi"llm ~ tJ"IJ'UVl~'U 'l ';;J~~a.:i LO Vl';;J1nn1'j1 odvltl'U~'U~tl~'U~ii n1'jU'UL ~tl'U L ~am\Jlanuvia'U 
~'UG&1l.J Vl~mnVl";;J1nn1'j1 off au mruLfl~a.:ii1a Ln'l;l'J'j~iin1'jU'UL~v'UL :ff v";;J1 n LL Vl~.:!U'1n v~'U 1 UV.:! LL VI~.:! , , '\.I , 

U'1n'1l.l zj.:!LU'U1u1~v1n 'Ut1n";;J1ndL~tl HSVd v.:iiiflru'1l.JU~1'U~1'U strain specific AmLIJ1'1~ 
\I • 

strain iim1l.Jlil1L'V'l1~nu~"!Jtl1~V (5 type) 1~LLn plum-type, hop-type, grapevine-type, 

cucumber-type Lb'1~ citrus-type (CVd II) (Hadidi et at., 2003) ~.:iiifl11l.JLU'U1u1~~L:ffa HSVd 

grapevine-type 81';;) 1ll'111J1'jmb 'V'l~m~";;J1tJ b 'jfl 1 uv.:i&111V1~tll.J~'U111~ bL'1~iifl11l.JL U'U 1 u1~11L~tl 

'll'WvidlJ1~lim'j'j~\J1vi 1 'Ll1.:in1'1.:i LLIJllil1nvi L\l'V'l1~ 1 'Ll~'U~u'1na~'Um.:i LL vi.:i L v11i!'U 
\I • 

'11Vl-rrn :Sa CEVd iim'jl'J'j'J";;J'V'IUL\l'V'l1~ 1 'Ll~'U~u'1nl.J~'U111 'U~'U~~.:iV11'm1"1Ju~, 'Umu~:w 
\I • ... 

LL'1~ -tltJ'U1'Vl Lvl1,r'U ('1l.Jmru, 2545) L~tl.:!';;J1nL~tl CEVd liflru'111'\J~1'Un1'jcl1tJ'VlvVlhfl'V11.:!n'11~~ 
\I • 

mn LLl'ILll'11l.J1'j()cl1tJ'VltJVI b 'jfl~1'U'V11.:!Ll.J~Vl~'UG' '1~tltl.:!Lf1'1t'j LL'1~bbl.J'1.:! 1~ vh 1~f)'11n 1 'Un1'j • 
m~";;J1vl'i'1'lJa.:iL~a ";;J~~a.:iLnvi";;J1nm'j1.Uvia'U~'U5l.J~'U11V1~ffeiumruLfl~a.:ii1aLni;l'l'j~iinT~ • • 
u'UL~v'UL ~a ~.:ii!'Umn 1lllimTw1Lml'l1V1~a~.:i:w~'U111 u~vi'llmtJ~'U5nu'1:w Vl~eJm'j1 oULfl~a.:ii1a • 
Ln'l;l'J'j~1:Wtl'U~.:!LU'U1u1~mn~L:S'a CEVd ';;J~bb'V'l~m~";;J1tJ';;J1nLbU'1.:!:W~'U111uu'Ub~tl'UV.:!~'U~~~l'l 
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~l~~~n1~~~~~~u~~~1uu~u1 

1U1rnrnnT~'Vlvi1.=rn.:ilu~mL'mvm11i6m1?1nvim~bB'LILti~bV1m:::?1:wnuL-d'm~ti~:wij 3151~Lbn 
~ ~~II ' ~ d.c:t 

MacKenzie buffer, RNeasy Plant Mini Kit Lb~::: CTAB buffer LV!ffVl.:J 3 1tHVIV11Lti'ULti'Vl:W 
~ ~q q ~ 1.q 

RrumVi?l.:J ~VIVTB MacKenzie buffer Lb~::: RNeasy Plant Mini Kit :wm1:w?1:::mmL~:::11viL11 LL(;l:W . " 
unit cost ~?l.:in1115 CTAB buffer mn 

" 
~i;'lfl11'VlVl?ltiU 1Vi1Ll.Jtl~~e:rnmLUU~1Vfl11(;1111il~1V?l1V~LB'ULe:J111e:iv~'1.:ibm1:::~~.:i 2 

L~eJ ~el CEVd Lb~::: HSVd ViUrJ11Yi1L:Wti{~.:i 2 Fl lJfl11:W?l1:W11ti1'Un11~111il?leJUL~eJ1J1eiEJV!b~~ 
" 

bbm:;iJm1:w'11LVi1:::nU"1l'UVl'lleJ.:JL~eJ 111eiEJ~~.:i v.:i 1l1Lnvi'l.ll)n~EJ1oLJ1:WtlUL~e:J CL Vd bL~:::m{bB'ULeJ 
'LJei.:i:w:::'U11'1.ln~ 

~~m1~111U?leJUb~tib1eiEJ~~1EJi6m1 Biological indexing bL~:::b'Vlfltifl RT-PCR 1l1YiUL~eJ 
1Trnv~~:w~.:i 6 '1lUVI zj.:i 4 '1lUVI ~ti CBLVd, CVd-111, CVd-IV Lb~::: CVd-OS zj.:iv.:i1lliJm1m1~111U 

Yiu 1 'U'l.l1::: b 'VlP11 'Vlv LL?ivi.:i1'IXL~'U11L~ti111e:iv~~.:i 4 '1l1iviv.:i 1lliJm11:::mvi 1 'U'l.l1::: b'VlP11 'VlEJ 1 'U'llru:::vfb 

1eJEJ~Bn 2 '1l'i'JV!~lJ11V.:!1'U~111i!YiU1'U'l.l1:::L'VlP11'VlEJ ~ti CEVd bL~::: HSVd (~YiU1'U:W:::'U11bb~:::tifo , 

~1:w~1~u) iJm1:wLU'UL'l.l1~11b~ti~.:i 2 '1lUVIV11ilV.:J1lliJm1LbYi~rn:::1U1v.LJ1:wYl'1lm~EJlil1n:w:::'U11bL~::: 
ti~'U 1 'l.lv.:i~:w Lrn:::iJm1:wL U'U 1 'l.l1~11b~ti~.:i 2 '1l'WvidiJm11:::u1vi 1'U1.:JLQVi1:::1 'Um.:i~'U~Lvl1i!'U 

~1'U~\JfltlJ 

'LJti'lltiUVi1:::~ru ~'1l1vP11?1~111U11v vi1. Ru.:iu~v bVl~EJty111rn ~n~ru11'!Xrh'l.l~m~n 
bb'U:::t11 bb~::: 1'\Xm1:w"l11mvt~e:i 1'U'Vl,n ., ~1'U 'LJeJ'LJeJUflru Rruim Lnvi~~IPlltl ~"111v'l.l~mL~:::viLb~Yl'1l I , , '\J '\J 
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n1'j\Jl'j1'1;j~\Jl111L~t> Columnea latent viroid(CLVd) ~;j~L'!i1i.J1n\JLlJ~~~tJ611~L~t>L'Vlt11 , 
""' 0 II I • I 'VltJ1L 'U1'11n\Jl1~u'j~L 'Vlt11 

Interception of Columnea latent viroid(CLVd) in Imported Tomato Seed 



[ 

[ 

.. 
L 'Hl'U''tWl~tl~ 

Screening Papaya Varieties for Resistant to Papaya ringspot virus under 

Greenhouse Condition 

- ~ " :: 1'1 ., d ~ ~ 1 
mL'!I~ 1Jl'lfl1(\l~\lfl1a\l 1\lLY4C\I Pl'lVltl'l'UV 

mcy~t11 11'lt1'!1::u 
1 

ts1'!1-B'v tii.1~'li'1J1il2 

\JVl~~~tl 

L~B Papaya ringspot virus (PRSV) LU'UPll'l~~'1l~'11Fi'qi"Ua.:i~:m:ma v\'11'1-~'Ln~hFivi1.:i1.:i 

LL'Vl'J'U ?1~1'lR11~L~tl'Vl1tltl\Jn11e.J~l'l~~ft~fl8 v111'1Xe..ifte.J~l'lft~ft'lLLft~mum'V'lhlLU'U~~V'lfl11"1J8'l 
' 

1~ LL~'V'l°LJ11n'1\J1lJ L U'U~~a.:im1"1Jv'll'lft1~~.:i 1 m.h~ L V11"11 VJ mm~ ~1.:i'\J1~ L Vli"l L ~a.:i '1 1nm1m1~ 

n.:i1ft"Uv'l~°LJ~1ilF1~vm1~ufta~.ti't11'Ufl11\J~LflflLLft~m1~L~t1.:i~1'Um1~ufta~.ti't1V11.:i:e1m'V'l 
" 

15m1Fi'~ L~a n°r1utfa \J\J~.:i L~~ L uuV1~.:i 1 'U15m1 LLm "lJDn 'V11vi'.:in~111 'IX~'1li1Flru?l~lli!1 u m1m1 
' "ll ' 

~1'UV11'U~8 bFl L~t1Vl~?IB°LJ°r1'U6~1'UV11'U~BL~8 PRSV '11fle.Jftfl11Vl~ft8'l'V'l°LJ11~~ft~fl8~'l 29 '11tl 
' 

QJ if' 4 ~ I 

Yi'Uq F18 KOONS, KOLS1, KOLS2, KNLS1 , LN, MA, Maradol, MIR, SEW 58, Taiwan, m.:i , V11 

'V'l1~ 3, \J1n~a.:i, ~fle.J'1~88'1Ll'l1L~tl, ~Vlv'l, ~111tl, HO, HOS no.1, HOS no.2, HOS no.3, KO

Si, KK 80, KN (SR), Ml, SK 001, SK 002, SK 003, SK 004 LLft~ L\Je:J~ 12 'V'l°LJ11~'l 29 '11tl°r1'UmlJ 
' 

vl1'UV11'Ul'lm'6a PRSV Lbl'iY'l°LJl1i'.i 4 ~'U5~bbG'l~'l6"m~UJ~fl11Yl'UYl1'Ul'l8hFl1~~n11~\..16~'U 61 FiEJ 
' ' I 

°r1'U~ \J1n~e:i.:i, Ml, SK 003 LLft~ SK 004 zj.:ie:i1'1i1Pi'nvmwu1~11m'Um1\J-r°LJ\J1.:i°r1'U6~~"'~na 
' ' 

Vl'Um'U~a 11Fl 1~ 

'l'1am'lV1~ftt1'l 01-23-54-01-00-00-11-54 



[ 

IT 

ll 
ti 

Pi1u1 

., !'l' 1""" .:'i1.,J l.J~~~fHJ: (Carica papaya Linn.) '1(;)v~b'U1\lf'31 Carecaceae tJl.J"1m~ru~Lu'U tJLl'l!:n 5-

9 LL\lfl Lfl1:::flcll.Jvcl~1'UtJ'U'°'t'l"!lv\l~111l'U mv1'Lin1'U1tJLL'1~1tJ~EJ1..:ILV1-Llv1~"!l11e:icJ l.J~'1:::ne:iu1..:illl'U 
, \J , \I 

m'1iil'ltim~ti.:iL~fi1L~i:n LL~tJ1.:ilii''Um'1ii~e:ifl1~~.:i'°'e:i.:iL~film~ (CAB international, 2007) 

ii~"::: nm ll'U~"11~ Lfil':it-Jjin'1~~1Rqiv ci1.:iV1~.:i"!lm'IJ1~ L vif'l11 viv ~.:i m1vi1'U~"11~"'1'1 m1tl1111 

vi1V1'Vl1':ifl11 LL"1tfl1':itl1l.J1LL'IJ':i':itfl 'UL:S.:ie:i~"'1'Vlfl':i':il.J ~1'Vl-rtJ'IJ':itLVlf'311VlEJ1~mu~1~ Lfl\'J~':ifl':i.tl1Fl " , 
~:::1'Uvvmuti.:iL 'Vl'1v'IJ"1 fll.J~"1t nv 11L~vfo'IJ1:::vi1'U1 'LIFl-r1 L1ti'U '1Tu~ L 'Vl~v'11fl-rtJ'IJ1:::vi1'Un 

" 
'11V1i.11mllm1v 1~L'°'~l.J ~'U~'IJ"1m~e:im11°i'1"!l'U1~ 1w11'1:::vti"l. 'Umflnm.:i ~:::1mrnfl LL"1tmfl~'U I 

" "l: " 

~'U~'IJ"1fll.Jt"1:::flv~.:i'IJ1:::LV\f'31 1:::w;h.:itJ 2540-2545 L\l~tJll"1::: 165,2971 ~ ~"'~~~L\l~EJ 
" 

461,178.6 ~'U'Vl1e:i'IJ1:::ii1ru 2.8 ~'U/l~ zj,:i~v11~1ii1fl ~'U~'IJ"1fl1'UmFl~'°'1'ULvi1ntJ 46% "!lti.:i 
" 

~'U~'IJ"1n~1'1J1::: L Vlfil LL~~"'~~l'lvv fll.l1'1!vm.J1n 'IJ~111ru 1lJ L~ v.:i~v~v~tJ~lnFl '1'Ulii'v.:itl1ii:::'1tflv 
" " 

'11flfl1Fl~'U"] L-LJ'1111'11V1i.11v (11'1 LL'1t Ll.JB\l, 2549) 

~~~Yl'll~'11Rqivcl1\l'Vl~.:J"!Je:J.:Jl.J:::"1:::ne:iAm~e:i Papaya ringspot virus (PRSV) zj,:ivi11~Ln~ 

11ri~1.:i1.:iLLV11'U L~e:i 11-r'°''ll'1~dL-U1vi1m1iiL~EJV11vnum1~~~l.J:::"1:::fle:i 1~vvi11 ~~"~~~"1~"1.:JLL"1::: 
Flrum~mmlJ L ll'U~lii'v.:im1"llv..:i~m~ zj.,:iii:::'1::: ne:i"'1v~'U5~ L ll'U~\lvii 1 'LI-Xe:i.:i1J1m~V1mv"'1 v~'U5 , , , 

L'll'U LL"!Jfl~1 LL'1:::"!Jv'ULLfl'U 1, 2 iim1l.JeJv'ULLtl~v L ':ifldl.J1fl fl1':i"'~1.:JFl11l.JVl'UVl1'UhFl 1~v1fim1 
'IJ?lm~e:i PRSV '°'1tJ~'U5 mild strain "1.:J1'Ulii''Ufl"1l.Jt"1tflv (Cross Protection) (-r'll~1mru LL"1t " , 
n~~~'U5, 2549) LL"1tfl1':iR~L~vfl~'U5~1l.Jli':i':il.J'll1~V.:i1lJ'IJ':itG'ltJ~"1~1L~'1Lvl1~Fl1':i U'1'1U'Uiifl1':i , , 

i.11 Lm L vtfl'1Flvt1.:i L viri L 'U L"1 ~=91mm-U1ii1 LLnuqiV11vi'..:i ncl111~ vm1vi'~ LL 'IJ'1..:i~~~e:i'°'11~'U~m1ii 1 ~ 

Yl'lliifl11lrn1l.J11~ 1'Um11ii'1'Um'U11Fl~1.:i1.:iLL 'Vl1'U 1~ LLIJi~tJ11n~tJ 1lJL U'U~lii'v.:im1"!Je:i.:i~m~~.:i1 'U 

'IJ1::: L vif'l11 vi v LL'1:::~1..:i'IJ1::: L Vlfil L ~v.:1'11 fl m1m1ii n..:i1'1"!JV.:J ~tJ~L.nFl~e:JFl11l.J'IJ'1e:i~.nv 1 'Lim':itJ~L.nFl 
" 

LL"1:::m1iiL~EJ..:1~1'Um1ii'IJ"1e:i~.tlvvi1..:i=B1m~ L 'll'U m1~G'll.JntJ~'U5~'ULile:i.:i LU'Ulii''U LL"1:::v.:i'1.:i~" , 
II ~ QI II ~OJ I IV I Q.I .J Q.I 3 

vi1.:im'U m1n~fl'UVl1.:i m 1Fl1 'Uv n '11 n'U v.:i~m 1ii:::"::: fltl ~ ~ l'lv1i'l 1':i~'U 'B fl 11iivi~ ~'U1"!l'Ul.J1'Vl'11 v , 

"'1V~'U5ii'll1\lm1iilii'1'UV\1'U~LLFltJ AVLL"'~.:im1iilii'1'UV\1'U 1~m~1t L~v PRSV G'l1EJ~'U5~tl11111 m 'U , . 
fl1':ivl~ LL 'IJ"1.:J~'Ulifl':i':il.JVi'llLL~LlJ'°'11111~1ii'1'UV\1'UL ~tl PRSV G'l1 V~'U5~ii Fl11l.J LLl'I fl ~1.:Jtl'U 1~ , , 

(Tripathi et at., 2008) ~1tJL'Vl~~m'Vlci1d vi11~uryV11 hF1~1.:i1.:iLLV11'U1 'Ul.J~"1:::nv~Ln~'11nm1L-U1 
vi1"11EJ"!Jti.:JL~v PRSV V.:JF1'1LU'UUfl!'Vl1~1'Vl-ruLnt-Jl'l':im~~~l'll.Jt"1tflv~v 1 'IJ 

PRSV Lll'UL~vb-rG'l"'1LV11J1hFlri"ll~~1Rn'1'Ullt"1:::ne:i vi11mtJiimm1~~1'1J L'Vl~v.:i ~1.:i'1~ 
, g~ \I , 

iimm1~1.:i~m.:JLL'V11'U~~" ~11ii''ULL"1ttl1'U1tJLLFl':itLLfl~'U ~"1mlilii'll'U1~LL"1t'IJ~l.J1ru'l!tiv"1.:i ~1~"1ii 
tl1fl11LU'U\lm-:JLLVl1'U L~tltl1fl1';i';i'ULL':i-:!'1~U~Ldv1 m1~uLdmL~-:im~li11-:i ~'1"1mde:i'1~Lth..t11'1 ij';j(;'I • • • 
'!Jl.J ~'1~~1'1"1~"1-:ll.J1f1LL"1~flrufl1~L~tJ'Vl1tJ'1'ULntJL~tJ11l.J11il (11"1 LL"1::: Ll.JBil, 2549) LL"1tV1fl1':i'1:::Vli 

Fl11l.J':i'ULL':i'11 'U'll1-:!tl1fl1i'l'Vl'U11 L~tl PRSV ~~'11LL'UfltJEJ"l. 'U1'1Pl Potyviridae "'fl" Potl/l/ifUS , \I , / .. , 
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ci1v'Vlvl'lhfl~1'U'V11'1LLlJ'1.:JY'l1'VI~ LY'l~V~v'UG'IB'l"llUl'l (Myzus persicae LL'1~ Aphis gossypil) 11'lvn 

m1ci1V'Vlvl'lhflLL'U'U non-persistent (Tripathi et al., 2008) b~G'l"llUl'ldG'l1lJ11f;lci1v'Vlvl'lhfl1'11 
'111v15n'1 LL1'11llG'11lJ11f;lci1V'Vlvl'l hfl~1'U'Vl1'1LlJ~l'l~'U-61.'11 L~v PRSV G'l1lJ11f;l~1LL'Unvvn 1'11Lll'U 2 

' 
6'l1V~\Jtflvm.1 "1 ~B P strain LL'1t W strain zj,:i6'l1V~\J~ P 6'l1lJ11m-U1v11mv1'11~.:ilJt'1tnv 

.. ~ I 1 d CV ' V 

(Conover, 1964a) LL"tV'l"llb'Ump..1 cucurbits (Conover, 1964b) \J'lJUJt'V16'l1VY'l\J~ W "iltL'll1 

v11"1muY'l1tVi"ll1\Jn~:w cucurbits Lv11i1\J (Tripathi et al., 2008) L~v PRSV LU\JG'l1L'Vll'fUq]'Vl1 

"1flq]tl'U~.:im1~~111:wt"tffVLL'1tVi"ll1 \Jn~:w cucurbits bl'lVLQY'l1~ 1 'U:Wt"tnv"iltv111 ~t-1'1t-1~1'1'11'1'1'1 
v~1'11"1LL1'1 11lJ~.:iv111~1t~'UJ11111'11'Ut-1'1"1'1"'11~mn~.:i 50 L°LJB~L~'U~'Vl~vmnn11 (Tripathi et 

al., 2008) L~v PRSV Yf\.Jn111t'U1V1~vi'11"n b\11Vlh1V'l1\Jn111t'U11'l'llv'lhfldfl~'ILL1n~~n11vtl 
YU'\. 2488 (Jensen, 1949) "1'Vl~'U1'UoJ1tL'Vll"\l'V1Vlh1V'l1\Jn111t'U1\1l'llv'lhfl"ilm'ILL'Vl1'Ufl~'ILL1n ' 
1"1u 2518 ~mfl111ti'"L.1vvmuv.:iLV1-Llv ((11", 2518) U"il"ilU'Uhfld1t'U11'l'Vln~.:i'Vl11'11urnfl , , 

\lltl\JvvnLUV'IL'Vl'Llv11'lvi1m1:w1mL1'1 100% (11'1 LL"tflU.lt, 2546) L~v PRSV rlv1~Lnl'lfl11:W 
L~V'Vl1VB~1'11\JLL 1'1tl'Un11t-1~1'1:Wt"tnv 1 'U'Vln ., ~\J~ zj,:i 1 \J'\J1'1~'U~~.:ie.i"mt'Vl'U b\11Vl'11'1~vn11 , , I 

'11'1".:J'lleMvll1"11'Vlm1:w:wt"tnv 1'U1~'Vll\J PRSV 1~L-U1v11mv~'U~t-1~111l.Jt'1tnv~1'U 1 'VlruL 'U'U~nru , " 

"ll1v~.:i1J1ti'"L.11J1n1mtvtnmLVlv.:i 4uLv11i1'U1~vv111~~"~~1'1"1'1'1.:J"il1n 41,595~'W1'Wll 1974 

L'Vl~m'Yi~.1-:i 18,950~\J1"1u 1977 (Yeh et al., 1988) 1"11'1v'W1~'llv.:JLn1t1J11m"vn oJ1tL'Vll"1 

Yl~oJtlm~ 11~"11~L-U1v11mvm1e.i~1J1:wt"tnv"il1m~:w 36,000~'U1'Wll 1981 L'Vl~mvfo.:i 10,000 

~'W 1'Wu 1987 (Bayot et at., 1990) 

2. ~LL'll 4 v'll"\1L"1lm~VG'l 

3. Lfl~v.:i-&.:mtLBVl'l 'Vll"ltiti:w 3 l'i1LLV1ll.:i 

4. ~fl1'Uf):W~U.lvtJJiJ 37 v'11"11L"1lm~v"1 

5. Lfl~tl'l~\JL'Vl~tJ'lfl11:WL ~1~'1 (Centrifuge) 

J{ 
1. ~1'11'111"il6'ltl'UL'lltl PRSV reagent set (Agdia) 

q I ~ !:'! V Ji 
2. "111Lfl:wm.:i "l V1 b 'll b \JsLJ\Jl'1t1'Wm1oJ~m'llt1'U'UVi'll~1v15n" 

3. '111Lflijtv11.:i I ffi'li1u~'Ull1v'Un11\l111"ill'Ll"ilom~v PRSV ~1VL'Vlfl'Llfl ELISA 

4. 1''1~m1LmoJ-1P11tv11.:i I ~'ULL"tiJmfli1 , 
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'ltin1'S 

1. ~tJ~u.Vv2J~V11~~11viv1 i~m~\Jl'n'1iil'1ij'EJ u.~~m~d1vvivi;i1~fl'UV~L~V Papaya ringspot 

virus LL~~11~LL~\Jf11'jYl~~ti~ 

1'111\lbelf1G'f11eUB2J"1~1.:) 'l 'UeJ.:)L~el PRSV L'll'U 1fim1m1\JG'IBU (L"1l~2J1'VltJ1LL"1~Bru'1i1 v , v 

b2JL"1~"1) 15m1rl1tJ'Vlel~ b 1Fl ~n~ru~mm1~'11A(\J'Uel.:) b 1Fl LL"1~B1f111'UB.:) b 1Fl61l'W~~'U1 'U2J~"1~f1B 

112J'1.:im12J~~tlf1~'UB.:)2J~"1~ rn:iffil.I 1~ Ln~\l1f1 L ~BG'fl L Vll'l b 1FlYl"1l~i1Fl112J Fl~1tJFl~.:i tlU L ~B PRSV , 

2. i'l1·n~u.a~Ln\J'j1\J'j12Jlti 1811LaYl'tlmL~ti Papaya ringspot virus ~1nLL ~'1~i.J~ni'l1~ty'llti~ 
i.J<j~L viflll viv L '!i'U mfil1J1~1''Utitimuv~L ~uti u.a~mflnm~ 'j12Jil~i.J~m ~ti\J'U2J~a~ntii'U~LL 'lln,;'1 

L ~ti 1 iL ~'ULL ~'1~'Utl~L ~ti 1 'Un1'jYl~ati~ 

Ll'l~Vl.I b.:iL~eitJ~.:i'U'U1~ 4 x 6 Ll.11'11 Vi~eil.leitlmruLm~mvh.:i 'l LL"1~Ll'l~V2J~'Un~12J:m~nei , , 

~'U5LL'Uf1~1b~eltl"1m~ei tl1~1eiv1.:iL~el PRSV vi't~tl"1m~eJ"1.:)U'U2J~"1~f1el~'U5LL'Uf1~1~1tJlTif1"1 b~tJ , ~ ~ , 
u~1uYl61l~ltJ'Vleim'Vll'lD'Vlb'Vlei{ 0.1 M pH 7.0 brnN celite "1.:)U'UL'\J2J~"1~f1el~'U~Lb'Uf1~1LL"1~'V11 

~1 mJ1~mn nYl61l~ b ll'U 11Fl 1~ vi.J'Vl L -Wei{i1 m1l.11ITT 'Uf111 Ll'l~Vl.1111.:id 

L~2J~'U\l1f1f111Ll'l~tJ2JG'f11"1~"11tJ 2 61l'W~~LlJ'U~l'UU1~f1eJU?l1f'i'qJ fiei 

a. 0.2 M NaH2P04.H20 (molecular weight = 27.6 n-rl.I) 

b. 0.2 M Na2HP04.12H20 (molecular weight = 71.7 n-rl.I) 

L'Uf111bl'l~tJ1l Phosphate buffer m111LeU1loLJ'U 0.1 M tl~ml'li 200 il"1~~1'11 vh1~v 

1. Ll'l~Vl.JG'f11"1~mv a. tJ~mm 5.0 iJ"1~~1J111~v-ri'.:iG'f11 NaH2P04.H20 tJ~m1J11 0.0276 
ti I I IJ' 

f1~2J "1~"11tJ~ltJtl1f1~'Ui1.:i~1b~B 5.0 iJ"1~~1'11 

2. \l1f1'1'ULl'l~tJ2JG'f11"1~mv b. tl~l.111'11 150.0 iJ"1~~1'11 b~tJ.a-.:iG'f11 Na2HP04. 12H20 

ilim1J11 2.151 n-rl.I "1~"11v~1ml1n~'U~.:i~1b~B 150.0 il"1~~m 

3. m.:iG'f11"1~mv b. ilim1J11 100.0 il"1~~1J111~umnv1 \l1n'1m~11G'f11"1~mv a. ilimm 

2.0 i3"1~~1'11 "1.:i1u ~G'f2J1~LeU1tl'U U~'\J pH 1m~ 7.01~vm11iG'f11"1~mtJ a. LL"1~ b. ~LVl~el (loff 

G'f11"1~mv a .u~u pH 1~"1~"1.:i LL"1~G'f11"1~mv b.u~u pH 1~L~2J~'U) 

4. u~uu~m1J111m~ 200 il"1~~1J111~vtitl1n~'U~.:i~1L~v 
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3. 'Vl'1~tl\Jf'l111J~1'U'Vl1lJ/'Vl'U'Vl1'U~tl L ')f'l~1~~"1~u. l11'\J~1a1finTnJ~ m f E1fin~ t 'UL ')~L~tl'U'Vl'1~tl~ 

3.111.:ILL~'Ufl11'Vl~WleNLL'U'U CRD m-s:w15iJ·wml'Uvl1tJ :W~"1~ne:i'11'U1'U 31 '11tJ~'U~ 
' 

(KOONS, KOLSl, KOLS2, KNLSl, LN, MA, Maradol, MIR, SEW 58, SKLO, Taiwan, f1-r.:i, vh 
VI'S~ 3, iJ1n~e:i.:i, "1fl~'1:W€l€l'1b\;11L~tl, ~'Vle:J.:!, ~111tl, HN, HO, HOS no.1, HOS no.2, HOS no.3, 

" 
KO-Si, KK 80, KN (SR), Ml, SK 001, SK 002, SK 003, SK 004 LL"1~ L'Ue:Ji 12) 'Vll'l'1€J'U'11tl~'U~"1~ 

30 ~'U bl'ltl 1-tl~'U5LL"1lniii1zj.:iHL U'U"11muA:wm1'Vl\11'1€J'U 
' ' 

3.2 iJr;im~e:i PRSV r;'l.:l'U'U~'Ufl~1:W~f;l~fl€J~'U5~1.:i j 1'U1~tl~LL\;'lfl1'U'OJ~.:!rlLL1fl~.:!rl~ 2 vl1tl 
~ , ~ ~ 

15n"111'lti'Ul'l1uYl'llvi'1tiyJe:imyJ\;)uvJLvJe:ii 0.1 M pH 7.0 hti~.:i celite i;i.:iu'U1u:w~r;i~ne:i bl'ltiH 

:w~r;i~ne:i~'U5LL "1lfliii1 L U'U"11 mu f1:W ~.:i Lfl\Jl"' fl'l;ru~mm1~iJ11nn bl'ltl€J1fl11"1l€J.:I 1-sl'l'OJ~ LL'1\1l.:I 1 'U 
' ' ':..J 

1~tJ~L1m~.:ILL~ 4 ~.:! 6 €l1Vl\;1V 'Vl"'.:l'OJ1f1D"1flL~€J 'OJ1rn!'Uu'UVifl"'fl'\;'1J~€J1fl1) f111:W1'ULL1.:l~Ln\1l~'U 
" ' 

b\1ltJLD~tJ'ULVitJ'Utl'U:W~(;l~fl€J~'U5LL"IJfliii11'Umru~~'UITT\1li1fl11LL'1\1l.:1€J1fl11"1J€J.:Ib11'1 hl-a'l'lL'OJ'U 'OJ~vi1 
' ' 

4. 1Jl'j1~'1tl\JL~tl PRSV \J'U~'U1Jt~tfltlLL~~t~'U~~1v15 ELISA (l'Umnl~i.J~m~ti,r1 2 flf~u.~1Y1'!1 
v~'WLL'1~~tJ1fl1'j~~i.Jn;i u.~::V'UV'U~~,J1~1m YlflUfl RT-PCR) 

1 .. cl. I Jf ~ t "" 1 ' 'l cl., "" ., 'l 'Ufl'S'1J'Vlur;'lflL'll€J'l!1 2 1'11.:1 LLr;'l~'W'll :WLL'1\1l.:1€J1fl11"1J€J.:1~11'l'Vl'll\11L'OJ'U 'OJ~tJ'UtJ'U~r;'l ~\1ltlfl11 
" 

1'111'0J'Vl1L~€J PRSV vl1tJL'Vll'ltll'l ELISA LL"1~ RT-PCR \;11:W~1vl'U b\1ltlb'U.ff'U~\;111'0Jhl'W'UL~€J PRSV 'OJt 

vi1m1\Jr;i fl L ~€J~1Bfll'l~.:I L ~ €JV'UV'U~r;'l '11 rnr'U~.:l~'Uvl.:lfl~11fl"''U1 iJ V.:li'l'UV1~ tiYl'll'11'Ui'1~'1~ Lf1'\;L ~€) 
" " 

iii1L\l'Ufl11~€J 1 iJ 

4.1 ~1'Vl-ru15m-s\;111'0J bl'ltJ ELISA ii15m-svi'.:id 

1. r;i.:111ti"1~LBtl\1l"IJ€l.:!"11e:iv1.:1LLr;'l~ control ~1.:1 j 'U'ULL~'U~.:lfl11\;111'0J (loading 

diagram) 

2. L~:W "Capture Antibody" (L~€J'OJ1.:I Capture Antibody vl1tl "Carbonate 

Coating buffer" f111:WLeU:WeU'U 1X 1'UeJ\;'l';i1~1'U\;11:IJ~';i~'UeU1.:l'Vl"1€J\1l (1:200) ~'1:w1~LeU1tl'U) "1.:lb'U 
' 

ELISA plate iJ~:IJ11'11 100 1:w bl'l';i~l'l';i ~e:i well 

3. u:w1'Un~e:i.:i~'U~ 31°c 'U1'U 4 -ri'11:w.:i 'Vl~e:i~ 4°c -U1:wfi'U 

" 4. ~1.:1 ELISA plate vl1tl'11'm~mti PBST buffer 4 - 8 l'l-r.:i €J~1.:!11\11L~1 

5. 'Ul'l"11e:i~1.:iYl'llvi'1ti "General Extract buffer" 1'UeJl'l';i1~1'U 1:10 (weight : 

volume General Extract buffer) 

6. L~:w"11e:i~1.:iYl'1l positive Lrn~ negative control tl~:W11'11 1001:w1m~\Jl1 r;i.:i 

1'U ELISA plate 'OJ1rn!'Uu:w1'Un~ei.:i~'U~ 37°C 'U1'U 2 -ri'11:w.:i 'Vl~e:i~ 4°c -U1:wfi'U 

" 7. ~1.:1 ELISA plate vl1tl'11-;ir;i~mti PBST buffer 4 - 8 l'l-r.:i €J~1.:i';i1\11L~1 
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8. Ll'l~tJlJ "Enzyme Conjugate" (L~ff'11.:J Enzyme Conjugate ~1ti "ECI 

buffer" Fl11lJLsLJlJsLJ'U lX L'UeJl'l11~1'Ul'l1lJ~1~'UsLJ1.:J'Vl"B~ (1:200) nmJLotl.:J1'U 10 'UTVi) ~1fltY'U 
' 

L~lJ enzyme conjugate ~L~B~1.:JLL~1 i.J1lJ11'11 100 LlJLfl1~m ".:JL'U ELISA plate 

9. iJlJL'Ufl~v.:i~'U~ 37°C 'U1'U 2 .ff11lJ.:i 

10. 

11. 

SI' 11 ~ I ~ 
"1-:! ELISA plate mt.J?l11'1~'11t.J PBST buffer 4 - 8 m.:i Bt.J1.:!11~L11 

L~lJ?l11"~'11t.J "PNP substrate buffer" tl~lJ11'l1 1001lJLF11~1'l1 '1-:IL'U 

'1-:!L'U ELISA plate ~1ntY'UiJlJL'Ufl~v.:i:ff'U~ 37°C 'U1'U 30 - 60 'U1Yi 

12. l'l11~?1B'Ue-1'1'trn.:itJ5fi~m1~w~?1Ltl~t.J'ULYim.J1~V1i1.:i control ~.:i 3 Fiv 

buffer, negative LL'1~ positive tl'U ~1mh.:i 'Vl~v1'~F11m1~~fl~'ULL?l.:!~fl11lJtJ11fl~'U A 405 nm 

'Vl~~tlnn~t11~1t1 3M sodium hydroxide tl~lJ11J11 501lJ 1m~l'l1 (tl1~lJ1ru 1 'Viti~) 

1. Carbonate Coating buffer (lX) (1,000 ij'1~~1'11) 

- Sodium carbonate (anhydrous) 

- Sodium bicarbonate 

- Sodium azide 
" ' 

- 'l11n"''U 

1.59 n1'lJ 

2. 93 n1'l.l 

0.2 n1'l.l 

1,000 ij"~~!Jl) 

'1~'11t.J~1'Ue-i?llJ~.:!'VllJ~ 1 ~LsLJ1tl'U~1ml1n~'U tl1'u pH 1 m~ 9 .6 ~1fltT'URvtitl1'utl~lJ11'l1 

~1vJ1n~'U1m~mlJ11J11fl1u 1 ~1'11 Lnu~ 4°c 

2. General Extract buffer (1X) (1,000 ij'1~~1'l1) 

- Sodium sulfite (anhydrous) 

- Polyvinylpyrrolidone (PVP) MW 24-40,000 

- Sodium azide 

- Powdered egg (chicken) albumin, Grade II 

- Tween-20 
" ' 

1.3 n1'l.l 

20.0 n1'lJ 

0.2 n1'l.l 

2.0 n'!l.l 

20.0 n'!lJ 

- 'l11n"''U 1,000 ij"'~~V11 

L~lJJ1 20 ii'1~~1'l1 '1.:JL'U Buffer powder e-i?llJL~L-V1ti''U tlfo pH 1m~ 9.8 ~1t.J HCL 

~1n'1'UF!vvu-ruu~lJ11J11~1vtl1n~'ULL"~L~lJ Tween-20 "'.:i1tl e-1?1lJ~'UL'il1ti''U Lnu~ 4 °c 
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3. lX ECI buffer (lX) (1,000 ij'1aa1J11) 

- Bovine serum albumin (BSA) 

- Polyvinylpyrrolidone (PVP) MW 24-40,000 

- Sodium azide 
" ' 

2.0 n-rl.l 

20.0 n-rl.l 

0.2 n-rl.l 

- tl1n'1i.i 1,000 il'1aam 

"~"1V~1t1~'1l.loX-:!Vll.l~ 1 ~b.LJ1nt1~1vtl1n"'t1 u-r'U pH 1 m~ 7 .4 -..nnJi.iflernu-r'Uu~lJ1\Jl1 

~1vtl1n~i.i1'Vl1~mm1J11m'U 1 a1'11 bn'U~ 4°c 

4. PBST buffer (lX) (Wash Buffer) (1,000 il"aa1"11) 

- Sodium chloride 

- Sodium phosphate, dibasic (anhydrous) 

- Potassium phosphate, monobasic (anhydrous) 0.2 n-rl.l 

- Potassium chloride 

- Tween-20 
" ' 

- tl1n'1i.i 

0.2 n-rl.l 

0.5 n-rl.l 

1,000 n"aam 

'1~'11V~1t1~'1l.loX-:!VllJ~ 1 ~b -LJ'1nt1~1vtl1n"'t1 u-r'U pH 1 m~ 7.4 -..nnJi.iflemu-r'Uml.l11Jl1 

~1vtl1n"'i.i1m~ml.l11'11f1~'1..J 1 al'11 Ln'U~ 4°C (V1~m~eiv1.:iv1n stock lOX PBST buffer ('llv-:J)) 

5. PNP substrate buffer (lX) (1,000 ij'1aa1J11) 

- Magnesium chloride hexahydrate 

- Sodium azide 

- Diethanolamine 
" ' 

0.1 n-rl.l 

0.2 n-rl.l 

97.o il'1aa1J11 

- tl1n'1i.i 800 il'1aa1J11 

"~'11V~1t1~'1l.l~-:J'Vll.l~ 1 ~L -LJ'1nt1~1vtl1n"'t1 u-r'U pH 1 m~ 9 .8 v1nJi.ifleivu-r'Uu~lJ1\Jl1 

~1vtl1n"'i.itm~ml.l11'11f1~'1..J 1 al'l~ Ln'U~ 4°c 

neii.i1i.:i1t1 "~"1V PNP tablet 1 di~ \111v PNP solution (lX) \J~mru 5 ij"~~l'l11ti 

Il1'1!ti~Vi'UbL'1-:J 1~m!Jl~Vl.lrleltln111i-:!1tl 15 t11Vi 

6. Stop reaction solution 

3 M sodium hydroxide 
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4.2 ~1vti'u15nT~\Jl11'1 t~v RT-PCR i115m1~·:J'd 
4.2.1 fl1~'1n~e:iTh~me:i~1v15m1 CTAB (Jeffries and Tina, n.d.) 

bnu1u~~"1~nv 100 i1"1~ni'~ u~~1v'111"1~mv CTAB extraction 

buffer (2% CTAB, 100 mM Tris-HCl, pH 8.0, 20 mM EDTA, 1.4 M NaCl, 1.0% Na2S03 bb"1~ 

2.0% PVP-40; Na2S03 bb"1~ PVP-40 b~~nvt.11'1i'.:i1t.1) iJ~~1\Jl1 1 iJ"1~~\Jl1 U~~ 65 v.:Jf'\1b"l!m~VG'I 

t.11t.1 30 t.11Vi ~t.1\Jln\Jl~fltl'U~fl11~b~1 13,500 1vu~vt.11Vi t.11t.1 5 mVi '11n'1t.1~~'!Jv.:Jbvtm1G'I 
~1t.1Ut.1mm1?11 7501~1ri1~l'l11~vt"1tl~ micro centrifuge 1vill b~~ chloroform: isoamyl 

alcohol (24:1) iJ~m1?11 7501~1ri1~1'11 ~.m~1~\-U1nt.1 ~t.1l'lfll'l~flvt.1~m1~b~1 13,500 1vu~e:i 

mVi t.11t.1 5 mVi ~~'!Jtl.:JbVl"111G'l~1'UU'UiJ~~11'11 6001~1R1~1?111~vt"1v~1vill b~~ chloroform: 
" 

isoamyl alcohol (24:1) mml'l1 6001~tR1~1?11 t:JG31~1~b"li1nt.1 oJ11iJ~t.1\Jlnl'l~nvt.1~m1~b~1 

13,500 1vu~vt11Vi t.11t.1 5 t.11Vi ~~'!Jv.:Jbvtm1'1~1t.1ut.1iJ~m1?11 4001~1m~l'l1 b~~'111"1~mv 5 
" 

M NaCl iJ~ml'l1 2001~1ri1~1?11 (0.5 b'Yl1"llv.:iiJ~m\Jl1G'l11"1~mv) bb"1~ isopropanol bb'llb~'U 

mml'l1 6001~1m~1?11 (1 b'Vl1'!Jv.:iiJ~~11'11G'l11"1~mv) t:JG'l~L~b"li1nmb"1~u~~vruvi.niJ -20 ei.:if'\1 , " 
b"l!m~v"' u~~.:iHbllt.1nm 12 i1t~.:i '11n'1t.1~t.1l>lnl>l~nvt.1~m1~b~1 13,500 1vu~vt11Vi t11t.1 10 

.. ct q Cil.C:. .., 

t.11Yl bflU\Jl~fltl'Ufl1~'U1Fl"1€lfl "1~mV\Jl~fl€l'UmV TE Buffer (10 mM Tris-HCl, 1 mM EDTA, pH 

8.0) '!Rm1?11 2001~1R1~1?11 '11n'1m~l..IG'l11"1~mv 5 M NaCl iJ~m1?11 1001l..11m~\Jl1 bb"1~ 

isopropanol bb'lib~'UiJ~m1?11 3001l..11ri1~1?11 t:JG'll..IL~b"li1nt.1 ~t.1\Jlfl\Jl~flvt.1~R11m~1 13,500 1vu 

~€J'U1Vi 'U1'U 10 mVi '11fl'1'U~1.:Jl'l~fltl'U~1V 70% ethanol iJ~l..111?11 5001l..!Lf'l1~\Jl1 ~'U 
l'lfll'l~flv'U~ri11l..lb~1 13,500 1vu~vt11Vi t.11t.1 4 t.11Vi 1J11fl\Jl~flvt.1il1R~Bn1~bb~.:iG'lilVlbb"1~"1~mv 

\Jl~fltl'U~1ml1n~'U~.:J~1b~tl bntJ~ -20 tl.:Jf'\1b"l!"1b~V'1 b~voJ11iJIJl11'1Vl1b~tl PRSV ~1VbV1Flilf'l RT

PCR L'U~'U~v1iJ 
J' .... .. 

4.2.2 fl11\>l11'1b'1l€J PRSV mmVlf'l'Uf'l RT-PCR 

oJ1~1€J~1.:Jtl1~b~'Ubtlm~'11flfl11G'ltl~~1V15m1 CTAB (\>l1l..l'IX1"1iv 4.2.1) 

J' .... .. 'i 1"1 ' l..11\>l11'1G'l€JUVl1b'1l€l PRSV mmYlFl'UFl RT-PCR (one-step) b~Vfl11 '1l 'V'l1bl..1€l1 PRSV-F bb"1~ 

PRSV-R (Sreenivasulu and Sai Gopal, 2010) 1~vi1~1~uil1rifilv1Vl~~.:id 

PRSV-F 5' ATC ACA ATG TAT TAC GC 3' 17 base 

PRSV-R 5' CTC TCA TIC TM GAG GCT C 3' 19 base 
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~'U1PJB'U~B~u5n~v1u1~nBu1u~1v 
2X one-step buffer 10.01'.JLA1~1Pl1 
II 1 I II 

tl1n"''Uil~~1b~ei 4.5 1111m~~l'~ 

2 µM 1vm11ei1 ~1V PRSV-F 2.0 11JLA1~1P11 

2 µM hmimi ~1V PRSV-R 2.0 1ll1A1~\PJ"j 

Superscript RT/Platinum Taq polymerase 0.5 1ll1m~m 

miL~'UbB~1B~1~ 1.0 1ll11'11~\Pl"J 

~ ...J 
~'U'Vl 3 

11l.J 20.01ll1A1~1'11 

48 B~i'11L61!m"llv~ 

94 B~i'11L61!m"llv~ 

94 ei~i'11b61!m"llv~ 

55 B~i'11b61!m"llv~ 

72 el~i'11b61!'1b6/!V~ 

72 ei~i'11b61!m"llv~ 

20 B~i'11b61!m"llv~ 

m'U 50 mVi 

m'U 3 mVi 

m'U 301mVi 

ti1'U 451'U1Vi 

'U1'U 1 mVi 

m'U 10 'U1Vi 

m'U 15 mVi 

11BU 

1 1eJU 

11-VU 

11BU 

1 1eJU 

11-VU 

11-VU 

4.2.3 1P1111il~vu~mV1~v~t:.i~t:.i~l'llil1n'U5n~v1 RT-PCR vfl~ 

~1v15m1~L~A11>111v.J~~~1V1vm11i 2% agarose gel ~~~1VL'U 

~11'1~mv 0.5X TBE buffer LLIK1tl1m~1'U~mll1v.J~1~m1l.l~1~i'lnv 100 b~l'i LU'Unm 40 

mVi '11ntT'Utl1 agarose gel ~v1J~1V~11'1~mv ethidium bromide LL'1~t.h1uV1bLf:lU~v~~L~'ULv 
'U 

~1mA~B~ Gel Documentation UV-transilluminator 1V1Vt:.i~t:.i~l'l'11nu5n~v1 RT-PCR vfl~ Iii~ 
i]~'U1Vl 1,715 base pair 

" ~:m~L1'11: ~~LL~ \Pl'11Al.J 2553 ~~tl'UV1V'U 2555 11l.J 2 U 
' 

76 



'11flfl11Yl\11"1eJUlJtfltfleJ~\l 31 "11tJW'U~ 1~bbn KOONS, KOLSl, KOLS2, KNLSl, LN, MA, 

Maradol, MIR, SEW 58, SKLO, Taiwan, fl~\l, vi1'V'l1t 3, tJ1n-dei.:i, ~rn.J"1lJvv"1b~1b~tJ , ~Ylv\l, 
~111tJ, HN, HO, HOS no.1, HOS no.2, HOS no.3, KO-Si, KK 80, KN (SR), Ml, SK 001, SK 

002, SK 003, SK 004 bbflt Luv4 12 zj.:itoff~'Ui5LL'lln~1zj.:i1-ti'LU'Ul'i'1flTUfllJn1'rn\11'1BU L\11mL\J.:im1 , , 
.1 "" 'i !"1 ., .. 
u1tblJ'Ufl11lJ1'Ubb 1\l'lJB\l b ".ifleJBflb u'U 5 1t\11U flB , 

1t~U~ 1 - hJLL"1\11\lB1fl11~\11tJn~ iim1lJvl1'UY11'Ul'iB hfl 

".it~U~ 2 - bb'1\11\lB1fl11L 1fl 1lh'Ubb1\l 1 U~1\lb~niJeimLat hJa\11".iU FleJ'UoU1\lvl1'UY11'Ul'iB hfl 
, 'II 

1t~U~ 3 - LL"1\11\lB1fl11hfl1'ULL1\lU1'Ufl6'11\l 1 u~1.:ii\11L'1'ULb~LlJa\111tl 
, 'II 

V c::J C\' I II 1 I .ol "' 

1t\11UY1 4 - LL"1\11\lB1fl11b1flflB'U'lJ1\l1'ULL 1\l U\111\lLL'1tlJB1fl1".iV1\11'1\11".iU'll\11Llil'U 
, 'II 

~'1fl11Yl\11'1BU 'V'IUrJ1 

1. lJt'1tnB 21 '11tJ~'U51~Lbn KOONS, KOLSl, KOLS2, KNLSl, LN, MA, HO, HOS , 

no.1, HOS no.2, vi1'V'l1t 3, ~YlB\l, KO-Si, KK 80, Maradol, MIR, SEW 58, Taiwan, KN (SR), 

SK 001, SK 002 Lbflt LUB~ 12 LL"1\11\lB1fl11'lJB\lL1flB~1\loff\11L'1'ULLflt1'Ubb1\lL\11tJi'.imm11u~1\lbbflt , 
"" II "" • I .J !"I 1 1 "' cJ ( cJ V1\lfllJ1'U~\111u 6ll\lbu'Ufl11lJ1'ULL1\l'lJB\l 1fl 'U1t\11UY1 5 .111'V'l'Yl 1) 

'II , 

4. lJtf!tflB 4 "11tJW'Ui51~bbrl tl1n-dei.:i, Ml, SK 003 Lbflt SK 004 liltLb"1\11\lB1fl11hflvTt,J , 

1'Ubb 1.:i iim1lJYJ'UY11'Ul'iei 11fl 1~~n11w'U6~'U ., ~tl1lJ1YJ\11"1BU zj.:ib U'Um1mmL 1.:i'lJei.:i 11fl L 'U1tl'i'u~ , , I , 

cJ 
2 (.111'V'l'Yl 3) 

5. lJtfttflB'11tJ~'U5 SKLO bbflt HN LlJ~\111,J.:iein vi'11mll'11lJ11{1vl1fl1'Wl\11'1tJU1~ , 

LLatL~m111Ulil1fl~'U5lJtatnei~LL'1\11\lB1fl11'lJB\lL1fl 1,Joff viLlil'UlJ1~111il'1BUL~B PRSV ~1tJ , 
b'Ylfl~f) ELISA 'V'IUrJ11~~mlJ'UU1fl lil1n~a~1~~\ln~11vi'11~"11U1~11lJt'1tflB~\l 29 "11tJ~'U5 lilil , , 

rrrn.Jfo'U'Y11'Ul'ivhfl~1\l1\lbbV11'Ulil\11lJtfltflB bLl'i~'U6tJ1n-dei.:i, Ml, SK 003 bbftt SK 004 iim , , 

'Yl'U'Y11lJl'iB L 1fl~flrJ1~'U~~'U '1 ~U1lJ1'Yl\11G'IBU ( ~111\l~ 1) 
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li 
li 

.,j 

fl1YWl 1 
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. ., 
i'l1EJ~\Jq ~n~ru::i11rn1/1'111111uu. 'H L 11'1 % ;tfll1"' 1'11111'11umul ,"' ~1fl\J 

1 wumi1 (control) mmrn1nT~'li'~L'1'LJLLm~~'WLL'i.:J 1'lJ~1.:JLLmm~~'IJ 100% lll(;'huvnu L 'il'l 

2 KOONS LL'11'1'1€J1fl1'i'ti'l'l L '1'\JLL'1q'U LL 'i-1 L \J~1'1 LL'1~'11'l~'IJ 100% lll tii' wvnu 1 'i l'l 

3 KOLSl LL'11'1'1tl1fl1'i'li'l'IL'1'\JLL'1~'i'\JLL 'i'1 L '\.J~1'1LL'1~'11'l'itJ 100% 1lltii'1'U'\111'\J L 'il'l 
' " 

4 KOLS2 LL'11'\'1tl1 fl1 'i'li'l'l L '1\JLL'1~~'\J LL 'i'1 L '\.J~1'1 LL'1~'11'l~tJ 100% 1lltif 1'U'V11'\J L 'il'l 

5 KNLS1 LL'11'1'1€J1 nWtll'l L '1'\JLL'1~~'\J LL 'i'1 L '\.J~1'1 LL'1~'11'l~tJ 100% 1lltif 1'U'V11'\J L 'il'l 

6 LN LL'11'\'1€J1 n1'i'tll'l L '1'\JLL'1~'i'\J LL 'i'1 L '\.J~1'1 LL'1~'1mtl 
' " 

100% llltii'1'U'\111'\J L 'il'l 

7 MA LL'11'1'1€J1 fl1 'i'li'l'l L '1'\JLL'1~~'\J LL 'i'1 L '\.J~1'1 LL'1~'11'l~tJ 100% 1lltif 1'U'V11'\J L 'il'l 

8 Maradol LL"'l'\'1€11 fl1 'i'li'l'l L '1'\JLL'1 ~ ~'\J LL 'i'1 L '\.J~1'1 LL'1~ '11'\itJ 100% 1lltii'1'U'\111'\J L 'il'l 

9 MIR LL'11'\'1€J1fl1'i'li'l'IL'1'\J 1'1.JLL'i'1tl1'1.Jnm..i 1'U~1'1LL'1~'11'\~tl 100% 1lltii'1U'V11\J L 'il'l 

10 SEW 58 LL'11'\'1€J1 fl1 'i'li'l'l L '1'\JLL'1~'i'\JLL 'i'1 L '\.J~1'1 LL'1~ '11'\'itl 100% 1ll~1\J'V11\Jhl'l 
' " 

11 SKLD L11~1'\ 1ll..iBn - -

12 Taiwan LL'11'\'1tl1nTi'li'l'lL'1\J 1'WLL'i'1U1'\Jnm..i 1'lJ~1.:JLL'1~'11'\~tl 100% 1ll~1'\J'V11'U1'il'l 

13 l'l-r.:i LL"'l'\'1€J1fl1'i'li'l'IL'1'\J 'i'\JLL'i.:itl1'\Jnm.:i 1'll~1.:J 100% 1llli1'1'\J'V11'\Jhl'l 
' 

14 vl1m~ 3 LL'11'\'1tl1fl1'i'li'l'IL'1'\J 1'WLL'i'1tl1'\Jnm.:i 1u~1.:JLL'1~'11'l~tl 100% 1llli11'\J'V11'\Jhl'l 

15 tl1n~B.:i LL"'l'\'1€J1fl1'i 1lJ1'ULL 'i'1 97% 'Vl'\J'\111\J~tJhl'l 

16 
.. 

LL'11'l ·:m1n1'i'tll'IL'1'\J 'i'\JLL'i.:Jtl1'\Jnm..i 1u~1'1 100% 1lltii'1'\J'V11'\Jhl'l ~mm11BBmmL'1EJ 
' 

17 ~'\11€1.:J LL'11'\'1€J1fl1'i'li'11L'1'\J 'i'\JLL'i.:Jtl1'\Jn'11'1 LU~1'1L'vl~€J'1 100% 1llli11'U'V11'\Jhl'l 
' 

18 ij111EJ LL"'11'1€J1fl1'i'li'l'IL'1'\J 1'WLL'i'1tl1'\Jnm..i 1u~1'1 100% 1ll~1'\J'V11'\Jhl'l 

19 HN L11~1'\ 1lJ..iBn - -

20 HO LL"'11'1€J1fl1'i'li'l'IL'1\J 'i'\JLL'i'1U1'\Jnm..i 1 U~1'1LL'1~'11'\'iU 100% 1llli11'\J'V11'\J L 'il'l 
' " 

21 HOS no.1 LL"'11'1tl1fl1'i'li'l'l L'1\J 'i\JLL 'i'1tl1'\Jn'11'1 L '\.J~1.:JLL'1~'11'l'itl 
' " 

100% 1llli1'1'U'V11\Jhl'l 

22 HOS no.2 LL"'l'\'1€J1fl1'i'li'l'l L'1\J 'i'\JLL 'i'1tl1'\Jn'11'11 U~1'1LL'1~'11'\'itJ 100% 1ll~1u'\111u L 'il'l 
' " 

23 HOS no.3 LL'111'1€J1fl1'i'li'l'IL'1\J 'i'\JLL'i.:Jtl1'\Jnm..i 1u'1mtl 100% 1ll~1u'\111u L 'il'l , 
" 

24 KO-Si LL'111'1€J1fl1'i'li'11L'1'\J 'i'\JLL'i.:Jtl1'\Jnm..i 1u~1'1LL'1~'11'l'itl 
' " 

100% 1ll~1\J'V11\Jhl'l 

25 KK 80 LL"'11'1€J1fl1'i'li'l'IL'1'\J 1'WLL'i'IU1'\Jnm..i 1'U~1'1LL'1~'11'litl 100% 1lltii'1u'V11'\Jhl'l 

26 KN (SR) LL"'l'\'1€J1fl1'i'li'l'l L'1'\JLL'1~1'\JLL 'i-1 L U~1.:J LL'1~'11'litJ 100% 1ll~1\J'V11'\Jhl'l 

27 Ml LL'111'1€J1fl1'i 1lJ1'ULL 'i'1 93% 'Vl'\J'\111\J~tJhl'l 

28 SK 001 LL'11'1'1€J1fl1'i'li'l'IL'1\J 'i'\JLL'i..itl1'\Jn'11.:i L'\.J~1.:JLL'1~'1mtl 
' " 

100% 1lltii'1'UY11'U1'il'l 

29 SK 002 LL"'l'\'1€J1fl1'i'li'11L'1'\JLL'1~1'\JLL'i.:i LU~1'1LL'1~'11'litl 100% 1ll~1'\J'V11'\Jhl'l 

30 SK 003 LL'11'\'1tJ1fl1'iLlJ1'ULL 'i'1 93% Yl'\J'V11'\J~€Jhl'l 

31 SK004 LL"'l'\'1€J1fl1'i LlJ1'ULL 'i'1 97% 'Vl'\J'\111'\Jtoltihl'l 

32 LUB{ 12 LL"'l'\'1€11 fl1'i'li'11 L '1\JLL'1~1'\J LL 'i'I L U~1'1 LL'1~'11'litJ 100% 1ll~1'\J'V11'\Jhl'l 



" 'nrn.J"1f111Vl\1lffeJ\l'WlJ11lJ:m~rn:i~.:i 29 '11EJTI'Ui5 ~e:i KDDNS, KDLSl, KDLS2, KNLSl, LN, , 

MA, Maradol, MIR, SEW 58, Taiwan, fl~~. vl1Yl1~ 3, 'IJ1n'lie:J~, "1fl~G'll.lt1€JG'lbmb~EJ, ~vm~, ~111EJ, ,, 
HO, HOS no.1, HOS no.2, HOS no.3, KD-Si, KK 80, KN (SR), Ml, SK 001, SK 002, SK 003, SK 

004 bb"1~ me:J112 hl\JhuV11t1~m~e:i Papaya ringspot virus 1111vjj'W''U~l.!~"1~fle:J-;j'TUTU 4 oW'U~ ~tl 
'IJ1n'lle:J.:i, Ml, SK 003 bb"1~ SK 004 jjFn1lJVl'UV11'U~tl hA~n11'W''U~~'U "l ~i.11lJ1Vl\1lG'ltllJ ~\lt11'1 

i.11m 1m'Ufl11'1.lfo'IJ1.:i'W''U6~€J1 'IJ , , 

Vl'UV11'U~t1hA1 u~1.:i1.:i bbt·'n'U. 111G'l111'l!1m1 l.l. e:J\J. 1: 8-19. 
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