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Engineering of plant virus vector for producing

useful materials
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SUMMARY

Full-length ¢cDNA copies of cucumber mosaic virus (CMV) RNA], RNA2,
and RNA3 of the Kor strain were cloned downstream of bacteriophage T7
promoters. In one pair of clones, transcription proceeded from an unaltered
T7 promoter such that in vitro transcripts representing RNA1l, RNA2 and
RNA3 contained additional 17 nucleotides at their 5’ termini. In second
pair of clones, the T7 promoter/cDNA junction was altered by PCR-based
mutagenesis such that the in vitro transcripts contained only an additional
G residue at their 5’ end. In vitro transcripts representing RNA1, RNA2
and RNA3 which contained an additional G residue at each &' terminus
were shown to be infectious when inoculated together in hosts of CMV.
To engineer cucumber mosaic virus (CMV-Kor) into a gene vector,
genome component RNA3 of the virus was meodified. At first, the open
reading frame of the coat protein (CP) was replaced by two reporter genes
encoding the green fluorescent protein (GFP) or B -glucuronidase (GUS).
These constructs did not show infectivity in tobacco plants. Secondly,
subgenomic promoter (IR)-GFP, GUS, levansucrase and cholera toxin B
subunit cassettes were inserted between the CP and movement protein
(MP) gene. These constructs displayed symptom, and expressed foreign

genes in both inoculated and systemic leaves.
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E 298] Axe AZT volgl2g UEE AL FR BHoEs F: Q.

E AFAEL 7|&€d 2T 20 ERpo]A upole]2e] cDNAE #23
A A, 22, ol cDNAT B3 2ol Bxle]l=a uleol2]2 9] genomic
RNA €2 RT-PCRE #Eg JeiQd Ao, ojAvtez FIFHYE e AL
olucTh & ¢ Wy oRE o]ld cDNA 5'UTR ¢REd ojn] =
&8 T7, T3, =& SP6 promoterE% #3349 in vitro transcript® A2 ¢
3, o]F A HEIA RNAE #FAA7IE HHE AMSsid $ioh. a8y, =
g vhel] o3k, T7, T3, SP69% L promoterEL EF #=is] vlojgix
w2 promoterZt oPHEBR, ©&3] FEE A7lE R AFE 2 HHY =
A gFojol = Hem deix .,

B 87 Z2A U §9& uygez olFoRc AA: wlojEExx
cDNAE ¢ $43 22 bacteriophage®] T7 promoter® 5 UTR ¢34
F3rta, T7 promoterd] Zolg Ao AZEES At EXZE o
ZA BHER vlola i AFHFEE 71T AEAA 29l FINPe=zH 7
8 & AR ALEH5E vlolela HE ARGFoz #ysich
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Al 1 3 Genomic RNAs2 cDNA 7%

E dFdAe 7€ FRrREY e o] REAolA HiojF A
(cucumber mosaic virus)®] cDNA¢®] in vitro transcript® & F 3
¥ bacteriophage T7 promoter® &3t A& F FA=E Yrb 9]
2 Aol nHpolzi A RNAL, RNAZ2, RNA3 o874 3701¢] genomic
RNAE ©o]Fojad (+) strand RNA virus24] 71&9 AgAA
RT-PCRS %3] ¢cDNA Aez gugd JuAr. B d7IEL o]«
20] ExlelA wlolE A cDNAE o] &3t A EA A ZHEE A717] 9
8 PCR 7l&€€ ©o]&3t9 o|& cDNA 5 UTR &%&°l T7 promoter
% BAIAc}. F, T7T-RNAL, T7-RNA2, T7-RNA3¢9] construct&
TEo] in vitrool Al transcription®] 7H5$ #HEle} plasmidE FH 33
t}, 20| EAola ulolzjxe] AS, 3 UTR ¥£°] conserved Hoj
A7) d&o] primer set& ¥ FHT AFI}E A2k FEIACH

Figure 1¢] A panel2 °]& AIZFFEES HE7] A 7|23 AFE
718 AHolty, fAMFHo =7 o] niolz]A cDNAE bacteriophage T7
promoter”’} ¢+ commercial plasmid vector pT7blued] PCRE %3
224 39 ol¥ 753 ™, T7 promoterel ule]2)2 ¢cDNA Z=3%
glo]l A|EEL Aol 3R AFE &olxr] 93 Y AT Ao
(k15: 5’ACGGGATCCT’ITTA’I“TACGGAGCGTA3’§k25? 5'ACGGT
TTATTTACAAGAGCGTA3K35: 5 ACGGTAATCTTACCATC3).
Figure 12] B panel® ©] primerE ©o]&3F PCR dx}olct. o7jM &
2 cDNAE HdlA A8E Qo] 2xola uiolzix cDNA 9 5
UTREE2] 239 template® o] &1t}

=35}, in vitro transcript® A4 A], T7 RNA polymerase A8-& A
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A F71 Aol wHEolaA cDNAQY 3 terminus?t Rerso]x] glojok 3
22, 3 end % primere] vtola]x @G7] MEole 8l Ml siteE 3
B3 FU} (BMB: 5'GACAGGATCCACGCGTGGTCTCCTTTTG
GAGG3").

A 2 & Genomic RNAs®] 5 UTR &3}

nlol2] 2] cDNA 5 temini®l ¥ %5+ T7 promoter= F71A] A=
& 1A 3 FEFEHJD. AAE B A7 EH9 JF A8 ylolzia
cDNAE ZHAAFE o]l EFolnz AFIEY ofoltyol:s B AF
= in vitre el A 9] transcriptd] 4 ®ol HuIE= AHel F2 A
ojg} Azttt 122 =, full-length T7 promoter sequenceZ z}z}H2)
RNAS B&AAA FAT (T7k15: 5'ACGGGATCCTAATACGACTC
ACTATAGGGGTTTTATTACGGAGCGTAZ'; T7k25: 5'ACGGGATC
CTAATACGACTCACTATAGGGGGTTTATTTACAAGAGCGTAZ,;
T7K35: 5’ ACGGGATCCTAATACGACTCACTATAGGGGTAATCTT
ACCATC3").

F A JAFE J]Ed Bud ue] g3d, wtelH &9 in vitro
transcript& Al 2tA] wlolel 2] 5 UTR ¥& 5+ promoters] Zojof
el Zdgdd & 2ol ¥t Eart o A, B d73
£ bacteriophage T7 promoter?] 3’ teminus®] guanosine 271& ZH
ANAA wvlol#H L 5 teminig®] AHF start siteE TS FAUY
(T7kl5l: 5'ACGGGATCCTAATACGACTCACTATAGGGGTTTTAT
TACGGAGCGTAS3'; T7k256: 5'ACGGGATCCTAATACGACTCACTA
TAGGGGGTTTATTTACAAGAGCGTAZ'; T7K35l: 5’ ACGGGATCC
TAATACGACTCACTATAGGGGTAATCTTACCATC3'). Figure 2
£ 994 d& cDNA PCR productEo] ®=F T7 promoterE 7} 3L
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A3, sequencex A Ztg primerst FY3tA PCR error gl°] A=A
& HoF3 Utk dataxs HOJX @¥%key. TTL RNAL, 2, 3% T7
RNA3E 25 A43F3HoZ cDNAY 5 termini®l promoter& +H-3 3}
Aol BT #F HAG.

Figure 1¢] Ct 99 wild type T7 promoter® 7IX cDNAS3 T7
promoter 3’ termini °| guanosine 2717} ¥ Y cDNAE¢] PCRE 53 A%
Aoz AAHI USES B24F3 dvh. T7RNAL, 2, 32 fuil-length T7
promoterS 7FX32 L& construct ©)3, T7LRNAIL, 2, 3€ T7 promoterd] 3
termini®l| guanosine 2707} 2 ¥ constructsE Zghc}.

A 3 A AFRF9 7EY AF

o

A9 oA AFHJUP L0o] BAlo]= vio]e)22] cDNA constructs -+
in vitro transcript® A 23t A zg AIRFES HAHE FF3AT. Y
Al Az EE cDNAEE in vitro transcription ZH-&¢ P 8 3 template®
E7] A3 99 cDNAES DNAE Z4Z 5 pg A3, ol BREES
Mlul restriction enzymeg ©]-83t overnight &3ttt  ol&H Qo
template= < phenol:chloroform-g 33 Ae|slo, o] Al-831Y Y restriction
enzyme@ EAY 2L F 9E RNase 59 activityE gl FUoh. o2 A
B3R template= DEPC7F A 2l¥ DWE ©] 839 in vitro transcription
3% FEZ template® HX{Y. I v in vitro transcription® 3+7] 94,
template DNA 5 pg, RNase inhibitor¢] RNAsin 1U, ATP, GTP, CTP Z+z}+
75 mM, GTP 1.5 mM 5’ Cap analogue 1 mM, 10X transcription buffer, T7
RNA polymerase 1UE H7}3lo 37C wi¥7]9 A 1217t incubationg 3+ o}

reaction®] 3 ¥, GTP 35 mME ©A] #H7lstx 15 £ incubation® A%
£ 0.8% TAE native gel® denatured gel& °©]&3td in vitro transcripts ©)
Z B HA=A, A

Figure 32 °]& in vitro transcript5°] AFd o g PAHJL S BAF3
At} A paneld ¥ A7 319] constructd A|ZLFL AP} 2YPolp F B
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Figure 2.

ATAL AAAME AF AKXl 37149 AFAEFEE AFSAT. 1A, A dAA
T 2o EAola utelzlxel &3 ¢cDNA ¥& PCRE &3 #3 @ F,
olu] T7 promoter’} U+ commercial plasmid vectord] AYF A $olx
(T7BRNAL, 2, 3), & WA Z-$E cDNAS] full-length T7 promoterg& ¥
AE (T7RNA1L, 2, 3), slAI %S T7 promoter?] 3‘ termini® Z &3l 2749
guanosineS AlA ¥ FE3Z vlo]z] 29l cDNASQ starting siteE %Fo} &
A (T7LRNAL, 2, 3)°]t}t. T7BRNAI, 2, 3= 422l cDNAE ¢l additional
sequence®Z 61712 nucleotides?} £33, T7RNAIL, 2, 3= 27§, T7LRNAI,
2, 32 07019 additional sequence® 71X ruh.

Figure 39| B paneldlA] & 4 KXol 3FF9Y AJFEL EF JTHo=
in vitro transcript7Zt AAHASES R9FUTY. T7BRNAs ¢ T7TRNAsELS
4R E 71U E B2 49 transcript’7t AAHUS. & SAHHE AH,

- 19 -



TTBRMAT, 2,3 TT promoter GGGAAAGCTTGCATGCCTGCAGGTCGACTC . RNAT, 2or 3
TIRNAT, 2,3 Tipromoter GGGRNAT, Zor 3
TILRNAT, 2,3 TT promoterG:RMAT, Zor 3

E. RNA ANA

&3 [ 8

TTBRNA TIRNA TTLRNA
Flgure 3



A

TBRNAL, 2.3 T7 promoter. GGGAMGCTTGCATGCCTGCAGGTCGACTC... .. .RNAY, 20r 3
TIRNAL 2,3 T7promoter:GGG:RNAL, 20r 3
TILRNAL, 2,3 T7 promoter.G:RNA1, 20r 3

B. RNA ANA ANA
123 123
T7BRNA TIRNA T7LRNA
Figure 3

- 20 -



T7BRNAs 2 16-20 ug A=A, TIRNAs = 13-16 ugo) AAHAUG}. 2
#Y, T7LRNAsE 2-3 pg AXTo] ABAFAC} ©]= T7 promoter”}
full-length2 EA138t2] ¢o} T7 RNA polymerase?] &g} A&HE 2= RO
2 FH3HA

o|gA =+&E°lR in vitro transcriptE€ 7152429 Nicotiana benthamiana
Ful ol AEo] sttt T7BRNAs 9 T7RNAsS #$, Be %9
transcriptZt AARHJLER, g 142 INIFH AL $9dUx,
T7LRNAs = AAdYdo] FHJe=zmz 112 9L sydd. EAR: RS
carborundum$ °©]83 AUt Figure 4= ol ZI4ARP g 715
AE9 ¥1§& el gtk A panel € T7BRNAs, B panel€ T7RNAs, C
panel& T7LRNAsZ g€ HEAE vetdch o] ZH=2 Hol, BL %9
in vitro transcript® A4 3+ T7TBRNAs$} T7RNAsE uj$ e zggozm
el SR 23e v$- HE ¥9 in vitro transcript® AAAdE
T7LRNAs= <& #388$ HedAt. Table 1 ¥ B2 AAE 71X 3
AdFe wde] s dee Aotk Ztz NFAE 108 A2 £9)
st =tl, Table 194 el elA] 9], T7BRNAs £ 3E ZgEe Holz &
itk T7TRNAs® 7% 10719 AEF @ 3 AAwne] ZAddUY. o s
5 transcriptEel ZEE Al A4 E RNA %] URE BAY, EL 2EF3y
Z4go]l <td AL old7sty o)E transcriptE L A, B &2 433
T FE4d¥Ees P8 2goud, wEsXIY FRE e wkw,
T7LRNAs®] 3¢ 10719 /HAE FA 9AFE ZdHEE= A FFIR T,
°olg 43S 23 o AAF FH, 100%, 90%2 W9 =2 ZEd"E JEHI
o o] Az Tuigdel, B AFAEL uielz]lA~ cDNAS 5 terminidl
additional sequence® %ol 7IAW 71AFE ZAFdgo] 4stE AL JAF
T YAt ol vpolE] 27} replication® multiplication® F3E Al (+)
strand virus®] 7§ viral RNA dependent RNA polymerase?t 5§ UTR# 3’
UTRE Q43HA] HEd), additional sequence?t A Aol ulojajxe] o]y
5° UTR9 RNA secondary structureE I A|Z o 24 uvlo]gjxeo] o)A 4
< FP3t= d Asse Ao oldrst AZEd. B AFL o] AHEZ R
2 AEEE 71X AR EF L LEADn, A" AP JEARDZA
T7LRNAsE AH&37]2 st
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Takle 1

Transcripts Infected plants/total plants
TTERMAS a/10

TTRM As 1410

TYLREMAS 810

Figure 4



Table 1

Transcripts Infected plants/total plants
T7BRNAs 0/10

TTRNASs 1/10
T7LRNAs 9/10

c.

Figure 4
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Al1HEHAA

2 e AddA A5 vtolgix HEg AIFREEL o]l &89 o {AAE
LEAG F AE constructE AFEE Ao 2L w53 Yok P, B
AFoM = XF (replacement) & F8 7|2 AM§3Ath Q0] Exlol=z w
o]#]2¢] RNA3: virus genome protein ¥ 7[R & &5 3txn ok 3y
t o}% @93 (Movement protein) olx, b4 sb: 9% @92 (Coat
protein)olt}. olF TR o] H9- vlo]g 29 Celi-to-cell movementd] &
s ez ¥eld U3, RNAE binding & ++ & domainel EAEd, of
ntE 2RA5ox7E vlolgla RNA, £+ oj® RNAS binding g 3hdA, 2
EH ¢ plasmodesmata® T ThE cell2 o]Fd = Aow HBAHAgAZ ¢
. & gwade] Fe olAle] HYME E & giXo] upolEre B
(capsidation) o] #4sl= Aoz I3 U, HAE Guae o= FE7}H|
£ A7l A4 99 peptides presentationd & UttE 2t Holxlm Yo
v, 2 =27 glojA w$- AL =7]e] peptide (20-22 amino acid)¥ 7}5 %
Aoz Ba=AAn vt E AF9 upelgla dEE Qg fAx AAE
AN 7IE Aol FFHolmz AFIEL A gz BB ¢ fFAAE
A& 7l ol &g B Q7L voly 29| replicationd] #Ais=
RNA17#} RNA27} wild typeo2 EAdti= 713 o wlolgixg] o] Fo] 7}
F 8% ZAE JFoEE /MEE AYY. 2, olF @A 9 #4
2L A@ae AETE of3 2 wtolyl 2B A o]F 9] %ol oA HE
A dERY A e 98 g9A g X3 £33 HIUG

- 23 -



A 2 A RNA3S 5% vy 22e =z

oln} ¥ g ule] 93, Brome mosaic virus (BMV)o]A] o] ulolel il
71% ATE ded oA, vlelixe HE oWz REZ AR {FAHR
(reporter gene)S. 2 A FITHE yeast oA ulojz]29] replicatione ¥ &
A7t Ve A2 et @A, £ AFIEL, 9] BRle]lz2 ulelyx
o 2L &7 &8 e BMVEA HE A EAE olyA| gl yeast oA
4E A7 e Bz, volgixe] IE g¥iFe] glojE A EA Ui ul
olg{29] L Zj&d £ IFE MXNA && Aoz FAHFHAY

Figure 5& o] @79} ©1-8€d $U3 constructs®] TASE =238 & 190
o HA g fHxe] =48 44 7] A8, RNA3Y cDNAE =73
vt Figure 59 A panel2 X3S 95 RNA3S ¥ gwa RELS AA
s Wy dsi vetdlz ok stolEia AL Ys] B2 IFEe
RNA3 cDNAE PCRE& T8 ¥ FE22 Y Adt.  Primer set?l T7K35I
(5'ACGGGATCCTAATACGACTCACTATAGGGGTAATCTTACCATC3 )8t
IR-AS (5'ACGAGATCTGACTCGACTCAATTCTAC3)E o]l&3l9g T7
promter, °]% ©¥ A subgenomic promoter (SGP)E& E&l & Jgdck 2 o}
€ 3 UTR-S (EACGAGATCTTTCTGTGTTTTCCAGAAC3 S 3ME
(5'GACAGAATTCACGCGTGGTCTCCTTTTGGAGG3’) primer set2 ©o]&
3, H5 WAL #gk RNA3Y 3 UTR regiond £3Act. oj2 A
=% PCR 482 $43 o2 pUCI8 plasmid vector®] T7 promoter, ©]%
@493 subgenomic promoterE 7H fragmentS F 243 E, EcoRI# Bglll
restriction enzymeg ©]-&3td ¥ E ¥ zo] FHAFY RNA3 cDNAE +33
At ©] cDNA construct® T7K3VISe = 393t}

°] c¢cDNA constructe] A1 ¢} <=} f-dxte] ¢HFL #FFAs7] Y3 green
fluorescent protein (GFP)$} 8 —glucuronidase (GUS), Levanscurase 24248
PCRE& T3 A2s Wi, T7K3IVIA Z249 gk WA primer set$d
smGFP5B (5'ACGGGATCCATGAGTAAAGGAGAAGAACTTTTC3)9 sm
GFP3B (5’ ACGGGATCCTTATTTGTATAGTTCATCCATGCC3"), GUSSB (

- 924 -~



5 ACGGGATCCATGTTACGTCCTGTAGAAACC3 )¢} GUS3B (5’'ACGGGA
TCCTCATTGTTTGCCTCCCTGCTGYI'), LevbB (5'ACGGGATCCATGTTG
AATAAAGCAGGCATTGC3' )9} Lev3B (5'ACGGGATCCTTATTTATTCA
ATAAAGACAG3)E ©| &34 PCRE #3333t ¥4 HEHE fragment
& BamHI restriction enzyme 2] & 83, T7K3VI o] Belll & A& %

A
g s sum:s
RNA3 ] MP CP I
™E
TIK3Yl — MP
Bpill
B.
TIK3VIG — MP GFP —
T7/K3VIGU — MP GUS —
TTK3VILE — MP Lev

Figure 5
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O, o] ¢te g Y FHAEE 229 Ut Figure 591 B paneld °l &
A FHAEC 29 ¥ JehdAEE d3dE RNA3S] 74 Jehix
At

°]E constructE& 7HA3 HEA TY 4L A7 s, TTK3VI,
T7K3VIG, T7K3VIGU, T7K3VILE, T7RNAL, 2, 39| in vitro transcript®
Att.  template AZRFE A AZ 5 ug DNAE AME3Iz, T7K3VI,
T7K3VIG, T7K3VIGU, T7K3VILEE= EcoRI restriction enzymeg ©o]&3%}
DNA linearization€ 3t 3, TTRNAL, 2, 3© Miul& ol&&gct. oA &
2 linearized DNAE Y 9] 2% oA AFATGAH, AFEL UE uo} e
ZH L2 in vitro transcriptiong T#83Ah. Figure 6& 919 constructE )
ESF AFHLZ in vitro transcript® AAA PSS vz g B d43A
< °|F transcriptES ARAEFEE AZEY weo} T PYPoF RNAIH 2= Z
2} 1 pg transcript® RNA39l o8] 71x] A2 RNA3E 2 ugs& AM43o
vl 715 AEAd TS A4 FAh olgA FEY AEL 248 =ddA
2 F4T 4F A0 F #F .

2 4732 #9 A0 F 2 FYo] A F wild typed BIAIR A EA)
AA HFHA o] Extola ulojala PA L AFF &, A2 ulolg)A 9
HE Z9A10 H4EA7F g8 #2125 23 Ag + 22 F3AsdAT. ¢
o2 BEA wild typed TIAZY HEAE HAL FF T F AN, A
2% vlolelz HEME WAL BE ¥ 57 gAY Q0] ZAlol2 nho)
22 Kor strain® ¥4 d@o] vf$ mild o8 ZA He Aoy} ¥xy
€ Holx] && A E Al & 5 QU] WEe ZEd AEA YA
Hlol2l2& RNA HAE w38} Figure 7€ ZIAHDG AEA SN A9
Northern blot anaylsis® el 91t} Northern blot anaylsis& $3f vu}o}
2} probeZ it Whol#29] ©]% WAL ProbeZ WEo| WAL B
3td, A2 9@ FAAE, GFP, GUS, Lev® 2zt open reading frames
o83t probeZ A FAsIAT. 1 AH, wild typel 2 TYE A7 A4 A
= AFHLeZ uelz]2 RNAE ARSI Ugo] FFIJY. Y, 9
FAAE ALS AZF vl GEHE I3 2GAD A EASAAAE B
B #FE YD A vbFIRE vleld 2 RNAS HEE ¥ gttt o
A2 v|Fo] Rol, 20| Ble]a upolgixe] ME gwiFo] ulo] A &
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Figure &



717 QlojAd F8E &8s dde Aoz FZT F UG

Figure &
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N Sl o SO i, L
@ﬁ@iﬁ «":g;& «"ﬁz’ @ﬁﬁ «":gj"\ g 'ﬂ":gj

ChAY probe . '
GFF probe
GUS probe
LEY probe

Inoculated leaves Systemically upper lgaves
Figure 7

_23_



CMY probe

GFP probe

GUS probe

LEV probe

Figure 7
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A3 AW P2 gude] By A7

e AFf2 Heol, 20] EAolA wlolzjxe] & guiFo] niolgx olF
5o g glojA & F & v AL & F AU 2dA, oW
ATE ol ulelgixel HE gRAS REH F 4 Y= Pl oiE =23
€ FUAYG. B AT el AL oteltojE Figure 8] vehix dok F,
el RoAlsE, geA £3RT AFAAAE Az uwlelel2E in
vitro transcription® %3 A =S 33 FFA) AxF vlely A RNASH &
7] wild typeQ! T7TLRNA3c]A A4 ¥ RNAE 2ol #E AHo=ZHA, g 4
PolA EAFLZ AAE AHFE HEse FAG vhAVERE AEE A E
Aol g B BE F 2 FF £IHUG. B A7 dFE A,
ol A¥oMe ZHAY EE HASAdA AFAHUY o] ERola violz s
Kor strain®] HAE #F & F AU, o] HAe] B d7de] A2e] A=
3 Bad, @2 wild type RNA3E T34 Holx EAUAE FUst7] 93
Northern blot analysis®& 339 T Probe] A2z o HFEAAN FHY
d R FYIA TEYY.  Figure 95 o] A Fol HE Northern blot
analysis Z3elrt. ATFA B £ K], CMV probeE A8 % blotll A&
ES RNAVI &5t A2=Z #F HUT. o= Yuighel, £ A73e] %
g FEAEANA Y HAL vlolgj29 AEH JdA RNA A& 49 4
5 2H3YE & F U} 29, olF vlolelA WHE e TG AlxHol
22943 98 fAKEY TR st BeANE Zolrv] fH3 A
GFP, GUS, Lev 9 Open reading frame2 Al£3le RNAS HZE3 B4

e}, Figure 9 2344 B 5 UvAld, &8 3o 282 343 &
F AU 2HgAM, B 7L o dFdA B FUd Fds AXES
dae o dud ZYPS 24 Frl Yl Zol Wol FUY wild type
RNA3] ols] AAHE Z23do]l 4% HU
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TIK3IVIG — MP GFP —
TTK3VIGU — MP GUS
T7K3VILE — MP Lev
RNA3 — MP CP

Figure 8
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A \) W
e _;.;'1" '\‘.ISIQ '\-35.\ ﬂ_\'_.a'@ .;l,:\ _\_3;\

2" N @4.
S A A

b
ChY probe ‘ s '.
GFF probe
GUS probe
LEY probe

Inoculated leaves Systemically upper leaves
Figure 9
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N PP
ST

CMV probe _ aiii%

GFP probe

GUS probe

LEV probe

inscutated leaves SYstemucatlY DRe! leaves

Figure 9
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A 4 & LHYUS ST diole(s HE g 9+
d2t A aF

A1d A4

E ZAdAe & A sRUE AFE B3 ¥ KA =dFAE @
9 cassette® AFste] vz A Beol YYsE A Fa e
g3 gith. Q0] Aoz uiolE Ay th¥El virus promoter® 7FA I Ut}
B uie] o3tH, dvole] 29 promotert Hhol2l A replicasest U4 &
RRoz #AHJUDN, Lo REae|Z niolAist ZE  viridaedl £
Aflfafa mosaic virus®] Z$ RNA39] 3 UTR ¥Eo] vfolgjx guwidel iz
€ 2o BAdE FELE RIuHI Uv. E, FL viridaed] &3HE
Brome mosaic virus® 7%+ RNA39 subgenomic promoter?} vlelzlx @&
Wy P FoP 4E st Aoz d#A A, B AF2S RNA3Y
5 UTR promoter, subgenomic promoter, RNA32] 3 UTRE €79 A=
3t 3R g FHAAE vrol# 29 promoter?t 0] cassetteE T
€l vlojeize] AEE X HLFo2H vpojelart 7IF AEA U=
E012t& o ulolgl22] R E componenty® wild typedd A &st:, o] #
AA}el+= vlole]A promoter’t PYLoB 2 FAlo] o] promoterE upol# A7}
A3t FEIA FozH & JdTdA Estele ulolsix HEy F&E &
gtel stk o] T TgFE FuH AY 71Eel ol EFHUG
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A 2 A & FFHA cassetted] Y

A 1 8 olF duAd < FAR X¥ F subgenomic promoter kol

RNA3 promoter movement protein cassette 4

Ao MAEAAME AFHAGAY, HZ BaE vl o3H wlo)g i
promoter region®] wiolEl 27t 71F oA FH&3E o 2AHHA 4L 3
gx gt} 290] Exola ulolgiAE 3702 RNAER T4 Holdx, ZHztd
Batslo] Qe promoter®} B i1¥ subgenomic promoter7bA] 3R F 4719
promoter2 T4 Uth. EF ATIL 20| Rzxte]la HiolE e od
promoter® AFE& ZA7te] dis] BE @S Ak adA, dA AR
W o] Figure 10°] Yebvt Qlvh,  uho]l2) 9] replication ulelejX7t 7]5
el FAAAE A P8 HE 713 T2 ZAE 71Felnh. vlojaize] A
A% wpolala YoM BW 22§ EWo|rE ), AT wolgao] HF
HE e Fo] 44U RLE AZAHI U}, HAAR oluizixe Bug A
S B, g AXZE o]F R yeast protoplastill Al RNA3¢] RNAZF &)
& ¢kit nlele] 2 9] replicase?t &A%t % replication® 332 Y= A
< ¥F # gt o] T2 Hue oA TE S AW ) F= FAG
g g A A, & 973 ES A UK Z RNA3 promoterg Al £3d7 12
skt wlol229] replication®] FR3tTE Aol AAH UE 7l
RNA3 promoter€ A®E olfE, UA od HHA ol o] replicase
promoter® AH&3A FHo] uielElArt A EANHAA FLEA B q,
promoter AF&ol QoA competition ©] Yoj} nvloje] A Z o AH|E 71A
€ F AE 7F5Ao] A7) Wit E, wiol#x WE e EFHo] upoly g
o] &% KA T U7] Wil vlolg i olFx A & F g
Z3ojd. RNA3 promoterol] = ©]%F @izdo] XA o] glonz Figure 10
A BoAgFOAy, d ¢Fd Y FHAE FFste, vio]a 271 replication
& FP&A = u, nlolzlA replicase’t dH FAAE R EFHF RNA3
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promoters] Z#3e}A TozH, Aoz Y HFAAES vlolzlA oMo
2HE ANE F UAEE 3. =, nlolgl2e] BE component’t ook A
W2 vloj2e 282 & £ Yo U] AAE vigoz o7 FAAI}
¥ 2¥ RNA39]l thA] RNA3 promoteri %3 ©]% ©@93a (movement protein)
< 249 39 FAT. WA, oA 2L stsaA str] 98, TIK3IV2SE
AMzstdt. o] AFF] F5AHE oF D AF RNA39 subgenomic
promoter AFe]dl]l Bglll cloning siteE AYste] Zoz= W, o] ¢toz cr}oks
cassetteg 22Y & = U Ak o] ANFEFL o83 o] AT 7
F8E AR B A, o] "zkx B d7¥o) AEHPgE A FHES vpRotA
2 ¥ Z99< JeEhAT (data not shown). 2#8lM, B AF ojF = A}
€€ wild type ZY92 ©] AFRES o183 PP, o] AFTL wE
71 18] T7K35L3 MPBg3 (5‘ACGAGATCTCTAAAGACCGTTAA
C3’') primer set& ©]&3< RNA3 YREL ¥S5s93, IR-SBg
(5’ ACGAGATCTGTGAAACCCACGCATAATCATAZR)S} 3MEE o) &3}
AFES 5% o2, commercial plasmic vector pUCI8 o] 2324 3t}

oA ¥ TTK3V2E o]&3ld, 93 FARE 229 At o] ulo|y
2= AFF 2249371 A, A" RE 9 FARY 5 endo] Ate=
primer°] Kpnl siteg #7183l 1, 3' endole Bgll siteE Wo] A2} F
PCR reactiong 3} 2 fragment® AUt} o] fragment: Kpnl/Bgill site
d 224391, I o8 K35 B'ACGGGATCCGTAATCTTACCATCTGT
GTGTG3')¢t MPBg3 primter set& ©] 83 o]% Quag Ao 5 Fay
¥ A FHAE 3 endol ¥F A}

olFA AMAE Az wolHAE o] AIPESo] o FAAES 2E A
T JAEXNE &Ast7] A in vitro transcript® AUt}  Figure 162 o]&
transcriptsE°] 43322 AAEHI Yt AL B F31 Y. oA g
transcripts B} 71F A B Ad ANFAY. B A7V Y F 2329 %
o Zde AEAE AAFAT. AXF ulelal2E FXn: AP A2A=
EF wild typeg 7FAT ZEAZ A EAYG np@sAZ MY 20 mxh
olZ wiolz{x WAL YgUAL ZEE AEH UoAe RNAY wye
#¥3 7] 913 Northern blot anaylsisE 433t th. Figure 11€ Northern
blot anaylsis A7H& Uebd Aolth 2o] EAtol2 ufolaix WAL AMHA
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s MPBgsS
RNA3 — MP CcP
ot lnai;-’s
Ball
P3
TIK3V2 — MP CP
Kol
P3
T733G — GFP CP
py
T733GU — GUS CP
p3
T7I33LE — Lev CcP
Kowd
P3
T733C — CTB cp
Kprd

Flgure 10
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CMV probe "i’. .'f'..

GFP probe

GUS probe

LEY probe

Inoculaten leaves SYSIemically upper ieaves

Figure 11



CMYV probe

GFP probe

GUS probe

LEV probe

Systemicailly noper leaves

Figure 11

- 36 -



d BE A EAA vio]z]& RNAZE 3 HUAo. 22y, g FHA9 F
e B3 HA FA. B AFAL e AP L 33 AAsYoY, A
AAY ddS #F F F YUY o] AFAE Hof, o] A7 ARHAUY,
T733G, T733GU, T733LE, T733Ct #ZE¥ 2 oy, o {FAHAE 4@ A
71 HE #8E A &= A2 FES ANUY. olviE B AFFe) oy
3 AFRE TJASAG 49U, AAgE T733G, T733GU, T733LE, T733Col=
A 2248 g fAA 3 endol wild typedt B4F Y9 cDNAYL
Re AF 2L FHE UeglA He ©), o]Ae] yviolalx el Bz o,
Z2a Z7]el vlo]Z] 2~ replicase’} YA FAAS} 2 FAX FHEE2 RNA3
promoter®] & chanceZ A&7, Aol A+ wild type RNA3ZL A
AW o} vlo]z] A9 replicase’} wild type RNA9 B &3:= chance’l &
oJuiAl gog AEHo=Z Y FHAZ AE RNAY VAL 22y, wild
type RNAR A FH0] HAAddE A EAAA BAEL AAF Aol otv7t 338
At

Al 2 ¥ olF GulAM I {HAHA} X F subgenomic promoter U}

subgenomic promoter movement protein cassette 4%l

2 d7dAs vtoleia HHY J4HE HH, £ & AFHE FH39d
Figure 12& ©& W29 FH WYL YetAUSG. AFL A 1 FoA
T%39 9 constructs €& 4 WY IHE HHL AgslA9ct. =, Figure 10
olA oju] FFHE ulejz]x WE S RNA3 promoter movement protein 4l
subgenomic promoter movement protein cassetteE X &3l FUTE HIH
glol] &3tA, Q0] Batela wtelel 2 2] 471A] promoter FolAl, ¥IE in vitro
oA 8] d3o)7]& dHA| Y, subgenomic promoter?t YA promoterB.t} u}o)
2l A dYe QojA FoF 4¥E dqve Aol ¢HA U E, 9
subgenomic promoter’t & promoterE.t} ©¥l A W} @l polymerases A
$A4del dgxm g3A A
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P3 SGP.
TTK3IVZ — MP cP
KXol
P3
T734G — GFP CP
P3 Kord
T734GU — GUS CP
P3 Kol
T734LE — Lev CcP
Kord
P3
T7134C — CTB CP
Korl

Figure 12
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SEE S

CMY probe

GFP probe

GUS probe

LEY probe

Inoculated leaves Systemically upper leaves

Figure 13
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S

CMYV probe

GFP probe

GUS probe

LEV probe

Figure 13
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ol AT AEE constructstE HYE F 2 Fd Fo #FdgYT. o
Ao M wild type?r ZFA AZAT vlolgia WAL Yl o
€ constructs®] RNAE HE&37] 93, Northern blot anaylsisE 3 ath.
Figure 132 I A} E ved ZHolth HAEL Bole AE /MM vl
B2 RNAZF HE&HAY. o] d3lz n]Fo] Kol subgenomic promoter?} in
vitro Zoll M vlolsiae] gl gAY oA $HEQA SAe Urie
v, in vivo WA E & factor’l B8 Aol yzhgch '

A 3% o8 g¥dal olF F¥@ Alold] subgenomic promoter cassette A}
&)

B 973 99 AAS S vEe® o Agoze] WEH AL 74
Kot Figure 14v old M2& HAgFg vehdla Qvh o] wHzixle Bd=
p]Fo] Hol B dAFAL uolzla LS 98 2A B MR F_F eo0]l B
Apola vlol# 29 EA4E AT $HL uvpolEa Lo YA el
Bart T Y 2 E component S virus genome’dol] HI= Al £33
of &ri Heolth oleld AgHE ujg FRHQ ojlgoz yH4HE & 3l
L}, yeastt} protoplast®} 2& A8olA = Hio)g]l A componentE0] 25 ¢l
o npole{2 replicationd] o}F JFEL FA E@deE 37l ez,
upolgl & wlEl g Adste RE AHPH 1F H4E YoM ojfo] slssiok
Frie g AR d, yeasts} £ HAFHA JNF7 obd AFE 1 71 F o)
gade 2S¢ F AT 2 G2 velE A promoterd] ojgelith &
AT7IL LA AFAHAIS, vtelel 29 promoter’t vt 8T 98
e Al A¥E B3 € 5 AU, 2 AAE upolxg FE JFRL F A
e ol &Sor doe AL & 4 UAJD. FE, Hlo]l# A genome T A 2
F@e] Ao1A promoterd] $HAAL AAd) UAME in vitro 27} FE
AT AR ¢ F ANt

A, & 7L Figuwre 14914 deht e RAY, 0] el up
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A

SUTR  Sal ORF  mas  3UTR
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o T7K3V2e] E23 st uloleize] FFHQ FAFE& flA, olF &
Wl ¢1x9 =B gwAel 9xE wild type RNA3S EU3A F434
t}. Figure 142 A panel2 9l&8] # A A& subgenomic promotero] ¥ 2FA]7]
71 $18) mts d "dFolrh, WA IR-BgSet IR-SaAS (Sall restriction
enzyme site® X33 A primer)$ ©]838t9 subgenomic promoterE
PCRE B3 5% & 824 3?@‘3}. subgenomic promoter 3’ endell Sail
E 3H3 olf= ulE ulolg A sequence Wl g1A T, o] enzyme site9]
5 end Z 3709 nucleotide sequence”} Bvloldixel REI Fdsx (GTO),
o, A L] EXxolm wiojEixe & w¥jdo]  subgenomic
promotere] A= HAEBTE 3749 nucleotideE W Rl A3 HAT
sequence 4 T1E G A 9] start codon ¥ZF 370 nucleotide?] sequence$} H]
AFPEA HE FAG BEAHES Rolmg o] restriction enzymed A£Gt
B, S faA 224 Ao Bk olaA AdE BAE TFHY AR
t}.  Alfalfa mosaic viruso] w3F B30 2J3tA, o] wulolglx2] genome
protein®] & UolA RNA32 3 UTR regiono] 8% IS& vz &
24 Ao A, ¥ d7dL olEl @ Ay uSEr] d3 g @A
subgenomic promoter$} & FAA7E 29 Ho] AE cassetted] RNA3Q]
3 UTRE A3t ol2A &0z o8 7}A cassette®2 BamHIE A
23t ulolejx WE A ZF o] 444t Figure 16& ol & AxF nlolg]
2 RNA37} E5F HFHOZ in vitro transcript® TEo] HLL velz ¢
o}t o] transcriptE-& EF gl 2 Edd 79 Azz, 2E F 2 Y F
o] &P

g F 2 FA5 BFY A, TIGUUTE X1 ZFF &L ALsix
ez HgAdAeE HP¥HA o] EARolm wiojalx HAE YA
ol HEAM udA < HAAL Bl A detrr] K3
Northern blot analysis& T3ttt Figure 155 & AZE vlolg{2E &
ZEA I HEAE 29 Northern blot analysis 238 JUehyiz gt AdA
E F UAXc]l, TIGUUTE 7HA 3 a8 &AL AlYgstn, 2E &9 A&
AelA Qo] Rate]z ulejg]lx RNAZF HAEHUT < F3HAe HdE
AAZ37 A8 gelAd FIRE HE ol3RE 9 FH3ZE2] Open
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M RE od {FAXEY THEE FF F & AT TIGUUTY 44,
& HAxjol 2lsd RNA32] UTR ¥ #o] 8% S8 & zojg 44HY
o1}, nlolajze] HAAHQ Ffo] oA FE HALE Rol Zzdd
GUS-3'UTR #&°] cis—element= A 83l 238 sl Aol ofdrt &
Atk AMEA T7SGUY T7SGUUT AR uholzl = RNA32l A$, v
A AZF vpolzl2E9 RNA LES HAAS £ A7 2 Aol& Heolxn YA
gte =2 ulol2l 22 genome proteing WHL subgenomic promoter’}
L3 9488 g AS B} Figure 172 A9 E A EA9 &
vdelllz ek AddA BEe], §¢toz @FE e BFs] nlud §A
< Az A AL ¢ F Ud”rh o] EAolz ulelzl2 Kor straing]
A5 B A3 g% #33L JehiEz, ol AAE oW Bd% Aol
g Avk. & violaix Wy v g WAL JEdUE AL old W
& oj83ld AdHed 8% 71T 5 AS Aozt AAHET.  Figure 179
C panel?]l A$, 8 d7Fe] 8% TISGU #EE A EA oA GUS 2
& #FF dolrt. Figure 179 C panel 2344 & F A%} ¥ F ¢
7l AT, dEE dolA GUSY #dEE Jehilx s RS BB
t}. Figure 18& o] & #dE HEAAe ELISA test A3olt}. o] A3}
AME =@ A2 vlolgiart AdE A EA UM dFFHes 2FHT Y
€ ¢ F A¥h olE AFAE FEE 2, B A7 20] BAle]z nt
o]2]£ 9] subgenomic promoterol ¢jEl FHAE FHFAZ cassetteE RNA3
of Aoz, o FHAAE nielE A A" TN £ JE AA
€ FHIAYT. E, o}F7IA Qo] ®EaolA upolE Ayt &gl wlolE &
groupdl A o]&]d AAE B3 vyl glermg B AFaL o] ulolg)A H
B 7i¢ d5E ¥ Bromoviridaes] &3t& utelzix wWE o AL RS
ArEE ez & JHE UG A4EH
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