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FQ 8 AujEANA ZYMV 2L CGMMVY o9& 993 7 isolate
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oA ZYMVE] A5 <ts, o, FH5A A isolates &8t ZYMV-PA, PE
a2la PSel gt CGMMVeEl ZAS%E F 7FA 9 isolateE &8 3t ATHKW,
KOM). ©] isolates ol-&3ato] Fvtetet &f=ol A9 strain® AFo] ] B iAo
o] g3kt

2. 294 isolated |9714E 2H
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9. B3} Tobamovirus mutant A% 2 A EA] ZIA &4

O

vt} Tobamovirus mutant A2t 2 2 &4 7FgA £48 fste] B AFAo A=
KGMMYV, ZGMMV ¢} CMV HlolH 2SS FAAERE A3t o5 dHlojgiA~e S
A 71FqA gF FAE F nlo]lyd~E AHAASA, long-template RT-PCR 7|2
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2ZHEof QlE FFet 7164 mutants AEstal o AFEAFYES T 2ok



7}. ZGMMV full-length clones ©]£3F random-mutagenesis
1}, ZGMMV full-length clones ©]-83F chimeric mutants A2}
t}. ZGMMV mutant library o 24 2+

10. Viral mutant A9 2 AAEL FH7& AT

Virus mutant A2 mutantE HE S 7T EANA L3 A4 A4 54 A

Fah HYE AdFHor =93 marker virusE /s mutant 7 Ao &-83k}.

Tk A EdWolAlY AR e o]y fFHAR AdEE B AT
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11. 94 #4 715 cDNA library Al %}

ZGMMVE ZdA 7l F71Y 3o 2R E mRNAS AA5t1, o]2 template® 3}
cDNA libraryE pSPORT1 phagimid vetorel] #|ztgtc}  wlolgx 7] 271709 &
Al (early infection state) So]& 2 FHARES Awsla o5 LHAAHL 9 nlo]gfx
HAAd T AeaAE FAHoRE s

12, vlol¥ & BAAH 2HF AR 4
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fl CGMMV$eF ®edde] e ZGMMV, KGMMV % CMVE FAIA &R AM&e
ol wloly A FAAY ARE X 3hslo] chimeric mutantE A &t 7] 52 Eof| A
of AN FHa HdS vl Hristw, WA #- VF FAASY] ds A&

Betth BHdd o AR oA A R ontol s FA o] doske FHA

o !
= R
Weg sQlaha, o] % ofEwolFo Aol gt

Viral mutant®] WA 23g4de AZE = viral mutant S22 HE in vitro
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(ZYMV-PA), ¢l#H(ZYMV-PE) ¥ $9(ZYMV-PS) A< pumpkinel A ¥ a}o]
A3 o] &3t

g ¥ mpol Y 2 straing T2 7|FoA S skl AA Al @714E EA4E 7] B
Z} nlolg] 29 AV LS o] 83+ degenerate primerE A Z3te] RT-PCR 7|9
o]-g3te] FtAtt AVIAE 4 AR dAA FEb ZFeedA EE g

CGMMV F strain®} ZYMV strainS(PAPE and PS)ell o3t AA I7|ES &<l

At el A7 ES o] &3t ZF 7 F9 RNA-dependent RNA polymerase

i R 71EF vlolel s FHAES ofn Al EE 7]E BE strains 9] ofn| =4t
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Ao oM MR A
2:3F tobamovirus®t ZYMV7ZF 38k potyvirus7tell A& w =
el A nonagon® HENZ structure’} FAFHo] A= AS FA3A
CGMMVY strain® 7]|Fo] @& E3d7d31 719 ultrastructures AHE A3 o]
T vlolgl A ZFel= 9 A] nonagon® structureE <18+% 3l nonagon® FHEf7} ofd
& o] 7HA FH e structure’= RISHATE o] AL EAoNA HF ZA Al nHfol
Hage] oug F5AgS FRGeRE IRl & Adola og AdEe] FxE
Aol AHS AAFgHT
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3. ZYMVE CGMMVY B3 796 ©E synergism® ZA<I =2 CP7HY &4

ZYMVSE CGMMVel  E9zel  lolx HC-PRO9CI:= CP3He] &%
synergisms ¥do7]& ZoR oEEZ CPte Hozgs dolry] 98 $2le
yeast two hybrid system2 ©]&35tt. Yeast Woll transformation 3F7] $]3)
activation domaing 7F4 bait vector(pACT2)¢} prey vector(pAS2-1)o] 5 w®lo]z] 2~
o] CPE #YslE FAA EES cloning 3ttt ®WE ) cloning 3F7] Y&l zF wfol
2o CPE #YslsE A9 A7 d93 Eo] enzyme site’} 5017F & Zdlo]
HE o] &3t ZYMV-PAS} PE= Hiolgi A7 Z4dw ol¥ oA total RNAE
= 5 A" ZepolmE o] §3te] RT-PCRS atodA °F 900bpe] WME=E AU
As Myl cloningsdtlth. CPol ofn|x=AiF @744 4 A3, CGMMVE F
strain?toll &= ZFol7F ¢l ZYMVEPASE PEZR] 5 7He] ofn|i=ito]l o]} P&
& U elye Ay CGMMVEE ZYMVE 53 #d Al dAse
ultrastructure’} PA strain¥¢] 5§ 7+ Alol= A YElva PE strainds= A
o] YA &= AT #AHo] g= Ao wE oAARAY. wEA CGMMVY 3k strain
ol KW ZYMVe 5 strain PA$ PEY] CPE Z47Z pAS2-1 vector?t pACT2
vectorol AU A7 cloningdtth. WA controlZ2% ZYMV-PA(PA), ZYMV-PE(PE),
CGMMV(CG) Zzte] A7t s 48s dotr7] f&f yeastl 2479 CP =35
co-transformationd}Ath. AIES& v Fo] & wf ZYMV-PA strain®} CGMMV <] CP
7P°ﬂt FEAgol AeS & AaL, ¥H ZYMV-PE strain®} CGMMV 2] CP7tol
T AEAgo] YA FES & F Atk o= ZYMVS CGMMVE uFah=h&of
53 #2d A 5 Y= AxE AAdvAder #F e uW ZYMV-PASE
ultrastructures FASIA T ZYMV-PES+= FAsHA] &ydd Ayel= {3} o}” 2 7}
g & = JATh CGMMV e 53 7HdolA] ojust A2 J3FS vEd Aolg} 4
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fol Hl= ZYMVe CP E&#% o}
AP A7IAE s 2O ol Welrt doju miH ol dss Flsdh 2
strain®] CP%E ¥ vectorol 499 olmx=Ait gd7)4do] & xbol7t whrh wE
ZYMV7F A€ plasmids F3 02 $HE CPE o] &3te] 22YE M3l

H3 Edulo] FEEL F ¢ A AP sy A vE ALY 2

T = =
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>
o2
N
2
e
o
R
El
o Mi
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N

b

52 34
2 sto] CGMMVShe] 45atgol oW A& A=A Sl o vgom
A4AA 4L VAL ofvlwmitoll}t EWeS FHelsty FAH L WA ¥F 4§

L o =2 =2 R4

of mA= 7 fFE38HA ol&2 Aol

4. ZYMVS] B394 2 34 FsFE& 24 =vd &4

1% potyvirus®] A4S MAH 2 WA FF 9L vAE pRom deld
HC-Pro #447 ZYMVS ZSel® $987 2§at=Ag s 9lshol
=

p.ZYMV Gal-on clones ©] &3l o] F&d ZYMV-PA, PE isolated] P19 34
3 HC-Pro®] HwhAQl FE&& Agste] Xgke] axs By gtk pZYMV
Gal-on clone®] BstEII, BamHI enzyme siteZ ©]&3to] primers A& 3sta
ZYMV-PA, PES ZZ3lo] pGEM-T easy vectorel| cloningd}t$ith. 18] 1 sequence
& E213Y clones ¥ R3I3 AA infectious clone &R o AT HC-PROS o}H]
=4k G7IME 24 A ZYMV-PESF ZYMV-PSE E5 dA3819151, PA9 PERH
| 7He] ofml=Ait A7]o] ztol7F Wtk AVIAME AN ol d AVIAES Aol
W2 dao o3t J 3t ux=x Lol 7] A pZYMV Gal-on clone® BstE
I, BamH1 enzyme siteE ©|-&3te] primerE Al23til ZYMV PA, PEE T %3}
pZYMV Gal-on clone®l %2} swapping 3}t

(

=

AEAE UelA o] FHAe] MAF FES 2Asted AMESE ZEREEEE
cauliflower mosaic virus®] 35S transcript ¥3 S 7} 3A = p3bSE 7MY B A
o e oE AR AL BE 2HAA HluF & FEoR BAFHAAE T
A 71E= EAo]l drt. ¢ 7} swappingel ©]€39Y pZYMV Gal-on vectore ©]
TRRE7 Jonz AEAd HE A Al transcriptE WE THEX] 31 DNA%
Bz HE stk J4F A W8 24l A3 DNAS s &7 Sl pZYMV
Gal-on DNAE o8] =2 f7ldel 71A4 HES A8kt 1, 4, 10, 20ug F&
2 HEHE A3 10, 20pgol A4l vein—clearing® malformation 12 3L mosaic® 4
of uetytth ZIAAS FFol o3 Ay Eol vy FRoerwE BHA HH 9= A

{1
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aowhE Al el ¥AS Fl & 4 9= DNAEY WE Y F gene gung ©]&
gt S O E AT =TedA 4 HAx g2 A R 22 o s DNAE
Edstdnt o] mE e ZAAS HEH A HEA FokA HVIAEY A7t
ReS dFet A7IAE A4S 3§ & 23 genome E F9 poly(A) tail®] 7]
Mo & A7 AYdez HFE ol o] Az HA & Aow F535
i AAE PCRE %% ¥ 35S promoter’t 7 7| Ao 2 4H¢l ¥ pSNUL ¥ E
AQdet7lZ2 s ol# gt 0] FF0] HW gene gunoZ HA DNAE E=¢8ta
HE wdE Wy B 5 AdS Ao® vidiEr 3 olY3 WAow WA T
o] = domaing &l 5 glow A5 =9t 7 Ao a3 =rdlx Fop
W s HoE AlmdT

5. g3} Tobamovirus mutant A2 2 A EA] ZEA 4

4l Tobamovirus mutant A% 2 A=A FEAd FA4E fste ZGMMV
full-length cloneS in vitro transpositiong 7]Z% % 3 MGS (mutation generation
system) W7l ZS o] €39] random mutagenesisE AAEATE MGS §HE &
target DNA (ZGMMYV full-length clone) ©] Mu transposon 2] A4S &<13s7] ¢
3] wild type ol EA|8tA ¥+ transposon FEe| A5t Not 122 RFLP
HE 838t transposon ¢ YA E ISt} transposon dHo] ZH L} 2] <]
15 A71AEe] AAE EAe A7 o]&52 dlFE N-terminal o] FJZF 3= o] ATt
158 F3 o7 39 jn vitro transcriptions F33] wild type I &7 F714 ol
7dAd H2ES stdon Seto® WAS #AFY F+= Ao 18y ZGMMV CP
primer 2 ©] &3t RT-PCR ° 93] nvlo]e]~ mutant 7+ A& A oA FE3 RNA
25EH CP =79 W=E A 5 UAAR, A TAQ] H2E WHoE:s
(western blot) €<1& & gldth w3t A& Ag Wdds Holes ZGMMV 9%
KGMMV ¢] 4749 ZwH¢l& M2 A Zsto] F 12 79 chimeric mutantE A 2bet
S, KGMMV, ZGMMVE 7+ F+38 92 coat protein (CP) ¥ movement protein
(MP) =d¢lS A7 EH9 enzyme siteE o] &3lo] A E9 ZGMMV, KGMMVZE
A ghsto] 4744 mutantE Al ZFskglow, 5 7hA] wolgf s o] M2 FF ] enzyme
site ¢ Spe IS ©]&35}4] 54kDa domains TAHSZE Z} ZGMMV, KGMMVE +3
o2 Mz AFso] 274 mutantE: A FEAT o5 ZKIl, KZIE TP
ZGMMV ¢} KGMMV €] CP, MPE A $ste] 4714 o] mutantE Al 2bske] 44 107}
mutantE WESY. °]E PCR product® transcript® Nicotiana benthamiana <} T
719 &4} (Cucumis pepo) © 7dA H2AE 3 A3 ZK & KZ mutant 5& &

ool = FA9 o]so] wild-type¥t ztol7F gley, 7714 &4 (Cucurbita pepo)ell

%
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A AAFEHe wgkste] EAE st dilolso] HA ¥y 5AHS HArh Fgh
o5 ZKl1, KZ1& F¥ o= ZGMMV ¢ KGMMV<e| CP, MPE | $sle] ErhE47}
219l mutant?! ZKZC, ZKZMC, KZKC, KZKMCE A #8912, KGMMV, ZGMMV
2 7zt #8092 coat protein (CP) ¥} movement protein (MP) =w|2l& A7 <Gy
9] enzyme siteE o] g€3F] A 29 ZGMMV, KGMMV & X]3+3}o] 47}%] mutant$]
ZGFKC, ZGFKMC, KGFZC, KGFZMCE A#3ste]. o]& PCR product?] transcript®&
Nicotiana benthamiana ¢+ Cucumis pepo ° 744 H2E 39t XL1-RedE o] &
3t ZGMMV random-mutagenesis = <2 2F 1000712 colonyE poolingsti
XL1-Blue ©°l transformation® 92 & colony & 100719 clones XA#3lo,
RFLPZ mutation X5 ZAASI, wild type o HYAA vE 3] in vitro
transcritions T3 ste] == st

Il Ao WA B GEAA TS} ARl #ofste AES AR AT FAAA
Pf A9 ulolgl~ EAFE2L (replicase) o Z A3}
= 267 HA ofu Aty o]F e A (movement protein) ¢ 168 WA ofm|Alo 2
Fny 7§ CMVe #Z2 F&S muation ¥ BHAAS wild typedt HW S wf o5
mutant = W4 ¥ AHAY Aol ofstEH o W¥A wdE 9 A7 o
Aol AHEAT. FA AESHH Aol o F oofn| A= s A

o] syt Ae] WA A7 F Ao T3S gRls: Ak
ty
}o

%3 wholel s W wgay Az

—-‘—'— 4 }\iljr =2
mutant (Fny-CMV R23T/C, Pf-CMV R2,3T/C)¢} wild type Pf-CMV, Fny-CMV
kel WA zko]l &l E WA Aol g 2a, 3a Z+Zte] VTS w435 sl
double(Fny-CMVT/C R2R3, Pf-CMV R2R3C/T) % single mutant (Fny-CMV

R2T/C, Fny-CMV R3T/C ¢ Pf-CMV R2C/T, Pf-CMV R3C/T)& #1% % RNAE

x9ete] HEg A7, oldA e HWAWMS Aolg AT & Aoy, w714 w9t
o] A9, double mutant®} A3 severe mosaic® chlorotic spotd] W3l WAL #
ZHe 7 QT 2a, 3a ZF7be] @l E e wiolEl~ W YUY AolE YEYEH S
Aog 283t o7 distH, ol vloly A o]Fo JFFE HA= S & T A
Fa=

ZGMMV e Z717Fdo] 2% zucchini H oA F2]3 mRNAE T3 22, cDNA
libraryE Al 2tsith. Zucchiniol 4 ZGMMV el %71 7+d @AM 2] Sol&<l
2= AarEkar cDNA library% T3k < 1,20009 71 9] cDNA sequencingS 9=
stla ZHzte] A7 ES blastiA & 7ﬂJJrE B2 7} @] DNA7ZE W79
A AAE EAsta 5_7]7&0301] #olste WU S YEE 244 ?lx]'J =
3

HAFE PP e o]  Ftransmembrane protein, pectin methylesterase,
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transcription factor €] t4=2] EST clones A¥l3to] ZGMMV S CMV #4
A EoAe] Td YFE B T dlolel ekl FoAge dis] 24 ST vb
o]#] 259 coat protein £ 9 movement protein % replicase =W ¢l¥} HAA o 7

g I ddds AzstArt. 715 A& WelA wild type # mutant
AsAaS HAog ol & £ 9]

6. HolH 2 A B4 D viral mutantd] HLA 23944

ZGMMV el %7]7+do]l Z&H  Zucchiniel HAolAH Eed mRNAE F9
cDNA libraryE AZ3tA . Zucchinil Al ZGMMVe] Z7] 7 @AeA] o] o 1%4
ol FAAE Adstal ¢cDNA libraryE 7533t 2F 1,200 71 2] ¢cDNA sequencing
A 7] VA ES blastw A e AHE EQE ZF dye] DNAVE ¥
Aol AHg AE EAsta 27|z #olstes B S vElE 2844
o

HU

= R84 ?J
F8YstR o o] Ftransmembrane protein, pectin methylesterase,
transcription factor €] t=2] EST clones A #3ste] ZGMMV e CMV el &
A Zol e W FFS A4S & vhojy aeke] Ao Age didl] A AT MGS

Z3] Fny-CMV RNA39 mutant libraryE #|#sle] RNA3o] Mu-transposon

=
Tz Aol AP o g of7|¥ mutant cloneg A 2F3Fe] Mu-transposon?] A Y-S &<l
210 o

stem 4td® Mu-transposons A AsF HF A o2 15bp7F AP o] o7 F =
mutants& FHIATE o5 wild typeZ}t H]aste] WA o] W wlolg{ s~ F Ao

A, vEed 75 gRlste] Ak ~=agde °oF 50071 CMV R3
mutant A 42 pooling #A F Lot FEHE mutant A AAES AA o
100719 mutant & AEstorm ol T 807 mutant © tisl CMV RNAL, 2 full
clone ¥ RNA 3 mutant & %33tk °l& mutant ¢ mutation point ¢ Y2
FEet 9 ointernal - 5 #EobAl £EHIL S @AstTh in vitro
transcription & %3 transcript 2E< Nicotiana tabacum 'Samsun’ S AX FHF
A= F71Y o HFete] WAl #e AESHAS ST WA #Ho 2 o]
g S A vdad B9E g9laty] 98 A MA Sehor WA x4
gl A3 30% (247H mutant) =7} wild type o BlsiA k3 WA veEhlAY
A, 2 ¥4 43 Ad a9E Btk dRE o5 mutant library f AL
&9 wild type¥ Hlalste] wpolels EAeF WA HFAQ FiES
o &8 Aol

7. FSutol g ne] SHRY, NG, nEER ¢ FAFAAL
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ZGMMV 9] |3kl A (coat protein; CP) ¢ open reading frame (ORF) ¢ start
codon (ATG) o slEsl= F7I1AE ATGeet & AGGeet (Stul) & point mutation
A17171 1MZGMMV CP &d & A3+ pZGACP mutant & A2l =3 CP
region o &F FAXE FYst7] YsICP transcriptional promoter sequence (+45nt)
o] &} Fst= CP region olmulticloning site (MCS; BssHII-Bst98I-Ncol) & 4+ ¢ 3d}<]
GFP reporter +3 A2 cloning 3t pZGACPGFP & A &statt. 7|5 A& o&
mutant 9] in vitro transcription & &% AHES FIFTote] FES B A CP
g o] A8 pZGACP & AANE F7)Y, Nicotiana benthamiana o4 wild type
ZGMMV Hluws] Ads #WAS B 5 gldAR pZGACPGFP &4+ RT-PCR&
8 goled 4= At 2} western blot oAM= Feld 4= ¢lAT} ol GFP 9
EA= HA|9 1 o] % protein translation o FEFS W= Ao g Y giREEe
tobamovirus RNA 2] 3° NCR 2 3709 pseudoknot ¥ Z=ZH X4 tRNA TZ2E5
FAeal 9lom, eukaryotic mRNA %9 transcriptional machinery &4 2Hg3t:=
poly (A) thAle] ol FdF 75 3t 53] replicase protein & <1243t RNA
minus strand ¢ EAstE 8% 4TS kil vk INCRY 7]s3 HAdddd #4
3 Ao Wi F ToMV (Tomato mosaic tobamovirus) (Takamatsu et al., 1990)
9] 37) pseudoknot o W& A =¥ deletion mutant & in vivo W HolE] =29 E-A|
2 A o g 4FS EdE vy A& vlo]e] 29l ZGMMV 3 ‘NCR mutant A
2bS Yall oF 163 Mol 9714 LES 2= 3INCR 9 +x2E5 4AAH39 Y. tobamovirus
°] 3'NCR9 conserved regiong ztil 9low 7}x#2%E WHAA tobamovirus thE
50 TMV, TMGMV, PMMoV, ToMV &< 3INCR ol H|3] ¢ 60 7/1e] A71A4<E
o] At} o] YukA o Z double helix 6709 3709 psedoknot & zt& Hlo|# AL
7} Y27 double helical segment (I, II, I, IV) & 4% 2719 pseudoknot I}
tRNA = FAHAES AL ol 25 CGMMVE A9 w3t 28 3
A tobamovirus 1F WolA AEAo] E=2 KGMMV (Kyuri green mottle mosaic
tobamovirus) WA % fAFgE F2E vEbdY.  EAIYE ZGMMV 3'NCR 9 2719
pseudoknot 2 double-helical segment 2] 47} H-E o2 A& o] ALV, AV,
AIHIHV, ATHIFIIHV € 4 7FA] deletion mutant® A3ttt A8 4 74X
deletion mutant & N genes 717 Nicotiana tabacum ©°| HAEsF o
hypersensitive response (HR) wiol &EA FF& ZAE = i T,
Nicotiana benthamiana %+ 7152292 Cucurbita pepo ° transcript & 733
T 7R AR 7)1F A& A mutant pZps 1o1AE wild type ¥ FL3E}

mutant pZps 2 A local lesion & = 9|9 mutant (pZps3-4)ol A& ojuw sk WA
#2 @ F vk HFE F 27 Fdel AdoA ZGMMV ol HE] kgt KGMMYV,
CFMMV, 7714 F®¥ A2 CGMMV 2] 3 NCR < ZGMMYV full clone 3NCR °l

B

rr

o
K

ok 38

o
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8217171 918 mutation PCR 4H&S AZstglon, F7)1Udl 72§ 3J94L
= wild type ZGMMV 2] E-Ao] 7%= A3S 23 s}

w328 wlolgl 2~ CMV, ZGMMV, KGMMV mutantZ wild type, mutant, mock #
glo] o3 WYUAHLS v 2 7|FAEgA L WSS na #ZA ATk o] S9o AMuk
¥ mutant 5 wild typeol] BlEle] BMA W kao] =g ALY, WAL Holx @&

=
o1} wpolel 2t EASE P, R0 e s olFe] AFYL 2HE mutant
g Awstn wAAEdAde WUY LAY AL FAsgon. £@ oF

mutantE &3l EZGAPE F=nfol 31512 Adbstazt sp, wdll Aj~dls G HEES)
o} HY9A4 #H domain® AA I EF| A Qcross protections HF o ZE PMMoV
9] replicase(REP) & % methyl-transferase ¢} helicase domain A}¢]Z point
mutation A7l mutant$} 3' NCR9 pseudoknot T+%E A A3 mutantES A #s}$
REP H-#9] 3488 o}m =4k o] point mutation cloneo] <F3F HALEHS H ow
viruss%=7F ©2 mutantyt wild typeol H|dte] =9t} 3 NCR pseudoknot deletion
mutantE& S vlolg A EAR 23 e virusyEEES XYtk o83k point
mutation®} 3° NCR pseudoknot deletion mutations %3t 6709 mutantE A =3}
o] cross protection& IS 1FEZ thaow EAAHE A 67 BF k3t HAwd
=1 om ol#fg A= wFolE uw REP domain #} 3" NCRe| ®WH4d &doa
%PL??} FHdS & 7 9,19}1 o2 ¥ &8 7Fs3 attenuated mutant A2
3 b & UM EHHEE] At 9lo] 4FF
o] vt zE 7+ tobamovirus®! cucumber green mottle mosaic virus (CGMMYV),
cucumber fruit mottle mosaic virus (CFMMYV), Kyuri green mottle mosaic virus
(KGMMYV), Zucchini green mottle mosaic virus (ZGMMV)el| & & m&& Y
2l olE9 7|FEA 2 HYL wRAEZ Ao Q= Ho] EAolo]A] uHlo]g
iQ] Ao e xF VFAE HLAVE Wi A ET weN 2 A
ogk v W R g ol AAolth olF A WA Ee W I E
¥4 nlol# 29l tobamovirusol] et AHe ke o9 A]F Lol
th. 53] wloly 29 FAEA e FEAGHS BRG] e g dS
T e ZeAdd AAReIY. ofel EATelA 4744 Hhakzkd Tobamovirus©l
£ 2k B Alzfsto] wpole 29 HAo| AREEATE 53] Hiold]
Aow FAE = FAE 7HA AL total RNAS FE3to] w4, 53
FrAE AEfell A

2y 8 2

o
A4 ol gttt 1 A3 Holesrt BE m:
g2 PEol Hom. A
of of A& Fol AESE AL Fe| Hpole] s
o] %9 4 1990 §-831A AgE Aol Al
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SUMMARY

To determine virus infection rates in major watermelon fields in Korea, we
surveyed virus infection rates. We were able to isolates and characterize
Cucumber green mottle mosaic virus (CGMMYV) and Zucchini yellow mosaic virus
(ZYMV) strains and determined their single and mixed infection rates. Two
CGMMYV  strains from watermelon (CGMMV-KW) and oriental melon
(CGMMV-KOM) and three ZYMV strains from pumpkin cultivated in Andong
(ZYMV-PA), Euryong (ZYMV-PE), and Suwon (ZYMV-PS) were obtained and
tested for their interactions on causing synergism. All five isolates were purified
and sequenced by RT-PCR using extracted viral RNAs and random and
specifically designed oligonucleotide primers. Genomic RNA sequences were
compared to the other strains. ZYMV-PA, -PE, and PS were closely related and
formed distinct clade with ZYMV- WM, -WG, -California, TW-TN3, -CU, and
SG and formed distinct clade with Reunion island and Singapore. Sequence
analysis revealed that there are differences and variations are present in major
watermelon fields in Korea. The nucleotide sequences of the genomic RNAs of
CGMMV Korean watermelon isolate (CGMMV-KW) and Korean oriental melon
isolate (CGMMV-KOM) were determined and compared to the sequences of other
tobamoviruses including CGMMYV strains W and SH. Each CGMMYV isolate had a
genome of 6,424 nucleotides. Each also had 60 and 176 nucleotides of 5’ and 3’
untranslated regions (UTRs), respectively, and four open reading frames (ORF1-4).
ORFs 1 to 4 encode proteins of 129, 186, 29, and 17.4 kDa, respectively.

To characterize pathogenicity domains of CGMMV and ZYMV on watermelon
hosts, we constructed full-length infectious clones of CGMMV-KW and KOM
using specifically designed primers and amplified DNAs were cloned into 35S
based DNA vector (pBI-121). Interestingly, CGMMV-KW and KOM caused similar
symptoms on most tested host plants except on Chenopodium amaranticolor.
CGMMV-KW caused local lesion while CGMMV-KOM did not infect C.
amaranticolorplant. To further define pathogenicity domain(s) responsible for this
difference, constructed clones (pCGMMV-KW and KOM) were transformed into

Agrobacterium tumefaciens strain LBA 4404 and initially infiltrated onto Nicotiana
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benthamiana plants. Infiltrated plants showed typical symptoms similar to those
caused by the infection of each CGMMYV isolate. Sequence analysis of each isolate
identified several distinct sequence differences and characteristic variations. Based
on these data, site—directed mutagenesis and sequence swapping analysis will

further confirm symptom determinant of CGMMYV isolates.

To determine symptom determinant of ZYMYV isolates, previously constructed
full-length infectious clone (PZYMV-Gal On) was kindly provided by Professor
Gal-On and used to generated sequence swapped mutants. Since sequence analysis
and previous infection andmutagenesis analyses strongly supported the HC-Pro
protein as major symptom determinant for ZYMYV, we amplified HC-Pro region
from ZYMV-PA, -PE, and PS were amplified by RT-PCR and incorporated into
pZYMV-Gal On vector and were used to infect pumpkin, cucumber and zucchini
plants. When we used 10 or 20 microgram of maxi-prep purified DNAs, vein
clearing and mosaic symptoms were observed by mechanical inoculations.
Symptom appearance, however, was not always stable for each mechanical
inoculation and thus required to develop more stable inoculation protocol. Sequence
analysis of pZYMV-Gal On revealed that there was sequence variation at the 3’
end of the clone. These sequence changes possibly responsible for low and
unstable infection rates of pZYMV-Gal On clone. Therefore, new clone was
designed to remove 3’ sequence variation and cloned onto pSNU-1 vector that
contained duplicated 35S promoter. We'll also try Gene-Gun for inoculation since
very high and efficient infection rates were observed by the many other
researches. Construction of new clones and the use of Gene-Gun will further

verify domain(s) responsible for symptom variations.

To characterization of viral synergism caused by mixed infection of CGMMV &
ZYMV and to determine viral gene products or domains responsible for synergism,
CGMMYV and ZYMYV are major viruses infecting watermelon plants in Korea. The
three isolates of ZYMV were classified by symptom expressionsand caused
distinct synergistic response of necrotic death occurred within 1 week after
inoculation in all combinations mixed with CGMMV and ZYMV-PA but not with
ZYMV-PE or PS showing mosaic and severe mosaic. New specific ultrastructures
of nonagon-like ring (NLR) and spiral aggregates (SA) by mixed infection with
CGMMYV and ZYMV-PA were formed in cells of infected plants. No specific
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ultrastructures of NLR and SA were, however, formed in combinations of
ZYMV-PE and in ZYMV-PS with CGMMYV. To further characterize differences of
interaction between CGMMYV and ZYMYV, yeast two-hybrid assay (YTHA) and

site—directed mutagenesis were conducted.

A protein interaction of CGMMYV and ZYMV CPswas generated by the yeast two
hybrid system. Clones encoding the genes CGMMV CP, ZYMV-PA CP and
ZYMV-PE CP were fused downstream of the GAL4 binding domain (GAL4-BD)
and of the GAL4 activation domain (GAL4-AD). The GAL4-BD and GAL4-AD
fusion derivatives of each gene were co-transformed into yeast and transformants
in which interaction took place were identified on selective media. Interacting
fusion proteins were extracted from the yeast cells, run on SDS-PAGE gels and
finally checked by Western blotting with GAL4 polyclonal antibodies. Strong
interactions were detected between the pairs CGMMV and ZYMV CP/CP,
CGMMV CP/ ZYMV-PA CP, but not with CGMMV CP/ZYMV-PE CP. Analysis
with CP derivatives from ZYMV revealed significant amino acid residues
responsible for interaction with CGMMV CP. Although not all of the
protein—protein interactions reported here were tested for the appearance with
ultrastructure(s), the interactions revealed here were, in general, similar to those

that caused for the appearance of synergism and ultrastructures.

To obtain random mutagenesis clones of selected cucurbit-infecting tobamoviruses,
full-length ¢cDNA of Zucchini green mottle mosaic virus (ZGMMV) was mutated
with in vitro transposon based on mutation generation system (MGS). Mu
transposon was inserted into ZGMMYV full-length clone and location of Mu was
confirmed with ¢cDNA RFLP method with Not 1 restriction enzyme, which doesn’t
exist in ZGMMYV cDNA but only exist at both end of transposon. Fifteen Mu
inserted cDNA clones were obtained and majorities were N-terminal inserted
clones for the virus. These clones were in vitro transcribed and infectivities of
clones were tested. Visible symptoms were not observed from mutant inoculated
plants but ZGMMYV CP was detected with CP primer RT-PCR. In contrast, CP
was not detected by western blot analysis. We have also obtained 80 independent
Mu-mutants for Cucumber mosaic virus (CMV). These CMV mutants clones
revealed that insertional sites are random as we expected, and their infectivity and

pathogenicity was evaluated.
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Totally tweleve chimeric mutants were obtained with substitution of four domains
of KGMMYV and ZGMMYV which are two of highly virulent cucurbitaceae infecting
tobamoviruses. Substituted four domains located in coat protein (CP) and
movement protein (MP) regions and domains were substituted with Spe I enzyme
digestion. Two mutant clones were studied which were ZKI11 and KZ1 and
infectivities of in vitro transcripts of two mutant clones were tested on Nicotiana
benthamiana, cucumber(Cucumis sativus) and zucchini squash(Cucurbita pepo).
Replication and movement of ZK11 and KZ1 in cucumber were not different from
wild type but two mutants didn’t showed systemic movement and just replicated
only in primary inoculated leaves. Four domain substituted mutants, ZGFKC,
ZGFKMC, KGFZC and KGFZMC, between ZGMMV and KGMMV CP and MP
with ZK11 and KZlas templates were constructed and infectivities of in vitro
transcripts of four domain swapped mutant clones were tested on Nicotiana
benthamiana, and zucchini squash. ZGMMYV random mutagenesis experiments were
conducted with XL1-Red and ca. 1000colonies were pooled and finally 100 clones
were selected. Mutation points of selected clones were confirmed with PCR RFLP

methods and pathogenesity of in vitro transcripts were screened.

Nucleotide sequences of recombinant CMV which affect strength and time of
symptom developments on zucchini plants were investigated and recombinant clone
which showed week and delayed symptom developments was obtained. With
these experiments, critical symptom development determination points of CMV
were revealed which were located in replicase region and movement protein
region. When 267th amino acids of Pf strain replicase region and 168th amino acid
of Pf strain movement protein region substituted with Fny-CMV strain, developed
symptoms were week and delayed. Molecular biological data supported that

interactions of these two amino acids directly affected symptom developments.

To determine the function of 2a and 3a on pathogenesity and symptom
development, double (Fny-CMVT/C R2R3, P{-CMV R2R3C/T) and single mutant
(Fny-CMV R2T/C, Fny-CMV R3T/C andP{-CMV R2C/T, Pf-CMV R3C/T) were
compared with wild type P{-CMV and Fny-CMV. Different symptom
developments among mutants were not found when double and single mutants

inoculatedon cucumber, but severe mosaic and chlorotic spots were found on

_21_



zucchini  squash. ZGMMYV pathogenesis-related Zucchini mRNA library were
constructed. Especially expressed mRNAs in early stage of infection were
extracted and cDNA library were constructed. Total of 1200 ¢cDNA clones were
sequenced and critical pathogenesity related mRNAs were investigated with
BLAST search results. Especially we are focused on expression profiles of
transmembrane protein, pectin methylesterase and transcription factor clones when
ZGMMYV and CMV-infected zucchini plants. Antibodies of cucurbitaceae infecting
tobamoviruses and CMV were prepared to determine pathogenesis and further
mutation and interaction studies. Coat protein and movement proteins of ZGMMV
and CMV were produced with cloned expression vector. Antibodies for replicase
proteins of KGMMYV, CGMMYV and CMV were produced and used for anaylsis of

the viruses.

ZGMMYV pathogenesis-related zucchini host mRNA library were constructed and
screened. Especially expressed mRNAs in early stage of infection were extracted
and cDNA library were constructed. Total of 1200 cDNA clones were sequenced
and critical pathogenesity related mRNAs were investigated with BLAST search
results. Especially we are focused on expression profiles of transmembrane protein,
pectin methylesterase and transcription factor clones when ZGMMV and CMV
infected zucchini plants. To construct Fny-CMV RNA3 mutant library,
Mu-transposons were randomly inserted with MGS method. Insertions of
Mu-transposons were confirmed and 15bp randomly inserted mutant clones were
obtained after deletion of inserted Mu-transposons with Notl cutting. Around 500
CMV R3 mutants were screened and ca. 100 mutants were selected without
duplications. Mutation points were fairly evenly dispersed around RNA3 genome.
Eighty mutants were combined with RNAl and 2 full clones and in vitro
transcripts were first inoculated on Nicotiana tabacum 'Samsun’ then zucchini.
Thirty percent (24 clones) of mutants showed weaker then wild type or no
symptom or delayed symptom developments. These mutants have been compared
with wild type to determine essential points for virus replication and symptom

development.
To construct ZGMMYV CP open reading frame (ORF) start codon (ATG) disrupted

mutatant, ATGcct sequences were changed to AGGecet (Stul restriction site) and
ZGMMV CP disrupted pZGACP mutant was constructed. Moreover, multicloning
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site (MCS; BssHII-Bst98I-Ncol) was inserted into CP transcriptional promoter
sequence (+45nt) region for plant expression vector construction. GFP reporter
gene was inserted into MCS (pZGACPGFP) and expression of pZGACPGEFP in
Nicotiana benthamiana and zucchini squash were tested. pZGACP did not show
any visible symptoms on N. benthamiana and zucchini squash and expression of
pZGACPGEFP were confirmed with RT-PCR. GFP protein expression was not
detected with western blot and this result suggested that protein translation might
be affected.

The 3 NCR of most tobamovirus RNA consist with 3 pseudoknots and clover
shape tRNA-like structures and function was similar with poly (A) of eukaryotic
mRNA as transcriptional machinery. Especially 3° NCR was recognized by
replicase protein and has replication of RNA minus strand function. Function and
effect on pathogenicity of 3NCR was determined in Tomato mosaic tobamovirus
(ToMV) (Takamatsu et al., 1990). Function determination of ZGMMV 3’ NCR
were designed according to ToMV model. 3° NCR nucleotide sequences were
determined as preceding experiments and structure of 163 nucleotide 3' NCR of
ZGMMYV were predicted. 3 NCR of ZGMMYV has conserved region with other
tobamoviruses and 60 nucleotides shorter than Solanaceae infecting tobamoviruses
such as TMV, TMGMV, PMMoV and ToMV. Theses results revealed that
ZGMMYV has 2 psedoknots with double helical segment (I, II, III, IV) and tRNA
like structure and different from other tobamovirus structure which consist with 3
psedoknots. Structure of ZGMMYV 3’ NCR is also similar with Kyuri green mottle

mosaic virus (KGMMYV), which infect cucurbitaceae plants.

To determine the replication related 3’NCR region of ZGMMYV, 4 deletion mutants,
ATV, ATV, AV, AIHII+II+IV, were constructed. In vitro transcripts of 4
mutants were inoculated on Nicotiana tabacum plants with or without N gene.
Replications of mutants were not detected on N gene contained Nicotiana tabacum
because of hypersensitive response reaction. pZps 1 showed same symptom with
wild type and pZps 2 showed local lesions and pZps3 and pZps4 didn’t show any
symptom. Nucleotide sequences responsible for replication could be determined
with these results and 3'NCR substitution with KGMMYV, CFMMV and CGMMYV
experiments were conducted and results obtained from these experiment will

confirm replication responsible region determination. Pathogenicities and responses
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on host plants of selected attenuated CMV, ZGMMYV and KGMMYV mutants were
compared with wild type. Among these mutants, slow symptom development or no
symptom development mutants but exist on whole plant level will selected for
analysis of pathogenesity and symptom development determinant. With selected
attenuated mutants, field protection will be tested and establishment of model

system is on going.

To determine the pathogenicity domain and to apply cross protection, Pepper mild
mottle virus (PMMoV) point-mutations in the replicase (REP) gene between the
methyl-transferase and helicase domains, and deletions truncating pseudoknots in
the 3’ non-coding region (NCR), were constructed. Some mutants substituting a
single amino acid in REP residue 348 exhibited mild symptoms in N. benthamiana
or pepper plants. Accumulation of these mutants was higher than that of other
REP mutants or wild-type PMMoV. Deletion mutants in the 3’ NCR pseudoknot
showed the lowest virus replication and accumulation among the mutants tested.
Six attenuated mutants, which combined 3° NCR deletions and single or double
REP substitution mutations, were constructed to investigate cross protection
effects on pepper plants. All six of the attenuated mutants showed milder
symptom development than wild-type virus. These results suggest that REP and
the pseudoknot in the 3 NCR are major pathogenicity determinants of the virus,
and engineered PMMoV attenuated mutants can be useful for protection against

the virus in pepper plants.

Production of cucurbitaceous plants were severely reduced when infected with 4
cucurbitaceae—infecting tobamoviruses, which are CGMMYV, CFMMV, KGMMYV,
and ZGMMYV. Detection of these viruses in seed or young plant stage is the
most effective method for prevention of out break of viral diseases in production
field. Host range of these viruses was limited in cucurbitaceous plants and these
narrow host ranges make difficult to detect and classify with standard
experimental host and bio assay. Therefore, we designed each virus specific
primers without non specific reaction for fast and efficient virus detection from
small amounts of samples. With these highly specific primer sets, the 4 viruses
from seed coat and cotyledon can be simultaneously detected without non specific
reaction. Sensitivities of developed specific primer sets are extremely high to

detect extremely low concentrations of viruses and could be useful for detections

_24_



of spontaneous mutations without symptom developments and for plant quarantine

service.
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gy o v AQihe F AaAEE] oF 146 % (2001 715 53,659 ha)E
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A2d dFAEe 54

L d7A4Ee 58 R W&

F A IA

o LE ¥
CGMMV ¢ ZYMV e E3zrgd 93

7|F-vtol g & E3A 9 HFEEE WHol ?f&

1) CGMMV & ZYMV ] k7] s=d tist 53 749 A <o 9 7} isolateE9] 4
719E B4 g4 2l straindl gt infectious clone A2}
7 T8 Ao A ZYMV 2 CGMMV Y] o] &S detstal 7} isolates
2
) 2849 isolated] A7IME AA
) CGMMYV infectious clone #|2}
2}) ZYMV infectious clone A2} - t# &<l F 7l o]4 isolate
w}) Infectious clones ©]-8&3to] CGMMV S} ZYMV Q| strain {F chimeric mutantE
Al zbsto] wpole o] WA AA Q1A 77

M

2) B3 7o) 93 7+ virus strain 9 s &g A
- nlolgixo WA AFaye 9IS Fi= domain B GG A
b 53 7 bl 4 Fo] WE virus strain 7He] ‘i 75}% A+
7

) CGMMV 9 hybrid viruse] Az L A5g 3y 24
2}) ZYMV 9| hybrid viruse] #1zF 2 A<5ay 249

mh) WA deadel 9%FE F domain B @714E E4

3

Sh

3) E3t vfolel e} ul V)5 7he] dEAE AT
7} Yeast two-hybridE ©| &3] CGMMV e} ZYMVE #HA Asa3 A4
W) WA Aeats d44ste 9 d £ domain ©AY

j=4
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ERSE

ATEE

CMV ¥ ZGMMV<e BHY9A ZAAAA A3 FEHlo|g A5 o] &3 Q0|9
s Az 71e ML

1) ¥3} Tobamovirus mutant A2 @ 2 &4 74494

S|
=t

=]
Rl |

7}) Tobamovirus mutant A &+

(1) ZGMMV full-length clones ©]& 3t random-mutagenesis

(2) ZGMMV full-length clone< ©]&3F chimeric mutants A2}
W) Viral mutant A% 2 AAE FH7]& M
(1) ZGMMV mutant library o 2k 2}

(2) CMV chimeric mutant A=}
th) HAAAAE 7]F cDNA library #| 2
(1) vlolef 2 el wE WA I 7172 =4 mRNA o tigk cDNA
library =2}
(2) 71F2&E v okl AlE 8 2 A R
(3) "3} Tobamovirus 2 CMV 2] movement protein ¥ replicase 383 #| =z
(4) wild-type B ¢fsutolel~ HA 7= L

2) vlolg] A~ delxt B4 2 viral mutant®] BEA A2=38Y
7h wpolel 2w A AA A A

(1) 23} Tobamovirus®l hybrid virus®] |z 2 794 24

(2) vpolel 2 Zhedo] whE WA ¥E 7152 E A cDNA ESTs 24
}) Viral mutant®] HH9A =394

(1) CMV chimeric mutant A2} 2 ¥4 4A

(2) CMV mutant library o 2= 2}

3) ofEutolel e & , 2L
7h) ef=mutolef o] Mk 9l vbat 7| FAE A4
(1) 71725 3 o dg AlE 22 ¥
L) of=utolel o] 544
(1) ZGMMV &3 A (coat protein) mutant Al ZF 2 <& frdxp dd 4
(2) ZGMMV % PMMoV 3 non-coding region 7% 24 2 mutant A%}
(3) ZGMMV = CMV¥9 random mutagenesisZ ©]-&3F mutant &4 4
t}) okmulolef o] LAY W HE g A
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#}) ok=nlolgl A9 I A= At

(1) 9t 2o] 9& 2 F= 429 nlo]8 29 %A (multiplex RT-PCR) 74

7HH1—
(2) BFy}2Eof glo] oA o]Fo AMuty)
(3) AA LA 2] ¥4 =
(4) F=71sA = Ho|F Ak

5
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H 2 & de 7[s7/ e o &

A1H -9 #d7<sy a3 £AH

TAREE 7] e gEo] 19861 w@ul Ezbo] A wlo] ¥ 2~ (Tobacco mosaic
virus;, TMV)<] 93 e A (coat protein; CP) F+AAE ool HAA RS wf TMV
of AYAFdS HAve Hil o]Fo Ao RE FEo nloly s Fi FAAE A EA
of HHAAAA Ao Hd o FE Fofetal Qi o]F UF-= oln] EFFe A Auf
H 3 9= AEjolth(Beach, 1999; Gonzalves, 2002; Harper et al., 2002). H}o]& 2
B FHAE ol & A FF S =93 WaAste] AEA f vrely 2 AFTA
frazre] g ol & agla FHd B2 A9 A e 9@ RNAS
silencingell ]38l &3 7]do] 7|5 A EolA WA wel o] & o] &3k upolE 2 A
g4 FF S4AT7F EdsiA FaAHL e AAolth. CMVe A& wolel~
ol 7HE vdd 71F MeE AYa Ade volgls T stuEA ow W
straingE°¢] RIHYTL olFo= HAA J33s xo]lE Holi= strainE®= X3

UTHChoi et al., 2002; Lin et al., 2003).

%

Hpol# o] Hek el od M= thE whel#l & 7| recombinationol wHE A=

ozl Fie TAE JHAIL YA @2 AAoAN WA s wE V)F AES I
af S7bel gk dAvte Ade] W AFAEd g8 FHE2 A 2 A WA A
=9 ¥lo] nlelgl 29 Axwe dFEIF 7|F AE9 silencing 7| AS AAEE o
A QIAE 7HA L Q7] WEd Aoz ¥ X tH(Vance and Vaucheret, 2001).

Hol B FFY vhol# 28} strainsell tigh F7IAYE ARV BRuEa FrhEel
wet FHFEHE o]&F AVIMGE EAol Beol HIgH1 ged ol w=wd
luteovirus, tobravirus 12| 1l potyvirusZol 43 wlolgl 259 A= A= tE 8}
o]#8] 2~ 7+ recombination®] A Al TS AASE=Y 7ddgn JAX T
) tH(The VIIth International Plant Virus Epidermiology Symposium, 2002). <4k
o= npolga I B FY T vlolH 2 strain?te] recombinatione A<l &
A Al wlol 29 EA & A7) copy-choice switching®l] 2]& o] FojX=d A= 2
niolef =9 3k 7Hol o5 54 npole|zo FAo] A om A FrhstHA
%™ copy-choice switching®ll ¢]3F A &% ulole]~ straino] ¥rEold 7tsAol &
7Vt o9 #wste] v A4 A§ 7|Eol synergyE Yo7 E groupl® H
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M3 & dPHLSS yE 2 At

A1 A 74T BE 2 AA

1. &

A
CGMMV ¢ ZYMV S| E3zrdol o3 sy

rd

oy, A=)

7F. CGMMV &}t ZYMV Y Fu7]Fd g3t 53 #d A8 s 2 Z} straing
F7IME A

Ao FEsteE T8 vtole] s FollA] T dAEo] WIWE] £AE oF7] AlA
d CGMMVe A J%F A= E=g G Ed o8] F0 dd¥+= ZYMVE &
AAER o]gste] =l o] EACNA Zb mlo]y 29| isolateE WElstil EeH
isolateE ¢ 7HA] ek AEdd FFstol A= AAS T HAAHY HolE g
T g E A isolateE AW TE 7|F HE2 AEEo] gy HE B o] g3t
CGMMV | @7|Md #£42 7] gdrd F 7HA strain® @7142S Zgtolw A%
of o] &3til ZYMVE 7|&E Hig A7|A4Y9 ZRE o] &3t RT-PCRel ol& 7} wt

o]H & isolated] AlwHFES FHle] T-HEo 4Adste] &2 o] &3k},

Y. ¥ A straino] o3 infectious clone A|Z}

WEHQA CGMMVE ZYMVE straing A9sle] full-length infectious clone2] |2}
of o]&3}al full-length clone®] AL ATAEo HE3He] delairy, dojx=

infectious clone Z} strainite] A F-& swapping©|t} mutagenesisell <3|

AT 715 SoldS AAsks whelgl s ajle AdAsk=d ol8d Aolvh(Ld 1.
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Infectious +“—> Infectious
clone Clone A& clone

g

Mutagenesis & swapping

v

EdHolE X33+ cDNA9A RNA transcript A2+
N1 AEHAE FF B EF 4D

g

¥A 2 synergism¥ #F
Ultrastructure #3
Progeny virus ¥4

28 1. 7} vpel] 29 clone A2 2 mutagenesis
% 4% AL ARHY mAE

ot B3 A dd 93 Z} virus strain 79 A3 FEL 4F

ZYMV e} CGMMV = vRo] 2] 9] isolateo] whe} = HEoll o] &5 & 7|59 7

cultivarel W} synergismo] T2 A YEPdth= FS &1g vb 1tk (Cho, 2002). w}

A AMEE =z FA] Blol] A~ 9] isolateES T o ® 7|Fo wE HES-9] oo}
4 gkt SynergiSm°1 doj Aolle SelHoer F 7HA

E el SolA<l Xdﬂ%“l%‘@ :rLZ(Octagon T

synergism®] 5%
Hpo] ] 2~ 9] AF% A}
+ nonagon 5)7} ¥l

oe A7E 08 A8 QA WA

ofo
)
L
gL_t‘
N
S
"
g

2. vlolg 29 HA A5 EIH(synergism)o] FFL FE domain EE GUIAHE

24

Z} wlol# 2 strainel] EolAow &A= vpolgl A 29S EAX35F+=4 infectious
cloneo] o]€= = 3 PHEY AAY 75 5ol HAAS st AF, o]g&d
mutantsES o] &8t 4 A stal o]F FIF -‘r’réx} T FAA F2E
= I~
E g3

3 mutagenesis (site-directed or alanine scanning)

U AEd os SolHel domaineltt 97149e FAG 5 A B el 7
mutant 7] B dhelM FHHE FIAEUS So] T2 #BF o8 4
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A3 2-8)9} three-hybrid (RNA-¢-9 2 A5 22
BatA @ Aolth. 715 FAA] librarye A o2 o] § 7153 yeast hybrid

systemol] o]&3 4 QA& libraryE TFYAY A Zste] o] &3kA & Aot}

2. 35 4A
CMV ¥ ZGMMV<e H9A Z2AAR BNz ofEnlo]g2E o] &3 20]9
g3 A 71e AT (MR dgn SFAHHsR F714)

7}. Tobamovirus mutant A #t
1) ZGMMV full-length clone< ©]£ 3% random-mutagenesis

wapzt 2ol 7dAS Hol: ZGMMV  full-length ¢DNA clones in vitro
transpositionS 7]% % 3} mutation generation system (MGS)S ©]83}° random

gt} ¥kS & target DNA (ZGMMYV full-length clone) °ll Mu
transposon 2] AL 2lstr] 95t wild type ol £A8HA] &+ transposon
2o £A%+= Not [ 2 RFLP WHE 4339 transposond] $IX& 135l &2
sttt AdbEl MGS mutant®FE entransposon A#H o] #¥ yw =zl 15 47]A
do] A X Ay o5 YH-E N-terminaldl FF3E o] ALk o5 F
o7 319 in vitro transcriptiong 33t wild type I A F7IY ZEA H

~EE ANEC wild type? TEEE WQg0] o AE AL AAGAT

mutagenesisE A =3}
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e — Viral RNA
Full-length cDNA
T7
Mutagenesis
=2 . .
Cfl In vitro transcript
T7

< Transcripts

Plant inoculation

Avirulent mutant selection

2) ZGMMYV full-length clone< ©]&3 chimeric mutants #| %+

uhah el et WS HolE ZGMMVeF KGMMV e 4719 Z=wdls A2 X
#atol 1070¢] chimeric mutantE A #Hskith. KGMMV, ZGMMVE 2t 3oz
coat protein (CP) ¥ movement protein (MP) = 21& 719 ¢ enzyme siteZ
o]-&3ted AMZ9ol ZGMMV, KGMMV = 2 %tate] 4744 mutantE A 23t o, 7
7FAl vlelgls o ME FE9 enzyme site ¢ Spe 1S ©]43}9], 54 kDa domain
S THoRE 4 ZGMMV, KGMMVE F3 o2 A& A33ste] 27F4] mutantE A2
stk ol ZK1l, KZ1& 322 ZGMMV ¢ KGMMV ¢ CP, MPE A&
9lEx primer & AZ fusion PCR 3le] 47}A 9] mutantE A 2ete] AA 1070
mutantE TESRTE o]E PCR product®E transcript® A Zsted  Nicotiana
benthamiana ¢+ Cucumis pepo © 794 A& A A AT}

Y. Viral mutant A% 2 AL FH7& AL

1) ZGMMV mutant library o F#] %
XL1-RedE ©]&3 random-mutagenesis & 42 °F 10007§¢] colonyE pooling 8+
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t}.  XL1-Blue ©| transformation & 92 = colony & 100719] cloneg A14H3}
o] RFLP & mutation 91X S A7A3la, wild type #H2] HAA vluE 93] in vitro
transcritions 8 3to] 2~z 8] 5% T

2) CMV chimeric mutant #] %}

F7IHe A e WA #E S A 7o A7]o| FostE AES AASH] AgE FHAAA
Z3% vpolg 2~ F wAd Ay Pf AlE9 wloldl 2~ EA| &4 (replicase) o EA s}

Abat o]l (movement protein) ©] 168 WA ofv|mAbo =

)

= 267 WA ofv|x

¢

Fny A% CMVY #Z& HES muation & HAAS wild typed} vuFS of o]&
mutant = WA Lol AAHAY WA ofstE o WA HA 9l A7 o
b AARIAY o] FEEHAT A BESA ATt o 7 ootv|westEe] FE A
go] suto e WA A7l & A7 FadE FdsAtt

o H9A#H7|F cDNA libraryt A%

ZGMMV e Z7|7go]l Ha® Zucchinie] HdeolA #z23 mRNAES FIPo=,
cDNA libraryS A&ttt Zucchiniol Al ZGMMV e %7] 7+ dAloH 2o EolF
A FHAE AEsta, cDNA libraryE F5FATH @A F 1,20099712] cDNA
sequencings &8l ZH2be] G7IM A blastiE A d AdE EWE 7 o
DNA7} W3] dgsh #AE EA il 2713l #odstes HAddS ved=
A7 EAATE Al

_41_



Al 2ddFAEas

F @ 3A
CGMMV$t ZYMV S B gl & su ¥A s oo e
715 -vtol g & EjA o] 45 AL W] 7R (A=)

1. CGMMV$} ZYMVE Fat7]Fd dist 53 7449 Ae e 2 Z} strain<
g1 g B4

7. vhelgae) Bel 2 AFol He WAy Wi

CGMMV ¢} ZYMV 9] upo]# 2 RNAS Axe] WHol&
S FAstAT ol& flste 7 715 AE AR v
Al mpolef 2~ straing  wul XEAOA FEste]  CGMMVeE A5
(CGMMV-KW)#} 32} (CGMMV-KOM)o| A F straing #8393 ZYMVE
(ZYMV-PA), 98 (ZYMV-PE) 2 $9(ZYMV-PS) A4 pumpkinel A & 3}o]
Aol o] &3ttt

ok T
o,
(1
oo
o
o
N
ol
ol
rr
o 4 o @
off 1= B4 Mz

GHE 7 vloly s FEFES ©F wEEt 7T wE WA ¥WEE glst
At CGMMV-KW¢e} CGMMV-KOM=2 W74 ZAlel o]&d dif-ite] 7]Fol A
=72 o]&® CGMMV-WeoF AR ®WAS yeudda. 22y 5ol
Chenopodium amaranticolordl 1= CGMMV-W<2} CGMMV-KW+E HE gl =54
WS el oy CGMMV-KOM®] 3¢ obd MAR yepiA] eFheh(3El-1 2

a9 1-1).
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Table 1. Symptom developments on indicator plants inoculated with purified
Cucumber green mottle mosaic virus (CGMMV) strains

Indicator plants CGMMV-W CGMMV-KW CGMMV-KOM
Chenopodium amaranticolor CS/-1 CS/- -/-
Citrullus vulgaris (Schard) M/M MM MM
Lagenaria leucantha (Rusby) M/M M/M MM
Cucumis sativas MM M/M M/M

C. melo var. Makuwa (Makino L.) M/M MM MM
Gomphrena globosa -/- -/- -/-
Nicotiana benthamiana M/M MM MM

1
Symptoms on inoculated leaves/ upper leaves induced by CGMMV strains.
CS, chlorotic spot; M, mosaic; -, no infection; virus replication was detected by
electron microscopy and RT-PCR.

obeff 1¥1-1(panel A)ell Yerd Z ¥ Zo] CGMMV-KOME HEHAAE S48
A FEargieh wlelgl o] FARE HEFH APolM HA RNAE #alshe]
CGMMV 9] e|Fjghil S KolH o FXH3H= primersS ol 43to] RT-PCR 7|9l
olgl] gkl sFSdth(data not shown).

a9 1-1. Chenopodium amaranticolor®l
el CGMMV-KOM(A)¥} CGMMV-KW(B)<] 3 4.

CGMMVel 24 3}3lo] sucrose gradientE %3to] <=3}8}
AE W AR FEHE F bandE €S 5 AU=d 7 bandE AAEA] o
g A= 2 9 d(S)e dAss 2T |
A Ao A viral RNAE

4>r



#HEE I A2 Aol A= #2 A9 7 RNA who] FEHAT o5 RNAY &
e Fast7] 9sted CGMMVY replicasef#3 eyuma REo JdsDNAZ

probe®Z ©]-&3}l] RNA blottings 33ttt 29 69 YElH A3 o] replicase
probe:= genomic RNA?2] =L7]d] sjd3l= RNAS Eojzo® A% (panel B)dlSl i
oyt probes ol&35tAS A-tol= EE RNASH A (panel C)staitt. o2&
ATAF}= 2 2719 F RNAE Polﬂi’\ﬂ Aol wel 7hdE ME 01]/*1 44
%= subgenomic RNAY & 3

s YA ¢toll assembly ¥ thE AS YERWLE

(A) KW KOM KW KOM

LS L S

sgRNA-2 =P [ ==

¥ 1-2. £3t" wlo]y 2P A A FE3I viral RNAA)SE CGMMV 9
replicasef-#(B)Z} ¢y wtd RF(C)2] dsDNAZE probeZ o] &3l F33t
RNA blotting®] 43},

Pumpkinoll Al #2]¥ ZYMV &2 FE% 7t H1A 7| Fo
SFATHE 2). A2 PAZF PEY PSell H|sle] Aol
= 22 olg3 AG strain® AR FAFSE
Gomphrena globosas 73 714 3t}

iy
N

Fsto] el Aol el
} 5} Elyton PE®} PS
& waANZAoU PSE

Jut

oY
ol

X

okt
o
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Table 2. Symptom developments on tested plant species by inoculation
with purified ZYMYV isolates

-AG" -PA -PE -PS
Test plants b

IL/UL IL/UL IL/UL IL/UL
Citrullus vulgaris na/M,Y na/SM,NS na/M,Y na/M,Y
Cucumis sativus na/MM,Y na/SM,MAL na/MM,Y na/MM,Y
C. melo na/MM,Y na/SM,MAL na/MM,Y na/MM,Y
N. benthamiana sL/-¢ SL/- SL/- SL/-
N. glutinosa -/- -/- -/- -/-
Chenopodium amaranticolor CL/- NL/- CL/- CL/-
C. quinoa CL/- NL/- CL/- SL/-
Gomphrena globosa SL/- CL/- SL/- -/-

8 ZYMV-AG from Plant Virus Gene Bank, Korea

b Symptoms on inoculated leaves (IL) / upper leaves (UL) induced by ZYMV strains.
Symbols in the table indicate M, mosaic; MM, mild mosaic; SM, severe mosaic; MAL,
malformation; Y, yellowing; CL, chlorotic local lesions; NS, necrotic spots; NL, necrotic
local lesions; —, no infection; na, not assayed.

¢ SL; symptomless (typical symptoms not produced but the virus was detected by RT-
PCR).

FE7E G e 2 elel Uehuls 3ge obdl 19 1-33% 2tk wheld
4 o wAe] W %o} #r] RT-PCRO| olakel 53, SHlabairh(
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(A) ZYMV-PA ZYMV-PE ZYMV-PS

Nb Ca Cq Gg Ng Nb Ca Cq Gg Ng Nb Ca Cq Gg Ng

231&94=
6.58&4.3=

23&20=

0.56— 4

(B) ZYMV-PA ZYMV-PE
Nb Ca Cq Gg Ng Cv Cs Cm Nb Ca Cq Gg

231 &9.4=
6.5 &4.3=

23&20=

0.56—

(C) ZYMV-PE ZYMV-PS
Ng Cv Cs Cm Nb Ca Cq Gg Ng Cv Cs Cm

231&94=
6.5&4.3=
23&20=

<

*

0.56—

2% 1-4. RT-PCRell 2]3F njo]g|
o] 2 gl

o7 wheld s 2T AA Ax 974G 24

T2 E vlo]g & straing S 7Tl A Sk dA Alw 97IAE B4E 7] Ra
H 7ZF vro]y o] AV Y-S o] &3te degenerate primers Al #ste] ofEf 1¥1-5
9} 1-69] YERY vpe} o] RT-PCR 71 & o] &3te] st

HC-Pro 6K1 6K2 Nla-VPg Nla-Pro

P1 | | 3 || o ] | | no ] cp HAN

prZ1F prZ2F prZ3F prZ4F prZ5F prZ6F prZ7F prZ8F prZCPF
5’ —» —> —» —» —» —» —» —> —> 3

prSZ1R prZ2R prZ3R prZ4R prZ5R prZ6R prZ7R prZ8R prCPR
1 3 5 7 CP
2 4 6 8
B —_—
a9 1-5. ZYMVE] AE+zE9 RT-PCRel 23 A4 Ayl 471449 24
strategy.
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(A)
3495 5007 5763 6248

61
| Replicase (129/186kDa) I} | | CP | 6424
5 3
[_wp ]
4994 5788

(B) prCG1(+) prCG2(+) prCG3(+) prCG4(+) prCG5(+) prCGé(+)
> > - > —»

, >
5 +« <+ <+« < <« <« ¥
prCG1(-) prCG2(-) prCG3(-) prCG4(-) prCG5(-) prCG6(-)
cG1 cG3 cGs cee
cG2 cG4
4 _— >

g

a¥ 1-6. CGMMVY AlsT%¢ RT-PCRel 93 #A As 971449

21 strategy.

213k CGMMV  strain¥} ZYMV
H A7IAMESE o835t 4 #F9

Q7N D B Aok @A ks delolA B

39l
g vholel s fAREe] obulwat A
v

straingol ek AA d7ES &St
RNA-dependent RNA polymerase & % 7]

S 7|&E B straing 9 ofv] =

[
X
ne
o

ZYMV-PA, -PE, % -PS+= ©& 7] Hi® ZYMVeE WM, WG, California,

TW-TN3, CU % SG 53 7 E5E3 cladeE A3 29 Reunion island %
#Eo] S Fodd = AJH™E 1-7).

Singapore®t= AFJAVE vy HA A kel
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MDMY Sty

SCMVY
99
ZYMV PA
JGMY 0 ZYMV M ZYMV-PE
csv 00 ZYMY WG 100
BtV 1oy w0 ZYMV PS
95
M i DMV
0YDY ‘ ZYMV-California
I:jShM 100 100 100
WP VA . — - 1 . YV TW.TH3
86
- ZYMV-CU
TEV 99 100 100 IV.SG
100~y h )
a9 ' & MV-Reunion Island
PW 95 ZYMV-Singapore
100 100 100 E‘?Jlrp
N
PTV 00 NG,
PEMY 7 - .S*Aié}
Y -
My BYMV
TulV vy Chywv -10

18 1-7. ZYMV polyprotein®} 71E} T2 potyvirus®] polyprotein

59 oln =4 4 gS o] &3} phylogeny.

CGMMVe] 7$ F #8 %= CGMMVe WSt SH strain® 433 2351
Hol ALE & 5 ATHH1- ).
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(A) 5 NTR (B) 129-kDa (C) 186-kDa

——CFMMV CFMMV
——KGMMV KGMMV
——ORSV Cy-1 —CGMMV-W
——CGMMV-KW 100—CGMMV-KW
99 CGMMV-SH —&cemmv-sn
——CGMMV-W CGMMV-KOM
—1% L~ CGMMV-KOM 100 ORSV
——TMGMV-U2 100—TuVCV-0SU
——CRMV 100-—CRMV
|| RiMV-Sh 100 RiMV-Sh
% 2 _tuvcv-osu TMGMV-U2
PMMV-Japan 99 PMMV
—Ef__—ETMV-m 10==TMV-U1
-10 ToMV-S1 =10 ToMV-S1
(F) 3 NTR
——CFMMV
—kGmMmv
RiMV-SH
——ORSV Cy-1
——PMMV-Japan
86| ——CGMMV-KOM

90——CGMMV-W
—Ei_:cemmv-xw
70 X CGMMV-SH
TMGMV-U2
e
TuVCV-0OSU

-10 ToMV-S1

I8 1-8. CGMMV 32 9 HWASEEF 7|E} 12 tobamovirus A&

2 HH AR R o] olu] it M E& o83 phylogeny.

o dolgag Bl o9 ¥ WA ws

wea 7 vloleago] B AR W wE Aol mol: WA v
g A gAel Yehit A2 dAsdthad 1-9).
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CHEWHIFA  CHW+EPS  CHWIFE  CHOMHRIPA CHOMREZPS CHOM+ZPE

e
¥

Cucumber  Orionis Melon  Watermslon

2. ¥ A2 straind ™3 infectious clone A3t
7}. ZYMV clone A%}

ZYMV-PA, PE, PS Z+7¢] full-length infectious clones #|2}al7] 913 < 9.6KbA
=9] full-lengths ¢F 36KbA =2 Al fragment® WFo] primerE A 2ba} S ch(o} 2
). 5o T7 promoterE ©]-&3F1A} primer A ZFA] T7 promoterE 4F <) 1S tt.
o]Z =x3lo] pGEM-T easy vectorel cloningdtil I % A cloneg oF 3, 6KbA =
o 913 unique enzyme site, Nrul¥ BamHIS ©]-&3to] ZYMV AlsS Ao s
Uro] SESATHE 2-1).
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primer

_52_

sequence position
name
5+ T7+ 5" ACG CGT CGA CTA ATA CGA CTC ACT ATA 19
Sall GAA AAT TGA AAC AAATCAC 3°
#3F 5" GCY ACA CAA ACY ATG CAT GT 3' 2312~2331
#3R 5 GCA TCR TCY TGY TTC TTG C 3' 3372~3390
For.+
or 5° AGA TTT GTG GAT CCT CTC ACT GGC CA 3° | 5915~6021
BamHI
Rev.+ 5" TGT ATG GCC AGT GAG AGG ATC CAC AAA
5916~6025
BamHI TC 3°
3+ T+ 5 TCCCCCGGG TTT TTT TTT TTT TTT TTT 9575
Smal TTA GGC TTG CAA ACG GAG TCT 3°
A1 M 2 B) M 3
o] : i
——— :
[ Sp—— — ' ——
et |
1% 2-1. RT-PCRel 93 ZYMV
Axe] TE.
29 7} DNAEL2 pGEM vectoroll At 5o] SZ319x 8wy 2t F2& dAx 2
g 2-29} 2-39] UEld A3 Zo] full-length cloned A Ztal=t] o] &3taL dth




Nru 1(2995) BamH | (5923)
v v

_> <_
o 3.4Kb —> <+
o 3.6Kb —» <+
of 3.6Kb
¥ 2-2. ZYMV full-length clone #|#S 98] 2w Al dHRE] EA%
Sall Sma | Sma /
T7 promoter Nfu/* BamH /|
N/t/ Eamﬁ/

a9 2-3. ZYMV full-length clone®| A|&FE 2 &%,

G- 71 potyvirus®l A5 WG = WA Al S vAE PR A
HC-Pro ###7F ZYMVe] A9 FdstAl 2&ste=AEs  elatr] 9138t
pZYMV Gal-on clones ©]&3}%3 o] &&o] ZYMV-PA, PE isolate®] P19 Sl%
T3 HC-Pro®] AWzl RS X 3hste] A3ke] g5 Flstaa st
PZYMV Gal-on clone®| BstEII, BamHI enzyme siteE ©]8&3}%] primerE A #35}aL
ZYMV-PA, PEE %39 pGEM-T easy vector®| clonings}t$%th. 18] 31 sequence
2 83t clones R 3l infectious clone A &S A &3 oL}t ofd Az H3)

o= ]
A
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BstEll  BamHl

(890bp) (2280bp)
p.ZYMV Gal-on

Pi_[Hc-PrRd P3 [eki ¢l B2 Na [ No [ cP
ZYMV-PA,PE,PS

O 2-4. 74 7hsst ZYMV #WE e} HE X3 o] &H AEFE

. CGMMVY infectious clone A3t

Ae3 F CGMMVY strain¢l CGMMV-KOM, -KW29] infectious clones | 2t+s}7]
Al by 2o WHS AFEEA T CGMMVe AA| genomes PCR WHES &
%38t o] & plasmid vectorel AYst7] $1s8te], oln B8] sequence®] 5 end -
Aok 3 % F9eo dridd oF 10-16ntel, = AdEA FUIHEE FE3
primerg A2d & RT-PCRe 33t ¥t 6.4kbe] A A genomee] DNAE

o

primer °|& A7NAME £
TAT CCT AGG GGA TCC GTT TTA
Bam HI Bam HI A&
ATT TTA TAA TTA AAC AAA CAA
+CGMMYV 5’ A7 E FIr
C
CGMMYV 3'+ Sac I, Bam HI
CTC GAG GGA TCC GAG CTC TGG o
Sac I + Asagis d7144
GCC CCT ACC CcG
Bam HI 27}

813 DNA e S A AGAste] dete SZ2AER 2831 ol& Bam HIZ Sac 1
o Adtai s, F A3 22 g3 plasmid vectorol] AAsA © ).

Infectious clone®] A Zte] 9ol A plasmid vectord] A&e =g &ty dukz ol 9
cloning® #H}o]#] 2~ genomed 7T HES 3137 Y3, vectordl AYH FHAAES
RNA Hel2 AASFoiof 3l o] Y3 &3] T7 promotor U245 = 5 end ¥4
of H7kgk % T7 RNA AALEAE AFEste] RNAE @AsAl Aot o] AAdA G
cap¥ o a7Fe A kS AbgEtojof tHE o2 FEE 7] 9a Clontech(USA) At
o] pBI121 binary vectorE AF&3}e] infectious clone A1#HS Atk pBl121o] 4F<)
H FdAE, vector e 35S promotorol] ol&] HAMAE oo AAM} 7lEEt R
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Z DNAFH ZA #d8 S 2t AHS 7HA A ok

webA Aesk pBI1213F %3 CGMMV e DNA AH=S 9] F Asaiz 283}
o] cloningdtAtH ¥ 2-6).

cae |, Faw HlmAredion anzyma HEI

3l7] 913 #ME 9} insert DNA2] A|3+a

R

oo Ax2A R3S infectious cloned Aa A A AV|FSARLS g 2
o gr3gt CGMMV clone®] #HEES &R1st7] 18 CGMMV 715 oA <

vivo 98 AA o]&=d Zlolg, 3 CGMMV F strain (o] 53792l 2ol &
AAste A e Yk CGMMV -+ strain Fe 12 X3S 93, ol&
CGMMYV genome= pUC Al¥<9 plasmid vectorZ AR ZFE& AL o=
&5 F strain® ZYMV Atele] Eqed AolE AAs = FAAE et o
&2 Zlot
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- pr—-Th
s ——— S.AkD Tull BEe CGMMY PR product

Eare |, Ham Hlmsredion anzyma HEI

9 2-7. Ligation® transformation$ 419t
H FE AgaanAgel ot gl

B AioA ZYMV ¢ CGMMVE E3 Zgd mE strainzbe] ®b3 Aol
q

3
24y

7h FAY A9 ZYMVS CGMMVe &3 7+

vl A F ZYMVE 715 9 sty Q1 5714l A ZYMV S CGMMV e &
ol B9l strainzt whg-o] ZolH L °‘°}£71 918 7k wholei vk Hd wof g
|

W oA FAG FZ3eto] 7|AHC HES itk CGMMVYE HE3 Ao
i Ao A, 59 #AAS %‘Cﬂ]E ZYMV o] &= zhedat v)52d s BAl
tH(1y 3-1). 14 b= & Ko

’ [e]
& CGMMVe] 715 slo] #7197 Sk sbe Ao b
% Y ool WA e Aoz welrh

3 = 2y g
AL T 2ol HEL Shel BE A olRE B gloln
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MOCK  PA  PA-KW PA-KOM

PE FPE-KW PE-KOM

E A= wtolel~e] v 3 Bup E3F A A

WA @] JoME AMR7re] e HAES dodE dEC] Atk oE
CGMMV 7} 3 tobamovirus®t ZYMV7}F &3 potyvirus?tell AA}&Aw Aoz 3
A 715 ME delA nonagon® FEIE structure”7t P E o] Ade S 3]
th(1d 3-2).
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a9y 3-2. Watermelon mosaic

virus(Potyvirus) 2} Cucumber mosaic
virus(Tobamovirus)e] HFFFo=z  of7|H

ultrastructure(Nonagon)

ol213t y-&S ntgre 2 ZYMVS CGMMV Y straindt 7] w& 2hztads) o
ultrastructures &3 & A3} o] F upojglx Fhol %= 9 A] nonagon®| structureE
213} 3 nonagon?] HENZF obd thE o kA FE9] structure®= Q1S TH3
3-13 19 3-3).

el for fo

3-1. 93} Z-EoA ZYMVS CGMMV e E&79g o2 of7|® ultrastructure

=]

CC+ CC+ CW CW+  Cwwe CC+ CC+ CC+ CM+ CM+  CM+
Ultrastructure

WPSZ WC ZPA ZPS ZPE ZPA ZPS ZPE ZPA ZPS  ZPE
Nonagon + + - =+ - o+ -
Hexagon ) + ) ) ) ) ) ) ) ) )
ALA

- - - - + - - +H+ - -
MMV + + H o+ + + + + +H o+ ++
PIST ++ + ++ +H - + +H o+ H+ +H+

* US: Ultrastructure, ALA: AngledHlayer aggregate, MMV: Mitochondrial membrane vesiculation, PIST: Pinwheel
inclusions in sieve tube.
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ZYMVelE  CGMMVe] =3 A9 Al dxdndeds dZsiadd o83

ultrastructure5-2 A Lo & 9GS dl= Ao Hol Xa o]|FEA structureE
[e)

[e)

= =
PATo 2 M synergismS o= ZAog Hol 2tk o]#d structurex Hpol ]~
of i el g A VT Aust FEES e JeR FS5HEh

4. ZYMVE 8489 ZA YA HC-PROY strainit &4
7}. ZYMV S strain @ HC-PRO9 sequence £4

Potyvirus group®] HC-PRO(helper component-protein)< GlEo] 23 Auk
Aetal mpoly = FA o Fad JETE ot viojg{ e 9 AP olFk #oE 3
o agla By 2d iy nloly a2 Q) oF7]F &= gene silencing®] SAIAFZAE 9]
&= vk olell ZQtste] strain e WA AFol FFS v A= Aol HC-PROZ}
o 9L & Aomr  HYrh  a#A ZYMVeE <HE(ZYMV-PA),9#
(ZYMV-PE) 8] F£9EZYMV-PS)Q strain ¥ pZYMV Gal-on(full genome

o
ol

i
;
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clone)¢] HC-PROE = Q3= FAA dA7IAES #4389 ZF strain?hel
sequences ©| o] EF By} Ho] i, 1EA o=
2 &) B9k Th,

o4
o,
o2
N
2
1icA
fto
I
=
Mo

HC-PROY] o}m:=4t 94714 B4 Ay ZYMV-PE¢F ZYMV-PSE 2% 4319
3, PAS} PEZFe Al 7l9] ofm il A7]9] Aol 7} whoi (' 4-1).

- 100 . 1Z0 * 1410 * 1&]

| L R N A T o aatBiscaann
SEMV-FA ] iihbeddiibbeddiibbaddil B i iiabadd i bamd Gl bmmddiibbaddiibbaddiibhaddl Bueaaaiss
ZEHV-FR e e e e e e e e e e e e e e e e m e e e e e m e e e e e e e e e e e e e e e e e =
TEMS=F3 D i e e e e e e e e e e e e e e e m e e e e e e e e e e et e e e e e e e e e e e e

FEPEpEHYCEVIHHHE RS SR L&A PO OALS PWVVE LS OO CRERLERVAFREFENSLHANFI THEDERNSFKE FHYCHIFE

. 1BED = 200 b 221 # 240

PuB¥NY GRL 1 sicnaniisamsaiibmaidiibnandlihband T N PR
ZEMV-FA e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e w e e e e e e e B
TEHV=FE e e e e e e e e e e e e e e e e m e e e e e e e e e e e e e e e e e e e e e s =
IeMV-F3 D e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s =

= 2&0 = 281 - 30a = 220
TR 1 :
TEMU-FA e e e e e e m e e e e e e e e e e e e e e e e e e e e e e e e e w e e e e e e e B
TEMV=FE e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =
TEMV-FS e e e e e e a e e e m e e a e e e e e e r e e e e e e e e S

- 340 * L] - 380 - 100
p. EYHY Gal ¢ o..o.o. 2 E
TEM-FA e B i m e it i mmm it e e i Emmm s e E e mm s e mma e s e mm s e e . =
TEHV=FR Tt e Emma s EEA R mEA P EEAE e EEma i Ema S EEma I EmEA L SR EEAL e EEE R R H
TEMV-F3 Dk e e r e e wm o r e e e e e rwm e e e e r e r e e we e e e e a e =

- 420 = LL L] - (1-11]
- L : dBH
TEHV= & D e e s mma e e e maa s maa s mme e mea e m e H 11|
TEMV-FE S H 1]
TEHV-F3 T e e r e m e Er e emr et e rEr e s e H 11

|!I.H]E‘ ANLWHVHENEARDE TEMIRIVLI FHLGIWFE THDVAT AR ILGYEEPETRCAS LE'F‘I

Y. ZYMV PAPE® ZYMV full genome cloneztel HC-PRO FZHA+9
swapping

A7 FA A ol AVIALEe] Apolrt WA LEo ougt JIFS A=A
dolr 7] Qs pZYMV Gal-on clone® BstEIl, BamH 1 enzyme siteZ ©]& 3}
primerE A 2332 ZYMV PA, PEE F$E3lo] pZYMV Gal-on clonedl 4=}
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¥ 4-1 . ZYMVY full genome¥®} 3= strain®] HC-PRO H4#9] olu| =2t H7|A
A vl

152
L&2

182

12

243

3z

324

324
kFE]

40%

[ex]
=



swapping 3FATHIIE 4-2).

BstEll BamHl
(890bp) (2280bp)

p.ZYMV Gal-on
Pi_JHc-Prd _P3 Jeki o B2 Nia | Nib_ | cP

ZYMV-PA,PE,PS

a9 4-2. 39 7Hed ZYMV HE of i X gkl o] ¥ AlwH

ﬁm

t}. Swapping ¥ Z} cloneE 9 FIIYolA WA zto] E4

AEAE Yol A oA FHAY HAF FEE 2dsed AMESte ZEEHES
cauliflower mosaic virus®] 35S transcript &3S 7158 St p3bSE 7HE HHE A
o2 =Y o MAE A9 BRE ZAHA vHA

A7l = EAo] Atk 87} swappingdl ¢ €39 W pZYMV Gal-on vectore ©]
ZIZREH7 orz AEA HEFE AY Al transcriptE WE WEA &3 DNAA
HE HJF skt 1435 A ¥ 2o A9g DNAS <& ¢7] 918 pZYMV
Gal-on DNAE o8 FE=2 77|40 7144 JE& AASAT 1, 4, 10, 20ug Fo
2 HFsE A3 10, 20pgl A vein-clearing® malformation L8] 1 mosaic®] =4

o YeEbsttH( 14 4-3).

oA = o7 EXJ 7<-]XE =l

o
w2 T
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a8 4-3. F71YolA pZYMV Gal-on ¢ plsmid
DNA 20pg 71AIAQ HZE A3 (A% (OlA 247
vein—clearing ¥} malformation 28] 3 mosaic ¢ &
ol YEE. (B)E MOCK4.

PZYMV  Gal-onel ZYMV-PA°l HC-PRO® swapping? pZASH ZYMV-PE®]
HC-PROZ swappingd pZE®] plasmid DNAE 3 %9l 20ug & 71AH o=
7Ivel HFstAet. o A3t ool vein-clearingS YEFHAIL pZAdAE B A
A7} malformation =4S EGtH1d 4-4).

a9 4-4. pZASt pZES] 71AIAR] AHFl o FIIYAA dEldE HA. (Ao ¢
pZA9 A vein-clearing L E%2 MOCKY. (B)9] 9&& pZAolA malformation
Q222 MOCLY. (C)= pZEod A9 vein—clearing.
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19 4-5. Syringe inoculation®] o3 F7|UelA vERG WA (A= pZYMV
Gal-on®] HES=Z vein-clearing® WA (B)© pZAY HFS=Z vein-clearing
o] B3 (C)x= pZEY HE2 & severedr vein—clearing® A o] Y

o &84 DNA HEF ¥HS 27] 9ldl syringeg ©l&3to F71Yddl HES oA
t} o] WWe Aol HR-test ¢F #o] & HWd +HS o] 2 F+HOF syringe
£ o]&3] DNA7} X358 HuE do] Y= Wijolnt o] WS B3 JF A4
7| AA ¢l HF B vein-clearingo] YEIUE HIES7) o g2 E 4-5).

% 340 e woldx 34 4% g

Vein—clearing® malformation L2 i mosaic®] F4to] A nlolej 2o F2]o] &3k
ARNA Fstr] & §-#+= RT-PCR A59HE ol&adth(1¥ 4-6). RT-PCR #
Sl ZIAFSD HEI syringe HFAAA  wpoly 2z FAS S AA N
vein—clearing®] T3S HAW RE oA HE HAE L&Ay F HA HE W

5 &

S BHE 3 RS FAUTHE 4-2). DNA HE A 71AA =]} syringeE ©]

o

= AqeAel BT W 2ol: spray
guno @ F7Ue HES sgolt ow WAL Bs = gt wEd Hade
4 3317] glalrt mrh ol A<l

il



I -6. (A)= o|¥ oA FE3F total RNA (B)= RT-PCR. ZYMV CP=
= primer A&, (+)control2 pZYMV Gal-on(2ng), (-)controle

i 4-2. pZYMV Gal-on, pZA Z12]aL pZES] 5 7hx] Wil o3k A =3 3

ol\

Mechanical inoculation Syringe inoculation
1st 2nd 3rd RT-PCR 1st 2nd 3rd RT-PCR
VC,Mal,M o} vC vC vC o
Gal-onj "™ sy 11 5(6) 3(6) 3(6) 1/3
pZA |[svci| v vC o] vC VC vC o]
Mal 1(5) | 4(6) 3(5) 1/3 5(6) 4(6) 4(6) 1/3
ZE Ve vC VC X VC vC VC 3(6) o
P 2(5) 0(6) 1(5) 0/3 4(6) 3(6) | SVC 4(6) 1/3

VC : vein clearing SVC : severe VC Mal : malformation M : mosaic

ojxde] HilEolA gene gung ©]-&3te] AEA st S HITIS W 1 &
ol & FTWHe v HF H Ade ZeAol v &eA drlel wraAE
o dd H3lsle WEES F 113 Bio-RadAl9 Helios gene gun(18 4-7)& o]
&3te] DNA HE AEE atdth ZYMV 2259 Algd oA 35S Z2RE e
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A =gk Potato virus X(PVX)9 full genome ¥E & ©] 83t PVXe 7]+
o sFel Nicotiana benthamiana H 2~E3F T}

L )

oN
!

R
e b

-

13 4-7. Bio-Rad AFY

Helios gene gun.

PVX full length7} £¢] 9+ o] #ME=(pSNUL) 35S promoterES F 7l 7FA 1 multi
cloning site(MCS)Z 7FA|# wm}x]gto]] NOS terminatorE 7F2 ®El &2 35S promoter
o] zZg- 0% DNAMHE 7|FedA F2o] 7ted Wy ot o] 85 thgtolAl of
F T4 ¥ Fg4v= DNAW &5 8 § o] Fg2Av|= DNAE lughh&shar
DNA A2 A heliume] 8 A 284 W2 T4 o= DNAZF A4S
T+ lum® gold particles AF&3Fth 3 helium®] 52> 7|5 A Eo] Ayd
T 3 HAsA DNAZE A€ & dE 100psid =2 stk 715 2 &3} gene
gun®] Al wekA (0, 3, 6cm) HZEE 3l R xlol=

% T 7 AT E 4-8). =3 A2 AE gl frol WS

L o]‘})\]:}.

m1o o[N
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% 4-8. Gene gungs °]&3l9 PVX/pSNUIE
Nicotiana benthamiana®l =% % YEld PVX ¥Z. F
= 3 4d -o‘oﬂ A

Gene gun-J 84S §J—?_]_o]—_3_ e HAES e x7oE ZYMV FEE5S V)
KR

A7 d BAAH  HY ZYMV #et ?oﬂ 16702l polyA taile] o}y °ﬂ7W°ﬂ5°1
EAstel (1 4-9) ofnt o] ARE AV IR Qlste] AEA WAL FAe]
ol AW A= mwelr)

CCCCCCTTTAAAGCGTAAATTTATGTTAGTTGTCCAGGAGTGCGTAGTCCTG
TCGGAAGCTTTAGTGTGAGCTCTCACGAATAAGCTCGAGATTAGACTCCGTT
TGCAAGCCT

-ZYMV 3’end(Gal-on)
TGGGGCAAGAGAAAAAAAAAAAAAATAAAAAAAGAAAAAAAAAAAAAAAA
AAAATAAAGGTACCGAATTTCCCGATCGTTCAAACATTTGGCAATAAAGTT
TCTTAAGATT
(NOS)GAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAA
TTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAG
ATGGGTTTTTATGATTAGAGTCCCGCAAT(NOS)
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3 end

9,593
Pwul Rsal
Xbal I Vector seq. l l
[ " [NOS{120bp] | ]
110bp 120bp

a9 4-9. pZYMV Gal-on &% ZYMV %4 Rio w2z
Ado] Qle AVIMLe EAE AAN R o

R B B

o Bl 110bpe

g

3}
.

A8tz 918t pZYMV Gal-on ®H A PCRE ZYMV FE7HS

SE&a Wil Sall?} Smal®] AFEAE ol&sto] pSNUL WE | Adst7]= st
= sto] " gle 9r7IM<Ee A AL PVXY WAool A5 A 2 Ao
W pSNU1 #Elo] Abelsle] thA] gene gun HIAEE Xz} ot 18 4-10
oA =xe sHel| 10kb7H7H- ZYMV full length® S Z 3Tl pSNUL B‘]Ei o= Sall
site7b A4 Forw WELE 7 FEE sto] F AR

= Ba ALY F FEYEE A
Edto] 2 FE& AFtsta v o] FES ¢ @dd P VX/DSNU &9
gene gune ©| &3 =QAE A HAS AT F dS Aol FF AA AT

o

s
A T8t ol8d = & Aol

+«— About 9.6kb

a8 4
PCR ==,

-10. ZYMV full length?]

5. ZYMV$ CGMMV Y E3zgo] ©E synergism® ZAAAQ CP7He 4

AwrH o wolel 2 o)vjaude vhole2rt AEd] 79d W RNAE Zelsu
e g dAHon EEHL Qe BROoRA ol FF9 welgsst @ 7%
Fgsola W g WA FEAge] dold AOR oA, B8 wpoeze] WA



2 7IFHYE AAst=d oI dw ol
CGMMV 9] 5§ 7Fdel glojAx
o] 9]%t ultrastructure’} T

=
& fdste Aow dgdd. w=F

7}. Yeast two hybrid system

Yeast Wol transformation 8t7] 918} activation domains 7}2 bait vector(pACT2)
9} prey vector(pAS2-1)(Z¥ 5-1)o F wlo]z] 2ol CPE IYsE FAA HES
cloning 3+ 9t} WE o] cloning 37] 98] zF wlolg]~9 CPE ZY3ts AR
A7|AMd} Eo] enzyme site’} So0l7F Y Eelo|wE o] &34t ZYMV-PAS}
PE: wholel~7h 29lE oW Aol total RNAS % & A4 xejolms ol §
ko] RT-PCR(1® 5-2)& 3F9dA <F 900bpe] Wi=E AU o3& pAS2-1 %
pACT2 W Eol| ztz+ 2zgstgirh.

AN

Xoal* patni -

19 5-1. Yeast two hybrid system®] bait vector(2.)¢} prey vector(¥1)2] map

CGMMV+= o] def full genome clone®] X o] AUt} (pCR-XL-TOPO) ©] clone

S o] 83le] enzyme site’t AYE CP ZelolWE A2 & PCR ZZgrhH 1

5-3). PCR % 2= °F 500bp =9 @H S ATt
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T

i
-
A B C

a9 5-2. (A) ZYMV PA9} PEQ] o]y oAl F&73F total RNA. A2}
3 TalolWE FEZ 3 ZYMV-PAC @H(B)Y ZYMV-PE(C)9 ©#.

A B

18 5-3. CGMMV full genome clonedlA] =
#3 KOMA)Z KW(B)e] &3

b. CGMMV¢e ZYMV ] strain 3 CP9 ofv| =4t 71448 4

CGMMV e} ZYMV 9 strain® CP oln| =4t 2po] S dolr 7] &) o)d Hid 47|
AEg e o2 va B4 & Bt (29E5-4, 5-5).

AL S sV IMEHF RIS F AR IS EVLRRIEYS

=SHL

o

HA R IR I RF AV IV BT LLHF LV ASJCTARTCACKROFRES
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ATTOOCTIFTTADT v MANMETLL ST

18 5-5. ZYMV-PA strain® -PE strain® CPH& olu]xAl 7| E B4 djw

LLOWETHM

CP2o] o=t 971 E B Ay, CGMMVE F strainiteli= ZFol7F ¢l
ZYMV=PASL PETFe] 7 79l ofu|izilo]l Apol7t whg oF & Ut o2k Az
CGMMV <t ZYMV e 53 7+ Al A8t ultrastructure’} PA strain¥9] &3
A Aldl= ZAskAl YElYa PE straindte A9 YElURA &e Ad: #AHol e
RHog AAZL wakd CGMMVY 3 straingl KW ZYMVE ¥ strain PA9
PE?] CPZ Z}z} pAS2-1 vector®t pACT2 vectorol 417 cloning sl %

Cooorr R

9. F2YFH ol AVAE A
Cloning s 3t Z42te] S8 E5S 49, o5 FE9 plasmid DNAE % &R 3V

i =
8] maxi-prep.3t1 2™ BamH I enzyme digestione F33te] insert®} vector®: &
el SATH Y 5-6).

_70_



T e S et N S St et i

S e e —

I S P " S R R S |

18 5-6. CGMMVe ZYMVE ZF CPE #Y3 FEE5<S maxi-prep. 5
enzyme digestion®Z &9l Lane M, L DNA/Hindlll marker; lane
1,CGMMV CP in pAS2-1; lane 2,CGMMV CP in pACT?2; lane
3ZYMV(PA) CP in pACT2; lane4d, ZYMV(PA) CP in pAS2-1;
lane5,ZYMV(PE) CP in pAS2-1; lane 6, ZYMV(PE) CP in pACT?2.

71¥€ R3dE CP obv|=4t 47143

=
m -

s a I i, a
AT TVALAGATHHLREUUFR FWED T GUSUEERTWASRWTE KUV IAGIHUGHLYFRELERLTEEHALFHYE b Ll EHE

FOLEUOHVATT FISTEHHTARINMTIENHH T L Vs

a9 5-7. ZYMV-PA, PE CP Zd3 zt 22 7t o]t 7|4 <E val

_71_



TOTEHRVIE CFEMPTTAEELRAWER TOL TAREAE EIIERGFILOF )|

29 5-8. CGMMV(KW)9] CPE Y3 F2E59] olu|it 7| E vl w

oAl 7| E Bl B4 A CGMMV-KW CPE pACT?2 vectorel 43k of
HeAke]l A7IAES 71Ee] KW @7IAE 3 dA8E 3L, pAS2-1 vectorell A g
CPe] ZA5oll= g 71e] ofmibo] dgith HH ZYMV CPE s 2859 4
%, PA strain®} PE strain?t Z}ol7F Y= F 3 ol9lo= FE2HE 176719 ofv| =itk
o] ¢ #tAAA ASFS & F AMT 53], Aolrt W g Ao opmwAb FiE

(PA-K, PE-T)2 PA, PE EF No=Z niylojx Q). o]yt zto]E2 AdHoelL)
PCR ¥ ¢9] Wolz 213 Zog HoJ} duolE F22 o] &3}o] yeast two hybrid

AHS s 2ok

Z}. Yeast two hybrid system< o] &3 A5 #8& nF

1) PA-PA, PE-PE, CG-CG A7} B35 38

WA control®Z% ZYMV-PA(PA), ZYMV-PE(PE), CGMMV(CG) Ztzte] =7} As

28 S Yol 7] Y3 yeastoll Z7e] CP %282 co-transformationd} it H

5-9, 5-10).
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sell-interaction

| SD-LTH

|
-

N SD-LTHA

PA-PA, PE-PE, CG-CG9] CP %x3%°] SD-LTH (leucine, tryptophan, histidine®¢] *
7HE R gk SDHjA])A #u) =]} SD-LTHA (leucine, tryptophan, histidine, alanine©]
AL A e SDHA)A IR oA Z2U7F JAE S Ho|l 7tz 27t A5 LS
S & = AAY. S SD-LTHA® X-ao-gals =3k wjx|oA F24Y7F FE4

AZE NS JEPT O RN A7 e AES oAl g Elskinh g
71l ZYMV CP7+el #A7F A3 284S CGMMV CP7He] A7 AFs 24 wu o

o

o“_&eru
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SHA YEbES & 4
2) ZYMV-PAS}t PE9 A 3534

ZYMV-PA strain¥} PE strain® CP3t #3528 %= H7] 93] co-transformation 3
Hekoh (29 5-11).

B =y T

SD—-LTH with X—a—gal>

SD-LTH

PE CPZ binding domain(BD)& 7} pAS2-1 vectordl 4943t PA CPE
activation domain(AD)E 7} pACT2 vectorel]l A435te] yeastoll co-transformation
g A3 SD-LTH A" Aol A F2Y7t A5kl X-o-gals =23k wfx|eA] FE4
S YA AFozZH PE-PA CP 7+ 4348S &S &2 & & Aok =3 F+
strain® vectorE WHo] AF1E CPel %3 (PAMBD)-PE(AD))lAM %= SD-LTHS}
SD_LTHA Aglwjxlolq F24Yr} #Aet=z PASH PE strain®] CP7F oJ® vectorol
So7F A5l FHgle] M2 Aezes IS 4 5 Atk

3) ZYMV-PA¢ CGMMV 7}, 281 ZYMV-PE¢} CGMMV 7+ A3 &4
ZYMV-PA strain® PE strain CP¢ xz}o]7F CGMMV eFe] E-ak Zhdoa ©HA Al
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gy AIEX W ultrastructure FAAH #HAAE dolrr] s yeast el
co—transformation A7 CP3Fe] A5 2k8-9] Zpolo] sl Lol g2yl 5-11).

FA-LG inlerachion

L DR ..-r_
<SD-LTH with X-a-gal>

a9 5-11. ZYMV-PA¢F CGMMV 2t ZYMV-PE®} CGMMV Zte]
s

A CGMMV e CP= AD vectorel 4Fistil, ZYMVeE PA, PE CPE #7 BD
vectord] A3}l yeasto] transformation A|Z1 A3 SD-LTH ®jA|o|A PA-CGY
S FEYrE g4 = v, PE-CGE F24Y7F yebyR] &gkl T3 vectord]
Z%S vt CGMMVE CPE BD vectordl 4F¢3sta, PA$F PE CPE 22 AD
vectordll A< 3te] co-transformation A7l A3 %= A SD-LTH iAol 4 CG-PA
ZFel M= F2YU7E Aoy CG-PEE A9 FAEA &kttt CG-PE Z3ellAl &
el F2UYrt Aoy X-a-gals E=Te SD-LTH wiAelA  gels] & A
CG-PASl ZEUY7t FE24& Hu Agke 3o H& CG-PE? FEUxe FEAS
w2 il A AHA = okt

sted SD-LT A iAo A 7] F 34 85
Ao Wojrmgly FRUVE Aets AS dESITHI™ES-12, A). #F Ay 9o 4
3 Aol S TS vston old Ay AES AHse adoz e
W 2 (1¥5-12, B).
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B
2V CP and CGMMY CP interaction

pAS2-A(B0) PR ALY
PAPA  FITTETN « BTN
=y e Bl ZYMVPE
PE-PA | ZYMV-PaA B COMMY |
[ Zymy-PE B ZYMV-PA |

| ZYMV-PE B4 Z¥YMV-PE
| ZYMV-PE B4 CGMMY |

X O D OO O O 0

PC HC
<BO-Leu-Trp=Tis- [Ada-=

1% 5-12. ZYMV CP9 CGMMV CPzte] A% 2H4-

ANRES U]—Eroi 2 uw] ZYMV-PA strain®} CGMMV 9] CP7Hol&= A3 280 &S
et 4 9l ¥k ZYMV-PE strain® CGMMV 2] CP7lol+= 5280 dojux &
5 ¢ F Utk olE ZYMVE CGMMVE v zhEe 53 74 A1zl & A5 4
Y2 AxdEv Aoz #AZ FS w ZYMV-PASE ultrastructures 3 A 3HA] vk

ZYMV-PESH= dAsHA &kdd Aapeolx Fgst= dyet & 4+ At

Yeast two hybrid 4] o]&%¥ ZYMV-PA strain®t ZYMV-PE strain®] <3¢
Airol= B5 6708 ofm=Abe] zpol7h Sl A= o= fuduWlde] EAjsk= 6
el ofniAt F AX EE BE olui2lo] CGMMVE CPe daztgstsd 2
stA ZHE S A ST ol E o AFES] ®old mE Aoz ES v 39 5}]
flste] ol =7F e E A =olA A RNAE F=36taL o5 RT-PCRel 9 7

strain®] ]I ENAS FEH3F ZYMVE T strain(PA, PE)¥} CGMMV<e Z+z}+e]
CP= pAS2-1 vector®} pACT2 vectord] AFdste] 2435, o] & o] 83} yeast
o] co-transformation A7 F3 285 Lol Ut RNA Hlo|g2E AEANA F

[‘

l

sl B AEE e WolvH (09S¢ /XL erR dA RNAE o] &3
A FRYS E e HolE X1 Yt 59 Olﬂlrj:% g 8 = Aotk o
AR CGMMVele]l 23 zHol M omst 442 g3 ma Zolat odo] Hi
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=5 ozt 1M <Ee] v Ay, 7=
b= B Sl M Welzh dojuh wiHojA s Slelth 2 strain®] CP
% % vectore] 4 A7) goe] 22 o7 Wb wa ZYMVIF Abeld
8 CPE ol&dte] 22dh Wastdth(d 5-13). o]

=< & H A ddes &7l Hs V€ dvidds 2

ZYMV-PA, PE ¢ CPE pAS2-1, pACT2 vectorel ©HA] S =Yst7| = &3l

=

plasmidE

=ddol FE

N

ot
Mo

f

2 ¥ 5 M Im8ck PA PE
ZYMV-PA®} PE,
Cp =3

2 v, FE® CPE A7149 BHS Fohe] 71E ZYMVS vlas] ® ot
5-14).
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PA=TZ1CF_ - [
-T2 B3
N < - (T A DA AT FE DK £ O DA KHE [T S 3 GS 5 IR AR TERE VA G HE R T W A LS K I T EKH S L PRVK GV T LOT O HLL B3
Y DA_CH 3] [ A} : : 4 HEH : 5

BT QT WACAGATEECK EDDEAKHE DAT 3 3 GREEET VARYTE KOVELAGIHGKIWFALAKI TERHELFRVEG VILDTOHLLE

. 100 . 120 . 140 . 1e

P9 e . . prr— " . , prrp— LEE
PR-TE6-CF_ 166
ICHY PE CF 166
IHY_PE_CF T ¥ il WO { | i : ! i 166

TEFOOIELYHT FASECOE A ST HOY RT T DAH DO e TaGr HVBC L EHGT 5 PO H VW VEHCGH D W Y PLEFLVEHAK PT

» 1B * 20 . 220 . R

BA-T21-CF Z4F
PE=r2ECF_ : 248
IHY_[E_CT zAE
IYHV_PA_CF - 1T

LAGTHHHE A DAAERT T EHFRARE A PR CLL LB DR ELARY AF DETEYHERT MERARELVAUCHEARLLENY EERLE GLIGH

- 2&0 -
PA-TZ1-CF_ T 2719
FE-TE6-CF_ =714
IVNV_PE_CF 379
TYHY_DA_CF Z714

WAT THEDT EAHTARDYHRAEET LLINETHC

a9 5-14. %3 ZYMVE] CP9 7]F ZYMV opv| =2t ¢l 7] d3he] njal,

olE EdHolE TR/ FEES UG oE YA Yeast two hybrid 4 & Al =314
ZYMV-PA strain® ZYMV-PE strain ¥ CGMMV<e| <dgtulzd 71 A5 2kgo 7]
A= gEs el MR de FEES o fslo] coael o] yeastol

co—transformation Al#A A& #8S BATHLH 5-15).

S0 THA 'SD-LTHA

a4 5-15. ZYMV A 283} CGMMV F£% o|&3dto vyeasto] CPE

co-transformationdt 2 3},
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71 A3, PA-PA, PE-PE, PE-PA, CG-CG ¢ #& A7t daage dolre 29
Avpel 2A vgoy, dHd ZYMV F2ES )43 ¥ CGMMV CPs 43 7
S @Y PA straino] oWell& SD-LTHA #l =)ol A] iiwa Ao FgoEH
A =

il

319 AL e el Askel A A sl st %
A S B4 Sl A Q4E fev, FESEE B4 ZYMV Hi
o) ol Wi o WSEe Wl e Welr} 1K ool 45 FAH
Magona 4 A% syl B AL A

HEE B EdWelFE ude® v Ay PE CP(PE-T26-CP)x 7]& B
ZYMV-PE®] CPH-&3 dA3t3931, PA CP(PA-T21-CP)= 27019 ofw| =2t

, o] the
Ao tehgth ole@ AE FEF CPo| opvliit G/1NGL oA FRYL FI
S23} vastel, PEE taom AW ol mE A9 opvlcitom wHm
PAT 1w @elo] obvlwitow vpIgl oL} PASE PEZ Ael7h wkel 20 ool
F Sk K7b obd Now 04%1 3 whHlol Yee & F A, olH FEolAE Wol

7F A E gk o] ofmiAto]l AlEAl vbH o] AU olEA AR ALH FEE T
FoAge] ¥stE of|st FEES UdoRE U] ofu Al dUIAE B4 S 3]
S 2E5-16). A= A HA E=HEH 4HA E71x= PA CPE pAS2-1 vectorol
Adsk 282 pACT?2 vectord]l 43 2%, PCR F3do] ¥ F&2 7|& Hiud 47
A oln. 5HA Z3E wiAY 74 = PE CPE Y9 22 =A% Hu3k 7ol

.
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ERAAEAYATHEALLL AN

% 5-16. A F&e] opreat 7] E Ml

ofu| w=Ab A7IAE w4 AF pAS2-1 vector$t pACT2 vectorel 4H1E 7]
Mol straind® Fokom ofxo] FEEI Mlustd Suuuid ofuit 22(G
> A), 21(V -——> A), 29(G --> 9), % 1I6(E --> D) opnx=it wel7r}
CGMMVe] o] tufd o] Foz83 Asjsts ofrmitglo]l SAHAT o= ©]
T otmmAte] Wojol ojs ejujwtuide] Azt MEEAAY CGMMV el 2] 3]
A Geagets dd dEe] Fa mloly ofriqtate] Faztgo] A
el AE AR @ Ardds &5 obvmal A7 ElA PASH PEXE Aol 7t

ool eAtE S FAoR ste] CGMMVete] dsatgol ofwgh dgs m A=A
& e s AAAA 9FE A= ofvmatoly =vde Helsta
A

- =
A4 2 WA s Agel MAE Gl F8ekAl ol gd Aolh
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A5
CMV % ZGMMVS H94 ARA% A% F5uiold 2 o 48 2ol
Sa Az 71& AL (A $FYFAEE, F718)

1. Tobamovirus mutant A %

7}. ZGMMV 2 KGMMYV full-length cloneg ©] &3 MGS random

mutagenesis

ZGMMV ¢} KGMMV full-length clone& in vitro transpositione 7]Z% 3 MGS
(mutation generation system) "7}U<< ©]-83}9] random mutagenesisE A] =3}
ot ¥kg & target DNA (ZGMMV % KGMMYV full-length clone) © Mu
transposon ¢ A9 F<eldlr] 93] wild type olE AR &= transposon ¥
Lol £A3= Not 122 RFLP M-S 433l transposon?] $1XE &<lsfo] m2
stebdth (L9 1-1). transposon o] #d v 1570 A7IA L] AAE &
Mgt Ay ols F ovbole] 9] A9 dlFE N-terminal o ¥ % 3t% o] mutant’} &
At YA}, o5 FP o7 o] in vitro transcriptions F-3Y 5t wild typed}

A FAU g9 e Fastar
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29 1-1. Schematic representation of two cucurbit-infecting tobamoviruses
(KGMMV and ZGMMYV) full-length ¢cDNA clones and their selected Mu-based
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random mutants maps.

Y. Viral mutant A% 2 ZAAF L& FH7& AT

1) ZGMMV 2 KGMMYV full-length clones ©]§3% chimeric mutants A%}

k) ZHEo] 3 WAAS Hol: ZGMMV ¢ KGMMV 9] 4719 =wels A=
218l 10719 chimeric mutantE A 23t (2d 1-5). KGMMV, ZGMMVE z}
FH o Z coat protein (CP) 3 movement protein (MP) Z=wH|21S& A7 Ade
enzyme siteZ ©°]-&3&o] A 22 ZGMMV, KGMMV % X 3}&}o] 474 mutant (13
1-4, lanes 2-3 & 5-6) & A F3A o, F 71A] vlolgix o] AE FE 2] enzyme
site 21 Spe IS ©]&3l4, 54 kDa domaing T4 2 7z ZGMMV, KGMMVE +¥
o8 A= sl 27FA] mutantE A ASATHIE 1-2). o5 ZKll, KZ1& +3
o2 ZGMMV ¢ KGMMV ¢ CP, MPE 3% 4 A+ primer & A2} fusion
PCR (¥ 1-3)8F9 47FA 2] mutantE A2t A A 107] mutants WHEJTH(29
1-4, lanes 8-9 & 10-11; ¥ 1-5) ©]% PCR product® transcriptES Nicotiana

benthamiana 9} Cucurbita pepo °| A4S HESS T

1313Da SdkDa hIF CF
TEIL = I | g e g ] o
Il 1
Sz I416Thp ) Sef LG4 3hp)
LA s s e e H H =
T +
Fre L(AX5ITp) S TQG60IhE)

1% 1-2. Schematic representation of chimeric mutants between
ZGMMV and KGMMYV for templates of ZK11, KZ1; ZKZC, ZKZMC,
KZKC and KZKMC.
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Primer A: 5- TTT ATC GTTCTT ETA STTASTTATGT CT GTAAGTAGCGT CGET —37
Primer B: 5~ ACCCACGCTACT TACAGACAT A4ACTAACTAGAAGAAT GATAAL -3
Primeer C: 5~ AGCTACCE GETITATAACAAG AT GTCTTACT CAACCAGT GCT -3°
Primer D: - ACCACT GGTT GAGTAAGACAT CITGFITATAAACCHFFETAGCT —3°
Primer E: 5~ TTCAAAGTCTGTCCITTAAGT AT GICTGITAGCAAGTTAGSET 37
Primer F: &'~ ACCTAACTTGETAA CAGACAT ACTTAAACCGACAGACT TT GAA -3
Primer G 5'- AACCACCT CCTTTAT AACAA G AT GOCTTACTCTACCAGCCG & =37

Primer H: £°- CCGGOTEGTAGAGTAAGGCAT CTTGTTAT AAACCGAGET GGTT —3°

% 1-3. Sequences of primers for Fusion PCR to construct ZKZC,
ZKZMC, KZKC and KZKMC chimeric mutants.

1 2 3 48 & 7T 8 % o ]134551‘! Fm11

I R

LECGFEC 2. ZCFEMC L EKCGFEC, 4. KGFIMC, 5. TKEC, 6. TEIMC, 7. KIKC 8. KIEM T
9, ZC1L, 10 ZCMMVY (+), 11, KCMMYV (s}

A=) 1-4. Gel analysis of fusion PCR products and In vitro transcription
of wildOtype viruses and their chimeric viruses.
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N. benthamiana C. pepo

131kDa 54 kDa MP cp
1) ZGMMV = [ o M = S S
2) ZGFKC o I H HE- s s
3) ZGFKMC™ [ o I o e s S
o Ky - - - s s
s e e — s s
6 KGFzMC- - o s s
nZKi o [ I S s
G —p
8) ZKZC = [ S
<4—H
E—>
9)ZKZMC [ [ ol - s
<+—F
wkzi =R H H o s
C —»
mkzxke - { Hee- S
<+ D
A—p
12)kzkvc N HE - s
<—

1% 1-5. Infectivity test of chimeric mutant constructs on Nicotiana
benthamiana and zucchini squash plants. Infection of viruses were evaluated
by symptoms and by ELISA and/or RT-PCR.

2) ZGMMYV mutant library o =A%

XL1-RedE ©]&3 random-mutagenesis & &8 ¢k 100078 ¢] colonyS pooling 3} 3l

t}. XL1-Blue © transformation & 92 #HF colony % 100702] clones Alslo],

RFLP 2 mutation §4X& ZA3 1, wild type o] WU HxE 93] in vitro
A

transcritions F3 sl 23T Y-S AASY] mutant] 54 4S5 AA ST

3) CMV chimeric mutant A 3t
kol A 3 CMV F AE2 PI-CMVe Fny-CMV7He] Hpolel 2~ Exep WA o
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ol g A Y] fl8te], o]E wpoly~E FiE 2Fsle] YA HFE HE F
7494 A &EE AAF 3] Northern blot 48 AA&ATt (2 1-6). Wild-type!
Pf-CMVE Hlolg 2 BA o] Fny-CMVEL €53 Halze] 4 e Felgt 4
AAIL, F wpolei o] 37 zbo mpe]zl s RNAS B Aol ol RS &l &
ATk 53] RNA 2 2 RNA37F #odd oz a7 1-62 Northern blot 237}
Akl ThEo S APstdnt. F7IYA Y] WA E DAA 7S ATl #
odate= AEs AAsH] A% TR vpoly 2~ 9 wFAd A, Pf AlEY
RNA2 #lo]#] 2~ BA G4 (replicase) ol EA3t= 267 WA ofv] =4t} RNA3 °]&
9 d (movement protein) ¢ 168 WA olw|:=Aito 2 Fny A%E CMVY #2 i
< muation ¥ HHAE wild typet Pl gS W o] mutant & WA Tdo] AA

HAY WYl epsEglon WA wd R Al wels: AFAAol FEH
ohGE 1-1, 79 17, 1-8) B4 ARSA Qo] o8 % ohvwibEe] 454 gol
ol Aol 3o A7) L BA Avlel Fage GG

o

cfdfed
4 RNAs1,2

“+ RNA 3

+ RNA 4

29 1-6. Accumilation of CMV RNAs on zucchini squash plants by Northern blot
analysis at 7 days post-inoculation of wild-type (Pf, Fny) and their

pseudorecombinants.
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CMV RNA 2

construct
P1+P2 i Fi1+F2
T 1 ] | !
Iyrrplzres ! Syrroizes
] f? B gaah | H 'I:EI R ]
SR | | MP [ CP 1 o8 4 Fry-RHA 3 _h___ Ty
pragal | - s | e b
prome . | P —
e —fil { F— &5 i FPanas (- -~
FP3NaeNhe - Frieenne — —-
Wasl Whel G . W Wi ]
CMV RNA 2
construct
P1+P3 F1+F3
| I
@ 3]
Symplams Symptoms
"[' @ on sguash A on aguash
PIRNAZ  —] ) b— s Fry-RNA 2 M

PRzxba — [ cs
PF2Kpn —- - C5

rr2xba  —{ — &M
FPzkpn  — [ — v

FPZKpn/Xba cs PF2Kpn/Xba 5M

Kpml  Xhal Keprl  Xbal

19 1-7. Localization of sequences in CMV RNA 2 and RNA 3 specifying the
phenotypes of CMV strains on zucchini squash. Either Pf-CMV RNAs 1 and 3
(P1+P3) or Fny-CMV RNAs 1 and 3 (F1+F3) were combined with transcripts of
cDNA clones containing various RNA 3 chimeras and inoculated on to tobacco
plants. Virus from infected tobacco was inoculated on to zucchini squash
cotyledons. The systemic symptoms in zucchini squash were assessed at 7 days

p.i. as either CS (chlorotic spots) or SM (severe mosaic). The transcripts of RNAs
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1 and 3 used for inoculation with RNA 2 transcripts of the chimeric or wild-type
clones are indicated at the top of the figure. The amino acids at 2a protein
positions 60, 76 and 267 that are different between the two strains are indicated at
the top, with the amino acid difference correlating with the change in phenotype
circled. Thelocations of restriction endonuclease sites used for making the chimeras

are shown at the bottom.

¥ 1-1. Time course of systemic movement of Pf-CMV and Fny-CMV and their

reassortments in zucchini squash plants

Virus Removal of inoculated cotyledons (h pi) Control

12 24 36 48 o0 72 B4 96

FIFZF: 0/4 0/4 34 4/4 4/4 44 444 44 4/4
PIP2ZP3 0j4  O/4  O/4  0/4  2/4 44 4/4 44 4/4
FIP2ZF? 0/4 0/4 2/4 34 4/4 44 4/4 44 4/4
PIF2ZP3 0/4  0/4  0/4 274 4/4 4/4 4/4 44 4/4
PIFZF? 0/4 0/4 34 4/4 4/4 44 4/4 44 4/4
FIP2ZP3 0/4 0O/4 0O/4 0/4 3/4 4/4 4/4 44 4/4
FIF2P3 0j4  0/4  O/4 34 4/4 4/4 4/4 44 3/4
PIP2F3 0/4 0/ O/4 24 /4 44 4/4 44 3/4
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9 1-8. Sequence comparison between Pf-CMV and Fny-CMV, tissue blot
analysis of chimeric constructs and point mutants selection and analysis of their

infectivity and symptom patterns.

_90_



. HAAHAH)F cDNA library A%

1) vfoly & o WE HYAH #4H 7]1F4EA mRNA o g cDNA library
A 2

apolel 27k 713 el 4 Al MAHS A AL g wAeA A1F
Axe] mgol ARAAL, B AAFFAAN 3 WAYel ARHE F AFA%
of olaf we P& with wek npoleze WAL $A8 olHE] A E
NFFAAS] BN W FBAE) J14S TRk @ Best gov A AAH
o2 NFFAA WA molez FAY AT} wholg s AP T FEHE o

a9tk ghH, wpole o] W
U7 wEel ZIFHAAbe] A mpolE 2 WA S o
Az 2d g vk 7IFFAA g A Aol weba] A EoAE of
7174y gl & AR ZIFRAaA g Ao wWol o]Fojx 9lo] ¢cDNA
Mo EST clones o]&3 4 HAo meEbA 2 AFeA =
ZGMMV 9] 7kdel o -y = 7|FAAES E48H7] 918 ZGMMV Y 27114
o] 3y H Zucchinid] HANA E23 mRNAS F 2. cDNA libraryE A Zsl S
th. ZucchiniolAl ZGMMV S z=7] 7d @Al A e Sol# el FHAE A¥stn
cDNA libraryE TF=389tk @4 < 120009719 cDNA sequencingS 39t
(F 1-2 #x). 848 479 A7IAE S blasteAler A%E Ed2 7F dhH o] DNA

Aske deol w8

]j
bogagate] AR BAE BASD 27090 welshs $A4S dehie 43
ol Qo] BAAT §8F ARE B89 ol

¥ 1-2. List of EST clones derived from ZGMMV-infected zucchini squash
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No. Definition Locus bp Source Score
631 |[lelongation factor-1 alpha 3 AAD56020 719 Lilium longiflorum Nellie White 375
632 |[protein F171.21.8 [imported] (86393 599 Arabidopsis thaliana 77
633 [|hypothetical protein AAST9716 325 Oryza sativa(japonica) 47
634 |cullin 4 CAC85265 450 Arabidopsis thaliana 205
635 || T32E20.30 AAFT9797 769 Arabidopsis thaliana 34
el ~ Arabidopsis thaliana .
636  |[nodulin-related NP_178443 660 Columbia 56
637 | * * % *
638 |[|putative cytidine deaminase AAN40022 531 Zea mays 151
transmembrane = Arabidopsis thaliana =
639 | proteinF T27/PFT27-like BAB09369 635 |"Columbia 115
. . . . Arabidopsis thaliana
640 ([ribosomal proteinl.31 family protein NP_565109 476 Columbia 165
~ dehydration-induced = = Lycopersicon
651 proteinERD15 AAFT5749 523 esculentum 84
652 || TGA-type basic leucinezipper protein AAKS4890 430 Phaseolus vulgaris red kidney 195
653 |lunknown * * * *
654  [lunknown * 383 * *
655 |[|putative Dna]J protein AAQ54533 509 Malus x domesticaEvereste x MM106 154
- putative o cativalis ‘L At
656 histone-lysineN-methyltransferase BAC99377 341 Oryza sativa(japonica cultivar-group) 32
657  [lunknown * * # *
658 [lenolase AAS18240 740 Glycine max 329
659 |[D111/G-patchdomain-containing protein NP_564820 538 Arabidopsis thaliana 130
N guanine b e thalians
660 nucleotide-bindingprotein, putative AAM65407 468 Arabidopsis thaliana 258
661 |beta-galactosidase alpha peptide AAAT3456 606 Cloning vector pSportl 146
ubiquinol-cytochrome . .
662 | Creductase complex NP_197927 661 |ArbIdoDSls e 175
14 kDa protein, putative
dehydration-induced - - Lycopersicon
663 proteinERD15 AAFT5749 645 esculentum(tomato) 115
664 [YGLO10w-like protein AAC32136 629 Picea mariana 66
. . . - Capsicum annuum
665 |[zinc finger protein AAQ1094 625 Hanbyul 92
666 |[|beta-galactosidase alpha peptide AAAT3456 741 Cloning vector pSportl 161
667 |lunknown * % % «
668  [lunknown * * * *
Chain A, Solution StructureOf A  Putative Arabidopsis thaliana
669 Steroid-BindingProtein From Arabidopsis 1J03_A 646 (thale cress) 162
e . = Arabidopsis thaliana
670 [[DNA-binding protein-related NP_199781 550 Columbia 148
671 |oxidation protection protein-like BADI5574 se0  |Onya sativa Usponica 53
672 |metallothionein type I AAB95220 516 Fritillaria agrestis 66
673 ||Glycerate dehydrogenase P13443 961 Cucumis sativus 422
674 ||40S ribosomal protein S5 AARS9617 714 Cﬁgiff;“ﬂ:g“”‘lm 106
diacylglycerol EAROE Arabidopsis thaliana
675 acyltransferasefamily NP_566952 440 Columbia 99
676  [lunknown * * * *
677  |lunknown * % % «
678 [alpha-tubulin CADI3177 778 [Nicotiana  tabacum  Virginia  Bright| o5

Yellow
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No. Definition Locus bp Source Score
EST AU082548(E60543)corresponds to a regionof
the predicted gene.”Similar to Arabidopsis (s . s
679 thalianachromosome Tl BAC F2I9genomic NP_910571 598 | Oryza sativa(japonica cultivar-group) 84
sequence,unknown protein. (AC005560)
680 poly(A)-binding protein AAF63202 680 Cucumis sativus 270
701 hydroxymethyltransferase AAM64493 580 Arabidopsis thaliana 178
702 cystatin-like protein AAM64661 570 Arabidopsis thaliana 41
703 unknown AAM63306 656 Arabidopsis thaliana 173
704 none * * * *
Lycopersicon esculentumcv. Bonner
705 metallothionein-like protein CAA92243 267 Best, 82
mutant chloronerva
2-oxoisovalerate dehydrogenase,putative / y
3-methyl-2-oxobutanoatedehydrogenase, putative . . . .
706 branched-chain alpha-keto aciddehydrogenase E1 NP_974756 348 Arabidopsis thaliana Columbia 70
alpha subunit, putative
707 phloem filament protein PPlwinter squash T09685 450 C(uvfllllxll?elia S(r;’g;};iﬁr)la 196
708 embryo-abundant protein-related NP_196644 442, Arabidopsis thaliana Columbia 261
709 speckle-type POZ protein-related NP_566212 355 Arabidopsis thaliana 112
710 metallothionein-like protein CAB52586 257 Elaeis guineensis 66
711 lipid transfer protein precursor AAF35186 469 Gossypium hirsutum Siokra 1-4 268
712 expressed protein NP_201110 551 Arabidopsis thaliana Columbia 226
713 beta-galactosidase alpha peptide AAA67217 581 Cloning vector pSport2 250
714 endo-beta-1,4-glucanase CAB43937 525 Fragaria x ananassa Chandler 229
715 unknown EAI99935 620 environmental sequence
716 chloroplst inner. enveloperiembrane profein, NP_191900 | 630 Arabidopsis thaliana Columbia 306
717 * * * * *
718 hypothetical protein At2g25110[imported] D84644 483 Arabidopsis thaliana 74
719 || peptidoglycan-bindingLysM domain-containing NP_564673 | 645 Arabidopsis thaliana Columbia 89
protein =
hypersensitive-induced
722 response protein AAF68391 513 Zea mays B73 92
724 serine/threonine/tyrosine kinase AAK11734 367 Arachis hypogaea (*3%") 109
729 membrane protein, putative NP_565335 455 Arabidopsis thaliana Columbia 58
730 Catalase isozyme 3 P48352 651 Cucurbita pepo 397
731 ubiquitin precursor - rice fragment PS0380 300 Oryza sativa 169
732 none * * * *
733 repair endonuclease (RAD1)(UVHI) NP_198931 554 Arabidopsis thaliana Columbia 284
734 RepA AAH51351 653 Corynebacterium jeikeium 34
735 unknown EAB65596 305 environmental sequence 32
736 autophagy 8i (APGS8i) NP_566518 473 Arabidopsis thaliana Columbia 144
. Oryza sativa
737 unnamed protein product NP_912918 382 (japonica cultivar-group) 112
738 expressed protein NP_567335 422 Arabidopsis thaliana Columbia 95
739 expressed protein NP_568115 510 Arabidopsis thaliana Columbia 102
740 protein Kinase family protein NP_200643 627 Arabidopsis thaliana Columbia 56
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No. Definition Locus bp Source Score
743 putative serineprotease-like protein AAM13204 304 Arabidopsis thaliana Columbia 60.5
745 ribulose-5-phosphate-3-epimerase AALS4303 582 (japonggyiils?fg?gmup) 321
746 Carboxylesterase-like protein T51415 429 Arabidopsis thaliana 131
747 expressed protein NP_197090 499 Arabidopsis thaliana Columbia 150
748 peroxidase CAA66961 540 Arabidopsis thaliana Columbia 232
749 brotein phosphatase 2Cputative NP_187215 308 Arabidopsis thaliana Columbia %
750 none * * * *
751 peroxidase 21(PER21) (P21) (PRXR5) NP_181250 516 Arabidopsis thaliana Columbia 167
752 LHCII type Illchlorophyll a/b binding protein AAD27877 541 Vigna radiata 2937 253
753 thioredoxin h BAC21264 561 Cucurbita maxima (winter squash) 222
754 ribulose-5-phosphate-3-epimerase AALS4303 582 (japonggyiils?fg?gmup) 321
1-aminocyclopropane-1-carboxylate oxidase 1 (ACC
755 oxidase 1) Q04644 352 Cucumis melo 167
(Ethylene-forming enzyme)(EFE) (PMELI)
Glycine
756 dehydrogenase[decarboxylating],mitochondrial P26969 567 Glycine cleavage system P-protein 303
precursor (Glycine decarboxylase)
757 Catalase isozyme 2 P48351 414 Cucurbita pepo 227
758 nascent polypeptide associatedcomplex alpha chain BAC78570 529 (jap oni(zgygiltsi?/t;;/fgr oup) 162
759 alpha-L-arabinofuranosidase AAPI7437 399 Malus x domestica Royal Gala 52
760 probable transposase T46111 608 Arabidopsis thaliana Columbia 181
761 expressed protein NP_200707 434 Arabidopsis thaliana Columbia 79
762 L-ascorbate peroxicci‘iii(rggerllli.ll)cytosolic - T10189 529 Cucumis sativus 255
763 At1g54990/F14C21_5 AAL11602 278 Arabidopsis thaliana Columbia 54
764 basic helix-loop-helix (bHLH)family protein NP_849996 369 Arabidopsis thaliana Columbia 141
- ATP-dependent protease La . : : .
765 (LON)domain-containing protein NP_177679 488 Arabidopsis thaliana Columbia 103
766 1-aminocyclopropane-1-carboxylate synthase AAQ88100 707 Rosa hybrid cultivar 'Kardinal’ 327
767 unknown EAJ61410 259 environmental sequence 34
S . - Lycopersicon

769 dehydration-induced protein ERD15 AAFT75749 539 esculentumMoneymaker 80
770 hypothetical protein MG01691.4 EAA56040 468 Magnaporthe grisea 70-15 32
771 expressed protein NP_566014 447 Arabidopsis thaliana Columbia 100
772 ubiquitin-conjugating enzyme putative NP_564828 660 Arabidopsis thaliana Columbia 294
773 unknown EAH65801 533 environmental sequence 33
774 beta-galactosidase alpha peptide AAA67217 630 Cloning vector pSport2 142
775 || eukaryotic translatio initiation factor SUII, putative NP_568818 569 Arabidopsis thaliana Columbia 204
776 putative step I splicing factor SLU7 BADO8S62 502 Oryza sativa 280

(japonica cultivar-group)
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No. Definition Locus bp Source Score

779 ORF40g NP_817264 337 Pinus koraiensis 70

780 protein kinase, putative NP_567574 551 Arabidopsis thaliana Columbia 74

782 No significant similarity found * 562 * *

heavy-metal-associateddomain-containing ~ 1 vie thalians e erec

783 protein/copper chaperone (CCH)-related NP_195570 557 Arabidopsis thaliana (thale cress) 239

784 proline-rich protein GPP1 T07598 604 Solanum tuberosum (potato) 152
_ ) ; . . - - Arabidopsis thaliana

785 autophagy 8i (APG8i) NP_566518 622 (thale cress) 187

786 14-3-3 protein AAF76227 406 Populus alba x Populus tremula 159

787 RNA helicase CAA66825 689 Arabidopsis thaliana columbia 375

Ribulose bisphosphate carboxylase small chain 3,
790 chloroplast precursor P32764 629 Solanum tuberosum (potato) 245
(RuBisCO small subunit 3)

791 GTP-binding nuclear protein RAN1 P38546 716 Lycopersicon esculentum (tomato) 292

792 60S ribosomal protein L27 (RPL27C) NP_193236 620 Arabidopsis thaliana Columbia 213

793 mitochondrial F1 ATPsynthase beta subunit CAC81058 627 Arabidopsis thaliana 37
: 4 (thale cress)

794 Actin-depolymerizing factor 2 (ADF 2) QIFVI1 760 Petunia x hybrida 233
- 3-oxo-5-alpha-steroid 4-dehydrogenase family - ’ Arabidopsis thaliana

795 protein /steroid 5-alpha-reductase family protein NP_197105 782 (thale cress) 176

796 putative transmembrane protein BAC79896 522 (japoni(zgyiili?lg;]fl group) 198

797 expressed protein NP_192164 745 Arabidopsis thaliana Columbia 221

798 cytokinin-repressed protein CR9 T10182 714 Cucumis sativus (cucumber) 226

799 alpha tubulin CAD20820 671 Zea mays 113

800 thioredoxin h AANT7T6509 721 Brassica rapa 147

802 CmES8 BAB68392 638 Cucumis melo 223

803 putative ripening-related protein CAB85634 794 Vitis vinifera Shiraz 100

similar to cell wallbiosynthesis kinase; Cbklp = . . s

804 [Saccharomyces cerevisiael AAS45329 308 Dictyostelium discoideum 33

807 40S ribosomal protein S18(RPS18A) NP_173692 822 Arabidopsis thaliana columbia 186

808 rubber elongation factor (REF)family protein NP_187201 786 Arabidopsis thaliana columbia 216

809 SAR DNA-bindingprotein-like protein CAE45597 913 Lotus corniculatus var. japonicus 276

Ribulose bisphosphatecarboxylase small
810 chain,chloroplast precursor Q02980 824 Malus sp. 175
(RuBisCO small subunit)

811 gibberellin-responsive protein,putative NP_173683 825 Arabidopsis thaliana columbia 117

812 RelA/SpoT protein,putative (RSH1) NP_849287 525 Arabidopsis thaliana columbia 192

813 ubiquitin-associated (UBA)/TS-N NP_563718 697 Arabidopsis thaliana columbia 144

domain-containing protein
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No. Definition Locus bp Source Score
817 beta-galactosidase alpha peptide AAA67T217 604 Cloning vector pSport2

818 beta-galactosidase alpha peptide AAA67217 642 Cloning vector pSport2

819 * * * * *
820 Carboxylesterase-like protein T51415 429 Arabidopsis thaliana 131
821 60s acidic ribosomal protein AAL91663 656 Prunus dulcis 100
822 chloroplast protease CAA09935 476 Capsicum annuum 186
823 * * * * *
824 Actin-depolymerizing factor 2 (ADF 2) QIFVI1 760 Petunia x hybrida 233
828 thioredoxin family protein NP_195437 794 Arabidopsis thaliana columbia 131
829 RNA helicase CAA66825 689 Arabidopsis thaliana columbia 375
830 lipase-related NP_850428 756 Arabidopsis thaliana columbia 241
833 RNA helicase CAA66825 689 Arabidopsis thaliana columbia 375
834 * * * * *
835 * * * * *
836 Actin-depolymerizing factor 2 (ADF 2) QIFVIL 760 Petunia x hybrida 233
837 TCP family transcription factor,putative NP_567553 845 Arabidopsis thaliana columbia 80
840 loxc homologue CAA05277 768 Lycopersicon pimpinellifolium Cf9 237
841 * * 446 * *
842 beta-galactosidase alpha peptide AAA67217 545 Cloning vector pSport2 33
843 hypothetical protein FG02208.1 XP_382384 569 Gibberella zeae PH-1 33
844 Plasma membrane aquaporin(PAQ2) BAA32778 637 Raphanus sativus 228
848 accelerated cell death 2 (ACD2) NP_195417 433 Arabidopsis thaliana columbia 106
849 glutathione S-transferase,putative NP_172507 449 Arabidopsis thaliana columbia 169

- . . Oryza sativa
850 hypothetical protein BAC55615 695 (japonica cultivar-group) 34
851 6-phosphoghiconatede 1y drogenase NP_186885 567 Arabidopsis thaliana columbia 226
852 hypothetical protein T24C10.3[imported] E96590 614 Arabidopsis thaliana columbia 65
853 plasma intrinsic protein 2,1 AAO039007 613 Juglans regia (823 %) 253
854 Actin-depolymerizing factor 2 (ADF 2) QIFVI1 760 Petunia x hybrida 233
855 heat shock protein, putative AAM63342 611 Arabidopsis thaliana columbia 65
- Elongation factor 1-gamma(EF-1-gamma) - :
856 (cEF-1B gamma) QIFUM1 553 Prunus avium 178
857 SKP1 family protein NP_568900 730 Arabidopsis thaliana columbia 152
858 photosystem I-N subunit AA049652 751 Phaseolus vulgaris 251
859 ACT domain-containing protein NP_030235 662 Arabidopsis thaliana columbia 58
860 phosphoglyceratemutase-like protein AAG38144 571 Glycine max 222
861 endoribonuclease L-PSPFamily protein NP_188674 541 Arabidopsis thaliana columbia e
862 hypothetical protein F13G24.30 T45608 641 Arabidopsis thaliana columbia 258
863 || probable aldehyde oxidase(EC 1.2.3.1) [imported] T52050 430 Arabidopsis thaliana 72
Peptide deformylase,chloroplast precursor .

864 (PDF)(Polypeptide deformylase). QIFV4 565 Lycopersicon esculentum 231
365 Ferredoxin--NADP reductase,leaf P10933 564 Pisum sativum 231

isozyme,chloroplast precursor (FNR).
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No. Definition Locus bp Source Score
866 chaperonin, putative NP_197589 548 Arabidopsis thaliana columbia 317
868 pectate lyase[Fragaria x ananassal AAK66161 671 Fragaria X ananassa 241
869 acyl-CoA binding protein 2(ACBP2) NP_194507 549 Arabidopsis thaliana columbia 253
hydroxyproline-richglycoprotein . . .
870 N A NP_189197 505 Arabidopsis thaliana 114
family protein
879 OSJNBa0032F06.20 CAE03437 477 Oryza sativa(japonica 178
cultivar-group)
881 14-3-3-LIKE PROTEIN D(SGF14D) Q96453 722 Glycine max 282
883 Atbg24500 AAS45434 631 Arabidopsis thaliana columbia 45
284 probable isocitrate dehydrogenase (NAD)(EC T03406 596 Nicotiana tabacum 269
1.1.1.41)precursor - common tobacco
Pyrophosphate--fructose6-phosphate
1-phosphotransferasealpha subunit (PFP)
885 (6-phosphofructokinase,pyrophosphate Q41140 677 Ricinus communis (3] v}#}) 244
dependent)(Pyrophosphate-dependent6-phosphofru
ctose-1-kinase) (PPi-PFK)

peroxisomal biogenesis factorll family protein _ . . . . -

886 B X NP_563636 640 Arabidopsis thaliana columbia 195
/PEX11 family protein
887 RNA helicase CAA66825 689 Arabidopsis thaliana columbia 375
ribulose
888 1,5-bisphosphatecarboxylase/oxygenasesmall AAA33036 317 Mesembryanthemumcrystallinum 114
subunit
889 beta-galactosidase CAAT5108 712 Phagemid cloning vector pTZ19U 181
890 actinorizal nodulin AgNOD-GHRP AADO00171 505 Alnus glutinosa 39
891 putative quinone oxidoreductase CAD31838 584 Cicer arietinum 171
893 expressed protein NP_198638 712 Arabidopsis thaliana (thale cress) 284
894 ribosomal protein 1.33 AAK25760 509 Castanea sativa 211
895 Perl-like family protein NP_173104 557 Arabidopsis thaliana columbia 45
896 elicitor-inducible protein EIG-]7 AAR83862 649 Capsicum annuum 142
897 hypothetical protein BAD07943 669 . Oryza sativa 157
(japonica cultivar-group)
ADP,ATP carrier protein,mitochondrial
899 precursor(ADP/ATP translocase)(Adenine P27081 561 Solanum tuberosum 219
nucleotidetranslocator) (ANT)

900 expressed protein NP_196665 427 Arabidopsis thaliana columbia 62
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2) 71FAE g YL AT £ 2 #3144 2

715 E dhed I AA AlE By E 95le] random-mutagenesis® 7|22 in
vitro transposition ¥ repair-deficient E. coli ° &3 ZGMMV mutant 2
ZGMMV ¢} KGMMVE ©]§3 chimeric mutant, CMV %2 Ax¢S E3
mutant ¢ H3zHE o] HAA HAEES 53 EF 2 fd4 54 AAES
2 A3¥ A3 repair-defiecient WHE A& 9o 4= mutants®] A@S 8-o]3}
U mutant 919 fHAAo] AVIAE EASEY g0 F de @Hde] i, B
mutantsE°] #ZFAo]l 23y AAHE A3E B FF Ao MGS Mu mutant
¢} chimeric virusE AF-g&3sh5oh

3) 13} Tobamovirus € CMV ¢ movement protein & replicase &3 A Az
o] Y A5 9] coat protein 219 movement protein % replicase =™ ¢13 HUA Y

S 98 FEHS AR 715 AEWlA wild type # mutant 2
285 yAHoZ g2l & & vk AdE mutantE UG O E o5 mutant Hfo]
of 715 AEUddA HHAdd dFgs FE EUds gid FFo Ao HAA
s AFRHAJAT ZGMMV (18 1-9)¢F CMV 2] movement protein (MP)
S expression vector © cloning 3% At A Feg o, wrIzE wlo]# A~

KGMMYV, CGMMYV, CMV 9] replicase protein ¢ 338% A &3t &8sttt

o,
)
2

ooy
)

ol
-
N

| % 117 I 2 3 4
A) B =
=} <
L]
-
o - - b
E-h :
LpHE0 F28ul 2, pH £0 F2 1isl 1.2 Total proteind stal prowein Lpossse comtral
A negatars condra]

19 1-9. Induction of virus—encoed proteins in E. coli to produce ZGMMV MP
and confirmation of ZGMMV MP by western blot analysis.
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4) Wild-type 2 ¢f=Hlolg|2 HAV & AL

of=nlol g A~ HAVE M-S 98] random-mutagenesisol olalA] Aoj Rt #e
CMV RNA3 mutant ¢ wild type Atolol Aol AAL olm wazx FxdA A7|4Y
S J|Z2E 959 enzyme siteE ©]&3le], DNA ZH =A7|9} dH FAoz2 wild

M+ 15 1617 11819 20 2123 33 24 2526 37 N
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316 315 323 322 511_56 64 52167 M

- - o

19 1-10. Restriction patterns of MGS Mu-based mutants of RNA3 of CMV.

2. vle]lH g AA A2AHAA £4 2L viral mutante] HEA 23849

7L a7AE 2 Y

1) wtolel 2 A4 2RAREY

7}) ¥ 3 Tobamovirus® hybrid virus® A 2 #ZIAZ £4

uhyl zZHEo] 73 YA S HolE ZGMMV ¢ KGMMVe HA ZAAAAE 24
a7 9lsiA ZGMMV, KGMMV  full-length clones ©o]&3ted ZGMMV 9}
KGMMV e 471 =wels M= A#3te]  chimeric mutantsE A 2}t
KGMMYV, ZGMMVZ Z} 3 92 coat protein (CP) #} movement protein (MP) =
Hels A7IAEU enzyme siteE o] &3te] A& ZGMMV, KGMMV = X g3}
o] 4714 mutant® AAseivh. £, F 74A whe]# 9] 54kDa domaing FA

2 7t ZGMMV, KGMMVE Fg o= Az 2gate] 27F4 mutantE A&ttt o
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?2

p
il

R

£ mutant(ZK11, KZD)E T3 22 ZGMMV 9} KGMMVe CP, MPE A &3
+ primerg ©]§3t9 fusion PCRE Fa35to] 47F4 9] mutantE A #stAth. A2
mutantsi= Nicotiana benthamiana®t 2.0 2 F714 Zule] HEste], 7dAda Basy 2
HAAAS AT

) vlold & ZEd g ¥AdAd #¥H 7|F2AEA cDNA ESTs 4

ZGMMVel systemicd HAS Hol= zucchinid] ® ol carborundums ©] &3}

AAE Fi ZGMMVE] S0 AES FEste] 0AZHEE 3AIZE 2HA o2 24A1 k71
AR

HEHS time course FE 107/1A% 3l o mRNAE w25kl A #3E cDNA
library 258 ZGMMV 7ol w2 7|5 AEZA A Fdax T3 s 438
71 f%te]  ESTsE S35tk PR-related gene, transcriptional factor,

transmembrane protein 2 pectinmethylesterases < A 2sle] ZGMMV, CMV 7+
of e fFHzte] wd S vl B4 Fo Jon, HFHOR Qo] I At
7l Nl §-&staizk g

2) Viral mutant®] #9494 23294

7}) CMV chimeric mutant A& 2 HA4A 2 A

Fny-CMV, Pf-CMV ¢} zucchini squashS 7|52 7|5 2 EA A CMV HA 2
ARAAE Wal7] faiA 22 g FEolA Aeitt. Pf AlE 3 Fny AlE1H9
71-03/\40] = EEOEHH 724 RNA«] ;Hz%ﬁ.‘_oi_ &3 75 N%oﬂ/\i,] HAAS
EYZ o] RNA29 RNA 39 97|14 49S A2 mutation 3Fo] thedst 124 =3
H}o] 2 22 (psedorecombinant) & A 2}slal,  Fny/Pf-CMV 2a, 3a z+-zte] 2679H, 1679
ofn|i=ikol Wste] whE WA AolE <let] $s] CMV RNA 2a, RNA3 3a ©
W 267H, 167 ofv|:=ARS X 3FE primer(E 2-1)E o] &3 site directed
mutagenesis Wl 93 T/C(ATT—ACT), C/T(ACT—ATT) mutantZ A 2}s}o]
Fny-CMV R2,3T/C (double mutant), Fny-CMV R2T/C, Fny-CMV R3T/C (single
mutant) ¢ Pf-CMV R2,3C/T (double mutant), Pf-CMV R2C/T, Pf-CMV R3C/T
(single mutant)® ™ H3s}s3t} o]213t double mutant (Fny-CMV R23T/C,
PI-CMV R2,3T/C)¢} wild type PI-CMV, Fny-CMV zFe] B2 =}o] <2l 2 A
Aol s 2a, 3a 779l 7le S +437] #8l, double(Fny-CMVT/C R2R3,
Pf-CMV R2R3C/T) % single mutant(Fny-CMV R2T/C, Fny-CMV R3T/C <}
Pt-CMV R2C/T, Pf-CMV R3C/T) RNAE 1@ 2-13 o] =34 in vitro
transcriptions &3] ¥EX RNAE 77]4 uf 9 eolo] HFsle] HAad 4
<= kSt
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¥ 2-1. Seqeuence of primers to produce mutants for Fny-CMV R2T/C, Fny-CMV
R3T/C, PfI-CMV R2C/T and Pf-CMV R3C/T

strain | genome primer sequences
5'-CCAACGCCAACCCTCGCGACTCCTCCGGATTTAAACCGTGC-3’
5" -GCACGGTTTAAATCCGGAGGAGTCGCGATGGTTGGCGTTGG-3'
5" -GTTATCGAAAGACATGGTT

ACACTGGGTATACCGGTACCACAGC-3’
5'-GCTGTGGTACCGGTATACC

CAGTGTAACCATGTCTTTCGATAAC-3’
5'-GTCCAACGCCAACCATCGCGATTCCTCCGGATTTAAACCGTG-3'

5'-CACGGTTTAAATCCGGAGGAATCGCGATGGTTGGCGTTGGAC-3’
5'-GTTATCGAAAGACATGGTT

ACATTGGGTATACCGGCACCACAG-3’
5'-CTGTGGTGCCGGTATACCC

AATGTAACCATGTCTTTCGATAAC-3'

RNAZ2

Fny
RNA3

RNA2

Pf
RNA3

CMV-Fny CMV-Pf
I

11 1
Wildtype [ RNA1 |[RNAZ|[RNA3|| RNA1 |[RNAZ2 |[RNA3Z |
Double mt. | RNA1 |[R2 TICIR3 TIC|| RNA1 |[R2 CIT||R3 CIT]
| RNA1 |RNAZ |[R3 TIC|| RNA1 |[RNAZ |R3 CIT|
|_RNA1 |[R2 TIC|[RNA3 || RNA1 |[R2 CIT|[RNA3 |

single mt.

9 2-1. Combinations of reassortments between wild-type CMV RNAs and
double or single CMV-Fny T/C and Pf C/T mutant RNAs.

1) CMV mutant library o %A 2}

CMV RNA3 mutant® W& A&st7]  $ste] ZGMMV  full-length  clone®]
random-mutagenesis®l] ©]& % FL3 Al2~=H<el MGS (mutation generation system,
Finzymes)E&  ©]&3le] Fny-CMV RNA3¢ mutant libraryE A 2}&}S o
Mu-transposon®] CMV RNA3 genome®] F2$]4 9 4+¢] & transposon®| Ftto]
o= AtEa s Alo]ESl Not I 9&l transposons A7 dFe] HEFEAH o &2 Fny-CMV
RNA3 genome®l 15bp7} 44 %+ mutant libraryS 1331t restriction enzyme
mappingS E3 AY® Mu-transposono®E oF7]® EdWo] 9XE el 2 w3}

(mapping)dta2 2t 3}, A9E mu-clone®} wild type 3} Hlxsle], AAl 7+ of Hof
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w2} mpo]lzd 2~ =24 (propagation) © Z44A  (essential) ©o]AY, H|EHFH
(non-essential) 1 F-91& Awelr] 9k ik ~=a2dS AAISHA T

. drge 2 A3
1) vhelelz A AR AR

7}) ZGMMYV full-length clones ©] &3 chimeric mutants #| 3t

ZGMMV (pZGF37) ¢ KGMMV (pKGF12) 2 4719 Z=ddlS A= X33 107]<]
chimeric mutant® A Z3FAcHZd 2-3). F ®vlo]3 2 W ME F%59 enzyme
site?] Spe 1& ©]&3}o], 54kDa domaings A= 7z ZGMMV, KGMMVE 3o
2 A2 X33t 27FA] mutant?l ZK11, KZ1& A Zste] ZGMMV, KGMMV 9}
restriction enzyme mapping= &3 Hlal 4] Nicotiana benthamiana®} 2.°] 2 77|14
sulo] AEale] 7oA BaseE 2 WS BAzgch o A3 ZK 52 KZ mutant
Qolo| A= EAle} o]Fo| wild-typed}t xFol7b floy, #7714 28 (Cucurbita pepo) ©l
© #AgFslel Fdete] BAE star dalolwe] HA ¥ 5HS BiY (29 2-2). &g
ZK11, KZ1& F38°o2 ZGMMV ¢ KGMMV<E CP, MPE A&& + U+
primer®| £3}to] fusion PCRZFE 47}A]2] mutant?l ZKZC, ZKZMC, KZKC,
KZKMCE A#3Ra, KGMMV, ZGMMVE Z} 38 °o % coat protein (CP) ¥}
movement protein (MP) Z=Wll& A7 EWS enzyme siteE ©o]&3sle] A =29
ZGMMV, KGMMV = X %3s}o] 47FA] mutants ZGFKC, ZGFKMC, KGFZC,
KGFZMCE A Zsto (2™ 2-2). ©o]& RT-PCR productoll Xl A% transcript®
Nicotiana benthamiana®} Cucumis pepo © Z.}oﬂ A Eﬂ*EE AN A 12FF 5
ANA 6F AR FAAdo] FRIH S, vole 2% ZE chimeric virus £

1 %ol
of ¥l AEk oketn WAl ke AL zlo_@} S and (18 29
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N b Crahus C papo 0 male O mos

131k0 . MkDa we CP

p2GFIT < I 2 I
E.HI*I:'HI!I!-

phoFi I — L, L. sk el
hrﬂm

pEKH 4 T D — < - s

p2t NN s o s W e

a9 2-2. Infectivity of ZGMMV, KGMMYV, ZK11 and KZ1 chimeric viruses on four

systemic host plants.
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131kDa 54 kDa MP CP
1) ZGMMV = I o M -
»ZGFKC o | g -
3) ZGFKMC [ -

s S S i
yrre -+
oI K+

DZKI o [ [
G—p
8 ZKZC = [
<+—H
E—»
9 ZKZMC I s N
<+—F
wkz - H  —

c—»
mkzxe NN Hee
<+— D

A—»>
12 kzkvic = HE-—
«—

N. benthamiana C. pepo

S S
S S
S S
S S
S S
S S

9 2-3. Schematic representation of chimeric mutants derived from
ZGMMV and KGMMV cDNA clones and their infectivity on N. benthamiana

and zucchini squash cv. Black Beauty plants.

1) CMV chimeric mutant A3 2 HYAH AA &
Fny/Pf-CMV+=  zucchini squashol A

severe mosaic (Fny-CMYV), chlorotic spot

(PE-CMV) = WA #olZ wrhe Fny-CMVe PI-CMVre]l M4 24 §a4s
o] chimeric mutant Hlol#]l= AF+E E3 CMV RNA 29 2a, RNA39] 3a &9 2
2679, 1679 ofm|imate] o8] AAHE ASE AP ATE T FAsAE double
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mutant (Fny-CMV R23T/C, Pf-CMV R2,3T/C)¢} wild type Pf-CMV, Fny-CMV
re] WA Aol gl W WHAAd AAC g 2a, 3a A4 7les wAsH] 9,
double(Fny-CMVT/C R2R3, P{-CMV R2R3C/T) % single mutant(Fny-CMV
R2T/C, Fny-CMV R3T/C ¢ Pf-CMV R2C/T, Pf-CMV R3C/T)E Az 2 RNAE
et HE A, ololA = AWM AolE FAT F glAey, 77y &8t
2] 7§, double mutant®} A3 severe mosaic¥ chlorotic spot9] W3} HAS
2 4= QAT 2a, 3a Zb7Fe] @A S wpolul s~ WA AolE YERY =T

=
Moz 4ET AOE A Y, ot Holex ofF] P& Fr AoE ¥

=

¥ o e

T
1%
Ly

Pf Fny PI-CT(R23) PI-CT(R3) PI-CIT(RZ)

s

double mutant Single mutant
Pf Fry Fry-TICIRZ.3) Frw-T/C(RZ)  Fry-TICIR3)

i
!

sgquash

cucumber

19 2-4. Symptom patterns of wild-type of two CMV strains and their two point
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mutants (CMV, Fny-CMV T/C, P{-CMV C/T) on on zucchini squash and

cucumber plants at 7 days post-inoculation.

o) "ol x ol wE Wdd #d 7|F4EA cDNA library ESTs 24
ZGMMV e Z717<do] 8w Zucchini] HdolA £33 mRNASE FHoZ,
cDNA library & #| 23}tk Zucchiniol A ZGMMVE] %7] 79 DA A Eo]4
A frAAE Awsha, ¢DNA librarys F538kch @A oF 1,200091 719 ESTs &4
S BS993, ZGMMVY ZAYel wE Zucchini A EolA 9 F3A 28 S-S
23519 aL, o] 5 transmembrane protein, pectin methylesterase, transcription factor
9] t4=2] EST cloned A#ste] ZGMMVS CMV el wpe 2 Eoro] dtg
WA e § npolelaoto] FE Aol s FF &8 o Folrt

M

2) Viral mutantd #H94 2344

7}) ZGMMYV mutant library o) A2

XL1-RedZ o] €3 random-mutagenesis® 22 2k 10007019 colony=S pooling 3} %
t}.  XL1-Blue 9 transformation & €& HZF colony & 100719 clones 4143}
o], RFLP & mutation 91 X& AA31, wild type 2] HLA v E ¢l in vitro
transcriptions Fasto] 22 Y-S AA AT

) CMV mutant library o] ZA =
MGSE &3 Fny-CMV RNA39 mutant libraryE A2t RNA3o|
Mu-transposon® — F29]H <l AFgle®  of7l¥®l mutant clones A Ztshed]
Mu-transposon? A4 ¥<S &2l om (g 2-5), 4YFE Mu-transposong A A s}o
HAZFH o2 15bp7F AdHo]l °k71HE mutantsE FREAY (Y 2-6), °lE
wild type? Hlalsto] WA o] B owpolel s FAe] A2 H|HFA s &

o ®43gt.

KeR
=

rE il

—|—’

5|
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B. M1 23 488Ta ﬂ'1l]"l1'12'13'l-l'll-'1£'1'."lﬂl?m
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--n-uh--—-lﬂ---—ﬂ-----

— ——— ] s e e e e T

PUCTEF mu artrancepaesns

T
NN oMY Foy BHNAT ¢ SRATENGERETEN
r-b m— pUC1E
. i — MV Fry AMA3

19 2-5. Confirmation of insertion of Mu- transposon onto full-length cDNA

clone of RNA 3 of CMV after in vitro transposition.

A. CMV-mulEcoR LXho | B. CMV-mwEcoR |.Not| C. CMV-mu/EcoR | Pst | Nat |

a3 2-6. Gel electrophresis of selected mutants of CMV mu-RNA3 to check

insertional sites of each mutant clones.
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3. Sutele2] B4 B4, 2ANY, nEEA L JAFAA &ML
o ATAR % P
1) pErolds Ad 2 B3 /TR AGY $4

7h) 71FAE vl gy dA AT 73 2 4% gx
wy2kg vlol A~ CMV, ZGMMV, KGMMV & o] &3lo] A2+ o 39 mutant
SE25YH 9RAEE B 535 SolAom WdAol ostd mutantE: AEsiiith
AdkE CMV, ZGMMV, KGMMV mutant% wild type, mutant, mock = 2]l £]3}
A4S v 2 7|F A Eo A Y vhE-S vl gAAgH o5 A%EE mutant &
wild typeell H|sto] WA e gi 0] =AY, BMAS HolA Fout nioly e
A FH, w40 HRks AR ‘3}0131" O]Eoﬂ Ziﬁ”é% A
mutantE ©] &3t B AbE 3

Py
4453,
AR F fEutole ~E

)

rl

rlo rlr M rlo

e HI
ol
fo
S
=
2
o
ol
o,
oX
N2
)
% |
oi
H
m
nx ©
>

2) pEutolgae] HAHEA

7F) ZGMMV &3 @93 (coat protein) mutant A2 L & FAA Td 4

A7 de] X3 AdS 98 PCR WS 2839tk 10kb o ©3F= tobamovirus
o] AA Axs Z2#Z87] Y84 mutation pointel] @ stE A7 E Hjo 7+ 2
A3 enzyme 97| Eo]l HEE $ueE primers U Al ZGMMV 9 9]Yl]‘“)r‘j'”
A (coat protein; CP) 2] open reading frame (ORF) 9] start codon (ATG) & PCR
o2 A&t mutant &S AEAME 7LD S &9kl ZGMMV CP 2d
S gAst= pZGACP F25 A A38kar, CP region ol GFP ¢9F 2& reporter gene
59 R FAxE F2Y3 7] Y8l primer Wl enzyme site 443t PCR Wy o
2 multiple cloning site (MCS) & A&ttt o] & mutant &8> full clone W 23
Fo] = T7 promotor €71 LS o] &3l T7 transcriptase & <1914 o2 RNA At
< el A=A HAES ] ddEE AT 9o BHE EtiE PMMoV
BEAEAGYge ds 2 o]F XS site directed mutagenesis WHS E3dto]

sheich.

s

Moo o

1) ZGMMV % PMMoV 3 " non-coding region (NCR) +% ZA ¥ mutant Al
2}
NCBI database ©] E1%¥ ZGMMV % PMMoV 3 NCR @714 <¥ & vlg o2 7|&E9
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T
A
(o i

Tobacco mosaic virus & E2Z tRNA FAF 7% % pseudoknot FZolA
F&H 9714 <Y (conserved region) & F3l AASAT. F vlol e &
3'NCR 9] 2709 pseudoknot & double-helical segment ¢ 47 HF& <
deletion mutant® A 293, Deletion ¥$1& T4 S % N-terminal, C-terminal %%
o] primer & 77} PCR 3lo] 4 A& 2 thA] fusion A1A ¥ #F mutation®
PCR 2tE9] A7 ES &23}al, wild-type?! ZGMMV %2 PMMoV full clone ¢ 3’
NCRel X3 AlAY. ZGMMV full clone ¢ W] T7 promotor ©]&, in vitro
transcription 22 Y& transcript AHES A=A HEFSY in vivo FolA

expression ol tigt AEHAES AAFH T

O

1
=

2

o) ZGMMV % CMV 9] random mutagenesis = ©]&3 mutant 54 ¥4

ZGMMYV full-length clone ¢ random-mutagenesisE $€3te] MGS (mutation
generation system, Finzymes)Z ©]&33t}. DNA transposition o 7]%3 MGS+
S A E 2o DNA 9 754 #4S 98 o& Wi ve W= 58
Al 9 mutant S W=+ Aol 7FE3tth. Mu-transposon (¢F 1.2Kb) &
A1E Eeldt Fo mu transposon & & ¥kl 15bp 9] repeated region ©] A

of 4Fl¥ (insertion) MZE HEZE A3 &4 Notl o2 dAutsle] A% mutant
I o2 glste] A=ttt Clone ¢ We T7 promotor °©]-&, in vitro

transcription &% 92 transcript AES A EAA HFSI In vivo “delA
expression o ok AETHAES AT

3) fEufoly 29 2AAY ¢ HIFIY FY

kmulolef 2] HT
benthamiana=4-€
sto] HEsta WA

eAe) ol 2AE] 919

4) Eutolg e JaAARAE A
) 4% wholel2d BA FAR AW AR
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L S e I e e L B
Tobamovirusel] w3t ZgojWE 11 gL
ZGMMV, CGMMV, KGMMV, CFMMV & ¥ A|sle] drato] 53 dals 1 794
o] 73t 4% <] TobomovirusE 474 AFE3Fth. o5 nlolg] o digh 74

o]

B e 7ty Aoz BE Total RNAE #5389 RT-PCREYHOZ AN

42 gletel el RPs 4%

e

4 A7E 2 2
1) gEulolga A% L g AF4E AYH A

7h) SEulole 29 v AE BE a7 ¥ 244 2 2d Y

Aurd wdAde] ofstd HbabAE wlelds~ CMV, ZGMMYV, KGMMV mutantE
wild type, mutant, mock 2ol olaf A& vl R 7|FA oA e whEE Bl
A4 Tl Atk o9 A¥EE mutant 52 wild-typedl Blste] B dE Aol
=AY, BAE BolA Fou nielelaE EAlstE FH, AP ome npolgx o
ol AREE e mutantE AEsta wapzbEoA o] B 2 ARY E4e A
A8 e

eELT =S

[o5

hu
ron M

=
LSk o5 mutantE F3 EGA|GE Fmuloly~E AW nd AlxdES

2) FEutold2f7] R SHEY

7}) ZGMMV &3 9 A (coat protein) mutant A& L & FAX Fd B4,
ZGMMV 9] 3 a 3 (coat protein; CP) ¢ open reading frame (ORF) 9| start
codon (ATQG) o si@dst= D719 ATGeet —> AGGeet (Stul) = point mutation
A 7171 918, ZGMMV CP #3d& A= pZGACP &5 A&y (19 3-1
9 3-2 FHx). ZGMMV CP region o 9% HFHAE MUdS EHo=zZ CP
transcriptional promoter sequence (+45nt) ° 3@ 3sl= CP region ©| multicloning
site (MCS; BssHII-Bst98[-Ncol) & 413Fe], GFP reporter gene % A+& cloning
o] pZGACPGFP Z Al#&tdtt (29 3-1). 715 A& o]&5 mutant ¢ in vitro
transcription & T3 AtES FFoto] WS #ES A3 CP 2do] 9AE pZGa

CP & 4= 7714, Nicotiana benthamiana |4 wild type ZGMMV ®] 3] &

W, A¥ WAL B F gldoen, pZGACPGFP = RNA Atoa 23de wx|ut
western blot oA+ &elsk 4= il (27 3-2). o] A3z vFoE u pZGA

CPGFP #%&o] F7IY ¢ N. benthamiana °|4 EA+= F X% I o|F protein
°.

translation ol &S = Aoz oFHU.
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+ Multiclonjng site (MCE)

Spil |
RdFp lh-'||:| le RdFp  Mp 7
pEG pZacpMCS
v TG 51 ¥
I I ]
RidFp ij‘c_p' RaRp Mp  GFP
piocp pLacp GFP

2% 3-1. Schematic representation of construction of vector system for ZGMMV
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plicp, pLAcpFF

Araracripl
B nl
C.Papo (5L} 4 M bentamisna (SWE)
oy il branaor iplion
pIACPEFR pgh, pLatRGER [1506p) 70 (4

fkkr 'ﬁ:-ll L) 1 Et. (=]

Wiesterm biot
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a9 3-2. Agarose gel electrophoresis of in vitro transcripts from constructed
ZGMMYV -based constructs (pZACP and pZACPGEP), Western blot, RT-PCR
analyses of the pZACP, pZACPGFP mutant clone, and symptom expression of the

clones on zucchini squash and Nicotiana benthamiana (B).

}) ZGMMV 3’ non-coding region (NCR) mutant A%}

(1) ZGMMV 3 'NCR +% &AA

HEE2] tobamovirus RNA ¢ 37 NCR 2 3709 pseudoknot ¥ F=ZH Lo
tRNA A 725 dAstz dov, eukaryotic mRNA S92 transcriptional
machinery 24 Z83lE poly (A) Ao 1o L3 7|52 s A5 oy,

£-3] replicase protein < ¢124}3to] RNA minus strand 2] EAsl= $23 935
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sbar 9tk o] ¥k tobamovirus INCRO| 7|53 WA ##Ed BHil F ToMV
(Tomato mosaic tobamovirus) (Takamatsu et al., 1990) ¢ 370 pseudoknot °l| th 3}
A2 E deletion mutant 2] in vivo W ¥lolel2e] EA 2 HAA o ik AddgS
A2y 2 vl ¢l ZGMMV 3 NCR mutant 2128 $18) <F 163 719 7]
MEs 2t 3'NCR 9 725 248kt (27 3-3). tobamovirus ©] 2= 3'NCR
9] conserved regions Zril gloew, 7HA|F}E A tobamovirus F U 1ES]
(TMV, TMGMV, PMMoV, ToMV &) 3NCR ¢ H3] °F 60 7] dA7]Ade] 29
th olx= dultA o7 67019 double helix & TAE 3709 pseudoknot & ztE= ufol
~=53 2EEA 4719 double helical segment (I, II, I, IV) & FA49 2719
pseudoknot ¥} tRNA A} F+x2=2 FAHAT (29 3-3). o]g s F+x2= CGMMVE
Al ejgh vkt 25 7hef tobamovirus TLE Woll A Aol =& Kyuri green mottle
mosaic tobamovirus (KGMMYV) oA §AFSH +25 el
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2% 3-3. Three-dimensional structures of pseudoknots of the 3’ noncoding regions
of ToMV (Takamathu et al., 1990) (A) and ZGMMYV in this study (B).

) ZGMMV 3’ NCR deletion mutant A2}
T 4" ZGMMV 3’ NCR9 pseudoknot 7+% (9 3-3)5 EU=Z, Ezﬂ 4

ZGMMV 3'NCR 9] 270¢] pseudoknot & double-helical segment ¢ 47] F & o=
A E3}E ste], ATV, AII+IV, AIHII+IV, AI+III+IV 9] 4 7FA] deletion mutant=
A ZF3) 3 (298 3-4). mutantE® AZEFA I3t Deletion FHUE FTAHORE

N-terminal, C-terminal F# 2 2 U59¢] fusion PCR & 3] #%%¥ primer = z+7t
PCR3te] €& 2F== thA] fusion AlA 42 #HF mutation® PCR 2t=9] d7144
S &2l s}, wild type ¢! ZGMMYV full clone 2] 3" NCRoll & A|ZHtt (19 3-5).
ZGMMV full clone ¢ We T7 promotor ©]&, in vitro transcription &2 I
transcript AH=S A EA o HZE3 in vivo Aol A expression 5o that P&
HALS AAEAT. ZGMMV = Nicotiana tabacum ¥l 2] N gene hypersensitive
response (HR) local lesion & &3 EA FHFE ZAME & gldd. ZFAd
Nicotiana benthamiana 2+ 7152 %<l Cucurbita pepo 9| transcript & HE3 A3}
T A AN 7)F A Eo| A mutant pZps 1ol E wild type ¥ =Yl on
mutant pZps 2 %Al local lesion & 1 £ mutant (pZps3-4)oA = s AL
#dF 7 Ak wekA ols AE " F97F violel s HBAM 24 FdEs

e,

i
g

ol

- 116 -



I

— N

_ THHIHY
PP S . 63556399 R e S i

HIHII-HY

pzPS.e3sse0e 9— 7 T ——— "

nams SRqQuUen o
pIpsiup 5'— aOCCGGET FraTEd Coan GAT GCOC TTA CTC Tac Cag OGG -3°
pZ2-1DN B=ToTAGGEGEOTTAT Nld 4G4 OGd GETAGY OG4 4- 3
pZ2-2DN 5'— aGGGALLAMETE Fod 4G4 OGd GET 4G4 oG4 4-37
pZ2-3DN 5'— DCCTTOGATTAT Fod 454 OFd GOT 4G4 OB 4-37

B pZ2-4dDN 5'— OGCGTAAGA A0G T4 G4 A GET AR Oz4d 4 -3
pl3-1up 5'— dOCTOGTOT IR ATA AGC CCT AGA GTT TTT OS —3°
pIl3-2up 5— A0CTTETOTREL 4G4 GTT TTTCOS TOC TOT AT -5
pl3-3up 5'—- 4OCTOGTOT IR ATA ATC Gad GGGE OGT TCT Ta -5
pZ3-dup B— A0CTCGETOTRL OGT TOT TAC GG CTT TCT 4 -5

19 3-4. Schematic representation of deletions of ZGMMV 3'NCR to construct 4
different deletion mutants (A) and sequences of primers used for the construction
(B).

- 117 -



pins pZp=ll

pZpiil pIp=hy

1 kb# +
ZEHF AT TG T T LR T T T Tk TR A Tl GG T T T T TGATRRMOTTCTITT 415
Tpad-3 AT TG A TT T T AT TOCT . Fakh TORACO TR RGO T TTGAT REMEGTCTTTT REF
Loml=1 ATTUC I AT T T ATC T T Tkl T MG TR LR T 0 T A TG TLTITT 481
Zpal-3 ATPFLCTCAGATTITIATCTGCTC Mkl TGIJ.D.‘-I‘-.’.-\.J.I.'.-@.I.. TTTTGATRLMOGTCTITT 747
Lpad=] AT T GATTTT T TG Tk b TR AT 00 11T 1
(BT TT Rl ll- EidEsaddasinEE dned
5-“‘“ ETCERCT T TG T |'|'i.' 1'I' GTETT, E
Lpmi=d .-MTL'U.""I 'I‘l.1'-\.l.- PLiTLT L
Ipml-1 b TCTGCT T T TG T T LT TG i.'li\:JuDII'I' LTCT R CTOG T T Tk
Tpsm =i SLETCTRCTTTIGG TILT"I':T\.-V-..hI’Iuﬁ.ﬂ GTETE TG T LTI e Tl
H' Epmi=] -"..nn. T T N P T T e A TP T AT T LTI kT
aren
LAY A TR AT R TAGALT T T T L LTOLTL T TAS TL ML LT TLTTACATT A
Tpmi=2 e el A T E 10 T LT LT T TR TOGA GGG RTTLTIAOGEIGETT TS
- e A AT R TG AT T T T T CTEC T T TR UGG CTTCTTAOLGETT C5
Ipml-2 — A Tk T AN A CETILT IMOETT TAY
Tpamil-1 —_ ETTCTTACGOGITT TED
e LT E
e T T G T T T e T O e T TGk DG A CA TO TG LT RAGT T PETATOGLTRGINTETT &iE
Epml=F T T s T P T T L A FOC T O T RACT T RO T A TOO TR TETT 718
Zrml=1 T TGN TC T T IO e T G CGAC A TR PG T AMGT T 7% CTRGASGTETT L1E
Tral-3 TC A GG TR PR TOC TG G GACA TOCPGGIGT RACT TOGT A TOCLT RGMGTETT B4E
Erei=] T T G T T U TR T TR AL AT L T T RS T IV TA TUR T EATRT B2l
anm mnan ammmam
o L AT A T T CT T bl O = m e oo g
Tpmi=2 R AT A DT T TG T LT O TA R Lo s L C AT EHT U TCAA TIGRATTOOORCOCC WS
Tpsl-1 AT RO COTT TG T Tk O ol A TR T T e e e e e i
Lpw =i e T A L T T T LT T bl L L AT T T R4 T Ra A TROC GG
Zpmi-1 ‘R AT CACCDOC T T TGT L Tl Thb L LU MG T AT T T A TEGAATTCOCG0CEE. B
s -

a9 3-5. Agarose gel electrophoresis of fusion PCR products for ZGMMV 3’NCR
deletion mutants (A) and determination of nucleotide sequences of the mutants
[Zpsl-1 (AIV), Zps2-2 (AII+IV), Zps3-2 (AIIHIII+IV), Zpsd—-1 (AT+II+II+IV)].

<

ol

bzt E 150 48k tobamovirus 9] 37 NCR ¥ ZGMMV 3'NCR 2] #3583
%7] RNA A 538S& overexpression T+ suppression A1Z & JE=Xo tjst 7}
s ATIE skt HE ¥ 271 A oA ZGMMV of H]af ofgt
KGMMYV, CFMMV, 714l #8420 CGMMV ¢ 3" NCR & ZGMMV full clone
3INCR ol #3217]7] 9138 mutation PCR A& S AlZtsltdoew (29 3-6), 7774l
A3 HY9AdE wol: wild type ZGMMVE thZT2 o5 mutant?] ¥ A I 24
HS BAsn. B Ad Ay, o]5 chimeric 3' NCRe| ZAgwolFE2] WA ol
wild-typed} T35 &= oFstd AS g5 h

N
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L f

EHEY = e — — -
CTHRY G TR T T T T AL GATAG ARG TTTTTECC T TETT TAATOZAAGGGTT R &0
CONEY == o —= B e i n i T s i [ ]
CANY o o o T TR A TARE CCTRIAGTT I TCCU TUCTO TATRAATUOALGESZE 5S4
FOENY 00 mmeee TG T L AS A TA TS A A TT T T TS e TEC TE TTAAL TCOANSSS B4
CTHEY ATTAT RO T T ATC A0 AR AT TOAT AT A TTTTTCOC TEC TCTTARATCOARGES 150
CONNY CTTCTOATOOTOOTIC AS ACT AR A TOC ATASTOC TTTOCCO TTCACTTARATCOAACES 70
A FEEE e ¥ W #E & FER F% & ® W@ FHEEEEE BE
ANV CoTTC T TR OGO T T R TAC O GG TCTC TS TC O TG TR A A ~ AT TEEOGTARGTEI NG 11Y
AN CTT I T A G T T e T A AR R T T TOG T T P DG A - AT T OO TAAGTE O 112
CTFHNEV ATT TN T T S T D CACCCTC T TO TG T AL AT T=ANGC TROCTARGCAAT 170
CEANY TITTCC TOAT=TGOTT DA = AR N TO T A O T T AT ICANGT T T TATGGCCAGT 1248
TGHNY TATHHGT A AGITOTTCGAATCACCCCCTTTOTCC TOGGTALGGACCCCA 163
EHEY TATGGGTAGAGGTOTT G AATCACCCCE TTTO TCC TGRS TAAGGACCCTL 16
CTHRY TAT T AT T R A AT A TT TR ECC R TR C TR~ 230
CEERY AT T A GG T IO AR T - CCC T T IECCCRRE TRGGGG OO TR - 175
N&ame SRIipEneE
ZEUTH up E- TCTACCTCGTCTTGA gacghgagagtsacy -7
ZELTH O/ E-catlacetocatgee TOAAGADGAGGTAGA -5
B JCEUTA wn | &= TCTACCTCGTCTTGA e gagagheine] -
CCGEUTA DM | - agasgaccoicgaaa TOAMGACGAGGETAGS -F
ICFUTR wp | 5- TCTACCTOGTCTTGA ggeghgqtcachacy -5
ZCFUTROM | &- cposgogaccacgon TCAARACGAGETAGS -7
zommwv-kcrny [ HiTE
i
TGMMVSCEMMY | m
e [T e
IGMMVCGIMMY [ m
o a8 btk ad e T
[
a9 3-6. Comparison of nucleotide sequences of the 3 NCR of 4

cucurbit-infecting tobamoviruses (A),

sequences of primers (B),

diagrams of

ZGMMYV 3’'NCR mutants (C), and their derived fusion PCR products (D).
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) ZGMMV 2 CMV ¢] random mutagenesis = ©]&3 mutant 54 £4]

Mu transposon < ©]€3% random mutagenesis B o2 pUCI8 ] < 65kb ¢ A
A A% RNAZF A9 full clone (pZF2-1) ol Mu transposon (¢ 1.2kb) <
mutation ¥F3S & WE 2 transposone E 33 virus genome Z7|7F (¢F 11kb) 7}

FAt. A4YE mutant ES pooling e AFE& A Notl o2 Aoste] mutation

point & A =3} 39S w, o WO Z mutation point?F A3 (mutant € 90% ©]
) Ha &S 2o (29 3-7).

—— 1.7 Kb (nsan « ransposon) © targed band
T B5Eb lnzar)

— 19 Kb [waciar + transposanl

—  ZT7Eblwaciar)

EcaR1 Zphl

!II LLIIHL]H-IEHT.‘]I

'num:n-uh--
: |:

1 4 4 k
88, _Bon. I N A S S SR
e s n
12
AN .CEEEETT
_-= = 14
= L - =
gL
17 |
1]
C
Ia wifre Wanscription

=—=

29 3-7. Confirmation of insertion of Mu transposon into full-length cDNA clones
of ZGMMV and KGMMV and their maps (A, B) and in vitro transcripts obtained
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from the mutants (C).

o] )3t ZA3}= CMV RNA3 (oF 25kb) mutant %73 Bl g]S w 11kb ol &4
2} Abol= & 213 mutation reaction ©] ¥ A& ] oJA cloning® &E-&o] HolA =
T o= zHUHMAG. HAE HAHES Fa < 10044 NS mutant Sl 1571 €]
mutant clone ¢ MESHAAS 98] in vitro transcription #3E& A 77|
transcript At=S HEFsHHRow 1 A3} wild type ¢ mosaic, mottle &2 7Fst
Y-S HEM & wild type o ®Ebye= g8 Seto= WAS ##EAS + Ao 1

Ay ZGMMV CP primer & ©]83% RT-PCR ol 93] w}o]#]~ mutant 794 2 &4
oAl FEF RNAZHE CP 27]9] : =
U 0 2 = (western blot) 3Held &= gidt}. o]
attenuated virus®=2] #-&A Algo] 1 Fol

= v’ o2 minus strand RNAQ] $HA 3¢
= ApmEr

CMVE ZGMMV ¢} #& WH o2 mutant & AZsAt. CMV-fny strain full
clone RNA3 (¢F 25Kb) ©| Mu-transposon (¢ 1.2Kb) & AtS 3Heldt Zo, mu
transposon ¢ % ko] 15bp o] repeated region ©] ARl AU (insertion) A
2 952 A% a4 Not 1 o2 Ao gals} (27 3-8).
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19 3-8. Confirmation of insertion of Mu transposon into full-length ¢cDNA clone

of RNA 3 of CMV (A, B,

C) and their derived maps (D).
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A o] 2dakel 3kl AA A ek oF 50071 CMV R3 mutant Fol A

2 2} pooling HA F dojdt FEYE mutant A FAALS A HAF 2 100719

mutant = A& o o5 F 8071 mutant ol tha] CMV RNAIL, 2 full clone ¥}

RNA 3 mutant & Z¥359 0 o]5 mutant®] mutation point®] $FAe S 9

internal & 5 wEshAl BEHIL USS FeAskATh °o]l= mutantsse T7
]

o

promotor & ©]&, in vitro transcription = %3 transcript 4F=< Nicotiana

tabacum ‘Samsun’ & AR HAF HB 77U o AFskel YUY wF PBA
g sivh WA wel % wlolelx FAd WA, wALY RAE HAG] 93
=]

A H A %?}—QE WAl ~38y A3 30% (247] mutant) A =7} wild type ° H]
H

A okel WAL ALY 2HAS ey £ 2 A9 mutantsSS A 7H
o] EEFE (HF ¥ 20¢ olF) wild type I ¥=T HAAS HERH A= AN
o (2" 3-9). o F AFor A WA zauds gl 9 s A3
mutant ¢] mutation point 9] @7|AEE A3t FHA HE RNA3 o HHAA
& position # H AR S Fote] 5 FUEHQ oYU HolFE &8 5
 TAAYLE FREYY. o]E Mu-based CMV F22 73450 HET § 20¢

o wild type ¢ ZS HAAHS Holx mutantd wild typedt7} reversion HEE
| AAA] o] g &l T FF EAFFAA e o] 3|

- 123 -



Tranzcript B! DNA

CHY- Fny {(+)

CMY-ny
mu-mutant

a9 3-9. Symptom expression of CMV-Fny and some selected Mu-based RNA3

mutants on zucchini squash plants.

) kEulolg 2o 2AANY E BEad 4
O]“l Tobamovirusell  th "—F%H}Olﬂii (o]a}  ofFEw®olF)o] g HiE
ToMV-L11 A&l EAgv= el dEA dem, & Aol olst A3
genome T%Z 7FA 1 Y= P =)} RS Aoz f=EHols
S st ekEwolFe AL A FHOZ RS e, dAA k=
Aol Halx o %«"E s JTdom FEFete] Akl WA tobamovirus
126 kDa*-9l°] =33} 3 FH WolFEss A
2kl o] 58 AREEle] A A ofmutole o HEEHE FA AT

_4

=
=

o

<
il

fd
5
[>

l @,

HU -
ol
2
—{o U
2

O

A okmrloleze) §7] 2 LAY
(1) 3° NCR deletion mutants<] &3}

AZE 47019 3" NCR AA EdWolFe BAZIsARE AAS 6 w2l
protoplastell wild type®] w®lolg] A& tlxF2 dto] HAZIs AR U HAFS AL
sttt (29 3-10). L A3 A 2 FAFS ZRESGLEA Y kol (1S
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ow (29 3-11), ¥ Wo)|F(pTPD3-6207, pTPD3-6219)¢] ¢ N. benthamiana®l A
opld el WA wwa Ay, okt Wxlolm WAL el L3k 9o Fulo)
F7F gl A leaf curling BA-S WeERH L e ¥, pTPD3-6249 ®olF+ 34
Aol AAE A gkl W WolF pTPD3-6197 okl 499 v g A=
Agh Aol AFdS YERYE o] gh A3 3 NCRE 5'olA 3oz A
2 AASN ol F$ 6709 3' NCR pseudoknotsz 3707} mpo]e]~e] F2lo] de

strb= Ae fAlskal 8l

u!
ut

ﬂ
o

i<}
o

si O 126 /183 kDa mp | cP —ui

_;-'—'_'_._FF i
i [
—
_—'_'_'_'_'_-._'_F-_._ i
il UPD TLE L
I 1 | | ]
L lia_‘Eﬂ;--
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29 3-10. Genome map of PMMoV and deletions in the 3'NCR. Schematic
representation of individual deletions is shown below. The deleted regions are
represented by dotted lines. The mutants had VI and V segments (6177-6197) cut
out for pTPD3-6197, VI to IV segments (6177-6207) for pTPD3-6207, VI to III
segments (6177-6219) for pTPD3-6219 and VI to I segments (6177-6249) for
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pTPD3-6249. pTPC4350 is used as a wild type. The primary sequence essential
for regulation by the UPD is denoted by the black line (Tanguay and Gallie,
1996). UPD, upstream pseudoknot domain; TLS, tRNA-like structure.

8hpi 20hpi
1 2 3 4 5 6 7 1 2 3 a4 5 6 T
_Hn‘--n_\. _—ﬂ—‘g 0 FANA  (+)ss ANA
o :
s —— — — e 4-50RMNA
- — —— - =3 ANA  (-)55 ANA

==s==s= gE==s=—=S= e

i 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8B

— o — — ——|

(B)

a9 3-11. Confirmation of replication efficiency and CP accumulation of PMMoV
and mutants in BY-2 protoplast by Northern (A) and Western blotting (B). A.
Northern blotting analysis with (+)ss RNA and (-)ssRNA. Lane 1, Mock; lane 2,
pTPD3-6207; lane 3, pTPD3-6219; lane 4, pTP]J; lane 5, pTPA, lane 6, pTPC4350
and lane 7, 10 ng of viral RNA. B. Western blot analysis with PMMoV CP
antibody. Lane 1, 1 ug of virion; lane 2, molecularmarker; lane 3, Mock; lane 4,
pTPD3-6207; lane 5, pTPD3-6219; lane 6, pTPJ; lane 7, pTPA and lane 6,
wild-type PMMoV.

(2) 712318 FEWo|F ToMV-L11AS GAS EdwWolFe &3
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ofAl e wpole| el T3k EAWolF pTPJeF pTPA WolF o AESHE IAS 3
317] 913l in vitro transcriptsZ%-F THEOIZ AEnlolH ~E N, benthamiana®l 2t
Zb HFStAT. 1 A¥ o]lg F Euiold A5 WAL YEUA Zgoy I
NCR ®Wo]FoA Bt} B ooz A4S Jefyidleh (17 3-12).
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---f.I N _N . AP DR —
TR, gTE0S. pTPOS TE0S oTRU 800 pTROEES bk PR RS PR PR R - .
B B R e

(A) (B)

9 3-12. Comparison of virus concentration and symptom severity in V.
benthamiana inoculated with PMMoV, 3 NCR deletion and replicase substitution
mutants (A). Relative virus concentration was measured from 1 g of infected
leaves. Vertical bars indicate standard errors. + indicates mean symptom severity
and - indicates no infection.  Comparison of virus accumulation by ELISA in N.
benthamiana inoculated with PMMoV and its combined mutants having deletion
and substitution mutations of the 3NCR and replicase, respectively (B). Pepper
plants cross—protected by attenuated viruses were challenged by wild type
PMMoV and mock PMMoV at 4 weeks post—inoculation.
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29 3-13. Schematic representation of the genomic organization of PMMoV and
its combined mutants having deletion and substitution mutations in the 3° NCR
and replicase, respectively. Substituted and deleted positions are indicated by
closed triangles (1117nt and 2349nt) and open triangles (6207 and 6219).
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olFE A AFIAY. FrlE BE EdWo|FE5d thE Viral RNAE in vitro
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18] 3-14. Comparison of virus accumulation by ELISA in N. benthamiana
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inoculated with PMMoV and its combined mutants having deletion and substitution
mutations of the 3INCR and replicase, respectively. Pepper plants cross-protected
by attenuated viruses were challenged by wild type PMMoV (black bars) and

mock PMMoV (white bars) at 4 weeks post-inoculation.

(4) FSurolg 2o SUNY L BEEFEA

Aol A N benthamzanai—rﬂ —ir%& ZEFNE q13o Z}7+e] WHolFE A}

go
(19 3-15). ol %9&%01%%01 ﬂ‘}iiiﬂ% ZHA AL A €] O:ll?l-é— i*ké}ﬂ
A&l F71E ekEHols 675 159 A WA <
Hiol g ~ & @%3& A e Hugd
HE F 475 ok P o] WA v #Fste] Wrts .
ek A3} o] F X3 =AW oS (double subsitutions mutant)®} 3° NCRe] A+ &
H o] F(deletion mutant)®] oA ok E nlolzjzol WA vluwsRS W 7+
et wAR s g ot A E AT

- 130 -



Primary infection

pTPJ-6207

¢ T

pTP.J-6219

pTPD-6207

+.

pTPD-6219

Challenger virus

Wt-PMMoV

Wi-EMMoV

Primary infection

pTPA-6207

Challenger virus

Wit-PMMoV

) 2

Wi-PMMoV
y %

F

Wt-PMMoV
!ﬂ.

Wt-PMMoVY

¥
=

19 3-15. Cross—protection in green pepper plants. Wild-type PMMoV as a
challenger virus was inoculated 4 weeks after primary inoculation of PMMoV and
its derivatives having deletion and substitution mutations of the 3 NCR and

replicase regions. Photographs were taken 4 weeks post-inoculation when the
challenger virus was introduced.

4) FEnlolg 2 HFHAFAZLE AE

7h) B3 ZEgo HIfE FE 4%F9 voly 29 F A (multiplex RT-PCR) #HAHY
N

Qo] H FHl sH YE S HIAELS A E tobamovirus LF°l| £3t= 471K
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nlol & 22 Cucumber green mottle mosaic virus (CGMMYV), Cucumber fruit mottle
mosaic virus (CEFMMYV), Kyuri green mottle mosaic virus (KGMMV), 18|31

Zucchini green mottle mosaic virus (ZGMMV)%OH ofs) ulaf7} Aghdl o529 7]F
Ex 2 H= gl E 2 A EH o] 9= Ho] EAolo]a Hlol#] A9 EA T
& EE 7IFA=e "eE wg 3}24301"”4 metA xE A o A
9 EF 71MEe] AEE B

= g oy AAolojA] By wpolelze tig ¢
4% npo]l# 2 9] E A (multiplex RT-PCR)AAHS A H
x

2 ol& 5 al7] flal BFaAE ol
A8t tobamoviruse] ZeholwE ok W A ZSA k. At EZeolwE 7] AL
AR A AG7HA B FAAAGHAA ZAAEE v 5ol A wkgo] gl
Al HA = 459 ol ~E A e HA o] JhsstAtH1E 3-16).

G CGKG CF Al H

19 3-16. Development of multiplex RT-PCR to detect 4 species of
cucurbit-infecting tobamoviruses (ZG, ZGMMYV,; CG, CGMMV,; KG, KGMMV, CF,
CFMMYV,; All, 4 virus—infected samples; and H, healthy control.

) Mg Qo] AdMolF A LWEAYA
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Uirel Aol olgstanh. 7 A wize 4% ZGMMVZE §5 2 thEvbeld s
St olFom 4gsel 9 AFAE FAHACH Fsh FAAANAE ZGMMY
9 CGMMV7E @7 A25E 548 Btk (19 3-17). ol @ Aos 2 o wa
Agd 53 $HHE FARAS] TAS Adstn oo FAAA] A AAA
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FARAN o} A% Asd PAFBo o8 @ A

M 1 2 3 4 5 68 7 & 910 11 12 Al

« CFRbAY
+ KGMMY

= Cighd by
* ZG MM

29 3-17. Detection and identification of cucurbit-infecting tobamoviruses from

contaminated seeds of zucchini squash and pumpkin by multiplex RT-PCR.

) AAEFAN Y AARE B4

wdEe Qe s ANELe] AAAEE Adas] da volHse %

H2AE ANSFAE. 1 A% Tl mebdt v 94 dAde] EAsn AS
2 9 5 99m, ARel w0 230 wolezs} BA Fanm 9ee Fastar

(19 3-18).

M 1 2 3 4 5 6 7 8 9 105GCGK5CFA H

29 3-18. Detection and identification of cucurbit-infecting tobamoviruses from

collections from field samples of cucurbitaceous crops by multiplex RT-PCR.
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Aol oFF mlolel s Qolok 7Yl HFske] WAl o HpolH s Ee]dH3
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29 3-19. Selection and symptom expression of candidates of attenuated mutants
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from field isolates of cucurbit-infecting tobamoviruses.
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Agstel fu B AT BAS Fa) F 5k D 20 F A ol A
= CMV, ZzZYMV, CGMMV, KGMMV
o A m wpole s ¥ WA /)7
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Tobamovirus mutant #2822 Kyuri green mottle mosaic virus (KGMMV)<}
Zucchini green mottle mosaic virus (ZGMMV)E &A1+ 32, o] 5] thsk wdu}o]

2| ~2E Pepper mild mottle virus (PMMoV) & &A|3to] o]5 ufo]efo] ofw <l
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°o 2 %98 marker virusE ZN#3ste] mutant Aol ] ggsta, 4Ad =9l
Aol voly s FHAAWE AYEE 58 AFELFAE ol&ste] mutantE 9
RFLP Hu &4 7]sS /W &2§ste] nole]x Wo]=+ 4 Akt HA8E FAVES
Mtk £3], AZE 72 vlolg] A full-length cDNA Z23 o|E2XE HH3
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2. EST(Expressed Sequence Tag) &4
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3. Biolistic Particle Delivery System
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unAE AA 7 RHEAHoR AEEH = {AA A Wyolth 53], &
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A}838+E HeliosTM Gene Gun< in vivo ¥ in vitro AEj o] A& ZA o WA A&
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Particle bombardment 7]&-<2 DNA virus, RNA virus £+ 24 ¥ RNA virusg
AEA ] dgAr 7= F&kA A Hol2 il Atk Particle bombardment®] F 7}
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4. Yeast two-hybrid system
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