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Wity 7 4 v 24884 R ORI 4 A 5 LU PR & m o L THI
FrU. B 2T T (o M AV A0S CIZHNBINEEA T IS A1 s~
827 (MP) ENFIEHBE Y 87k a—KFNLTWw5h

-AK§H RNA 7 1 VA T3H 5 Tobacco mosaic virus (TMV) D MP 1Lk b F7E
DAEA TV S MP T, BUREER A LT FOMBBHLE 2 EES 21614
*3H . MP HY QAT T 2L E2 LN TWw5, £/, TMV O MP |X RNA
CREA L. MIBRANTIIMNEICRIET 2 2 el ahTnd, ZRLDHRLC
D& MP I TMV 7/ 4 RNA LG L. Ml & FIH L CHEEMIT~
ANVAZEIET HELEV)ET VPRI TS, LaL, AIRRICEBITFS MP D
FENCEAL TIE, HWICFETAHEG2EH D . 720 opDEERR IR IO
T, TNTETIVOMRMPME T AL EIZODNTRESEVPEL TS,

7 ANV ADHNLINEITIZB TS MP OFEGEZ EHLICIRT T 51213, 5 A
WIAZ A WA REG S, FI00 7 AV AHHEEITL T RT-% 1 Ml
LARWTEBRTEERPEHRATHSL, £2T, AFETIEE T TMV LHED Y
A WA T&H% Tomato mosaic virus (ToMV) % 77 A I N DNA O F § TR
THLIEDTELREHELLZ; MPEIE 2K ToMV DEEHT 7 A I Fe
DMK N—T 4 VT ETEANLEES. ToMV ORRGE 1 fifice &F
STWAS, MP 28§45 77 A I FEHITEALZSE. MP K4H ToMV %%
BHOMBRBER B2 TRBITT 5 2 L0 h o720 D trans-complementation 5
BRICED . MP 37 A VADRATIAE Y, MR 21T 45 Z &ML Ik -
72o 72, MP-GFP @l & 7 37 W7 RIEWDORATIC L ) . MP OLE
HANDRFER AL RATA, 7ANVRBELEIIE D RE EESI RS Z La5he
2726 TDTENL, TANADBATEHBOBIIAT S 2 DOMEE Y H B 2
EDREE NI,

512, ToMV EEHDEERLZ AV AOMBEBITE BT 5 2 &A%,



T AN AERLDHANL R r DI IZ D% A3 D & £ Z | Potato virus X (PVX) O
IHC B 4 Wi 5 23y DFT) % ik L72. PVX @ DNA J&Gsh & Hiv7:
trans-complementation JIERDFT U6 25K 7 2 /%7 12K ¥ 287 0 KU
5 2827 (CP) BT ANADRATIIM W, MILEZRBITTA L, 8K & /¥
EFEBLL 7ZZHIN T O AR T 5 2 & 720 8K ¥ X /87 DfNE 12K ¥ /%
7 DOREHEHII TH B T EXWHL NI o7z, E5HIZ 12K ¥ ¥ 7527 5% GFP DA
B E T A 22 RV L, STHEDMBIZH-T &, PVX DM
TFORFHME T AET L 232 L 72,

HbHANADBITHERIBL, MOT A NVAD MP 12L& > THIM SN D GE
Narbo CODLH)BRBEDHFIMEWOSNITT BT LT, #iY AV ADELT
D FHEME T 5 ETOBEEL AN ES 2 53T THL, 22T, AT
(& ToMV & PVX @ DNA EGRz ol L, 2D VAR TOBITOHMHFEER
AT o 72, FOHIE, ToMV & PVX @ MP I H W ORBITHRERIZ MG T E 2w
Tk, &5, MHEDOBITHEKIAAS Cucumber mosaic virus (CMV) DL
TICE R 3a 7 N7 L CP OMERIZE - THEI SN L Z L nhrolzs L
ML, C KIi/KIA 3a 7 /87 EAHOFEBIZ L ) ToMV ORATREXIRIZHE# S
72h3, PVX (i SN e o722 b 3a RO CP 2 X AHAIIMATO X 7
Z A LiE ToMV & PVX DR THERL > Tn5E Z EDTRB I NI,
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ToMV : Tomato mosaic virus

TMYV . Tobacco mosaic virus

SHMYV : Sunn hemp mosaic virus

CGMMYV : Cucumber green mottle mosaic virus
PVX : Potato virus X

CMYV : Cucumber mosaic virus

WCIMYV . White clover mosaic virus

BSMV ! Barley stripe mosaic virus

AV 2

MP : Movement protein (¥17% > /X77)

CP : Coat protein (4\#5% > /)X2)

3a: CMV O MP (3a % > /%)

3aAC33 : C K% 33 7 X JBEAZRKLIZCMV D 3a ¥ /XD

erG3 : erG3GFP (ER ®TE{L 7 F IV & @& L 7z G3GFP)

Nm : NmGFP (SV40 #1737 7 )V-mGFP fA &5 > /X7)

G4NE : G4NEGFP (GAL4 DNA #& N AL >-SV40 #1727+ )L-EGFP @&
AV

xaoliv!
TGB : Triple gene block

SEL : Size exclusion limit (BEFR72>F2EH)
ER . Endoplasmic reticulum (/MNafk)

PM . Plasma membrane (JRFZEIE. FRaHE)
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i ™ AV ZASHIZ RS Bl D —RE T, 4 BAIIIC W A 29RO, &
Ik Skl 2 ity a G S MY AV A EM) DL IIESRY B F T
ERECIMTT 3 DO D Lo B AIINEET . & 5 55D B SEND il iffEF2
11 Chbo ORI ANAIZZFDYT 7 DN ISV E Ry Sy a— FL
T\Wbo TDO¥ 8738 7% » 737 (movement protein, MP) &ITIEN T35,

T ANWARIZE 5T MP D% (5T 3/ BRACS . IARA IRk 4 12872 % o Tobacco
mosaic virus (TMV)IZf{ & & 4L 2 Tobamovirus J&X> Red clover necrotic mosaic virus
(RCNMV) 7 & @ Dianthovirus I D ™ A )V 23 FNF5 14 30 kDa 3 X UV35 kDa D
§i -OMP % 2 — F$ % (Deom et al. 1987, Meshi et al. 1987, Lommel et al. 1988, Vaewhongs
and Lommel 1995), Brome mosaic virus (BMV)#% |3 U & ¢ % Bromovirus J&X°> Cucumber
mosaic virus (CMV)7: £® Cucumovirus D7 A VAL —~D MP (3a ¥ > /37) » ¥
27, BMV X CMV OHIIRMEATIZIE 3a & 287 725 TR, My » 782 (CP)
b4 TH B (Shmitz and Rao 1996, Canto et al. 1997), 72, Hi~ A )V ZADHIZIZH
D MP 2200 DBIAET A, Potato virus X (PVX) (ZfL& Z LA Potexvirus J& % 1
C®. Carlavirus J&. Hordeivirus /&, Benyvirus J&. Pecluvirus JEED 7 4 IV AD MP (3
A ZA —/3—F v 7 72320 ORF (triple gene block,TGB) (22— F X LT\ % (Beck
et al 1991, Gilmer et al 1992, Herzog et al. 1994, 1998, Petty et al. 1990) .

) A IV AD L KR DOHRRN AT 5 EULEEHM  (plasmodesmata) % 47
L CHIRE M RAT 4 5, BFHMBEBIZSIC LY | B ELERISHRZRE « 8l L 7o

(plasma membrane, PM) 1% desmotuble & IHII 5 /MR (endoplasmic reticulum,
ER) O Em L7EEIC > TWwA I e >T 5 (KX 1. Ding et al. 1992,
Overall et al. 1982, Tilney et al. 1991), FIYETIIFRA L AR E E#ED PM & ER
Dl (cytoplasmic annulus) %38 U CHIRL 2 B¢ 5, Ikl & o THRIZEER

BTSN FORES, TLROLPRSFERA (size exclusion limit, SEL)
SIS L > TRR D, HA LD FEOEMER L o Fe~xA 7042 ar
THERIZLY, FREERKD SEL (3, EAMMEHETIZ 1 kDa (Goodwin 1983, Lucas



1995a,b, Wolf et al. 1989) . filiiilllie & € DFERILO B TIL 3 kDa (Kempers et al. 1993) .
B0 trichome DAL Tl 7 kDa (Waigmannet al. 1995) Téh 5 Z LG I N TV 5,
L2L. - ThyEBIIDLIEEZILZ KNOTTEDI 2 dCo, ¥ F a3 /o0
DEFICIENCE X GLOBOSA, ¥ 11 X+ X+ @ PISTILLATA "%, Wi¥OWN{ED 5~
IN7RZD mRNA %, £ kDa %135 DI ARG A5 % B4T L T 5 il
PEAS % E 41TV 5 (Jackson et al. 1994, Lucas et al. 1995b, Carpenter et al. 1995, Hantke et al.
1995, Perbal et al. 1996, Bouhidel et al. 1996), % 7:. EVEVHEETIE, ST
TR IN=F X2 ML) IS S 72800 Y ~2%7  (green fluorescent
protein, GFP, 7 f&#Y 26 kDa) AL 2 il d % 2 LA T ST % (Oparka et al.
1999), TS DOFEFIL, BULTLLKD SEL DA, HEFD S /7 DFEBIZE - T
EH L2 AEBRRITIL L TRILLZZD §5 2 L 2 KT 4,

TOUMEGE L72 10~20 kDa ODFF A+ F v % TMV X RCNMV 01 a2 ¥+~ b
MP LitizwA 04>y erarsbe, TFANT VOB AT 52 &8
Wi ST A  (Waigmann et al. 1994, Fujiwara et al. 1993), %72, TMV %> CMV, White
clover mosaic virus (Potexvirus @ -ff) & MP %M T B N T ATV 2= v 7 F/xad
EIZBWT, 9 10kDa DT F A b7 X Al 2 908 4 2 EAHE STV 4 (Wolf
et al 1991, Vaquero et al. 1994, Lough et al 1998) , T 6 DUERD S| MP (LFEIZE A D
SEL # A S AREELTHF->TWnbLtEXLN TV, 72, TMV ¥ CMV, PVX O
MP [ G2 IT T2 L2 RBTHHERD I SN TEBY (Crawford and
Zambryski 2000, Yang et al. 2000, ltaya et al. 1997), SEL % |5 S 28EL ¥ X7 A Y
DOHBLIFATIZIZ < D MP 12T 2 TH L L EXONL L H I o7, LAL,
SEL % L5325 MP DifEMER MP HEDOMIRBMBATICEL TE, AWIZFET S L)
LlELH B (k). T, vA 7040 T2 a rERGCIEROERIE MP @
AKDOBREE L L TV WI LA RET AR HME SN TS ($hil), L7zt

T, INHDOMP OWEITHEERNE S LEVH L EEX HNDL,

MP JE(ZFZKIBT 5 7 AV ZIIHMBIM#ITTE 2WVA MP 28BTH 72

=y 7B T A & MR R84 9 % (Holt and Beachy 1991, Vaewhongs and Lommel



1995, Kaplan et al. 1995), T b HHIT AV AD MP 1, YB» HAGT 5 2 L1 &
STOHHENET b, 720 MP B8 M2 KHILZZT A VAR, HAMPYIZBWTIZRLC
EWV A VA (SH% dependent virus EI5) A5, WAL A L A (helper virus & IT-53)
E DN EMd B ZIHET A W AD MP 5885 b7 2 AT o = v 7 K~ DJLAT
WL TRBITTAEWVIBIDHSI TS (Atabekov et al. 1999, Cooper et al. 1996,
Giesman-Cookmeyer et al. 1995), 7:, MP #{n ["ZMD 7 A VAD MP & AN 2 7-
HMAHZ 7 A W ADHIMEERITT A L) Bl SN TWv 5% (Solovyev et al. 1996,
1997, Giesman-Cookmeyer et al. 1995) .

INSDOBGE, BT AN A THI BRI T O X 5 = X 202380 L 7255 DAL
THIERTERT B, SOX D L REEY 4 VA B TOMIBIEETF OIS 215H %
o, BATHEIEDSOmME S BB WA Z L, W AV ADRMINARBAITO A B =
AL%NB L TEHELRFVPPNDEZYZHIEIIGHLEEZONL, LM LEDPOERY
AW ADIIREERELZ X AT CTld, dependent virus DFEATHE K2 helper virus @ MP L)
MWD HR—=F 2 MZE > THATI SN D HENEZ PR T4 2 &5 T E v, F72, helper
virus DERYE(Z X > T gene silencing “FONY DEBUHEDFTIL S 72454 dependent virus
OB Z o TV BIREME S BETE L\, P T Y AV 22y 7 KM Al
27 A A% WA T & AT B 2 &R, g2 5o 7oA Y 1L
AR T 2 ZEDRERIGEDNH LI LD, IS DT—F2EDD L4
Lvye 3512, INETORNICIE, 74 IVADHINBIRIT L7z T EITRMD
RBLFEET A VA RNA RT3 — & 230 OERGAIIIIBIT 2 EREIZE > TR LT
Wizl TANVADPESBITLZWVOR, ZFREDS T OIS (BHiRI) a5
DX ENT Vo,

K7 4V ZOHIBBEBATD 2 5 = X L %515 720 SR 3817 5 MP D%
Barms VAR THE, L4704 0T arDE ) ICHIBOARIK
EEELT RO S VHER, KRR S SRR & 237 & 7T,
FDY S KREDEACF ) 2 ifE % L e VR A E LA EEMYNH B, LAt
TR D% T MP OEE) 2 TS 5 LEHNH 5,



WDdDH 1T MP 2588l 3 85 2 EAMIINEA & o7 MP OFE) % X%
12D TR CTh by /S=F 4 ZIVKRIN=F A2 MIIBMETEAZID LD
i D R T o L Ly 7 AV ZEGHIIZ BT 5 MP D% % i~ 5
WAL B FAVEASILZHI (MP & -l g Bl S E 7 lle) LIRS T AV R &
A X R E R v, LA L RNA 7 A VAZMNIEHRICT 555, DL )%
FERA T AT LIEH Ly, FZ T, RNA WAV A% DNA IZX o THRY X425 ZH4
MW7y =N &% %, Morozov 513 MP B2 RIHL 72 PVX DREPET T A I ML
MP %5845 75 A I FEIIIIS—=FT 4 7 V72 THIWOEDOHMINIEAT 5 2 &2
L0, PVX OBATHERIAP A S5 Z & 2 L 72 (trans-complementation “JE& .
Morozov et al. 1997), ZDFEERIE, H S LHHLIZ Y A VA LI MP 258 S,
M OFDMKBIE 7 A WA B Ge S 7-IREET MP DS A T3 5 2 & 2 Al figll 4 5,
720 ZOFEBRIE, BREY A VAR TOMILEBZIAHERICDICH TE 5, DNA
AR HITENE T D5 237 % —BWICRBT 5 7T A3 FEBET L1215 TH
HIEERED T2 B 728, BN TEL OF— 5 % 4EDL N WFETH D, T2, LFE—

— (L2 MARATET AW AD DNA BESREZELTH 2 8L 74V ADE
fre LD L XV Tlili§6 2 £ TE 5,

AR TEIHES Y AV ZAOMBBEEITOD (ML MET 5 E2HME L.
Tomato mosaic tobamovirus (ToMV) & PVX ¢ DNA %% % FIH L 72 trans-
complementation DEERFRZH U, 7 4V ZRERGHINL IS BT B FNFRD MP DX¥E) %
figtr L7z (K2)o 72, CMV D 3a # 27327 & CP b THW, BHEY A VA TH
BATHE K IBHAMIFEER A ATV AW 7 A W ZADHIRIRIRATO A A = A 22DV TELE L T2,



PM

desmotubule (appressed ER)

cytoplasm cytoplasm

° :
o - Plasmodesmal proteins

PM : plasma membrane

CW : cell wall

K1 FEHEEKOME
ETHEHMSERRICI VTSN TV IFBEEROMEZRANITRY. MREZEEYT 50

ERED—ER (desmotubule) MADRATNS, /=, FEBEHEEHNROMISE R ERBICIZSY N
IINEETREEZSNTNS,



35S/ToMV.GFP(AMP)

< 4 .Aw&,“?'bﬂ‘-. PRl 3 o O

+
35S/MP
Mixed and precipitated
EXDy [ on gold particle
\ . e
G
G

particle bombardment

B2 Trans-complementationE§R

Trans-complementationEBR D k& MR YT. CORTRTOMVOBEEHIZE > TRAT S, &
TS TGFPERETALIICHEL. S 5IIMPRIGT 2R L /- # 4# X ToMV DcDNA %
CaMV35S7OE—F —DFRICEHELIETSAI R (BRETSIAIR) 2HET S, —HMP#s
FZ2CaMV3ISSTOE—F —IZ X VEYMREANTBNIIREATASSAIREMEL. Z02# 5D
T5ZAIREBELTEEFICa—FT 4 > 7L, X—F4 ZIRIN—RA> Mz DEOHICH
AT 3, BT S5 X3 RNSIIToMVY ) ARNAMEE XN, IV ANHEMT S, £, b5—
FDT A EMSMPE—BHICREL, TIMVORBITHEEXRBMHEBINS, BRikIIToMVE R
IS TRET BGFPOYNKIC L > TRIET 3.
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% 2% ToMV OMIRAIMAT D THEME D RENT



Ag

T™V &, kbR S AT S 720 A WA TH Y Tobamovirus LITHIALS
IN—=TNDIALTILNVATHDL, TMV O L103#) 64 kb @ -Afi RNA Th),
W37/ L RNA Z UMY 2787 85 & AR L 72 300 nmX 18 nm D'
ETH%H, TMV IR AR DN A TN S G SHANIRA L, HE &N T
G L RIS REAT LTRSS A T T o AT A L AR ELhE L, [k
B VIIUHIEY & SRR T L. R ERIZE S,

TMV %/ LA RNA (377 A§i (mRNA & LCHERET %) ThH . BL % 126 kDa,
183 kDa, 30 kDa, 17 kDa D 4 fifin s /87 % 3— K55 (X3), 126 kDa ¥ > /37
& 183 kDa & ¥ /3713 A W ADHIEETT) RNA HERBEATH S, 183 kDa & » /37
13126 kDa 7 > /87 DT FAAIF Y UAIASL 2 ETESIZERA Y b A
%o TMV DSHIFIZIEST B L, 250 RNA HEBEEAIRNA 7/ LD A F A%
B L. FXPROFHET T AP EN S, FNEFIHI 2 FEHOFEY 77/ Lhs
B EN, I N% mRNA & LT30kDa ¥ > /%27 & 17kDa ¥ > /37 3R & L% (Hunter
et al. 1976, Guilley et al. 1979, Watanabe et al. 1984), Z D) & 17kDa ¥ > /N7 I3\ 5
737 (coat protein, CP) TH b, CPII7 1 IV ADEGE %l > CREEMBAIT T AL E
THb, 30 kDa DF U /87 IZALTIE, SDF X2k 33— N G TIIERE I
D7 ANV ADEGHRIN THGE XS % S O DD AS T E DKL VW LR

(Ohno et al. 1983), ATAYIZ 30 kDa ¥ v /37 ORIZ LR ZEA L7z A4 )V A0
FMRBAT AR (BT L (Meshietal 1987), $£7:30kDa ¥ v /37 253 T 5 b T
YAY =y FNATIE 30 kDa ¥ ¥ /30 AL TICREE S AR LD ToMV 53¢
HARE T CHHMMBITL ) 5225 (Deom et al. 1987), TMV DFHERAT (2L
HThLENTHSINI, TOFREICL), TD 30 kDa ¥ ¥ /37 38Ty v /%7
movement protein (MP) &IHIN A L) o7z, TDLHIZ TMV TIIER, MR
BAT. EHERAT L V) 300 BRICLELRERESENENYD Y Ly iZa— FEh
TWwa7ze, ThoDBRIEFNEIMVICHIT ST/,

PRE RV BERIICL Y, TMV O MP (37 /N3G IC BV TR E RIS



WArd % 2 EAREN TS (Tomenius et al. 1987), /2, MP 238844 F 7 2T
L2y 7 ZNTIBWTH MP OBEUETLEMA DD g ST 4 (Ding et al.
1992), ZAL5H DIMEGET U S L MP ZBUZELUER I S g Bie T £ 5251
726

SRR T, LU X o TR 2 AT 400 00 Fanldf) 1 kDa ETTH S

(Goodwin 1983, Lucas 1995a, b, Wolf et al. 1989), /i, TMV OMP Z 5845+ 7 >~
A=y I~ A s a2 ay LN, SRR 10 kDa D7 F X b
7 > AR 2T 5 (Wolf et al 1991), 72, AR THEMSEZ TMV O MP &
JHZIEAT B L4 T 10~20 kDa DT F A LT 2 DILRDPBE S DL Z e s h
T\ b (Waigmann et al. 1994), ZOFRTF A b7 2 LEAHMIEA S 2 MKLL gt 7-
EZAETHN 7225, MP HE QMIERAT 4 2 EAVRIRE Nz, o2 L
6. TMV O MP (25D SEL %Ak SH LR - TH Y., E5IZMP H
HOHMMATT 5 L2 6Nz,

ZFO /T, EWICFET5 L) AR HE SN TS, ERAMLTIE TMV O
MP (2L 5> TTFF A+ 7 > OB ES L, MP (18 bMllEEIT 5 2 &a°
AN &7z (Waigmann et al. 1994), & 2 A% trichome DA TIX B-glucuronidase %
& L72 MP OMIKIBRAT AR S NZICH DL 5T, MP L DFFFEAICL > TTF A
NI CDOPEUMRE SN W EAHRE SN TV A (Waigmann et al. 1995), 72, TMV
DMP ZFERTEINI VAT 2=y 77N TRE, [ENEPTTTFANT P 2EAT
%} (pressure injection method) % FAV:7-3551d, 10 kDa O 7 F A b 7 > OMIL
HAEIER S N5 AT (Waigmann et al. 1995, Storms et al. 1998) . &% 27 TIEAT 5 ik

(iontophoresis method) # W72 REIE IV, Ol Erb3f 704V x
723 lE o TRONDERERIE MP RROHEREZ L TW 2 WilReE»E 2 5
7z (Storms et al. 1998)

EOMKLIC MP-GFP @G 4 > 737 258§ HlAMZ TMV ZIRGESEL L, TMV
DRAT L TV KRS 2 GFP OFGIC L DB S L, T Oy, RGER O & donm . O
TR IS b BIR G R RO/ IZ BT MP-GFP @G ¥ > /37 DT



POMAAZ I 8% [2353 S LT A (Padgett et al. 1996), & 512, TMV IHs AR
Dl fami DN & 1) B O NIEAHNA T MP-GFP il {5 7 > /37 OFDGIR I S 49,
MP [14013 TMV &G 206 P L TRAT L Ty 2 & A58 S 4172 (Oparka et al. 1997)
Z DR RAIIE AN & G &) HE I H 225, MP [Tl 21544 &
VO HIREFTETHLDTH 5,

TMV G DML TIE MP-GFP @iy & > 73 7 (3BT A& & ORI T OfE R &
bz 74722 MROKER., FEROMIRDOKFIEE RS (Padgett et al. 1996,
Heinlein et al. 1998, 14 3), ANEHOBIRDEEUAIL ER (TR L 7AEEARTH B L E 2
5T % (Heinlein et al. 1998, Reichel and Beachy 1998), 7 1 7 X » MIKDJG{ER,
AEFRDIRDIGEIZ TMV G 70 b 7T A MIBWTHEZEEN TV S (Heinlein et
al. 1995, 1998, Kawakami and Watanabe 1997, [X4), 72 TMV O MP i3 - - AHi RNA &
FCHIFERFRATICHE 545 2 £ 2% in vitro DR TR I N TS (Citovsky et al. 1990, 1992)

INHDOHIRED?S, MP 235/ L RNA E#I45K (viral ribonucleoprotein complex
VRNP) ZHERC L. VRNP ASHIRLEAR IS - THRUZEDEA F Tl S L. MP OfRTEIC &
D YL B N2 F IR O PR 2 B LT 4 L A S BEEELICBIT L T v )
TIWHREENT 5, Lo L, MP-GFP 577 ¥ /37 DRIFEIELTLH ZDETVT
HEW SN TV B X9 % TMV ORMIBIRIRAT D5 FREZ K L T v & 2 Hh b (15
i) o

AR TIE. TMV OHIKRRRITO 0 Tt T 57280, TR I THFL K
ErhE SN T 5 MP HEOMIRBBITOMNT 217> 720 72, MP OHIREMNIGED
FEAMT b€ TIT o720 FOBE, 7 A VADBITOIHERIATON TSR T T MP D%
BEMAT L, T2 A NVAEFAETTO MP OFEF L BT LI EPLETHL EEZ
5172, trans-complementation D EEERIZIZ DL ) 2 BMIZIIHRE L FRTHDL (1
BEEH), LL, SHETYAMVAOMBMBIT e ERIIRINTEH L)% TMV D
DNA BRYERIIME SN T d o7z, 2 TARZETIE, 9 Tobamovirus ED ™ A
VA T# % Tomato mosaic virus (ToMV) Z v, LKR—% —@&ZFE5HHTSH ToMV

@ DNA BEERZWHELT:e ZDFR%H VT trans-complementation FEEXZfTV>, 7 1 )L

10



AIEGQSBITO MP DZET) 2 i L 720 £ O ToMV EASHIIZE T MP I3 1S
SRR E Ly AR T 2 2 e o720 - JHEGHIIL CTlE, MP 1d
CANEIEDHARDIGAE R ST 1T A 2 MIRO WA 2 s Ly BUZ PR D D £EX0 B4
RO R PO TICAHUE T L S e o7z, TNHDT ED D, ToMV D
HRLIIRAT & RO S 2O /A H B Z EHRE S sz, T/, ABETIE
MP &fr (% GFP o f&il/N—T7 14 ZJIWRIN=FX 2 MIXYEAT S L, GFP
OB T MR EEI NS Z & a7 L, 2RI X W EIREEROE AN EA &
HHEV) MP OfFtEx, ~4 7042272 a2 iXfbs JETHET A2 AT
72

11



MAELE )ik
[ToMV @ DNA J&4elt 77 2 3 F O]

piL.G3. piL.G3(SF3)

pBI221 (Clontech) =7 > 7L — & L. 35Sfw M UF35Srev 7°7 1 ¥ — % J{]\ 272 PCR

2L CaMV3SS FIE—¥ —% I— F§ 5 0.8 kbp D DNA W)y Z IR L 720 Z Ok
% Sacl & Xbal TiHAL L. pBluescriptKS+? Sacl i & Xbal SO A L, pb35S
AL 720 RIZToMV 7/ L% I— F$5 pILW3 27 > 7L — bk & L, TMVSfw
KO TMVSrev 77 4 ¥ —%JJ\272 PCR (2L 1) TMV %7/ 2 cDNA @ 5 K4i® 1.2 kbp
% J— N3 25 DNA Wik &2 Bilii L. Snal & Spel THML L 72%%. pb35S ? Aarl #Mv. & Spel
SO BIZAEA LT p3STMVS ZER L 72, pTLW3 & Ncol & Smal T L L 72 TMV 7
/ L cDNA D 3 KD 0.9 kbp % & & DNA Wifi % pBI221 O Ncol 7 & Sacl f{. D
WZHEA L (Sacl K¥ild Klenow fragment LEFIZ X ) P b L72) . pTMV3n #4472, K
(2 pTMV3n % Spel & Eael THAL L72WT (Eael Adild Fiigit) % p35TMVS O Spel
G & Kpnl B86L (Kpnl Aiid FiE k) (4FA L. pLAn Z{E8 L 72, pLAn @ Spel HBAL
2 pTLW3 % Spel L L THEHM A TMV 47/ L cDNA O RS % 22— K34 DNA
Wi Z 4 A L, piLW3 %1720 pTLQG3:fus (M ET A, PR ME— B L & 0 40 5,
Kawakami and Watanabe 1997) % Kpnl & BstEll TiHib L 7:% 2 kbp DUk %
pBluescriptKS+® Kpnl M & FHi b L 72 Sacl SALORHIAFA L. pLQAKB % 1E$L L 72,
KW PpILW3 &7 » 7L — k& L, LF RUACX 7'F 14 v —% M\ /2 PCR (2 & ) 3alE L
7-WiH % Ncol & BstEIl Tii{t L. pLQAKB @ Ncol & & BstEIl B ORIZAFA L
pLACXKB % ##72c pLACXKB O Smal #L & BstEIl SO pTLQG3::fus % Sacl &
BstEIl THALL T (Sacl Fimid k) 515 G3GFP 2 21— F3 AWM 2IFAL T
pLACG3KB % f5%72o pLACG3KB % Kpnl & BstEIl TiH{t L 72 MP & UF G3GFP #{n{ %
71 DNA WTH % piLW3 @ Kpnl BAL & BstEIL SR ORICIEA L, pil.G3 %1372,

F 72, piL.G3 D Kpnl 7*5 Aatll £ TD MP #{LT-% & {&EBs>% pLQSF3 (Meshi et al.
1987) @ Kpnl-Aatll #iF & ANLER 2 T piL.G3(SF3) % 1%72,
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piL.erG3, piL.erG3(SF3)
pLACXKB @ Kpnl 7*% Sacl £ THD MP s [-& 74850 % ptSLIS (ToMV 7/ A
cDNA @ Kpnl {706 MP 85 -0 3405 T2 I — F45) @ Kpnl-Sacl Wily & AR
2T pt5SLSB %172, “KiZ ptSLSB Db L 72 Sacl &8H71Z, pBlerG3 (filk) 705
erG3GFP % I — N4 5WiH % BamHI-Sacl HALICE WEID L, Kz Vb L THA
L. pLACerG3 % #4472, pLACerG3 % BstEIl Tifb L. HKim% it L7-1% Kpnl 1L L
S50 5 MP KU erG3GFP E{n % & Ul & piL.G3 % Spel-Mlul {if{t. L. Spel K
i 2 S L L7 TMV 77/ L cDNA @ 3 Kb % 22— N3 50TH % pil.G3 % Kpnl A7 &
MIul SRAZD AT A L T pil.erG3 %1537,
%72, piL.erG3 @ MP &fn 1% &€ Kpnl-Aarll Wi}y % pLQSF3 @ Kpnl-Aarll Wik &

ANER 2 T piL.erG3(SF3) % 1472,

piL.Nm(SF3)

pGBT9 (clontech) @ EcoRI-Sacl #Bfi71Z pBImGFPSER (%) 7% EcoRI-Sacl i1t
XYY L 72 mGFPS &fnF24FA L. f36N727 5 A3 FD EcoRI FMIZ SV40T
YU D Nuclear localization signal (NLS) # I — F§ A4 ) IX 7 LA F FEHALT
pGNmGFP % 1572, pGNmGFP 7%*% NLS-mGFP (NmGFP) &{Z¥ % Hpal-Sacl {H1tiZ
DY L (Hpal K% FiB{L) . pLACXKB @ Xmal ERALE Sacl SO (Xmal K
i & FyEfb) A L. pLACNm %7572, pLACNm % Kpnl & BstEIl TiH{LL T oM 5
MP K UOF NmGFP i#{n % & Ui % pil.erG3 @ Kpnl & & BstEIl S ORNIIEA L
T piL.Nm %1372,

X 5|2 piL.Nm @ MP &nf % &1 Kpnl S0 5 Aadl SR F TOHERS % pLQSE3

D Kpnl-Aatll Wik & AR 2T piL.Nm(SF3) & {%72,

piL.G4NE
pEGFPIRESneo (clontech) % Ncol-Notl it L. #¥i% FPigft L72f%, pLACNm O
FraARuE L L7z EcoRl &R & Sacl EBALOMIZIEA L. pLACNE % 1§72, X IZ. pGNmGFP
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%7 7 L—h& L. G4ADBN M. U°GFP N-link 77 1 ¥ —%/JIJ\» 72 PCR |2 & V) GAL4DNA
binding domain & NLS % I— F4 % DNA W)y 2R L7z, Z DMy % Kpnl-EcoR1 {i'j
fE L. pLACNE @ Kpnl iy & EcoRl S OMICHTIA L, pKSGANE % 14472, pKSG4NE
75 GANEGFP % I — F3 % DNA Wil % Smal-BstEIl (1L X D UJ O HY L (Smal Ak
2 k) . pLACXKB O Fi Auiifl L 72 Smal #8567 & BsEIl GRAZORIIZHREA L,
pLACGANE % {472, pLACGANE % BstEll {{bi%. 4w 2 Furfb L. Kpnl (AL L T 5

N 5%)2.5 kbp @ DNA WiH &, pil.G3 % Sacl-Kpnl {Hb L TS 358 T OE— 7 —
MOETMV 77 LD SEKIGEH 5 4390 Hii%k 2 — K3 5W)1 . piL.G3 % Spel #H{b#., &
G % AL U Sacl HIL LTI SN H W% 4 L, piL.GANE % 1§72,

TIAR—DOHNE LLTIIRT , 7T A I FREED7-O IR L 7-HIFREE O ZERERCY
%*}i&fpﬂﬁ‘o

355-5" 5’ - TGCGAGCTCGTCCCCAGATTAGCCTTTTCA -3

355-3" 5’'- GTC[TCTAGAGGCCTICTCCAAATGAAATGAACT -3’
TMVSE 5'- GCGAAGCTTACGTATTTTTACAACAATTACCAA -3’
TMV5r 5'- TTGCGTGTTCTTTTACTAGTICTCGAGAGAT -3’

LF 5’'- GTTGAGCTCGAGATGGCTCTAGTTGTTAAA -3’

ACX 5’- CACGGTTACCGAGCTCCCGGGATTGAGTAAGACATAT -3’
NLS-1 5’- AATTGCCTCCAAAAAAGAAGAGAAAGGTCG -3’

NLS-2 5’- AATTCGACCTTTCTCTTCTTTTTTGGAGGC -3’

G4DBN 5’ - TTGGTACCCGGGGATGAAGCTACTGTCTTC -3’

GFP N-link 5’- CCATTAACATCACCATCTA -3’

[GFP variant O —@MRBL T 7 A I FOREEE
pBImGFPSER. pBIG3. pBlerG3. pBINm. pBIG4NE

pBIN m-gfpS-ER (Hasloff et al. 1997, 1998) D#j 0.7 kbp @ BamHI-Sacl ki (GFP %
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a— N94) % pBI221 @ BamHI 7. & Sacl FB ORI A L, pBImGFPSER % {/: 4
L7z,
pTLQG3:fus % Sacl-NspV #11 b L. At {b L THESHALAH) 0.6 kbp D7 T 7 A >

N % pBIMGFPSER O -ii At L 72 BamHI (V. & Sacl AL OBNIIAFA L, pBIG3 %

Plchont

i

pBImGFPSER % Ncol {H1t.L TR 54 4#) 0.7 kbp @ DNA Wil % pBIG3 % Ncol i
LTSN 24 39kbp Wil & T4 45— a > LT pBlerG3 % 1472

pLACNm (Faf) % Aarll bR & it L. Sacl L LTI 5% NmGFP %
I — N9 % DNA Wi} % pBI221 O Py Ku b L 72 BamH1 1 & Sacl SEMZOMIIHTA L,
pBINm % {572

pKSGANE (L) % Smal-Sacl {HILL TIF 54 %5 GANEGFP % 22— N4 % DNA K
v & pBI221 DAY L 72 BamHI SRAL & Sacl S50 DIIZIFA L, pBIGANE % 14472,

[MP X OF KNI O— #3757 A 3 FOKEE

p35LM, p350MM

pILW3 27 7L — b & L LF.ACX D] 77 4 ¥ —ZH\ /2 PCR I & > T ToMV
D MP % I — N9 % DNA Wih 238§ U 72, % D1 Xhol i#1k L A4 % TF 1k L 721% Sacl
T L L7220 h % pBI221 DK L L7z BamHI 5{67 & Sacl FALOBIZIFE AL,
p35SLM TER L 72, F 72, TMV (OM %#f%) @ MP DFECH % {5 & OMSH2 (Meshi et al. 1982a,
Takamatsu et al. 1983) =7 > 7L — k& L, LF, OM30rev D] 77 4 ¥ — % H\»72 PCR
(2E > TTMV O MP % I — N LW @ 18i&E L, Xhol-Sacl {1t L. p35LM @ Xhol-Sacl

Wil (ToMV O MP % 2— F§5%) & ANEZ, p35SOMM &1572,

p35LME

pILW3 7> 7L —bF &L, LF, LRDOW 77 4 <—%H\72 PCR (2L > T ToMV
D MP % 3— N9 % DNA Wi ZH8IE L 72 Z OWH % Sacl-Hindll 1t L. FEARIZTHAL
L 7: pBluescriptKS+(24f A L. ppbLM % 1%7-c pEGFPIRESneo (Clontech) & ¥) EcoRI-Notl
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It (Nott A3 1 b L7z) TYID I L 72 EGFP s & & Wi % . pbLM @ EcoRl
GO &Vt AL L7 Hindlll SZORIZHTA L. pbLME % {372, pbLME % Sacl-Sall
LA I L TRE S AL A MP-EGFP % 2 — K3 5Wi) 1%, pBI221 % Xbal v
& Sacl A (A d 1 b L72) ozl A L. p35SLME % {472,

p35CgM, p35CcM, p350bM, p35WM
pCGI13 (Yamanaka et al. 1998) %7 > 7L —h& L, CgF2 XU CgR2 7514 7 —%
HvT PCR (2 & - THME L 72 DNA Wil % EcoRUSall 1L L7:4) 600 $EEEXTOWH
(Cg-TMV O MP O N ¥/ 5 Arg206 £ T#% 21— F§ %) % pBluescriptKS+? EcoRV/Sall
EALICIEA L. pbCeMI ZEB L 72, & 512 pCGO (Yamanaka et al. 1998) %7 » 7L
—hM& L., CgF3 MU CgR2 7747 —%)J\T PCR IZ& > THiliL7- DNA Wik %
NspV/Sall {1t L TR S 724 300 At OWi (Cg-TMV @ MP @ Glul86 75 C K
SE TR I—KFT5) % pbCgMI LD NspViSall ifF7LiZHEA L, pbCgM % 1572, pbCgM
% EcoRI-Sall ML L THLNA Cg-TMV O MP OE K4 I— ¥ LW O K% g
b L. pBI221 O35k b L7z Xbal F{1 & Sacl SR OMIZIEA L, p35CgM % 1572,
p35CcM, p350bM, p35WM (EF N £# pCc6D4 (Meshi et al. 1982b, c). pObACG3
(Heinlein et al. 1995), pCG9F2 (Meshi et al. 1983, Saitoet al. 1988) %7 > 7L — b & L,
SHMV30fw 2 0 SHMV30rev 7°7 1 <7 —,0b30fw & ' Ob30rev 7 J 1 ¥ —,CGMMV30fw
KU CGMMV30rev 77 4 v —% FiV 72 PCRIZ & 1) . F N ZF 1N SHMV,0b-TMV,CGMMYV
D MP % I— N4 5% DNA Wik 38R L. Xbal-Sacl {§{b L 7%, pBI221 @ Xbal Ff7 &
Sacl EADOENIIEA L TER L 72,

T4 DRI ELLFIORT 77 A3 FHEED 72D ZFIH L 726 FREEZ O RS
TG, $70, BEABREREZEA LN E ZETHRTRT,

CgF2 5'- TGA ATATGTCTTACGAGCCTAAAGTGAG -3’
CgR2 5’ - TTCTGTCGACTTCTGAAAGTGTCAACCGCCTTG -3
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CgF3 5’- CCGAATGTCGAAGG GCGTG -3’

CgR3 5'- GACGTCGACTGGTTAAGCTTICGCTGTG -3’
LR 5’ - GACAAGCTTAATACGAATCAGAATTJGCGACC -3
OM30rev 5’ - AAGGAGCTJTTAAAACGAATCCGATTCGG -3’

CGMMV30fw  5’'- TTTTCTAGAATGTCTCTAAGTAAGGTATC -3’
CGMMV30Orev 5'- TAAGAGCTOTAGGTGTGATCGGATTGTA -3’
SHMV30fw 5’ - TATTCTAGAATGTCTGAGGTGTCTAAAAT -3’

SHMV30rev 5’ - CAAGAGCTCTAGGAGTCGGAATCGAGTA -3

Ob30fw 5’ - AACITCTAGAATGTCAAAGGCTATTGTCAA -3’
Ob30rev 5’ - AAGGAGCTCTTAAATAAACGAATCGGATG -3’
p35KNI

KNI i#&fnF% 32— K35 pDIX1 (Lucas et al. 1995b) % Neol #1b#% BamHI 1t L C
#6505 KNI % 32— F9 5% DNA KA % pBluescriptKS+® EcoRI 7 & BamHI &i7.0)
C (EcoRI Komid i b L72) A L. pKS.KNI %1472, pKS.KN1 % EcoRI-BamHI
MEL. Kt b L T35 hs KNI % 3— F§ 5% DNA Wi % pBI221 OFE K4
b L 72 Xbal ZRHL & Sacl ERELOIIZIE A L T p35KN1 % 15472,

[N. benthamiana DFE)

B bELTEAIY Y aryr (ERHSE) 2w, iEREETHERS Y/,
FRGRAE 3 8 B~ 18 FE D 10 BER I 26°C, 18 BE~8 D 14 BRI 24°C & L, 18 FE~20
KD 2 RRIHG T > 7% JUT L7z, BHERA 2 BT 4~5 BMOKRED I 7ZRE T TH L
WAARSKICAE Z B 2, 512 2~3 HMIRETER S, RS 8~10 cm (I - 72 AKES
EERIZH W2,

[/$—F 1 2 VH 2 & BEIETFEA]
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IN—TF 4 7 VA 2 1iE Bio-Rad £ PDS-1000 % v 7z Gk SO MBI
Bio-Rad #1:DHE3%E4 2 Jjili& )iz, 7F A3 F DNA OEk-(-~Da—7 1> 7I3bh
NOX I 75720 2.5 pg @ DNA (ZAFL 50% 7 ") 0 — )V ZHRa L 72 25 ul DGk [
AWML, RVT v 7 ATHFEL A5 25 pl 2.5 M CaClL, XUV 10 ul 0 0.1 M AL
IVIERRET A A L AR L. 12 BINELSEEL. SR ER L S5,
L ZBRC72 %R 75% L8 / — V% 100 W A R EELE v X 9123 CIRE | 100%
Iy /—NV% 100 W A, BUOBEC, 1005/ — WL BEE%E b9 - JE DR L
7otk SR TOWEE 45 ul @ 100%T5 / —VENZ, Fa—74%ETHoTEE L
720 7o, BENHIOT I A I FeFIHIEAT L5513, F& D20 DNAZ &L 1
RRERLZINZ 72 Q FEHIRINBE AT A E1E 25 ul 123 L 1.25ug $2),

Iy = WEEE LB T 2 §2ov70xx ) 7RIS FL, JBEZL, #
(L EATIT- 72

BLARDENEE LTEI TFYy—F 4 A7-7/0F X )T A by ¥r 525
— - ABEOREEEY ZNFN 17 mm, 17 mm, 55mm & L. 77 F ¥ —7 1 A 71X 1350
psi DBIEIED S D% 720 N T LDR Y NIEE T TF v —T 14 A7 83814200 psi
L L. 20 inHg DREIE N CEHAAZIT 72, BInHEAKOEIT MS EREHO L
T26C°, BEAT T —ChEMIERE L 72,

Gty mii iRy
SAPYER L Karl Zeiss 148D Axioskop. A THAMMERIZFED CLSM410 = H\V2 7z,
HOCBEMERIC & 5 GFP OEIROR, HRNLHHFEDE L Karl Zeiss #1540 No.107 1 )V
¥ —+t v bFE/2E Chroma FLHD 41014 71 V¥ —+ v FEFHW, UV FhEOBHE,
Chroma ft#® 31022 74 V¥ —+t v bEFW/z, $72, BIEO I X Ea— 5 —~DHL
N A 213D C5810 COLOR CHILLED 3CCD camera (Hamamatu Photonics) % fivy, [H|
{EDALIIZIE Adobe +1 Photoshop 5.0] % Fiv 72,
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i A
[ToMV @ DNA J&455% & MP O -t lH5E L X B A IIRSE riig K410 4]
Tobamovirus @ MP DJERSHINLLZ F30T 2 80 2 49 % 726 trans-complementation
DJIRR AN B 2L 7ze £4LI21E Tobamovirus @ DNA I&YRASY L & 7
% Z T, Tomato mosaic tobamovirus (ToMV) & #MEHIHIV, €D 45/ LD cDNA %
Cauliflower mosaic virus (CaMV) 35S RNA 7O E— ¥ — DO Pl ik, 2S—74 7
W EEHICZEIEFHEAIZL ). ToMV 7/ 4 RNA AN TRIRT 5 79 X
INEMELL,
ToMV 7/ LD 5K SIEFEI SN D X DT 5720, 7aE—5 — D%

i

B ToMV @ cDNA @ 5 K3k A & 9 145 L 720 3 Aiiid nopaline synthase 7
LTDF—I%—F —EHIIER L7, 72, ToMV O CP &fx (&7 £ WV ADREN
CHIRE I FEA T IS EETIE 2\ /2% (Takamatsu et al. 1987), GFP H{nT & ANEZ |
7 ANV AERMINE E GFP DENIZE > T TE 5 £ 912 L72, LR—%—d GFP 4,
T BRESC X DB AERIO L O X )it e 8 A G3GFP ENTHIN S b D% v
7= (Kawakami and Watanabe 1997, £ 1), ZOXHICLTHEEL /-7 T A I % piL.G3
a7z (K 5A) .

piL.G3 % Nicotiana benthamiana D% (& 8~10 cm) (I/X—7 4 Z W H FIZL Y
BALT, [ 6A TEGTEA 2 DRICHOUIMERIC X VEIZE L7212 T. GFP OHEEH
BEHINLN LA > TS F D550~ ). ToMV DBEEREELEDEEFIZT L —L T
7 MNEREZFFOT T X I ¥ % N benthamiana DIEIEA L7-H51213. GFP DI
XN H -7 (data not shown), TN L7456 GFP X7 T A 3 N DNA » 6 EEEE
EN72 RNA OB L TWADTIE R, 7AVARBIMNCEGRINE T TS 4
RNA DHOFERENTWE Z LR SN/, ZHIZE D, piL.G3 DEAIZL > TL R

— 8L % FHD ToMV 24X 6515 2 LD 0o72,

KiZ piL.G3 D MP LTI 7L —L2 7 MERAZEALT T X3 K piL.G3(SF3)
5L (K 5A). N. benthamiana DEDHNIEA L72E T A, GFP DHnid —Hilifa
e EFoTWz (X 6B)o BALZERIIT CIIBITHRKBLY D20 T I LMD
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T\ % (Meshi et al. 1987), ZDEA2H MP D 76 | 17425 234 K1 ETH 158 7
W 2 O L 728 WURR, 37 51 1D Ser % Ala (ZIEH L 727 3/ WRIFIVA YA (Kawakami
etal. 1999) Z &G S5 106 MERDAILDEH 4172 (data not shown) o ZALIZ KD |
DNA 192 & - TH MP 1AW A TFD ToMV IZABINE I T & w2 & 2 PR T & 72,
DA piL TIHE 28T 45277 A 3 FIZHBRT 57 4 )V A % ToMV.G3(SF3)D & ) (2
V)4 RORIZLAR—F — {5 [ OXF, 225 2T MP OARZ/RLTKLT A2 &
W29 %,

piL.G3(SF3) & 3£ p35LM (ToMV @ MP s&{nf-% 35S 71 E— % —D Fitlliifhi L
7277 AIK K SB) EINIFIZEAT A E . GFP DHOLBIEAIFLZ LA > TV Ak
ThBigis s (4 6C)e Z4LiE ToMV.G3(SF3)DEATHE KA —BIIZFHEBLL 72 MP
L DRI S NIAERLEEZOND, L L, 7AW REGDOF P E EREIC R ET 512
ZLAR—5—D GFP HEDHIINEBAT L W2 DS e b, £2 T, T MP
Y GFP % #IfIBI AT S & T B uBEME I DWW THRES L 72,

[MP (= & % GFP ORI F it E]

G3GFP % 358 7HE—% —I2X ) —#MICHEIHTH 77 A I F pBIG3 (X 5B) %
(TR L 72 N. benthamiana DFEVEA L @R [HEA 24 BERIRICBIES T4 &\
3 & A EDBIZFEATM.TIE G3GFP O#E I —HIfLIZ & £F - Twizh™ (K 7A).
% DEHNIZB T, 5 6D 1 MRS < dob e st 2 Mifasi o —& LT
flgssns: (4 7B, % 2), F72. 48 KRR TIZH 40 /X—+t > POELLTHT —A3E
b7, ZDZ EIE G3GFP HE& WO Th % LM 2 LT 5 2 & 2 BT %,

pBIG3 % p35LM (ToMV & MP %5389 %) & IIZ N. benthamiana DIEIE AT 5
&, 24 WERRIZIEAY 50 23—+t P DEEFEATMT GFP OAMMRH DOILHAB%: S
7z (X 7C, #2), 72, Tobacco mosaic virus (TMV), Cg-TMV, Ob-TMV. Sunn hemp
mosaic virus (SHMV) , Cucumber green mottle mosaic virus (CGMMYV) 7 &l tobamovirus
JBDT A IVAD MP &IEF F 721% Cucumovirus JED Cucumber mosaic virus (CMV) @
MP Tdh5b3a ¥ /37 BT EREEA L7726  HIG FEA 24 FEEI£IC 8V C GFP
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TEBLBHLD 40~60% T G3GFP ORI DL L S /e (I 7ID-G)o £720 M7 E
D KDy 737 T WD SEL & 1151 385 & £2 541 T\5 KNOTTED!
(Lucas et al. 1995b) % [l (2568 725575125 G3GFP OMUNLIN O il et 2 4u72
(I 7H, #2), &b, #4571 732> ba—L& LT, GAL4 DNA-binding domain &
HA AV 7 A )V 2 DGR HALIR T VP16 DGR HALMIR O/ 7 /87 2568
57T AIFE pBIG3 L DFREEA L7725, GFP DYLEDOHIRLIIAT I LA L
oz (R 2)o L72h > T, GFP OANEMILR O EE B it 0 Btk % &
%L\ MP 7213 KNI OFfig e Ik L72b D EHEZ BN b,

Ll DR LY . MP DD SEL % 151 8¢5k % GFP &{&1-& MP E{LF DI
REEA L WO N a2 INCTHRIET A ZENTEL I LD o720 LA LEKHIZZ
DFERIE MP DIEAE FTIE GFP 13 4 )V ARG % FREICFE T 5 720D L KR— %
— L LTIBEYITIE BV EWVn) T EDBERT B, £2T GFP LV 7PV RTF TS
35 Ry EEA L. AN S 20t s 5 2 Ei2 L b Ml #1T
LBV DEERTHZ LT,

MM 2Pk L LR — 8 — Dl & LC, ER (JR{ET S GFP 5% 2 b7z,
% Z T G3GFP ® N AJil2 ER #4737+ VKU C A4l ER fR¥EY 7 v e @G L7
erG3GFP BIZ T- % 1E 3 L 72, erG3GFP % —#WIZ3EM$ 5 77 A I ¥ (pBlerG3, X 5B)
" REOMBLIEAT S & erG3GFP DML ER IZRE L, BIZTEA%L 24 BER], 48
REI DWW HIZB VT D erG3GFP AL L 723G b ro 72 (I 7)o 2~3%D
BIZTEAS CIEBEY o7 2 #Mifli T GFP DHEABIE SN2, 25134 TH
FOWMBEOENAFE L T2 ehsh, INOLOMMTIEBEY &o7- 2 HIlIC 7T R 3
FHFEFRICEA SN2 D EHRT Iz (3K 2)o KIZ pBlerG3 % p35LM & k(T E D
BB A L72hs, BT erG3GFP D#EA L SN 5 EI AT 4~5% T, pBlerG3
HMTEA LG EIIEALEDLL Lol DT EHNDL, erG3GFP (& MP O4f
fEFTHMMEMBAT L 22 EAVREN/z, F 72, pBlerG3 & p35SLM D[EIFE A Tl
ER DR pHlfab Big sz (7], K. £2), ORI MP & ER 25 E
ERT5EVIHBETHETLLDOTHL EEZ SN D (Reichel and Beachy 1998) o
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KAz, HNYANTHARET A 9 4 70 GFP BT &9 <720 3 SV40
® nuclear localization signal (NLS) Z iy L7 mGFP (NmGFP & % f}i7%) MU GAL4
DNA-binding domain & NLS % ¢l {3 L 72 EGFP (G4NEGFP & ¥/ {J114) % #9278
$577 A3 F pBINm MU pBIGINE 18 L7z (14 5B)o pBINm Z T s [
A L7250 GFP DHEIDEIZR R0l g S 7ehs, AIRTTICHfAH{EL Twic, 2
M NmGFP Dy FEhWEILEZ I L > TN TE B KE S Thob bt EZ LN
%o pBINm % p35LM & SEIZEA L 7oy, 24 BRI T 27%. 48 HEf#& T 57%DE &
T NmGFP OO — 752 S 7z (147N, £2)o L2, NmGFP O EuEfE I35y < .
FRIZ UV iz & - TEREET A 55{5. NmGFP %6 L CWAHIlL & . $LEk L 72 GFP (2
Lo TH> TV BHIKDOXINIFRS TH -7 (K TN, O, £ 2), pBIGANE % Hfh T
ALt SORIERICIBAE L. AR OHLERIE 3~5%D 8L (FENEALTL RS
Nuho72, £720 ToMV O MP & MBS E72 56 TH O - BIE SN 5414513 5
~11%TH-72 (M7L,M, %£2),

D o#gn o, Ml 2L v LR—% — & LT ertG3GFP & G4NEGFP 73
HUfETH D Z LD otz T2 FiFOPHITHEEZ 555, NmGFP [ L 728556
TH., BLFEASNIHE 2D/ Y O GFP ALk L 7ol 2 @5+ 4 2 & i3+
SulfiECTd b & Bbhbhiz,

[Trans-complementation $2E&1Z & - TH~<72 MP O #iHH])
erG3GFP % L R— % — & L THD ToMV @ DNA 47 10— > piL.erG3 % {F# L,

N. benthamiana DIEIZEA L7z, DR, [ 8A IIRT L 912, 7 4V ARG
erG3GFP % J8 33 2 MifL DL AEIEE S L, ToMV.erG3 D84 & HiFL 1T % erG3GFP
DEFNIE > THRILTEDLZ LD 5720 MP EIZFICT7L—L 27 MEREZBAL
7277 X3 N piLerG3SF) % EA L&, 779AIFHEDOT A LR
ToMV.erG3(SFA) I ZRATTEF, 7AW ARG 1Milgice & ->Tw/z (M 8B), £
7z, piL.erG3(SF3)% p35LM L EA L7-GEICIE 74 VADOBITAMHEME SN, B
AL T erG3GFP DFEHAZ S 7z (I9A. X 10A) .
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GANEGFP % L K— % — & L T2 ToMV @ DNA 47 11— piL.GANE % A L
72Bi i, BRSO MP s [ i TWAIZE 2D 53, ToMV.GANE DAl
BArmmsis e o7z (14 8C)o piL.GANE % p3SLM & JLlZ0E A L 78 (h 120
ToMV.GANE DRI FET 1 A3 (B%¢ S 4172 (data not shown)s L7245 T, ToMV.G4NE
& MP #BBLL T, BHEMETLTWwab EEX b/, 22T, DMEOJHER
TIL T2 erG3GFP %, 72 O HERTIZ NmGFP % 7 1 )V AN % [l § % 72
HDOLR—F—& L THW .

K2, BATIE R KIH L7 ToMV 25, 1T M0 77 2 I K sae8lL 72

X > THEOMBE S A B2 TN L T ETEL 2o IIT 52 LI L7,
FEGSBALC BV TTRIR TEA SR, T2 b b i gl i& G L7l 2 M3 5 720,
piL.erG3(SF3)& p35LM (Z/1X . NmGFP #3945 75 A 1 F pBINm D 3 A& L
THOMMEITEAL 72 NmGFP 3 HENETHEIVCTHNEST LI EATE LD (K
1), ToMV BEGHIR 239 5 erG3GFP (ZHE/METIRIZ L AL I N wizoH, 7
AV AIRYERAL & UV IBGE N CRIEET % LB fn FEA S M 220 st & 58
D NET, ToMV Dl &g L7zl O ENZSTHENIZ & 2 A T TR 5 il
NRI2EZH, TANVADBATDBE S NITEN O 90%IZBVT, 7 1)V AdHllla5E
Wa 2O EBZ 7L AT TN > TB T Do 7: (K 9A, B, £ 3), DOk
i LT E N MP DS F DMK 31T T < BidE L - MkIc BV T h kg L 72
LIRHT X 5, BAT-EASHIARZEET 72000 K—4—% ER IZRET 55
4 7% mGFPSER (242 T MEDFERAE SNz (K 9C, D, £3), 72, VA IVA
ROV K—%—& LT NmGFP %54 5 B4 77 X 3 F piL.Nm(SF3) & p35LM,
pBlerG3 &\ ) A GO TRESHGE SRRIIFMKTH 72, 7272 L ZDIGE,
HIZT-EASNMRE, HEERHTTHm LY., UV BT T < % 53002 18HE
Wi L7z (I 9E, F. £3)

[ft2f# Tobamovirus ® MP = & % ToMV #4THE /K IEHI# F2ER]
MP %#/K < ToMV 7M? Tobamovirus @ MP DRI L > TRITTEX A0 2
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~% 728, TMV, Cg-TMV, Ob-TMV, SHMV, CGMMV ® MP % -#(YI2584 27

T A3 F (F4F1 p350MM, p35CgM. p350bM. p35CcM. p35WM. [X 5B i)

\

FWAE L, ZALZA pil.erG3(SE3) & JLIZNil i A L 720 ToMV.erG3(SF3) M 541 g K4l
I, ST ED T A IVAD MP 5L 2 > THOHIRF S L7z (I 10A-F, £&4),
L72*L CGMMV @ MP & O [EFFE A Tld, ToMV.erG3(SF3) O J&k 4% il PH 13 b o
Tobamovirus @ MP & DJlkEE ADGE IR T/ S < 72 ToMV.erG3(SF3)D#417
RERIADHEH SN WEIR DR R & o 72 (M 10F, % 4) o TD Z & D5 | N. benthamiana
DEENZHBITAH CGMMV D MP DL, 1D Tobamovirus d MP (ZHIARTRXS S &
EZ by TDIED N, benthamiana \ZHB\ T CGMMV 25&% £ 0 B4 L v (3548
BV TORLNL NI THAMRIE SN S) S EDBEKRLEDONS Lt v, 72,
Tobamovirus @ MP & [AlEkIZEILEE# D SEL % LA ZE L EEZ 515 CMV O MP
Thb 3a 737 (FMIIFE4ESH) LT KNI B2 WIFEALTH
ToMV.erG3(SE3) DA BATIIEISE S e o7z (KM 22A. K 4, £ 10), INH DO
R LD ToMV.erG3(SF3)DFEATHEXFHIZ, FUEDEIIHOND DD, Flfi~7-4
T Tobamovirus @ MP (& > THIHI SN D Z LW Ghrorz, T2, HICERE RO
SEL @ 52 & - T ToMV.erG3(SF3)?D RNA 7" #AT§ 2 biF Tl W2 0o 72,

[MP-GFP @i f5 5 > 737 OMIRNRTE & Ml R4 T)

ToMV O MP 75, LT EA SN-HINICBERE L7HIBRIC BV TOREL Tnd L
WIRERDP S, MP 3% & IR ICB W TITMB 2 81§56 L &2 5,
O LR EHEIWT 4720, BRGGHIE ORI IZ B S MP-GFP @i 5 >3
7 OARSRIATRE K CRIRBNRAEE Z#~5 2 L 12 L7,

MP & EGFP (Clontech, % 1) DG & ¥ /37 % — I HHT %5 77 X 3 F p35LME

(K 5B) % N. benthamiana DFEDHNLIEANT 5 & MP-EGFP @5 % > /37 DARER
DIRDRAER 7 1 7 A > MRDBIEDBIE S Nz, (B 11A, [ 12A), LA L, GFP
DEHEFE L TV DEM DK 80% Tid. MP-EGFP DHIEAHY 2 MLl L2554 2 8% T
BEIE S h o 72, T’ DE 20%DEM Tld, MBBENEHIZ/INS % Ky MRO DS
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Bl Sz, 27220 Ky MROUOUIZSEAINLORMNIRE - D72 - TEIGE S 7z (14 1B,
45) o MINERENTBOD K v MIRDADTEIE MP-EGFP 23U lAG L0 {E L 728 R TH 5 &
EZ5H1Ah (Akins et al. 1991), F 72, MP-EGFP OIUETIEND LA S 4L
AT ANCIEDOBARD EEARO UL T M dH > 720 TS DG, S
MP-EGFP G & > 737 (3] 2 A7 L1+ 2 4%, £ OHIEIIIRNZ £ o 72,

7 AV AEGAS MP-GFP iy 8 > 780 DFFIE/SY — VI NITTHE AR B 720
p35LME & 312 piL.Nm(SF3) %38 A L7z, 7 1V ABGelifdld NmGFP 253 L Tw5b
72O Ot O LB S 2 G L THEEE R L AR b — ). MP-EGFP

EF RN T TORERERT S, L72T> THIELOU ) H2I2L Y, WE % X))
THIENTEL, 77 A3 FEA 15 FR#ZIZIE MP-EGFP OHEDGIZY TIZRRINT &
72795, NmGFP DHEWIZ & B 7 A )V A& IR T X %722 72 (data not shown), 77
A3 REA 24 BERIETIEY A W ABEG R O A V 2O/ BTSSR s, 20
£ &, MP-EGFP DHEUGIIEFEEMICHIE L, T2, Sl FEA SNz ISR
A A OMIBLEEZ S MP-EGFP DHOGHMEE S 7z, Ml HIN DA ER O e M3 HL
KESITBA LT B2, &l bonhidh o7 (K 11C). 7T A I FEA 40 FERi#
iE 7 AV ADBEFSSIHITIZRAIGE L T, ZORFIIZB VT MP-EGFP (35 JF
BEA% I RAE L \MP-EGFP DEGA 5, 5 N5 BRGEEZD 5 5 K 90% DEL T MP-EGFP
OEFHINBN D72 % 5534 A g S /- (K 11E K 12B. K 5) o F 72 Mk E NI MP-EGFP
DENIIBE SN o720 # 25%D 7 A W ABBYGEALTIX, 7 4V AOMBBHI AT
AR SN2 (MP-EGFP 2BHEL T 3) 12b 72 59, MP-EGFP DHEEABIE: &
Nhorz (ES),

DEDOFERHD S, MP-EGFP Bli& 5 » /57 OFIKEA, MO 5mkERiEy 1V X
FRAERAL & JERRRE CIIRE KRB B 2 &5 72,

p35LME & piL.Nm(SF3)D[a|FHE A (25T, MP-EGFP DG B S5 4l
FATL A NVAYT ) L RNA BEEBEENTWAEEEZLNDH, TD L) LEALT MP-
EGFP O#EAMEEHIN CHE SN D EIA1L p35SLME DAL BEALGE EEDLL
o7z (F5)e T/ 3RWEEE RN TOMV 7/ A2 KT 5 (ThbbEEBEED
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AEEMUTHEEZONDL) 7T AIF p35LRp % p35LME & MZAIEIHA LT
MP-EGFP 23lumIF 4 2 5iE L Uo7 (4 5), L72A%> T, MP-EGFP @
Wi &AL S AHI2IE, 7/ L RNA RBEERE LD 7207 T <, ToMV 23R

A7 IWICAS> TS ZEPUETHL EZEZHNL,
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E5
(MP DOH#IfEfEI1T]

G TRz X 9, w4284 o7y a s IO cid, MP 'L A%l
Nl 73 % &0 ) R S 4L Tw 72 (Waigmann et al. 1994, 1995) o -~ Jj. MP-GFP
B s 287 BT HHARZ TMV Z W72 Tl TMV RGN TIE MP
ML T L T nZ A5 S 4172 (Oparka et al. 1997) ZOE\IFIE L7z
BlD7z, MP E S IZHIBRIRATED d B DA & WV ) FIRIZRIFRD T T TH - 72,

A7 TIE, ToMV Z#EHI V>, trans-complementation J5RIZ L > T2 D% 5
MIZTHZ LR L 72, DU N benthamiana DFEZB T, 1A T—EIZ
FEHLE 72 MP A5, ToMV.erG3(SF3) % 2 flilalL b 7: &L T A ETRITSE L Z &8
T&/2ZEnb, 5 1M TRIL: MP X ZORHOANLIZ BV TOHEHEL S 5 2
EWWS T o7z, 72, ToMV EGEERALIZ B VT8I ZEH L 72 MP (MP-GFP)
I, BRI b7z o THUBEEMIRE L TV A T L% ho 7os FEREGAIRL T,
MP-EGFP @& % > 737 OB EHEFAOIGIE & AR IR 12 L Bl s e
Mol SO ML, MP ISHIIBHBBITRE 2 F2 0%, £ OMIRRMBITIEY 1V A DIk
FAZ L) KIGIARE SN D Z &N 272,

[ToMV OB BITDOETIV]

Tobamovirus O Al g #4712 L T, MP 254/ &4 RNA & # &K (viral
ribonucleoprotein complex. VRNP) % JZf L. vRNP 2SR &1 > TRIZEERK E T
S A, MP OIEVELS & O I0F S N7 A 2l U TR ICRAT L T (<
EV) ETIVHRIB E N T 5, trans-complementation SEER TG L N/HER T EET 5
L. ToMV O MP i34/ v RNA & 32 vRNP O CHHEMIICBIT L T eEEZ 5
N5, BATL72OMIET MP IHUFIHE N, 2OMRTHELTWE 74 VA% S
SIZEOMBBICBITEEEDTHAH (M 13), T/, 8D vRNP 13, By &
BUIAD 2 &%, MlEREY 2 2D EBA TRBATT 2000 Lt v, BEETIEH S
75, FERYAINL CTH MP-GFP RBE& 5 /87 HHINIRIRAT T 5 Z &b, —ED MP X
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HARTHIN A 3 2 & £ 615 (14 13) MP-GFP @l{y % > /3 7 O HHILIZ D72
B o0AiilE. MP D47 & BIFIZZ D mRNA 25HILIN AT L. BEFERI TR S u7chd
WTHLUMENEL £2 615, LA L, MP it " & erG3GFP it |- & DNl AT
(¥, erG3GFP DUDLSHIBANLIZIEAD Z LB EAE L2722 Eh 5 MP 23LY])
JERFRAYIC mRNA Z BT S LRt Snd, 72, 7 4V ARG TD
MP-GFP @i % > /37 (& FICHIRE N O&EME 2> TRAEL 2, LA L, MP-GFP #
B8 28T HEEAINLIZ D7 o> TS SN DG 2 0HOII IR EER IR o,
PR IE A SN O IO TIREHKIEBIESE S N e o7z LA > T
MP F1 5 mRNA 7815 L, B TRER S 2 L ) Wigk b Iv & ZE 2 61 5,
72720, AN REGRAIZ B VTR, MP DEUETHEEANDJ[ECE S NS 720,
MP H £ @ mRNA 238247 L. AR CRIER S AL 5 MR BIRE L Tl T & e v,

[MP-EGFP DG4 9 S EHEZEAL B O ToMV D45 & flffa [EIF#£ 4T D B3]

7 AV AIEE G TIE. MP-EGFP X FIZACIEDOIKDRBIER 7 4+ 7 A~ b
IKDIAEE TR L7z [MERDRTEIX MP-GFP iy ¥ » /37 2 B § BRI TMV & 7
HF77A MRS EILGERHE Y OENER SIS Ty b,
L L, BEETIO L) LHIRENDORAFBE SN DD, DY) DD 5 FEGHER
DL S 20 O RGO M2 o TH LNERICA 2 72 L 2ATH ) | RGO
il BT 5 MP-GFP @i & > /87 DRI EEK ICRRE SN T 5 (Padgett et
al. 1996), 2% 0, WIRDEHELRR T 1 T A ¥ MROHESBIE SN L DO ITIERYHI,
R, TANADBIIPRI 20T 0 b7 TR PAOBEG, BEEIIBNTETTIIY
ANVADRBITHE T LTV B EZZLNALEMOMEE ETHY), ZhHIZETT AV
A DB RBATANERIIIATDON TRV T TH L LV b, SRR L L TMV
DIATE MP-GFP @G 5 /37 ODRIRDFAER 7 14 T A ¥ FIRD AL I AV
L) Z kil A,

BT, EE RS0 EnNhh o728 Vo G AN WITE
L1 L7556 aggresome & FHIN B JROBEEW ST X 5 Z L 2315 1TV 5 (Johnston
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et al. 1998, Garcfa-Mata et al. 1999), Z OHEMRIIIEE Gl E N hpoTcy 3y &
TOTT )= DIPNE E A UL X o THIMADIT D ST TE 5, Ml
LTI aggresome (ZHIMT AREEIIE F 7280 S ATV VAS, MP-GFP iy 4 > /8
TN &> TTEBACHORUL, M & - TR & 287 OFHERU T 5 KA
DICEDOH AN Dhb Lk, 7O b TIAMTIE MP 7077V — 412X

THMENT WD Z &% (Reichel and Beachy 2000) . JBE4sr 1Y~ %I OMIBL T3l
FIZI > 72 MP ORFEHDEIEI S NS T & (Heinlein et al. 1995, Mclean et al. 1995, Padgett et
al 1996) (& aggresome e & < —H$ 5, L72A%>TMP-GFP {5 % > 737 DR K
74722 MRORBLEE MP 2558 ICERE L TWAIRRETIE % (. STl
MP D74 MWL TW A IREM 2SS 5 (1X13) 6

L L. VANWVADAEFRIZBNT, fMlaEEe N Lcy A VAR AR ) ARk

DHNPIHGE LD EETH L Z L, BT AV ADOFIE A THIHS 2T Y (Cudmore et
al. 1995, Sasaki et al. 1995, Suomalainen et al. 1999, Sodeik et al. 1997, Sodeik 2000) .
Tobamovirus DA EFEFT 12 b MR H % /- L 728 BB - L T 2 T REME IS AR T
B\ MP-GFP BlG Y /80 D7 4 7 A2 MROBIEVSZOZ L L TWAH L)

&L LS, D ik, 213 nocodazole X° brefeldin A 7 & DIFEHF] % FH\ 728k
ROBEFEZENE Y 74V 2AOMBHAT & Ml g L DEFRZRSL 2 LATERN
EREBRR VRGO N DT> LWt EZ TV

7 AW ARGV, MP-EGFP DHOGIIE I EER ICHEICR 6N D X D122 b,

L E AN DEHERIZIRD T 5o 2 DHGUE MP A5 A VARG L D @R IZRIH S,
BERAINICRBAT L T e/ TH L LT E 5 (K 13), JIlDREMEE LT, 74
WA X > TN S 02D 7 2R 7 5RADFE S, — gL 72 MP DORFE4
(RERDEIER) RSP INLZEbEZONE (K 13), E=DHEME
LT, YA VAR L T BHIICR > T MP-EGFP DAKEDS DR hoTwnhL
WHZELEZLNS, L L, A VARG L TV WERRLTlX, MP-EGFP #15f
B THEA LGS L FERORAE Y — RO, BEBELLEDLS Vv, T2,
T ANWADHIENHER SN DL LD B o L RWE GRIZFEARK 15 BERHLIA) 128
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VT, T TIZBEIRIZR T 200G s G, TbDZ &iE, BT 7 X 3 Nl
WAL T 7Bl D I N$ 2 2 L 1d e dL £72.0 74V ADHIIZ
Jovi.> T MP-EGFP 3SR LT B DI [0 R 7200 HRILTn A Z &% Wikd 5,
L7232 T, 7 A IV ASEGLELIYIE MP-EGFP O35 i3 ML TW B & v nffigrkid
{INVARE ST (RS

7 A b A SEGAN & RGO T MP DR HI MR ATHE I K & BV 3 Tff
452 LE, 7/ A RNA Z BRI ER/ S 58502, MP 257 1 )V A DEEAE51K
EWAE, HAHCITHFEICH AR L TWA T EE2RET 5, TMV 70 L 75 X
P RIEGEEEIZB VT, MP E BB RO RIEDVEREDH LI BV T—HEL S &
VY HRHID DT L A I T H4ER TH S (Heinlein et al. 1998, Mas and Beachy 1999,
Szécsi et al. 1999)

CNHDEIEHAER D S, Tobamovirus DAL FIFETTIZVEE R BERED — SIS AR W% =
IZI—=PFEINTEH, 7AWV ZADOMBMBITIE YAV AEREGRL TfrhbTnh b0
TERWLEZOLND, TANVADEREBITOMICHTERPFIEST 5 2 &1, #l
FIBIRATICEI LT MP & 7 A IV ADRNZ ISR MDA T 2 2 L 2B 5, ZDnf
BEPEICBI L CId, B33 TiiN% PVX @ DNA B2 CHRIAI L, %4 & CTHE
T 5,
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plus strand ’

minus strand @ ﬁ

MP subgenome

> e

CP subgenome e

S e

K3 ToMV&EPVXOBEBEY NI &R

') LARNAD T 5 AN S BRI N 5#9126 kDa L #)183 kDad) 2 B ORNABRBERICEL D, 75X
BEHFRITA T AHANEBREIND, R FTAHEHBT TS AEHMNARIN, U1 IV AT
T3, e, Y1 T AHEHC 2BEOH TS ) ANEREIN. TNEFIOHTTH ) AN S5MPECP
NEPRIN 3,
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Infection with TMV-MP:GFP

BY-2 N. benthamiana

7-30 HPY early infection

8-12 HPI
N. benthamiana

12-20 HPI

16 - 24 HPI

20 - 30 HPI

7-30 HPI

late infection

Rl m (@]
| | |

7-30 HPI

K4 MABITMVIZE > TRELMP-GFPRE Y > /N7 OMIRRNBE

A-G. TMV-MP:GFP%#BY27/0 b /5 X MZER X B /-BE ODMP-GFPR S ¥ > /37 ORI REREI.
MP:GFPI3 B P~ IO T TAERORRE VL7 4 A FMROBEE-RT B-E) . /. BRMEER
mEMSEEMEHITT (G) . H. NbenthamianaDFEIZ BT ATMV-MP:GFPD BRI, 71 IV ABIIIER
ENBSENEFL TS, N, BEELL DLW S AFIC N TOMP-GFPRIE ¥ > /X7 DRIlRNRTE.
MP-GFPRE & > )N 7 3B R VR OMR TIIFBEERICREL (0. N, RA) . BRSH~%HD
HIRTAERORRORERUL T4 A MROREERT (J-M) . HPI: hour post inoculation

Heinlein ez al. 1998 Plant Cell vol. 10, 1107-1120 X D 3IH
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A
ToMV genome .
Replicase  — —
-| ) MP § CP
piL.G3 Replicase
[35s Y 9 1 1 v Jescrr]

piL.G4NE

5

{ G3GFP

MP HG4pB

%]

EGFP |:

NLS

ERICHWSET I A2 ROBEAK

nos T

(A) TIMVORBRAE TS5 2 I ROBAK. BEERIC

ToMVDY ) L ZRT. KEIRY 7Y o708 —%
—DiEERT. BERDO=AFI7L—-L T FNER%
WA UERT. BIIMPR U\CPOORFYE > TW AR,

FRINBVE2 %R Y. GIDBIZGALA4 DNA binding

domain D BE,

(B) MPRUGFPO—BHREH TS5 A I ROBAK. 7
FAIREDT () RICTHYMBRNTRETSS > NY

DL ZEIL L.

33

B

p35LM [ 355 )| Tomv MP[_]
(ToMV MP)
p35LME ToMv M| EGFP [T
(MP-EGFP)
p35OMM  [355) =
TMV MP
(TMV MP)
nos T
p350bM 35S ) obMP []
(Ob-TMV MP)
p35CgM v
(Cg-TMV MP) [ses % come [
p35CcM nos T
SHMV MP) 355 ) CcMP
p35WM nos T
(CGMMV MP) [ess ) wwe []
nos T
p35YM 35S 3a
(CMV 3a)
p35KN1 ms ) kN [T
{maize KN1)
pBIG3 L__)I_EIT
(G3GFP) 35S ) G3GFP
nos T
pBlerG3
(erG3GFP)
ER-targeting signal
nos T
pBImMGFP5ER | 355 XMmGFP5
(mMGFPS5ER)
ER-targeting signal
nos T
pBINmM 355 MmMGFP5
(NMGFP)
NLS
pBIG4NE 355 VG4osl] EGFP E]T
(G4NEGFP)
NLS



K6 ToMVDDNARR:

(A) piL.G3DN.benthamiana® AN D AN 5 48RFHEE D 7 1 )V ABIREBAL. T 1 IV A BHAZ AN GFP
DEHDIEN > TWBBRTIHEEEINS, (B) piL.GHSF)ZHALLRE. HHEZMRICTELEEST
W3, (C) piL.G3(SF3)Zp3SLMEFICEA L ZHBE, ToMVOBITRERENPISLMMO SRE L /-MPIZ &
> THMA I N, GFPOIRDEMEERMIZHEA> TS, Bar=50 um
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=z [ M
‘ | I

X7 GFPO#HAE 1L

BRI T X TN.benthamianaDFFEIZ T 7 2 2 REARUBBITRELHDTHS. (A) pBIGIDA%H
AL, GFPOBNEN—MRIZCEEE->TWNS, (B) pBIGIDAHZHEB AL, H6hDRITHEATLMT
GFPO#AAEEMAIC LA > T3,  (C-H) pBIG3%p35LM (C) . p350MM (D) . p35CcM (E) .
p350bM (F) . p35YM (G) . p35KN1 (H) &3IZEA LIRS, GFPOMM OHLBAMEE =N, GFPO
HAVEEHRICHEN > Tnd, (D) pBlerG3ZEAL/HH. GFPOHNII—HMRIZEEE D, EROXR Y
ro—oMBgEINS, (J. K) pBlerG3%p35LMEFLIZHA L7z, GFPOHEIZI—MRIZE EE-THD
. EROEEMNBERINS, £ K) OXDIIEBELAEZDOMRICHANBERINIBELH DM,
NIZBEFRZDOMBICERICEBAIN-BRETHSEEZLSNS, (L. M) pBIGINEZp35LM &3t
WALE, BIZHRLWEENBEEIN, MEECHDOINIHANERINS, TLALORGTEARMT
GFPOHLHIIEB I Nz (L) . BEME TOIMICHANBERINIBEHHSD M) . (N, 0)
pBINm%Zp3SLME LIZHA L, HANXKRBH T TGFPOMBEILENERI NN (N) . UVRH T TIIIE
B L /=GFPOHKIIFTMN -7 (0) ., Bar=25pum



K8 erG3GFPK ING4NEGFP% L R—# —& L TR DToMV DKL
(A) piLerG3Z®A L., 48RMIHRICBIT L=, U1 )L ABBITEVerGIGFPO B DL > TV BTt

ggahs, £, EROZENRSNS, Bar=5S0um, (B) piL.erG3(SF3)%¥ A L /=, GFPOHENIT—#
Bz EE>TWS, (C) piL.GINEZHRAL. BAROMPRET 2> TWBICHMnb5 T, Mk

MIBITHBE T N2, Bar=25um



Blue light UV light

B9 Trans-complementationSEE& iZ & > T 7=MPODE F #iFH

BHEIZTRTTSAI REAISKMEBICBRELEZHDTH S, A, C. EXHFEXERBHT. B. D. Fii¥h
FNRICEBF#UVEBH FTTHRE L. (A. B) piL.erG3(SF3). p35LM. pBINm®D 3D T/IAI R %
FEsEA L7, (C. D) piL.erG3(SF3). p35LM. pBImGFPSER®D 3D/ A I RERIFFEA L /=,
(E. F) piL.Nm(SF3). p35LM. pBlerG3D 3MBIN /I XX F2FKEALKL, UVRHIZE > TRIEX
N2BETHEAME ETEHRBR A>T /M) OBWTZEK T, TOMBICEZET S —HBOM
ROBGHERBTRLE, FBRIODDBEICTMINARBHRABEINDI NS, BRTHAKEERT
BREINEMPIE. TORIOME RETHAZER) ICBWTHHEEEL TWB I EAanha,

Bar=50 um,



.
.

10 R fTobamovirus®MPIZ K 2 ToMVEITHERIBOEE

piL.erG3(SF3)Zp35LM (A) . p350MM (B) . p350bM (C) . p35CgM (D) . p35CcM (E) .

p3SWM (F) &3#ICEA L%, 2TOMPIZEL S TToMVOBITEERBIIMMEEI NS4, CGMMVDMP
BMETF (p35WM) OHEBEBIZMODDEEXRTHEVI ENGN S, RERIISTRETNA4BEEEIC

7o 7z, Bar=50 um,
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411 MP-EGFPRIS Y > /U DRE

(A) p3SLMEDH»Z¥A L., 40RRIEICEHERL /-. MP-EGFPIIREFDRRDOBELERL . GFPOHNIX
—fiRICEEES> TS, KB0%DBREGETFEABUITIOIIBRENBRINS, (B) p3SLMEOQA# %
WAL, 40BsRIEICHIER L., AROBEYIVEL, HREBOFREBEEKEEZ SNA2E2IC Ry PR
DEHADORENBERINS (KEH) . Tz, ¥2020OBEFHEABMICBNT, REKRBEENDRENHE
Boifa TE®EN 5. (C) p3SLMEZpiLNm(SF3)&FLIZMA L. 24RpMEICERL /=, BICRET 2
GFPORE (A=A) BRI NABREL TSI L%2RT, MP-EGFPIRIEFHBEEICRET S (KH) .
FEEREGIIRTETO5HNBUVERA T TREZ ISV ENS, MPIZBMA L/EGFPICL B HDTH S
TENERBTED (D) . (E) p3SLMEZpILNm(SF3) & 3tiIC@ A L, 40BFMIRICHRE L /=, CEFEER.
MP-EGFPIRREHEEKICREL (KH) . TOHREIPZUVERH T TIBRENZW (F) . Bar=25um,
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A MP-EGFP

B ToMV.Nm(SF3) + MP-EGFP

Bi12 e A BEMSEIC & AMP-EGFPD RTEREHT

(A) p3SLMEDAZEA L. 40RHRICBE Lz, FEBORKOBER LT 1 T A > MROBENEE
3. (B) p3SLME#%piL.Nm(SF3) & 3£IZHA L, 40KHIHRICEHB L /-, SBROBERL T4 5 A> b
RORERZBRRINT, MREEDO Ry MROFAVBEEIND, B AN ETHRENICEERIC
R25b0i13, HEHMBEEICHEET BNMGFPO L VIV TH 5 EEXS5N5, Bar=25 um.
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= 2N

aggregated MP

degradation or recycled
by proteasome @

re-utilized
for further
movement

° —\/ : ToMV genome RNA

v : putative host factor ™", " ToMV genome RNA (minus strand)

P

K13 ToMVOMIFEEIBITOETIV

1. MPRUANAEYMOBTERIN, HEBRIEE., FLR3BEEEF2AL CTHEMICHEERL., &
EHEERT 5.

2, ZOBPEGERIBNE MT) FERBTIFT745A2F MP) 2FALTERBRERICEETS, £
D, BUBRESDHEAELE. b L IIMPRNABAAOANEREEK 2 AT 5, —HOMPIIE
MTRHEMRICBTT 5.

3. BEMRRICBHEINMPIZTA N A Z I SICEOMRBICHBITIRS-DICHAAINS,

4, BREEPITRO., TN AOBITRERICTDODNREI B> T3 E. REDOMPIRRIMT 2N L THIBRA
%Kl:g;ﬁ]gh\nﬁﬁ'ﬁ‘éo BELEMPRTOF 7Y —ARE>THREINS, £RRTAINVAOBITOR
DICETIAINS,
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4 1. GFP variant DTE

excitability
GFP variant® subcellular localization

uv blue-light

G3GFP (G3) - + nucleus ~ cytosol
NmGFP (Nm) + + nucleus > cytosol
erG3GFP (erG3) - + ER

mGFP5SER + + ER

EGFP® - + nucleus ~ cytosol
GANEGFP - + nucleus >> cytosol

C () MITIET TR I FOLTNHIHWO N EZRT (M5 BH),
PRIFACHNZ & % gene silencing AV Z S W HEME T T T A 72 MBD GFP L ISEHIA e
% (#)77% identity) EGFP % Hiv>, ToMVMP & Dl % 2287 28 72,
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422, GFP variants DAMIEHHLTT & MP (2 X B AT L O A

expressed proteins

frequency of GFP signals in two or more adjoining cells

24-h post-bombardment

48-h post-bombardment

G3GFP 6/100 (6) 54/139 (39)
G3GFP  + ToMV MP 60/115 (52) 21/42 (50)
erG3GFP 3/133 (2) 5/145 (3)
erG3GFP + ToMV MP 3/55 (5) 2/48 (4)
GANEGFP 2/70 (3) 1/50 (2)
GANEGFP + ToMV MP 4/87 (5) 5/47 (11)
NmGFP 2/52 (4) 12/35 (34)
NmGFP + ToMV MP 23/84 (27) 34/60 (57)
G3GFP  + TMV MP 98/160 (61) n. d.
G3GFP  + Cg-TMV MP 75/164 (46) 13/27 (48)
G3GFP + SHMV MP 44/78 (56) n. d.
G3GFP + CGMMV MP 77/132 (58) n. d.
G3GFP  + Ob-TMV MP 87/153 (57) n. d.
G3GFP + CMV3aMP 30/47 (64) 20/34 (59)
G3GFP  + maize KNI 42/87 (48) 21/35 (60)
G3GFP + GAL4-VP16 5/39 (13) n. d.

T =713 (BEEME CHEAEPER N0 /1 (FHEHIEE SN E OB
T e () WOKTIZFDO%THD, T72, trichome DRI T3 GFP D#ATHS MP
FEGFHE T THOHBICEREINL 20, BIZEDH TV, nd. : not determined
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43, MPD B PEREHIC X A ToMV D21 f DY

bombarded plasmids® cell-cell boundaries” total no. of
infection
I 2 or more sites examined
piL.erG3(SF3) + p35LM + pBINm 8 (13) 54 (87) 62 (100)
piL.erG3(SF3) + p35LM + pBImGFP5SER 17 (18) 77 (82) 94 (100)
piL.Nm(SF3) + p35LM + pBlerG3 4(12) 30 (88) 34 (100)

@ ST AI FOREIIK S ISR L7,
PRI R IR Lo B OMIIER 2 B 2 TToMV.erG3(SE3)RAT L 728G D8 % 7§
() NI BIRGEAA T AEIE 2 % TiRd o BRIAY RGNy — 0 2 [X9IZ/R L 72,
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£4. Kk BMPIZ X A ToMVEES FHEXSHD KAl

co-expressed single-cell 2—3cells 4 or more cells  total no. of infection
protein infection (%) infected (%) infected (%) sites examined

none 98 2 0 53

ToMV MP 9 19 72 166

T™MV MP 4 21 75 56

Cg-TMV MP 10 25 65 207

SHMV MP 14 16 70 196

CGMMV MP 20 54 27 97

Ob-TMV MP 14 18 68 50

KNI 96 4 0 26

ToMV DIRGVET 5 A I F piL.erG3(SF3) & M T (none) F72IEKITRL2Y 2287
BT AT T AIFEITEAL, B{EFEARK 48 1EH] T GFP ZHMila0 % 71
v b U720 T2 3 FNDBEFIE T A )V A DFATHHHl S N7 IR GLERAL DR D AR gL L 2 0
TG ERTRLIZODTH S, AYNBE L BRI OE /R’d, 72720,
AR DOTES DN IZwico, BRISED L1275,
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45, ToMV #i82 X A MP-EGFP DAL F ofitk

Distribution of MP-EGFP"

bombarded plasmid® in uninfected sites in infected sites®

single 2 or more (%) n.d. single 2 or more (%)
p35LME 206 58 (22) - - -
p35LME + piL.Nm(SF3) 292 82 (22) 25 8 71 (90)
p35LME + p35LRp 39 11 (22) - - -

77 A FORII S TR L7z,

"single . MP-EGFP %% {58 A S 72Hlf O Wi K OF 2 Dl & PR & MlIT BE 12 D A ]
EENTZEL D, 2 or more . MP-EGFP 235/ DOFURBL DOAIREEE 12 & %S K 725D
o nd. . 7 A IV ADBITIZEE XN AH, MP-EGFP D AMHE: S ie oo 723D
o () PIIC MP-EGFP DHEIEAEIE SN2 TOMMOHEUII L, MP-EGFP 4%k
MR DAa T B SR DEI G % &R L72e MBI 2 e/ Yy — > 2 11, 12 (TR L7,
CREYLHIIE UV H8SE N T NmGFP OB £ O FRE L 72,
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% 358 PVX OHMRIERIT O THEE DA

47



Potato virus X (PVX) (2L E 415 Potexvirus S5 D 7 A )b RN A AL S AL
TWVWLIANATN—=TD DThb, PVX 13K 6.4 kb O -AKFHID T T A RNA &7
JLNEFTLETIANATHY, OLIROK F 22N Do 7/ L1213 165 kDa O # LAY
Fl. WA —=/N—=F v T L7 3 DD ORF (Triple gene block, TGB) (23— N &4
TV A% -84 25 kDa, 12 kDa, 8 kDa D 3 FiHin ¥ > /%7 (FNFN25K ¥ > /357,
12K & > 2327 8K # v /37 LIR) . KUK 25kDa D CP 32— FENTWw5 (4 14),
TGB (22— F&N 5 3FHID T 2 /3725 PVX O MP Th 5725, HHBITIZIZI NG
WZMZTCP bWETHA (Chapman et al. 1992), PVX O EAERIT TMV D515 & Ii]
K. RNA BB RICL > T A T AP S, TREHFML THUT 7 AHIH
BN END, FDORS, 7/ L RNA E[AIFEICH 2.1 kb, 1.4 kb, 0.9 kb ? 3 fi¥in 747
JLIEREND, 2.1 kb DY T ) LHIE 25K ¥ 230 1.4 kKb D77 Lpbh
IRK R PEHEND, 8K ¥ U871E, VKRV — LS BEIET 12K § 2737
DR 2 F o &5 AMRIE L (leaky ribosome scanning). 1.4 kb ¥ 77/ L0 5 Kl
POHBZT2HEEHOMGEI RO PORERGEAZLIZL > THKEINS (Morozov et
al. 1991), 0.9kb DY T4/ L HIXZCP OB EN 5,

Potexvirus /&% (X U ®. Carlavirus, Hordeivirus, Benyvirus, Pecluvirus JE%., TGB %
FEFOANADMPIZ.TGB D LD ORF (22— F &5 b D HLNEICZENENTGBpl.
TGBp2, TGBp3 & #Fr& M5, Potexvirus @ TGBpl (& ATP/GTPase {&M4 % 55 in vitro
TIX RNA & DFEBHREHNTR STV 5 (Rouleau et al. 1994, Kalinina et al. 1996), % 7:.
H A D RNA helicase (ZH 5N A F AL 2 %FE->TWw5h (Wong et al. 1998), & 512,
Potexvirus @ —7f# T % White clover mosaic virus (WCIMV) @ TGBpl %%, 10 kDa D7
FALT OMBBE O EMRET S Z L HRE SN TBY, Potexvirus O TGBpl (&
TMV O MP & RIBRICEZE MO SEL % LA S5 MR- Twa EExbnTw
% (Lough et al. 1998), L#*L Potexvirus ® TGBpl (¥, TMV O MP & 3570 | J5E

WWERER T, RS OB E NI S A E AKIZIBAET A (Davies et
. al. 1993, Rouleau et al. 1994, Chang et al. 1997) o
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N A2 GFP Z il (v L7z PVX @ 25K % > /3 7 I SAMINAEA 7§ 5 2 E ATl & LT
1) (Potexvirus @ TGBpl {3 LI AN 7§ H1ie ) &30 & £ 2 5TV 4 (Yang
et al. 2000)s LA L. N AJilZ GFP Zili{s L72 PVX D 25K & > 737137 £ )V A =l
WA S DEEfER K> THB Y . C AURIZ GFP (s L7215, #iE 3 547 25K
5 8 FIESAINEA T L v e v it b 4 (Morozov et al. 1999) 6

TGBp2 M UF TGBp3 (22Tl TGBpl (I EWIEAHEA TV RS, Iy /X7 (2
W BOKIED W A 1 2 & b | HIFLA T ER KA UM oMl 12 fgfr 3 5 2 & %0,
TGBp3 DFEHIUZ L 1) TGBp2 DB T 5 T L3 kis STV % (Hefferon et
al. 1997, Solovyev et al. 2000) o

PVX O CP (3I&G4-AIIIC B TEEISHITT I ERS 5 7 4V AR FINICEIER S
M, —ENIEH RS IZJHET A (Rouleau et al. 1995, Oparka et al. 1996), L72>L CP i&
FEEA D SEL % 15885 Z 137\ (Lough et al. 1998, Santa Cruz et al. 1998,
Oparka et al. 1996), 7z, BURTHRIM S 75N ZFEREERICHAT S 2 L5 CP
FlE D T34 2 b wn e Eiy STV % (Rouleau et al. 1995, Oparka et.al.
1996) , MFLHIFEATIC CP AL TH D Z L6 PVX IV A NVAK FOIETHRAITT 5 &
WO e, TA VAR FEIZBER LD /87 RNA AR (VRNP) ZHEIL TR
FTTLTWBETE DOHEVBHIEN, ZOEELTHLONETEZGD>Tniw

(Lough et al. 1998, 2000; Santa Cruz et al. 1998) o

PLED &5 A 205, Potexvirus 1347/ 2 RNA A3 TGBpl (25K % > /%2 ) KU CP
EHAER (VRNP) %L, BUBEEK A EB L T eV ) ETUARE I T
% (Lough et al. 1998), F 7% DE:, TGBpl W EILEEAED SEL % [ 3¥5 &£
5NTV 5, — 5 TGBp2 (12K ¥ > 7%27) MU TGBp3 (8K % »/37) IENLHHIR
L7-#IRBN CTHEAE L. VRNP 2 REOHH ORI E ks T T3 2 &El 2 H- T b
EEZLN TV A,

L2 L. TGBpl @ SEL LAEMHIE~A 2704 V203 X OEERIZEL > TRE
N7zbDTHb, HIETLERIEBYYA o040V 20 3 DFEBRERIT MP K
KOMWHE L T WIEESEDYH 5, £ 2 TAIFETIE PVX OMIfERBITO X 7
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ZALEMYIT LI ERIME L, PVX ODED MP 12 SEL % |5 3851k 4 0
D& GFP iifx [ & ONIEE A D JURFR A NI TR L7ze $720 PVX @ DNA K457
% )1V T trans-complementation JEEA {7y, TGB % > 737 N UF CP OHMININFEA (iiglc >
WTH ML L7z,
ZOHUL PVX OMIMBATIZL Y 4 RO Y 230 D) B 12K § 2737 B3
WHE#AD SEL & LA SN2 >Z eIk o7, 720 trans
complementation SE5RIZ X 0, 25K & 2287 12K ¥ X7 KU CP AYURGLEALIZ BV
THINaM 2 47 L, SEHIICB W THIE T 2 DI20 L, 8K & /737 3BT E 7. 5
BUAHIBHNTERET 22 EAHONII Lze EHICARMIETIE 12K 7 2 /87 OB
FHRIZE) 8K & U/ OEFEIZ L A BT RV S NS Z L2 w2 L7z, Ih
SORMBATID & KETIE PVX OHIBHBITOX A= X LT 2HBOET IV E
BT 5,
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MELE )i

[PVX @ DNA &4 7"7 2 3 N Ofi5E]
piX.erG3

pBlerG3 (25 2 ity kL& )yilizlit) 206 Xbal-Sacl (1L (Sacl Al b L72) (2
EYIY I L7z erG3GFP % 32— K9 S/ &, pPVX201 (Baulcombe et al. 1995) @
Apal-Nhel Wi#) 0.7 kbp % pPVX201 O Apal ERGL & Vit Asidb L 72 Sall GRALO )4
AL, piX.erG3 #{EBL 72,

piX.erG3(25fs)
piX.erG3 % Apal THEIHT L. A% 5 b L 72%% self ligation & T piX.erG3(25fs) % 1\t
726

piX.erG3(12fs)
piX.erG3 % Xbal {HAL L. A% Y4 b L 71, Apal %7213 Xhol TYIWT L 7249 0.3 kbp
K O¥ 1.8 kbp DWrFr % piX.erG3 @ Apal E/L & Xhol SRV DIICHEA L, piX.erG3(12fs) &

/B -
7720

piX.erG3(8d)

piX.erG3 =7 7L — bt & L. 8Kdel XU GFPrev 77 4 ¥— % fl\»T PCR Tl
L7z DNA WiF % Smal-NspV {41t L. pPVXUK3/OIl (AL KFEEHE L L D 5Y9) %
Apal-Scal {HALL TSN 545 0.7 kbp DM & #£12 piX.erG3 @D Apal &7 & NspV ERAZ
DENFEAL, 35607277 A3 KD Xbal i 6 NspV #0 E TORTA % piX.erG3

O Xbal &H7 & NspV SO BN ONE A L T piX.erG3(8d) % 14720

piX.erG3(8dm)
piX.erG3(8d)% Nhel i L L. FKimx FiB b L7 Xbal L L CLTIHELN A% 1 kbp
DT % pKF18k D Xbal EHL & Kb & TR b L7z Sall SALOMITHEA L2, 572
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7°7 A 3 F% Mutan Super Express Km Kit (TAKARA) % /JH\>T site directed mutagenesis
Z1j\. 8K ¥ /37 ORF DM N> % AUG 75 ACG (ZA M 3472, ZPBEALL
JH72 8kmut 77 A Y —DRCHNI FIZ/RT o BWEIGEALIZT T A I N5 Xbal-NspV
Wr)v 2ol L. piX.erG3 @ Xbal Hii & NspV FNLONIZATA LT piX.erG3(8dm) % 14}
720

piX.erG3(Cd)
piX.erG3 % Nhel & Xhol THAL L . K% 11k L 72 self ligation &+ T piX.erG3(Cd)
13720

piX.erG3(TdCd)
piX.erG3(8dm) & Xbal ML L. K% il L 721 NspV (HAL L TH: 541 549 1000bp
DU % . piXerG3(Cd) D FiF b L 72 Apal #BAL & NspV ERAZ ORI I3 A L T

piX.erG3(TdCd) & i+ 72,

p35X25, p35X12. p35X8. p35XCP

PVX (O %#%) & TGB BE¥l% & pPVXUK3/OIIL %7 >~ 7L — FZ TGBfw KU
TGBrev 77 4 v —% Jiv>, PCR 2L 5T PVX (O strain) ® TGB % 7— K3 % DNA
Wi 2 38iE L7, ZOWR % Xbal L L. FKink B b L72f%, pBI221 OEERmit
L 72 Xbal & Sacl SR ORIIZIEA LT p35X25 %1572, F7-. PCR THME L 7- TGB
#3— F$4% DNA M % Ndel-Scal {H1t L. Koz FrE{b L. pBI221 @ Smal FH &
FrgFumAb L7z Sacl SMEORICIEA L T p35X12 #1572, pPVXUK3/OIl % 7 > 7L —
b & L. PVX8Kfw KU TGBrev 77 4 ¥—, PVXCPfw & U PVXCPrev 77 1 ¥ — % i
V72 PCR IZE ST 8K ¥ /37 RN CP % 1— N9 % DNA Wi 238iE L. Xbal-Sacl 1
b L7z, pBI221 @ Xbal FL & Sacl FALOMIZIEA LT p35X8, p35XCP % 1§72,

T4 —DEFIEDLTIIRT, 7T A3 FBED-OIZFIA L7 HIREEE OB
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FCyl e e TG, F 72, RLRA 2T A L7252 T M Tacds

PVX8Kdel 5’ - TTACCCGGGAATCAATCACAGTGTTG -3’
8kmut 5'- CTTTGCTGATCTACGGAAGTAAATACA -3

GFPrevSpe 5’- AAGACTAGTTTATTTGTATAGTTCATCCATGCC -3’

TGBfw 5’ - CCTTCTAGATTTGAATAAGATGGATATT -3
TGBrev 5’- ACAGAGCTCGAGTATCAATGGAAACT -3
PVXCPfw 5’- TGATCTAGAAAAGATGTCAGCACCAGC -3’
PVXCPrev 5’- ACTIGAGCTOTGGGGTAGGCGTCGGTT -3’
PVX8Kfw 5’ - TGCTCTAGACTTTACTGATCTATGG -3’

[N. benthamiana DFFE E 73— T 1 7V N2 & B n -8 AN O EIES
2WOMELE HiEEBROZ L, 72720, PVX BEWT I 2 I8 (&HID° piX. T
MELLD) DIN=T 4 7 VT L LR FEATIE, 77 F v —7 14 X273 1100 psi
DR D b D% FH 7z,
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i A
[TGB % > /3712 & BWUETTHED SEL O 151

Potato virus X (&, Z DN F£1 (2 Triple gene block (TGB) (22— N &4L7: 3 Mii
Dy 87 (25K ¥ X0 12K ¥ 287 8K ¥ LX) ENMEY 2oy (CP) @ 4
D5 v 87 %P8 E$ %, Tobamovirus & [l PVX DIEA R WS 0 SEL
M54 % (Angell et al. 1996) Z &2 b, BATIZWE S 4 MDY 2237 O
POl D BATE A SO A EEX > TV B LT AL EZ LN L, 4 D5 ~
ISTDY B EDY LRI IZEDERENVAAET B D%, U2 FTHW/: GFP iifx [-
EDMEBEAIZL BT v A4 ZTHRT,

TGB ¥ ¥ /37 HBH\WVILCP & - MMIZHIT 5 77 A I N p35X25., p35X12, p35X8.
p35XCP % {Fi L (IX] 15B). pBIG3 (G3GFP % —#MIZ5EH4 %) & IIT N. benthamiana
DYV =T 4 T NA ETEA LT BRI AN 24 NFRIR (ZSEEBAMEERIEE L
G3GFP ORI (T —) DPEEE SN DL A Ji~7/- & 2 A, p35X12 & pBIG3
DHLA GO TRIFEA L 725575 O AH 14D GFP Ze 8Ly T/ve —pigigg s 7z (14
16B, £ 6), p35X25, p35X8. p35SXCP & D[FHFHE AIZB1T 5 GFP DL 4% 1L pBIG3
HANTTEALIHEE EEDbL -7z (K 16A, C, D, £6), ZOENH, 12K ¥~
I DI EER O E B R A SELEEER > T 2 EWnh o7, £RUNMND
7 R ZIEED L) iERIIRWR I N ko 72,

[PVX ® DNA &% & trans-complementation F2ER]
pPVX201 (David Baulcombe f#1: & V) 43-5-, Baulcombe et al. 1995) %, 35S 7'H-E—
—IZX DHIWHIBBN T PVX O/ L RNA #5457 IAI RTHY, /5—F 1
7 NVA Y THEMHIRLIE AT 5 2 & T PVX RSB 2 E0TESL, 20D PVX I
FHLA CP Y77 A7 0E— 7 —IZ X DAREET AT 5 L) 1CE&EFshTw
o CODTTAIFEFAL, B> T GFP 258895 PVX @ DNA &G 7 T A
IREMEL, PVX BT EMEICFE S 5720, Mz 908 L % v erG3GFP
(ER \ZBFET 5 G3GFP, £ 1 M) OEILT% pPVX201 ([ZHAAAKR, piX.erG3 %1E
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WL72 (M 15A) SDOTTAI Rm/N—=F 4 7))V T N benthamiana O SEIEA L
720 A3 NTLIIE, X 1TA IR L 72 &9 12 PVX &G L -l O sl S /e,
B2 A 2 1112 TlE GFP DDAy - 727280 . DO )ik T3 Tz |-
A3 NI 72,

KAZL AL
W& 2K 7 N B TAIEFNREFNR T L — L0 7 NERZEA L, piX.erG3(25fs)
KU piX.erG3(12fs) & {1l L 720 CP &In-F-1213 635 WD WNERR A LW & EA L7z
piX.erG3(C) M L7z (X 15A) 0 LBEINSDTITIAI FhOREBT LY AL A%

ML e KIAL 72 PVX DI AT 27 M afER L7 25K & /%7

PVX.erG3(25fs). PVX.erG3(12fs). PVX.erG3(CA)D L HIZE ) F FDOKIZL KR — 7 —
{fy Do TPIERO T ANTRRLT A2 L1127 5,

LEPVX DAL AT 7 % N. benthamiana O FAEN L7z & 2 5 PVX.erG3(25fs),
PVX.erG3(12fs). MU PVX.erG3(CA)DEGsE, RTOMMIZB T IANIIE EF - T
W7z (4 17B, C, D, £ 7)o THITEY 25K # 2787 12K ¥ » /87 CP DiEfnt %
KL PVX ASHIKLIAE T C & v T EAERE S L7z,

RKIZ 2K #2877 12K #2807 CP & -MWIIRHT AT IAI N2, FRF

UIAHR T A EILTICARTEA L PVX DRGNS TTAI FELITEAL, trans-
complementation FERZ 17> 72, Z DB, 5 2 & [k pBInGFPSER % fHIZEA L, UV
BHEHNZ X > CEHIZTEASN-HRAFRETE S LI, 25K § > /%7, 12K ¥~
INT RN CP O —#@PEIEHIC L D . BRREK PVX OBATRERIBIIAAH S . IR
T erG3GFP DFHABRE SNz, 720 £ 8 IIRT L) IZ, 76~83%DEGFAL T,
R T S N7 SRINER 2 DL FMZ 725 25 T PVX ORI LT
V72 (B4 18A-D, G, H, %.8)o L7245 T, 25K ¥ > /87 12K ¥ > /%7 KOS CP I,
FEM LI B T SIS B VTR T A Z EAWOL NI R o7z, SO END
INEDY 3713 PVX OFRATITAE G RS I B W CHERBRIRA T3 5 2 L AR
I/,

[8K % /37 RIBERAOERBRMB IO 12K 7 2 /37 OBFHIBIZL A 8K ¥ 7%
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FERE AL A1)

8K & ¥ /37 W [ AANTALT 5728, 8K ¥ 2 /X7 ORFIZ 7L — 242 7 F &1 44
ROLDRIANA ALz A N7 7 b piXerG3@) AL L2, CDTTAI K%
N. benthamiana O SEORMINEA L7728 2 A, #) 10% D PVX.erG3(8d) DGR IZ B W
Ty 2~4 DI BEET AHIH0 T erG3GFP DIEHIAMEL S 4L, PVX.erG3(8d) 13§
RSO T A 2 L2394 > 72 (data not shown), PVX.erG3(8d)iZid 12K ¥ ~
)82 ORF &4 —/N—=F v FL728K ¥ /87 DN KM 23 7 3 /fk a— F$ 55455
Ko TWwb, 20 8K ¥ /87D N Kt O%HAT PVX.erG3(8d) DAl 1T DI
RIZZ > TWB WA R STz, F 2 TIDOEDDORBEFRIIZ S 20, bk
D 44 SEIDNR KA T, 8K # »7%27 ORF DBgia K AUG % ACG (I4z AIEHk
EAEALL (X4 15A), SOHJEEBUL 12K & 282 D7 3 IR 2 b 2w,
CDFERAEA L /2T T X I K piXerG3(8dm) & FHW-EERTL | 9 14% DGR
. T PVX.erG3(8dm) D I HEA - 72 2 & R TP BIE SN (M 17F, £7),
PVX.erG3(8d). PVX.erG3(8dm) & 6 & DL YAR S [ BE IZ MM #8145 2 £ 6, 8K
5 273713 PVX OAMRIRATIZLEAN K b DT> 2 2 LAV Iz,

ZOZLENDTTAI NOHAGHE THERTHILIZLITGB ¥ ¥ /37 & CP
DETERLIANVAIADI L XA MT 7 b piXerGITAC)ZERH L (M 15A). p35X25,
p35X12, p3SXCP D 3N T I A I FEIZEDOMMIITEA L7z, 25K 7 2 /%7
¥ 287, CP OFFEHIZXY, M 17TH (ZBURT B &L 512, # 34% DREGEANL T
PVX.erG3(TdCd) DAL AT ARG S 7 (R 7)o F 7. piX.erG3(TdCd)% p35X25.
p35X12, p35X8. p35XCP M 4 RN T T A I FEITEA L7BG. 7 4 VADOBAT
DL INDEEER2PICERA L (171 £7)o ZOFEPS, 8K ¥ /X713 PVX
DRI AT 2 72D BEAT K b DT B WA, BITOMELE S5 7204
TH b EHfmo bz,

25K & 237 12K & 2oX7 | CP M S V7256 PVX.erG3(TdCd) D Al [H]
BATVBIZ SN A5G (34%) 13 PVX.erG3@8dm) MDA DS (14%) ([ZH_TH
BllEhorz (R 7). 2O ERPDL, 358 THE—F—IZLoT 25K # »/%7, 12K
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5 287 CP OV A HEEIN S 72 & T 8K ¥ 2 /3y OREHEKEIA AL S 4L
SN VR A By (WA

DN HEVE R MR A 72, piXerG3(8dm)E p35X25, p35X12, p3SXCP DL
o E I EORINIDEA L7, Z O, piX.erG3(8dm)%x p35X12 & LA L7C
Wty #9 60% DIRGEENLT 7 4 W ADRAT IR Sz (170, £ 7)o 2O &
5 PVX.erG3(8dm)DFATHEN UL 12K & > 7327 OB\EIEBIC X - TR < 1
B EDVHW L7z, . p35X25 F 721 p3SXCP & DBEATIE, 7 A4V ADHIN
BRI IS S N D EIG 1L piXerG3(8dm) & HIMITHE A L2 G E B b b hah oz (K
7)o ¥ 7. positive control & L T piX.erG3(8dm) % p35X8 & M EA L7256 121E. 49 90%
DI T PVX OBATHBIEL X472, PVXerG3(25fs) M UF PVX.erG3(CA)DBATHEN SIS
12K % 2737 O—#IREBI L > THIRF S e h o7 (0 17K, L, & 7)o L2 T
8K ¥ > 737 OFERERIAIL 12K & > /37 OMBIEBUC X - THIHF S LS Z LAV o 72,

[8K ¥ > /%o OEF &)

SBICREBIL 7 8K 7 2 X hS, 7 A W ADEITIAL: - TGS CTHIFL AT
TAHEPE)PEEONIIT A0, piXerG3(8dm), p35X8. pBImGFPSER @ 3 FlifiD
75 A3 K% N. benthamiana DEEIEA LTz, R 8ITRT L 912, £ 91% DG |2
BT PVX.erG3(8dm) DAL B FEA S NI BET 2l TTH - 72
(I 18, & 8)o 5D 9%DIEARAL TlE PVX.erG3(8dm) I LEIZTFEA S 7oAl 1242
LTV WHIRBE TRITL Tz, L2L, ZOEGIE 8K ¥ U /N EHFAETTD
PVX.erG3(8dm)DAlE T DL NIV E[HFRETH o720 L72A>T 8K ¥ /37135
(LTEA SN BVTOREREL. 7 A VADRITIA - THllA 28473 5 2
CldnwnwEEZ LN,
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[12K & /3702 & B IUB R o SEL A

WYUK DB MTEZ 0 B ) kL, £ <D MP (2Ll T 4 & £2 5 Tn
LHIETETH Do KeA BRI DT FAN T v ETA 70420 ard 5 k2K
). Potexvirus DEATIZWE L & 2 /X7 OWTld TGBpl (25K % > 737 ) 3% D%
HoTWB EW) ZEMHRE SN T2 (Lough et al. 1998), LAL. 52 BEDFTiub
NIzE, AU TV a ANV AREREILT LOINET S Y~
IR KEDHAL A BRIGTEZ SO L T v e W) A % % (Storms et al. 1998), L
72S o THEIEE MM OE B % LA ZE5 L0 MP DiEMEIE, BIOHETLEI DT
BLLEDND 5,

2 TIE, MP & GFP 22N EN 8N T 27T AI Na/—=T 4 7 VW
SEZE ) EOMNIZIMFEE AT S &) [T, Tobamovirus @ MP X CMV O 3a ¥
2230 % GFP OAM Oz RET L5 L2 onLice TNHEDY 23713,
BRI 704 T 27 v a e ORI TS B KO SEL 2R3¢5
ZEDHE XN TS (Waigmann et al. 1994, Wolf et al 1991, Vaquero et al. 1994), L 7=
755 TC. MP & GFP D[FERHEADEERIE, MP O SEL ¥ AEHEZBINT 572003
ELTHFIHTTRETH L EEZ LN S,

PVX @ TGB ¥ /327 KU CP IZ2WTH ZD%R% VT SEL ¥ KIHH A F~R7- &
ZH, 2K 7 RTINS DEMEFFD I LD o720 12K F 230 DIFURE R DE
BT LA ST L) HMRIEIINETHLN TRV, L2L Angell 513 25K ¥ ~
)N R 7z2 PVX 3G L 72 T b IR G R THO TR TF A b7 X 08
FTTAMEE SN T VWD I LIS L. SEL DK b DT w8798 25K 7 2380 72
TRV EWV) T E BTV (Angell et al. 1996)  Z D HF 747 SEL D _LF-13 12K
5 DIEEEIL L BB DDL LN\, 12K & 2373 S > 737 (I A Bk Y

AL VRS, AT ER & DN D HIRBANER SRS 2 2 VR s
TW % (Solovyev et al. 2000), —7. BIEEEE DR D—2>Td % desmotubule
(3 ER BEHKEDOHETHL Z M5, 12K ¥ 2782713 ER L OMEER %4 L TREY

58



Mgk D SEL & |5 S5 D00 Ltk

CHFET SEL AHEMEE RO L EZ LN TEL 25K 4 271220 T, ZDOihPk
ISR Do 2IHEANTH B D5, L7z EHii~va a2 ar%
IO 7 AT LIS ) . S FE T 25K § 237 12D 0TS s LT & 72 SEL @
BARATATH R R X B0 b Litevy, LA L trans-complementation FEERD#;
BE PVX BGEIIZ BT 25K & 237 DR EOERE 2l L T B 2 & 2R LT
VB IDT ENG 25K T 28T AT A )V ARG R IR e & A AER L. SEL
% LA S MIEAETE RV, L L GFP a1 & DIEEA DR A R 5 2
), PVX 2°a—F§55 08009 b, FEEKD SEL O R m 2l %

B LTWADIINRK Y 0 ThhHEEDbDNRS,

(4K 2 B4 5 TGB # > /37 [ UF CP DA #17]

Trans-complementation EERIZ X 1), 25K & v /%27 12K ¥ » 7827 KU° CP (& 1 #i
T—@INI B S E7 G0, BEMIICBWTHHEREL, VA VA% S HICZDEDHM
BECRBITSEE T EDgh otz ALY, 25K #0380 12K #2737 CP D
3 RS 71, PVX BEHIKIC BV T, 74V ADBATICE - THRIRI R % #8417
LTWAIEHIRBENI, —H, 8K 7 U237 I IRBL7-HIBIZBWTOARBEEET 5
ZEBroT,

INFETIZY ANV AIEELHF BT 12K 7 2787 KU CP SRR % &
V) HiEIE v KEDOFE TR/ E )12 N Kiigll GFP @G L7z 25K & /3713
MIFERIT L. —H. C K¥gll GFP Z@ElG L7z 25K 7 /37 3BT L v e i s
Tw5 (Yang et al. 2000), D2 WHDREMEG Y > /37 LT, W& L b PVX 2847
LR O LV O HE S (Yang et al. 2000), C K4t GFP @& L7 25K ¥ ~
INTIETHY PVX ZHAT SR BIEM RO L W) Wdin $H S (Morozov et al. 1999), L
7230 T, 25K & 237 SRR TRE R FE o TV B DD &) FFEIIRIFRO X £ T
Ho120 —H TANABIEMLTIE, 1 MBTHEBELA 25K & 2737 12K & 237
KU CP BEHEHIRBIZ B TOHO I T 5, L72H > T, E2FET/RLA ToMV
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DYy EWiERIZ, 25K & 27827 0 12K & 2787 L O° CP DHINLIEIFEE 1L PVX OHIELC
Lo TMEINDBEEZ LN, ZDOIEIE PVX OBIT EEROMIZIIN S DM I
DA AAET 5 2 & % 5,

Trans-complementation DYERFZ 7N IZ L D | Lough & (2000) & 25K % »
IR7 KOECP 37 A W ADRATINE - TR T L T b 2 & 2 #iiy L 72 (Lough et al.
2000), L2L, HESOHEIE, 12K #2873 1T - BMICHBL X e a8. %
DOHFITOAKERE L, BRI TLA YA VA ZBITSE LNV E W) BT, KAF
RTHIAEREIT LTV D, 5 DN & AR TIT - 72T L 13V O DD ET
b, ROLEEEERONDMESIL, W72 PVX XI5 =Ly A VZADOEE%
FET 570DV KR—% —ild b, ARTIE, L/ CPH 77/ LATOE—F—
"o LR—%—& LT erG3GFP Z%HT 5 PVX w7205, 1S OMHTid. GFP-
2A-CP @&y /37 % 8HT 5 PVX VT 5, GFP-2A-CP Bli& 5 v /37 H B I3H%
BEL e wds, HCYINIES A ST I VEERLYITH S 2A BYIOBE 12X b, EEEE
DCP AR L, T PVX IZHIBIBIRITTE 2 £ 91274 % (Santa Cruz et al. 1996), L
7 L. GFP-2A-CP @&y ¥ > /320 25+ % PVX OBITIE, EHLA-CPH 77/ 47
OE—¥—05LGFP #FHHT BT A TDEDIZHANTENZ EAHE SN TV 5 (Santa
Cruz et al. 1996), Z#DOHHE LT, 2A BHIZ L 2 HOCUKIPEETIE R Wico, Lk
MOETIET D GFP-2A-CP BUE S ¥ /30 05, 7 4V ADMKIERATIC BV THEMIC
BTV B I EAER LMD, Lough HAT2 72 GFP-2A-CP =% T 5 PVX W/
trans-complementation DA T, 12K ¥ /37 $7:13 8K ¥ V37 BILT % K& R PVX
DAYAMT 7 METEAL7ZGE PVX ORBATRERIELHIH S i WEIEHH 60%
~70% & IEEIZEV (Lough et al. 2000)s —F . AEFFETIE, 8K ¥ > /37 DFEREFEHR A
12K 7 37 OBFBEHICEI DB EIND I EA2RLZ, 2D EH 5, GFP-2A-CP
A Y ST IE 12K Y 230 OEERRISH L THEMIE C o TlE e E2 bh b,
OB, G, CP & 12K ¥ 287 EOMEMER, b L EIBITHEEIC BT 2 lE O
EE T FNTHD EEIRFEOCHRAEO NS00 LIk,
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(PVX OHITBIFEA 123513 5 8K & > /37 Dfifil]

8K & /37 %K< PVX &, Ml gz cmilidho Tl orz, 2HDZE
(£, PVX 13 8K & /80 2T HAINBATT 5 2 A TE B0, dp L (BT 4
720021E 8K ¥ 28 OFERENLETH B 2 L & kT 5, 72, PVX.erG3(8dm) Al
TFEA 4 25 12K 7 287 OEFEBLIZE ) 5 L7z, 6> TL 12K & 2237
(& 8K & NI MR LI G . TR T E vt BEZESIC L Y . TR
LAV EIHETE L EEXON5, Thbb, 8K ¥ X /37 DIFENL, 12K & /37 h8
FOPICZDRREEZ K75 L) IR T 62 L THLENR S,

N. benthamiana O YD FKEHMI TIX, GFP-12K @Gy > /3713, MfLNHD ER B
Hisk &2 SNBHEIDET 5% 8K 7 2287 % T &4 5 & GFP-12K Rl
5 27 DIAE I O TSR ZAL T A 2 E AT STV S (Solovyev et al. 2000) o
ZDOTENG, 8K F /8 DRENL 12K & 80 AHIORGERIES e LT
HY., FUIE > THIREEROBBN @05 12K 7 237 OFREA B L T 5
DTE DL EZLNE, T2, 12K & 287 OMBIRBIZE Y 8K & > /37 Dfhe
KIAEHMHTEH I Edbh, 8K ¥ /NI DAL LR WVIGETH 12K ¥ /237 DT~
PSRRI AL T &, HERET AL EZ LILA, 8K ¥ 7737 %K< PVX 7° leaky
LR A RTDIIZFDIDHTHA ),

(PVX DHRLRIFEATD A /1 = X 2]

LIAT Lough 512X - THRAB & 117: Potexvirus OMIFLHIRATIZET A2 E TV TIE, 7
/2 RNA 7% TGBpl (25K % »/%7) KU CP &E#4A1K (VRNP) %4k L. BUEE#E
L Tl & Ehd, ZOB, FIE#EKED SEL & LA E¥5 Y /3713 TGBpl
THhHhrEEZLNTWA, —F, TGBp2 (12K ¥ >/¥27) MU TGBp3 (8K % »/X7)
(& VRNP ZHELDGH O R £ Tl 2182 o TR Y | UL ERKICEE
BT, 222 BT ABICUETHL LIIELLN TV D57,

ARFFETIE 1 AR C @A RI L7z 25K & /%7, 12K & %0 RIS CP 25 A
NV ADKIBLIRAT IO > TR CRIT T A Z L 2R L7ce 612, 12K & 28798
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WURYOERE D SEL & AN SE 5 2 & 260 L7,

CRHEDNWDH B, 25K #2387 KU CP IZIHT 5D DIE, Lough HOHEHL
ETNE ST HH, 12K 7 287 DN T 2 LU0 %o VL FISAL)

TSI % » 721 & £ L 72 Potexvirus ORI OE TV 25035 (14
19)6

PVX 7/ LA RNA 13 25K # > /87 CP XM 12K ¥ > /87 D 3 & B3k (VRNP)
ML L. BURRLERS 2l L, BEEIRIC BT L T EEA 6N s (1 19-3), B
FEHIR R Sz 25K & 2280 0 12K 7 RO K UF CPE 4 IV A % S 1250/
BT SER72OUIHAHENEDTHS ) (IX19-4),

8K % /37 DELENS 12K & /37 OHHERiBITHH Z £ 05, 8K ¥ /3713 12K
& 8y ERIAER L. vRNP ZEUZEEARE, HEHWVIEEDRHEE THRT LI L TH
LEFEZONE, 12K 23K 8K 7 237 I3FDT 3 /BRI SIS » /0 T
BB I EHTRIN, /o, EBRICHIAT ER RLPMIREICEET 2 2 &Moo NT
1% (Hefferon et al. 1997, Solovyev et al. 2000), ZNHND Z & % ZJET 5 £ . PVX ? vRNP
(/NBERE D R FE o THRIBEMEAIZHET A L V) TR EZ SN0 E (1 19-1),
BB\, VRNP L 8K & ¥ /37 O & 1250, MR SR 12 dx s,
MK % U RS E CER SN D E W) RO ZEZ 6N S (M 19-1., 2),

A ZEDE L 72 VRNP 13, 12K & 2732 OFEEEIZ & » T S - R &
MDOMNERZ M L CHHEAIICRIT L T EEZL LN D, 8K & V37 I35 L 724l
RNTORERES S Z L0 5, vVRNP DRTEEM & BM§ 58712, 8K ¥ ¥ /37 13
HMTLHDOTHAH (19-3) PVX EGEHINE TIXFR T E @D % BT % desmotubule
AHIEINTWAE T &5 (Santa Cruz et al. 1998) ., vRNP (LSRN SO HABAE
ARE) L CEBT 2000 Lk,
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Triple gene block
L |

plus strand
minus strand @ ﬁ

{

subgenome 1

S@®
Se
®

subgenome 2

CP subgenome

S

X14 PVXOBERIEY NI ERR
5 ) LRNAD TS5 AN SBWIREIN5K160 kDaDRNABBIBERIC LD, 75 AEEHHICIITIF R

BINEREIND, WA FABEHEICTS ABENEARIN,. VNV RAIHHET D, £k, 71
AEEHRC SBEOYTY ) LAMERIN. TNThOY TS ) LM STGBY /)37 ECPHIEHIR X
N5, EEL. 8KY XTI, 12KY 2 /)XJORFOBMAI R 2 URY —LHME@ L (leaky ribosome
scanning) . 8K#% 2 /XJORFOBAI R 2BRMIT B LICL>THERI NS,
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A B

piX.erG3 p35X25
(PVX.erG3) I—-t> (The 25K protein)
355 J_ Rep 25K eecrH cp |HHgs] 35S 25K
/ p35X12
(The 12K protein)
oasese) I BRE G o 2K 5s
[PVX.erG3(25fs)] 12K | 35S [ros]
p35X8
. The 8K protein
piX.erG3(12fs) 25K @1 ol o (The 8K protein)
[PVX.erG3(12fs)] TE 35S Klnos
. W p35XCP
piX.erG3(8dm) 25K ; LIﬂGaGFP CP (The coat protein)
[PVX.erG3(8dm)] 12K 355 P Iros
piX.erG3(Cd) 25K \
[PVX.erG3(Cd)] 12
piX.erG3(TdCd) d Y‘}'a V
[PVX.erG3(TdCd)] ;"i :'j@ -I

K15 ERICHAWETS A3 ROERXK

(A) PVXOBS#RME TS A I ROBERAN. B EBROHFNAREZY TS ) L0705 — DA EER
T, BERDO=AIT7 L —LYT7 MER, ARVO=MIIEEABERERZEA L&A ERL. TH
EORANIINBREEREZBAL B ERT. BRIIBTGBY > /X7 ORFOREFINE > THWBEAH,
BRI NaWES, FEEMAZORPEIBRINIEIERT.

(B) MPRUGFPO—@HRR 5 X I ROBERAK., Y5 AI REZOTF () RICHEYMBEATRERT
55 N0 D&M ERLE.
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.
.

16 TGB# > /37 BRUCPIZ & 5GFPO KRR i #
pBIG3% (A) p35X25. (B) p35X12, (C) p35X8. (D) p3SXCPLHICMAL. 12K% XD &3E58

B L7-B8IZGFPoMiaM D BN REX NN (B) . DS I EDERBEIC L - TIIGFPOILHIT
BgExnnho/- (A, C. D) . BRIIL TRETHEARUKETIT> 2. Bar=25pum
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L

.

B17 PVXDDNARR & BITRERE DR

(A) piX.erG3DN.benthamianaDEEAD AN S 120D T 1 IV ABRPIRAL, 71 IV ZABBIZ WL
GFPOENMEN > T B HTNEBRINS., (B-G) BTGBY /N7 K UCPICERZHWA L=PVXDE
LEgfr. £NEHN (B) piX.erG3(25fs). (C) piX.erG3(12fs). (D) piX.erG3(Cd). (E. F)
piX.erG3(8dm). (G) piX.erG3(TdCd)ZH AL 7=, piX.erG3(8dm)Z /AL =B E. W4 D{A T
PVX.erG3(8dm) DB A E MR ICHAS > T (F) . (H) piX.erG3(TdCd) #p35X25. p35X12.
p3SXCPD 3FHED TSI AI REFKIZTHMALZET A, $34%DEFHFA TPVX.erG3(TACA) D BITHEHE
XN/, (1) piX.erG3(TdCd)%p35X25. p35X12, p35X8. p35XCPOAEEN TS5 AI REFICHALT
BE. ¥82%DREIIAL TPVX.erG3(TACA)DBITHEEE I Nz, (1) piX.erG3(8dm) & p35X12% [r] i A
L7z&EZ 3, #60%D BB TPVX.erG3(Bdm)DBITRERBNHB I NS, LML, piXerG3(25fs)&
p3SX12% M A L7-8B8 (K) KUpiX.erG3(Cd)&Ep3SX12ZHALBE (L) OLTHIZBWTHPVXD
BTEERBIIH#BINAEN 272, BLLETHRETEABRNRITHREL/=H D, Bar=50 um



Blue light UV light

BJ18 Trans-complementationSEHRIZ &L > THX/=TGBS > /30 R UCPOE @ H

(A. B) piX.erG3(25fs). p35X25. pBImGFPSERD 3MBMN 75 A K2 FKAALKZ. (C. D)
piX.erG3(12fs), p35X12. pBImGFPSEROMAEHETHA LK. (E. F) piX.erG3(8dm). p35X8.
pBIMGFPSERDMASHHETHA LK., (G. H) piX.erG3(Cd) p35XCP. pBImGFPSERDM A HHE TH
AL7. A, C. E, GEHE&XRBHTT. B. D. F. HIR—O#HBZUVRN T TREL /=, UVIRHICX
STREINI>RETHRAMBOBTEZFRBRTRLE, A, C. GTIRZOMEN SMBEENE 2 DL L
A-MIlE (RED THGFPOHANEBRINDI I ENS., 25KY 2 /XT . 12KFZ /%Y. CPILREETFEA
MRS IZBERE T DMARICBNTHREL TVD MM S, —F. ETIIGFPO#AIIFR TR L M
KEEE2ETIHRETLAEN > TWARANI ENS, 8K NV IIREFRAMBICB N TOSHAEE
LTWsEEZBNS, Bar=25um,
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©

X
VRNP trafficks on cytoskeleton § Tu z n
or by vesicle transport E calmnnnnt o
@ N F
SELincreased 33  .%° E ..'}
by the12K protein«:=** \:q_"" @
The 8K protein Re-utiized
released for further

movement

Reach to cell periphery
associate with plasma
(?) membrane

@ vesicle

X19 PVXOMfEIBITOETI

1. TGB¥ /X7 ECPiX, 7'/ ARNAEBEEME (VRNP) %L, 8E/MEIZX > THIRO i E R N

5, £7=135 ) LARNA, 25K% >N, 12K#% 2 )\0 ECPOBEAENMERSE I E TN, F I T8KY N
JERERT B,

2. vRNPIIMIfRE | ¥ 7= I3MIf A @SB OERE b 2 R BB EE = TBITT 5.

3. VRNPHREEEEICBET S L, SKY NV IIBEET S, /=, 2K NI NFEREEKICERL.
SELZAKI®, 4/ ARNA, 25K% /%Y., 12K% 2 /N7 ECPIIBSEMIRICHITT 5.
4, BEMRICEHEINZY N2 RB 71 INVAZ23I5CBOMRICHBITIES-D,. BRHEINS,

VRNPIZIZEBIICBID 2 R—RX O MRS ENTWAERBEZEASNS D, KEMRLT B0 RI Mo
7o
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J6. TGB % » 7527 NIFCP @ GFP DAL o4 2 s

expressed proteins frequency of GFP signals in

two or more adjoining cells (%)

G3GFP  + 25K 17/283 (6)
G3GFP  + 12K 108/192 (56)
G3GFP  + 8K 12/199 (6)
G3GFP + CP 10/144 (7)

7= ZILBIETE AR 24 MERITO GEEHMIIET GFP DU SHEREE S /-5 %) /
(GFP D ENDBEE I NIV OEED) #RT o () NOBTIIFDRTHA, 7.
tichome DAIRIE TIX GFP D454 MP JEAFAE T CHHIBIZEIZ SN L 720, HIZHo

TV,
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L7 LYK PVX O LB & RA e KA ALl

PVX mutant co-expressed single-cell 2 cells 3 or more cells
protein (s) infection (%) infected (%) infected (%)
PVX.erG3(25fs) - 47 (100) 0(0) 0(0)
PVX.erG3(12fs) - 58 (100) 0(0) 0(0)
PVX.erG3(8dm) - 101 (86) 13 (11) 4(3)
PVX.erG3(Cd) - 45 (100) 0(0) 0(0)
PVX.erG3(TdCd) - 30 (100) 0(0) 0(0)
PVX.erG3(TdCd)  25K+12K+8K+CP 42 (18) 19 (8) 177 (74)
PVX.erG3(TdCd)  25K+12K+CP 95 (66) 31(22) 18 (12)
PVX.erG3(8dm) 25K 100 (87) 12 (11) 2(2)
PVX.erG3(8dm) 12K 55 (40) 32 (23) 51(37)
PVX.erG3(8dm) 8K 13 (9) 22 (16) 105 (75)
PVX.erG3(8dm) CpP 73 (91) 6 (8) 1(1)
PVX.erG3(25fs) 12K 33 (100) 0 0(0)
PVX.erG3(Cd) 12K 58 (100) 0(0) 0(0)

MATRE 2 RIEL 72 PVX OGS T I A I FEHMT, 7213 TGB ¥ v /37 U CP %
RBSTH77AI FEITGEAL, S5 FEAR 72 KT GFP 2288 L TV AHliflan
e r L, () NOBFIIEEEEMAS T HEEEZRTRLIZbDTH 5,
7272 L. MO b IZ Wik, BILED R 7,
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£8 TGB % > /37 NUNCP D PRI X B RATHER I PVX D&Y PH

bombarded plasmids’ cell-cell boundaries” total no. of
infection
1 2 or more sites
piX.erG3(25d) + p35/X25 + pBImGFPSER 16 (17) 88 (83) 104
piX.erG3(12d) + p35/X12 + pBImGFPSER 22 (24) 68 (76) 90
piX.erG3(8dm) + p35/X8 + pBImGFPSER 64 (91) 6(9) 70
piX.erG3(Cd) + p35/XCP + pBImGFPSER 9 (17) 44 (83) 53

» I A3 FOFESEIXX 15 1ZR L7,

P RCTII RIS B OMIIBEE R A B 2 T PVX.erG3(SF)DEAT L 72 IR G E AL O $ % /1%
To () WIS T A EIG % % TR, BLRING YNy — %X 18 12/
L7z,
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FAE EETANVAFTORITRERIBMHEMERIZL L
MR AT OBFAT
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Wit A LVAD MP 1, A IVARIZ L »TT7 3 7B 26 kA AsF L F LI
AT 7 & S M2

1N TWAUEND DB I E kX7 SO EOANUINEIF D A H =X Lid

o TWh, 720 W20, B3 TlE ToMV, PVX DAY

TANAFUZE 5> TRAE D MP &7 AV ADMIIZERYEY AT 5 X2 5N 5,
L2 L. &5 74V ADOBITHERED SH Yy 4 L ADORITHeRABE 2 M 5 2 & %R
T AR D it ST B, PVX % Tobamovirus /&P SHMV X° Hordeivirus J&®
Barley stripe mosaic virus (BSMV) & HAZJERI4 5 & PVX DIAKEEE T & 2 WHERIOD
HPZBCTRITT 52 &%, MP @fa -2 K41l 72 PVX A% SHMV & D IiIHERE L &
o> THIBHIRATT 5 2 &A%k ST 5 (Atabekov et al. 1999, Malyshenko et al. 1989) ,
FRATIANRAENCIENTTIZ, BSMV O MP i#i{n % TMV @ MP F 721X RCNMV
(Dianthovirus @ ~2) O MP & AtUEZ THHBIMEITT 52 £, RCNMV @ MP
THEOF AT TMV 2SHIBIITTA 2 L L I & LT3 (Solovyev et al. 1996, 1997,
Giesman-Cookmeyer et al. 1995), £7:, TMVOMP 28T AT A 2= v 7 N
TIBWT, MP KL 72 CMV % RCNMV 25HilIBIIT T4 2 &% iis s Tw b
(Cooper et al. 1996, Giesman-Cookmeyer et al. 1995) .

Morozov & (1997) X, 25K % > /%7 % /K { PVX DBATHEXRIALS, ToMV X Cr-TMV
D MP O— @B X VHMI NS 2 & 2 L7z (Morozov et al. 1997), LA L—
HT,TMV OMP 25T AN T VAT 2=y 7 NI IIBWT 25K ¥ 287 %R <
PVX BATTE LW E VI REDL H Y (Ares et al. 1998), PVX & Tobamovirus DFEAT
PEREDSISHLTRE T H B D E ) Hho3ir > T Do 7,

B AV A M TOMBBEBITOMMICET 5 AR T ED, oMl E R T
AT % 2 LAZKEY Y AV AOMBIEBATO A 1 = AL 2 BET 5 L TEELFHIHY
52T LB EEZLND, F1ETHRRL I, DNA BRYRITERFEY 1L
A TOHNEE AT OMBHR O IICHTTHETH B, £ TAIFETIE ToMV &
PVX O DNA 4% % IV 72 trans-complementation FEER(Z L 0, RFEY A VAR TOE
ITRERIEMH DT 2 AT > 720 T 720 ABFETIE. ToMV & PVX IIh12. TOWH L
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(90811728 5 Cucumber mosaic virus (CMV) @ MP & CP it THIv, fifbrzdr-
720

CMV & 3 77D 77 25T RNA 77/ . (RNAL, RNA2, RNA3) #2771 VAT
H5bHo RNAL, RNA2 (ZiE la ¥ 2 /80 b 20 7 030 h3a— RENTWS (4 20A), =
D2HHD Y 237137 A WABBN W e 7 237 ThY . 1HRTOY 1V A8
(213 RNAL & RNA2 72T Thh, RNA3 (I 3a ¥ 2237 & CP D 2 HiiDY »
N HIT— RENTED (1420A) .CMV DM FEATIZIE Z DEE AW T % (Canto
et al. 1997) L7:A%>T 3 AD% 7 L RNA 28l 16 EAE DM AT 5 Z & AF
LGB B E 2 B,

A4 a e HWIRITICE D 3a #8713 10 kDa DT F A b
7 v e MR S5 2 LA STV % (Vaquero et al. 1994, Ding et al. 1995),
H28Th 3a ¥ /3713 GFP OHINB O A IET 2 Z EAVRENTEBY, 3a ¥ >~
N GBEIREEKO BBV SO KRR F 0L B2 oMb, /2, in vito DRIZE
WTC 3a ¥ U837 ITECYIIIEFRAYIC RNA 2450746 2 L b5 E N T\w% (Ding et al.
1995, Li and Palukaitis 1996, Vaquero et al. 1997), 2D X 9 7% 3a ¥ ¥ /37 OHE L TMV
DOMP EFULTWAD, LPL.CMV D 3a ¥ NI ER/TANT VAV 22w ¥
INITIEMP KIETMV BRBITTE R WI EARE SN TWAD  (Cooper et al. 1996) 6

AHFETIE TS, ToMV & PVX DBATHEGED B\ W ORATRERIAZ M4 T & 2 il
Nfzy ZOER, TOMV & PVX O MP O BHREBIZ L > T, #REFNHVOBITHE
KIUIHR SN LW EZPLNII L, F72, AETIEICMV D32 ¥ /87 L CP il
HO—EHHEIIZL 5T, ToMV & PVX WHEDBAITRERIAVHM I NS Z & 2L 2
WZL72e LU CP 2B e LK A% 3a ¥ /3713 ToMV Z#1T &€ 55 PVX
BRITSE LW ENS, CMV @D 3a 7 237 RIS CP 2L AHIFIRIRITO A 1= A 4
{3 ToMV & PVX D TERZL > TWhH Z EATRE ST,
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MELE )il

[CMV3a 7 > /827 L USCP @ - #1879 2 3 F oS
p35YM. p35YMd33, p35YCP

CMV (Y R#) D 3a 5> /X0 %3~ K95 77 A3 F pYMI22 (il A2A 40 ) UHE
LA LV ) 25727 —FE L, 3afw KU 3aDelrev 77 1 ¥ —% /2 PCR
(2 & VA L 72 DNA Wil (C3aAC33 % 27— K9 %) % BamHI-Sacl {fi{t L. pBI221 O
BamHI &7 & Sacl SRAZOBNIAFA LT p35YMd33 %1572, pYMI22 % BamHI {H1L L.
Kb & T L7214 Ndel AL L TSN A C3a & 3— 3 AW % p35YMA33 @ Ndel
A &L L 72 Sacl SO RIZIEA LT p35YM %1572, CMV O CP #ElzFx &t
77 A 3 N pC3-3a247T (GREBKZE/AKEF HMIL X 0 705 Nagano et al. 1997) &7 > 7
L—F&L, YCPtw KU YCPrev 77 A ¥ —% H\\/2 PCR 2L V) YCP % 3 — N4 A
B &3 L. BamHI-Sacl {H1t L C pBI221 @ BamHI HRHLE Sacl FHAOBIIIEA L T

p3SYCP % 1472,

TIAT=DRIN L TIIRY e 79 A3 FEED7ZOIHM L 72 HIBREE S O 2R ALY
THABRTANY o

YCPfw 5'- AGTGGATCCATGGACAAATCTGAATCA -3’
YCPrev 5/~ TTTGAGCTCAGACTGGGAGCACTC -3’
3a-fw 5’- GGAGGATCCCATATGGCTTTCCAAGGTA -3’
3aDelrev 5’ - TCCGAGCTJTAACTGCGCGCATTCTGATT -3

[N. benthamiana DFZE & 73— F 4 7 VA 2\ X % BIEFE AR OS]
F2EOMEIE HEASIBOZ L, 72720, PVX B 75 23 F (4H1H piX. T
HELLD) DX=FT A I VTN X BELFEATIE, 77 Fv—7 14 A 2713 1100 psi
DBIRED S DA H\ 7z,
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CEEN
[F£4 18X PVX & Tobamovirus @ MP i (- [allEE A ]

PVX DAL T TEXK AT Tobamovirus @ MP @ - #VESEHIZ X - THIAF S b D
M ED R HRT,

25K % 87 &KL PVX DAY A NT 2 b piXerG3(25fs)% p35SLM (ToMV @ MP
WSS X SB) LT N benthamiana DEEIEA L, 3 HKZI@SE L8 25,
PVX.erG3(25fs) DI 4s i3 & TORRGEMI T L Al & EF o Tz (M 21A, £ 9),
p35CcM (SHMV O MP #5§$ % 1 [X 5B) & DFFHEAIZL - T PVX.erG3(25f5)D
BifrdelAohiro7: (21D, £9). LA L p350MM (TMV O MP % 5834 5%,
4 SB) ELRINEEALZCHE, K9 10%DEN T 4V A DBGADHAMINLIZLAT > T B
BHEgEE N, (1021C, £9)o 12K #2327 F721 3 CP #K PVX DIV A LT
7 b piX.erG3(12fs) 7213 piX.erG3(Cd) & p35LM % [FIFFHE A L 72357512 b PVX.erG3(12fs)
F 7213 PVX.erG3(CA)DHINBIRATIXBIS S e o7z (R 9) 72, 8K #0030 %
KAy A7 27 b piXerG3(8dm) & p3SLM O [F B5E A TIEH 5% D &AL T
PVX.erG3(8dm) DAL FATASREE S N /ohs, THIIEI TWITIRT L )2 8K ¥ > /37
2R PVX D3OI AIREBIT T 58N 2o Tnbs 0 Thb EEZ LN (kR
9, £ 7)o L7AoT, PVX DTGB ¥ > 757 KU CP D EDHEFED ToMV O MP 12X
STIHABTELVWZ L Ghol, LAL, TMV O MP A%, 552553 PVX OF
ITRERIEZ M L 722 L 25, £ TP Tobamovirus DRATHEREDS PVX DIITHERIA%
WA L2 WbIiFTIE W AR S 7z,

TGB % ¥ /37 BRI CP DWW Fhh D757 %K< PVX 234k L =Ml Tid, #h
PDALD TGB % > 737 £7213 CP HSPVX D%/ 1 RNA E BT B fetEhd 5,
ZHIZED, ToMV O MP & PVX 7/ L RNA & OMEAERDHE S, DR RE
% PVX OBATREXIBI MM SN o 72U E 2 bz, ZOWEENERE T 5
728, TGB ¥ v /37 & CP # &2 TK < PVX DG 7 0 — > piX.erG3(TdCd) % p35LM
EREFISEA L72AY, PVX.erG3(TACA) DM 4T 132 TORRSILIZB W THE &
Nigro7z (M 21E, £9), L7225 T, PVX DBITEERIRIE TOMV O MP I2L 5T
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T E W2 ED9ph o7,

[F1 1 ie K41 TOMV & TGB % > /%7 N UF CP jiifs: (- & Ol A

WDJIRE LT, PVX DI — N3 5 HEIC L T ToMV DA RS0 AL 4l
ENDLEDED)DRNDL 28 MP 2K ToMV DIE4YE 7 10— > pil.erG3(SF3) % . % TGB
¥ X7 L CP & - MINIEHT B 4 IO T T X I K ESII N, benthamiana D HE12E
AL7zs L L. ToMV.erG3(SF3)DMIM B T3 flEE S e o7z (I 21F, £ 9),
F3ET/RLAZEBY . PVXerG3(TACAIZZ D 4 FHID T T A I F&DjlbfE ALz
. 82%DIEGLEAL THINLINRAT LAz 2 e (K& 7). & 5 H O 77 A I Nl
AL > TH, PVXerGITACA) DRATHE RS Z AT 2 DIt p 7% Dy /87 73
L TWbEEZLNL, L2A> T, PVX O3 — F§ 58474EIE ToMV DOEAT
REXRIBX MR CE VI Aoz,

[CMV D 3a ¥ > /%7 & CP & % ToMV & PVX D#AT]

CMV O3 — F§5B8HEIZ X - T ToMV & 5\ 3 PVX OMIBEREIFT THERIRAH
#WTE AN E) D trans-complementation FEER(Z & V) Fi~X72, pil.erG3(SF3)% CMV (Y
K D 3a 87 (MP) #RBITAHTITAIF p35YM EFEEFIEA LSS
ToMV.erG3(SF3) DM RATIIBSE SN hr o 72 (M 22A, K 10), & 2 AAY, CMV
D CP % 3a ¥ o7 ELIZHEB S GIE. # 90%DEG AT BT
ToMV.erG3(SF3) DMl M F84T ASEREE S 4172 (IX] 22B. % 10), % 3. piL.erG3(SF3) & CMV
D CP %3 T 5 p35YCP L DFERFE A TIZ ToMV.erG3(SF3)DATIZEILZ SN h o

z (K 10)o ZORENSL, CMV O 3a 7 287 (ZEREERKOE B % #H, RNA
KAEATLEENEAT A0, ZNZTTIE ToMV AT 82 2 LdTET,
CMV OBATIZLE R T R—F 2 b 3a ¥ 2 /37 & CP) B%H 27255 12D A ToMV
ERATSE ) B2 D h oz,

3a¥ 0D C KR T I/ EERESELE, 20O CMV (FHREEEITIC CP %
WBEE LR A Z EHESN TS (Nagano et al. 1999), Z DIHRD ToMV Dl
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BB BT H WS N DT A 728, C Ko 33 7 3 /&K L7z 3a & /%
7 (3aAC33) % 358 7UE—F— (2L ) MNT L 75 A I F p35YMA33 ZAE L
piL.erG3(SF3) & Il A L 720 ZDHKiU. CP DAL b b 63, 97% DIk
BT ToMV ORIBINFEA T AN S 4172 (1 22C, &£ 10) 2D EMSH, ToMV D
LRI BN TH . CMV DY & BlERIZ C A 33 7 3 /fikE KA L723a & > /%
71X CP YERYER KD Z 3 r o7z,

3aAC33 HUMDOEEREIZ L W CMV IZAININEEAT 9 40 LA L 3aAC33 & [FIRFICE A
D3ay 287 BT D L) BHIANRZ CMV L BITOEE AR & 5 id 3aAC33
ZHBT AL CMV XD BB EVRITEINT WD AR A, KEFFHRE 6
DIZ) o T DBIGH MP KHH ToMV DFATDRIHIZ BV THBIEEIN LR L 7280,
piL.erG3(SF3) & p35YM. p35YMd33 % [ilti I8 A L7z, €DK, 3a & > 737 & 3aAC33
DIFEBUZ LY | ToMV.erG3(SF3) DML 2T BIEE S N B I IE 49%12 F T L

(K 22E, £ 10), 3aAC33 (2X % ToMV.erG3(SF3)DFATIL 3a ¥ > /3712 & o CTRHsE
ENDZENGmoTz, E6HII, pilerG3(SF3)& p35YM, p35YMd33, p35YCP O 4
DT 7 A I FNEEAL.3a.3aAC33 XU CP D 3 HE I X5 & ToMV.erG3(SF3)
OHNLEFAT DB SN A EG L 85% 2 F TIHIfHL 720 £72, ToMV @ MP & 3a %t
SRS A I B 95%DENT ToMV.erG3(SF3)DAINB I TAE S 7z, L
72755 T, ToMV @O MP (2% % ToMV.erG3(SF3)DOMMEI 4713, 3a DRI L Y fHE
ENHBWI EDGHh o7z (R10).

PVX ORATHEXRIRE CMV 53— F T BATHEEIC S > THIHIT & 500 &9 DAk
DEERIZ & o TRz, BATRERIBARMAKE LTE TGB ¥ v /37 & CP #&TKL
PVX.erG3(TdCd) % IV 72, PVX.erG3(TdCd)DRATHERIAIL 3a BInF & DRIEEEAIZ X
o> TIIHET SN Do 7275, 3a ¥ /37 & CP DMERFE M L7256, B0 08K
GBI T PVX ORBATHEIEE S /2 (X 23A, B, £ 11), LA L ToMV OH L I138%
D, C3aAC33 DFEHUI L - Tl PVX.erGHTACADRATEERFRIIMFI SN e h o7z, £
72, C3aAC33 (2N Z2 T CP EIZT 2445 L T PVX.erG3(TAC) D BATRER IR I AHA &
N -7z (M23C, D, K1),
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INEDHUD S MP KA TOMV DEATIZIE CMV D 3a & CP ALK Tdh b
L 3aDCAEDRANIE Y CPELKIER Y = & F72.3aAC33 DEEREIZ & 4 ToMV
DAL T, 50 ed 3a (EREEMICH < 2 &7 &0 ToMV & CMV A F2 7
WIMLT 3a 7 2287 JOY CP ~OUAFPEDIERIZ L KT W2 2 e otc, L
L MP KH PVX J 3aAC33 DEEEIC L o TBITTE W I 5 PVX DML
WL Tld 3a & 2787 O CP ~DKFFEAT CMV, ToMV &35 7% > TWw b Z LAYy

Mol
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H4%
(R REA T2 3505 5 MP & 7 4 L Z DI85 Y]

ATETIE, ToMV & PVX DBATHERAD DRI FFEIEIC & - THIMI X AL v Z
ERRLTZe M7 A A0 MP S IGIZIDETTE O SEL Y AWTPEZ 455 RNA #ifTiiE
EATHIEPH ST VD, L LAWET SNcHRIE, 7 AL ZADMITLNFE

Fri2ld, TRHDORENZTTEIAT D TH S I L2 ERKT S, 28 TE ToMV O MP
DIFAEHEADTT A N AL > TEALT 52 &5, MP AR ZM RO REIR 5
FAIEEIR L LI Lo TFgE s N AT BN -E AR T 5 0ifeliasRig s h
720 PVX OHIEIEBIT I BT D Z LA B 0 fetE % & 3 BTk ~<7z, L7:
Ao T, ToMV & PVX DORNIE, RN M- MP EORIL/EIHIZE VT
HCIISBAE L IERDH L Db Lt v, JIOnHEMEE LT, ToMV & PVX O
FIAEREDSSCHATE T d - 725K AY, MP & RNA DHIFEMNISEEDE I B 2 & 27E
ZbNb, 74 IVADOMBMEITICE. MP 257 4 LV ADER DG4 5 2 LA™
BTHAHEEZ LMD, TOMV & PVX b ER RIZHPE T B ARNTHET S L EZ
LNTW5b, LL, EILFNDS /) L RNA DIMEDTH D MP D& i b ey
72O, TNENRDT A NVADBATRRIADM ) D7 A IV AD MP 12X - THIHi s iz 2
ST2DODH LNG NV, WTIUIE L, EEL5D07 AV AD MP bty 4 IV ADRAT
RERIRE MM T & Ao /o 2 8 id, R EAMIBRIEAT & ORI S DM HAER DR
T5HEN)FEIFFTLHRTH 5,

ToMV, PVX i DEATHEKRIAIL CMV @ 3a ¥ > /37 OBMSEHIZ L > TH A S
Nho7z, 3a ¥ 2732713 10kDa DT ¥ A b7 v 2 IR & &, £ /- fey e
2 RNA LS5 e~ A0 V202 a v e W7ok - T
IREN TV 5 (Ding et al. 1995, Vaquero et al.1994), $723a ¥ > /37X RNA K GRER
FoZ LdIE SN T3 (Vaquero et al. 1997, Li and Palukaitis 1996) o SEL 3 A {14 X
RNA #EREEZ AT LI DD 5T, 3a HMTIX ToMV X PVX DORBATHEXIH Z M
TEWZeNbH, TV AOMBHBITIZI NS DRI TREHMTE NI &
D5
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[CMV D 34 5 > /327 & CPIZ X B ToMV K US PVX ORATTERHIO HIA]

3a ¥ /N7 IEHATIE ToMV X PVX OB TEXSIZ MM TE 2o 72h5, CMV
D CP EDIIEHUI L > T ToMV & PVX WifFDRATRENIHE M L7z DT &I,
transgene 7SI L7z 3a ¥ VX713 MP /K< TMV OFIIMEA T 2 i C & w2
ELE72CMV DAL ATICIE 3a & CP DMHEARETH AL & E T 5 (Cooper et
al. 1996, Canto et al. 1997), ToMV & PVX 22— N3 A2 BIHEIC L > THW DY 1)L
ARBITTERNWI ENDL, INLDI A VADBITOX /1 Z X LIERENIZR R 5
b EEZONL, 2B LT . CMV 253 — N3 2 Al BT ORI
DANAERBITEEDLZENTEL, LENHS>TCMV D 3a ¥ /37 L CPIE, 7AW
AMEIFFESMIZ T/ & RNA 703 RO KR E M8 r S LNV H D00 L
AR/

3a & CP DI & - T, ToMV.erG3(SF3)13£ 90% D& THINEI AT L 7212
it L. PVX.erG3(TdCd) 134y 50% L 28471 L e o720 WD A IV ADBATDORED F 7
BIEKE LT, ToMV OBEBE SR T 723BITICEDLA1E LN 25, PVX Db LY
b 3a EEVBAM R THEAMNL TWAEW) TENELBNDL, FORIE L
T, 3aAC33 DIEBUT L Y ToMV ORI SN 72HY, PVX DRATIIAR S e o
2 ENFTEND, TDT LI 3aAC33 78 ToMV O MP L L 7B 28> & %
RS B, 7 3/ BERCHI A & ST ARAE A & HEW T A & . Cucumovirus @ 3a ¥ V87 &
Tobamovirus @ MP (ZI3HIL L 72580 AF(E 5 2 & 23y STV % (Melcher 2000) o
IO EDNS, WED MP T 30K U0 A= =T 7 I —EWHRLEAT T
)= TEDL Evb T3 (Melcher 2000)

[3a & > /¢ 712 & B IR RIREAT O R E]
3aAC33 (IHHT MP KIH ToMV 2 BAT3 €52 AT E 5D, TERD 32 13TE
e\ DF D 3aAC33 1E MP KiH ToMV OBATICEL TEHRITH Y, TE2RD 3a
ENEHRTH DL EEZEZHIENTE S, 72, 3aAC33 & 3a T HEH SEL4E,
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3aAC33 (2 % ToMV DR AT S 7z 2 i, AT O 3a A5GPERLO 3aAC33 (2
WL, FIFU AT T A TIRERIRLZZEMINTE L, ZORTIA D (HEEE
LTHEALNL I E %24 12058,

3a & CP P UAET B0, 3a diTERL & 22 ) . ToMV @4/ v RNA, HIHMIHA
KO BN FE BT T e 2 8GR T2 5 (M 24-1) 0 3aAC33 1& CP JE{7AF T
bR TH ) . BATIRELR B EREZTE A (M 24-1)0 L2 L. ANETERO 3a
CAGPERLO) 3aAC33 HSHAFT B &, [TH DT ToMV O#BBIGIKE 72137/ 4 RNA F 7
QA BN ESEGIICH B L. 2 ORR. B b D8IGROERA T S b
LEZOND (243, 4),

£72, ToMV @ MP & 3a ¥ > /37 OISEB TN T O HEIIEE S e 2o
7l 3a ¥ 87k ToMV @ MP Tl M HAENA 235 7 % 20 MEAERH
DI N Re s E2605 (M 24, 13 Bl), &5 VIIHEEAAK L7230
FHT-£ OMESEHIZB T, ToMV O MP OHEFIVEL 3a ¥ 237 XD I3 AH0I105

VDL LI,

[#64 T MRS DARENE]

AFETIE ToMV & PVX O DNA B4 % fve, BT A L AW TORATRERIEM #
BRZ AL~V TR L. ToMV & PVX ORATHEREILE WIZRIBAGETH
HZER, CMV D 3a & CP 2L 5T ToMV & PVX ORBATHERIRIIEMI SN B 2 L %
B S22 L7ze L L—J5C, Tobamovirus @ MP DriZid PVX DORATHEKIE % HHH
LIBbDONHBEIER, CMV D 3a & CP OEFEIZ X 2 BITORED ToMV & PVX
TR E, E5I12C KMKIE 3a 732126 L, Wiy A VAL HDRE %
TEIELGDolze ZDL) RAEMRAERIT, WY AV AOMKEBITO A H =X
LHEHIZHATE 25D TIIRWI L2 ERT 5, T A VADBITDOA S = X L
YRS B 121E, SRELIECOFEHEDO T A NVARVZED MP & W7 BT H#iH S
DR AT & 3R, BAT (003 (S BERT O, ROEEMITAL
ETHH)o
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RNA1

RNA2

RNA3

p35YM
(CMV 3a)

p35YMd33
(CMV 3aAC33)

p35YCP
(CMV CP)

+— 22kb—»

nos T

3a

/ <+— ( terminal 33 a. a. deletion
nos T

3aAC33 []

g f

K20 CMVOY )/ LABEEAWETSXI ROBE
A. CMVOY ) Ll Z BRI RT., RNAIERNA2IZO— RENB1aY NT E2a7 UNTIXTANVADHE
YEFOSHEUMRTH S, RNAICI— RENB3a% 2/ ECPIIYA N A DKIRRBIBTICHERSY NI T
HB. 2b% )X 3gene silencingZ MH T HHEEF O Z ENMESIN TS (Brigneti et al. 1998) .

B. 3a% NNV RUCPO—@HRR TS AI ROBEERT. 7IAIRADT () NIRRT ZY>NI0D
LRI 2T . 3aAC3NICEKNMI3T X /BERE L3y NV 2BKT 5,
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-

BJ21 Tobamovirus & 'PVX D H \XDMP % i /= trans-complementation 2 iR
(A-D) piX.erG3(25fs)Z €€ (A) p35LM. (B. C) p350MM. (D) p35CcM&FtIcMAL
7zo p350MM%Z [FRr M AL /= & EDBM10%DBBIRAL T T < H TN IIPVX.erG3(25fs) DB THE
g3/ (O . (B) piX.erG(TdCd)Zp3SLMEIZHA L /- B4 bPVXOBITIIERI W,
(F) piL.erG3(SF3)%p35X25. p35X12. p35X8. p35XCPO 4HMBD TS A I REFICHAL X,

Z DBE HToMV.erG3(SF3)DHITRER IR IZHH X Nz, Bar=25 pm,
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K22 CMV®D3a¥ > /%7 RUCPIZ K A2 ToMVB{THER IO BHER

(A) piL.erG3(SF3)Zp35YM& LIZHA L7188, ToMVOBITRERBIZMA I N/,  (B) piL.erG3(SF3).
p35YM. p35YCPO 3FEEND T I A3 RZEMRFIZHA L, 3aCPOIFEBRIZEK D ToMV.erG3(SF3) DT H#E
BINS, (C) piL.erG3(SF3)&p35YMd33 % FFICHEA L /2, 3aAC33DRBEIC K VD ToMV.erG3(SF3) DT 438
L2xn3, (D) piL.erG3(SF3). p35YMd33. p35YCPZ[FMKFIZM AL /=, (E) piL.erG3(SF3). p35YM,
p3SYMd33 % FRFIZBA L7z, 3a3ERBITL D, 3aAC33IZ L 2 ToMV.erG3(SF3)DBITHNHEEZIN, TR
ORBREBEMNNEI L 2> TS, BERBETRIZTHARBRHE THRE L 7=, Bar=50 um,



. A

h
.

B423 CMV®D3a¥ > /7 R UCPIZ & BPVXBITHE RIBOMBHER

(A) piX.erG3(TdCd)Zp35SYMEFICHA L ZBE. PVXOBITRERBIZAMEI NI,  (B) piX.erG3(TdCd).
p3SYM. p35YCPO3IHBE DT I AI REFMIZHALL, CMVD3a¥ > X7 LCPORRBICED
PVX.erG3(TdCA) DB T I NS, (C) piX.erG3(TdCd) & p35YMA33 2 FIBFICMA L /=, 3aAC332RBXIHT
BHPVX.erGHTICH DB T IIBEE I NV, (D) piX.erG3(TdCd). p35YMd33. p35YCPEFBFICHA L,

3aAC33ECMVDCPE A RBE I H THPVX.erGITICHDOBIFIIBE I NA N, BHIZS TREFEAKNERT
®¥ L. Bar=50 um,
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3

@ ective form
w ToMV replication complex
‘ inaCtiVe form * -n--"‘

: putative host factor

K24 CMV®D3a% > /%7 RUCPIZ & 2 ToMVORIREEI T OETIV

1. CPHREHETIIHRE. 3adFEMHERN LD, TMVERESHRUBTICEALABERTFEMEERATE LI
£, TIMVZREEMAICBITIE 3,

2. CERW7I ) BEREKT DL, CPHEL Th3a (32AC33) IIFEHMM LD, TIMVERITE® S,

3, 3a&3aAC3IMHET I &, FEREO3aNENESEEHEERTZ Z&IZE D, 32AC3EMNE S LM
BERTERLIZD., BTOHEBENEZ S,

4, BITHEOHOEEEL T, 3BT ICBbOAEERFEHEETE & TBITIRERESERNBR TERL
RHEZEBEZSNS,
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£9. Tobamovirus & PVX D1\ MP % J}J\ 72 trans-complementation JZ5%

virus co-expressed 2 or more cells
protein (s) infected (%)

PVX.erG3 (25fs) ToMV MP 0/48 (0)
PVX.erG3 (25fs) TMV MP 5/54 (9)
PVX.erG3 (25fs) SHMV MP 0/32 (0)
PVX.erG3 (12fs) ToMV MP 0/33 (0)
PVX.erG3 (8dm) ToMV MP 8/161 (5)
PVX.erG3 (Cd) ToMV MP 1/44 (2)
PVX.erG3(TdCd) ToMV MP 086 (0)
ToMV.erG3(MPfs) 25K+12K+8K+CP 1/48 (2)

BATHE % RIA L 72PVX L 72IETOMVOIERGNE T 7 A I Fa BT, £7213MPE 3R
57T AINEMITEAL, PVXBEGEDLSILBRIZFEAETNERN, ToMVIEREEDSG A
(B In (8 A4S CGFPE B L T Ml BE o v v Lz, () NOTF
AR T BEE 2% TR LIZLDTH B, 72721, ERNARLIIHEORA D
PIZS Wz, BUIZED DT,

88



£610. CMV 3a M. USCPLZ L AToMV DR e i Kl

virus co-expressed singlecell ~ 2to3cells >3 cells
protein (s) infection (%) infected (%) infected (%)

ToMV .erG3(MPfs) 3a 42 (98) 1(2) 0(0)

ToMV.erG3(MPfs) 3a+CP 8(1) 19 (25) 49 (64)
ToMV.erG3(MPfs) CP 22 (100)  0(0) 0(0)

ToMV.erG3(MPfs) 3aAC33 2(3) 12 (16) 59 (81)
ToMV.erG3(MPfs) 3aAC33 +CP 7(8) 37 (41) 46 (51)
ToMV.erG3(MPfs) 3a + 3aAC33 44 (50) 31 (36) 12 (14)
ToMV .erG3(MPfs) 3a + 3aAC33 + CP 14 (15) 25 (27) 55 (58)
ToMV.erG3(MPfs) 3a+ ToMV MP 4(5) 14 (16) 69 (79)

FATHe % RIBL -ToOMVOEGNE 75 2 3 K&, CMV®D3aF 7213CPAJEBIT 5 75 2

I NESLIZEA L, M1 EATZASIEWI CGFPZ L L TWAHIfaD % 17 > h L7z,
() NOBFIEEERBOINA T DE G E2 B TR LIZODTH S, 72750, ERHIN

SO ATH D D IZ w7z, BICED LD -7,

3a. CMV3a¥ >737 . CP.CMV CP. 3aAC33 : CK¥#i337 I /EER&E3a% /%7
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L11. CMV 3a M USCPIC X APVX DS Fiie KD Hi4li

virus co-expressed PVX movement detected /
protein (s) total no. of infection sites (%)
PVX.erG3 (TdCd) 3a 0/44 (0)
PVX.erG3 (TdCd) 3a+CP 106/205 (51)
PVX.erG3 (TdCd) 3aAC33 3/59 (5)
PVX.erG3 (TdCd) 3aAC33 +CP 3/55(5)
BArfex RIA L7z PVX OGN T I AI M CMV D 3a $7213 CP 2 EHT 57

b

19
AINEWIEAL, B{EFHEAR 72 T GFP 233 L Ty S Hlllen®z 717~
L72e () NOBFRIEERENASTLEEZRTRLIZLDTH S, 72721,
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ABSTRACT

Cell-to-cell movement of a plant virus requires expression of the movement protein (MP).
However, it has not been fully elucidated how the MP functions in primary infected cells. By
using a microprojectile bombardment-mediated DNA infection system for Tomato mosaic virus
(ToMV), we found that the co-transfected ToMV MP gene exerts its effects not only in the
initially infected cells but also in their surrounding cells to achieve multicellular spread of
movement-defective ToMV. Five other tobamoviral MPs examined also trans-complemented the
movement-defective phenotype of TOMV but the Cucumber mosaic virus 3a MP did not. Along
with cell-to-cell movement of the mutant virus, a fusion between MP and a green fluorescent
protein variant (EGFP) expressed in trans was distributed multicellularly and localized primarily
in plasmodesmata between infected cells. In contrast, in non-infected sites, the MP-EGFP
fusion accumulated predominantly inside the bombarded cells as irregularly shaped aggregates,
and only a minute amount of the fusion was found in plasmodesmata. Thus, the behavior of
ToMV MP is greatly modulated in the presence of replicating virus and it is highly likely that the
MP spreads in the infection sites, coordinating with the cell-to-cell movement of the viral

genome.
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INTRODUCTION

Systemic infection of a plant virus involves replication in initially infected cells, subsequent
local cell-to-cell movement through plasmodesmata (the intercellular channels providing
symplasmic continuity of plant cells [Lucas et al. 1993; Ding 1998]), and long-distance
movement through the vascular tissues. It has been well established that most plant viruses
encode one or more proteins, referred to as movement proteins (MPs), required for their own
cell-to-cell movement (as reviews, Atabekov and Taliansky 1990; Maule 1991; Deom et al.
1992).

Tobacco mosaic virus (TMV) and related tobamoviruses encode a single, 30-kDa MP
(Deom et al. 1987; Meshi et al. 1987). TMV MP is localized in plasmodesmata of infected
tobacco leaves (Tomenius et al. 1987) and in non-infected transgenic tobacco (Atkins et al.
1991; Ding et al. 1992), and is thought to increase the size exclusion limit (SEL) of the
plasmodesmal pores (Wolf et al. 1989, 1991; Waigmann et al. 1994). At mid-to-late stages of
infection, MP formed irregularly shaped aggregates inside the infected cells (Meshi et al. 1992;
Padgett et al. 1996; Kawakami and Watanabe 1997) that involved the endoplasmic reticulum
(ER) (Reichel and Beachy 1998), and later associated with microtubules and microfilaments
(Heinlein et al. 1995; McLean et al. 1995). MP co-localized, albeit not completely, with plus-
and minus-sense viral RNAs and a virus-encoded replicase component (Heinlein et al. 1998;
Mas and Beachy 1999). MP can bind to single-strand nucleic acids in vitro to form a
filamentous ribonucleoprotein complex (Citovsky et al. 1990, 1992) and also has an affinity for
tubulin and actin (McLean et al. 1995). In light of these observations, it has been proposed that
the genomic RNA and MP assemble to form a viral ribonucleoprotein (VRNP) complex, which
is then transported to plasmodesmata by using the cytoskeletal network; subsequently, the MP
somehow modulates the plasmodesmal permeability, enabling VRNP to move through to the
neighboring cells (as reviews, Carrington et al. 1996; Citovsky 1999; Lazarowitz and Beachy
1999). Despite such vivid modeling of cell-to-cell movement of tobamovirus, the molecular
mechanisms are still largely unknown and in addition, some observations appear to contradict
each other.

When bacterially expressed MP was microinjected into mesophyll cells of tobacco, the
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plasmodesmal SEL rapidly (3 — 5 min) increased from <| kDa to >20 kDa not only in the
injected cells but also in far-distant cells (Waigmann et al. 1994). The injected MP itself moved
between the trichome cells of Nicotiana clevelandii without markedly increasing the basal
plasmodesmal SEL of ~7 kDa (Waigmann and Zambryski 1995). In the epidermal cells of
TMV-infected N. benthamiana, virally expressed MP-green fluorescent protein (GFP) fusion
was found only in and between infected cells, and in addition, the increased plasmodesmal SEL
occurred between cells inside the infection foci but not between the most recently infected cells
and as-yet-uninfected immediate neighbors (Oparka et al. 1997). Moreover, a comparative
study by two microinjection methods suggested that the increase in the plasmodesmal SEL in
MP-expressing tobacco tissues might not reflect a genuine biochemical activity of the MP
(Storms et al. 1998).

The function of MP during the infection process has so far been analyzed mainly by using
infectious transcripts synthesized in vitro and transgenic plants. However, these methods result
in expression of wild-type or modified MP in at least most of the infected cells and, therefore,
the activity of MP in the primary infected cells may not have been fully delineated. Previously,
Morozov et al. (1997) showed that a Potato virus X mutant defective in cell-to-cell movement
spread when an infectious DNA producing the mutant virus was co-bombarded with a
separately cloned MP gene. This system makes it possible to introduce an MP gene in the
primary infected cells only and to express it independently of virus infection. Here, we report
data from such trans-complementation experiments with infectious DNAs for GFP-tagged
Tomato mosaic virus (ToMV) mutants. Results showed that tobamoviral MPs expressed in an
epidermal cell enable movement-defective ToOMV to spread multicellularly and that infection
greatly modulates the intercellular and intracellular distribution patterns of MP, implying co-

ordination of cell-to-cell spread and intracellular multiplication in tobamovirus infection.

RESULTS

DNA -mediated infection of ToMYV.

We constructed a series of infectious plasmids from which replication-competent ToMV (L
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strain) derivatives were generated under the control of the Cauliflower mosaic virus (CaMV)
35S RNA promoter after transfection by microprojectile bombardment. To monitor the
infection, the CP gene, which is dispensable for replication and cell-to-cell movement (Meshi et
al. 1987; Takamatsu et al. 1987), was replaced with a GFP gene. The structures of infectious
plasmids are illustrated in Fig. 1 A, and the characteristics of GFP variants are summarized in
Table 1.

When pil..G3, encoding G3GFP (Kawakami and Watanabe 1997) as a reporter (Fig. 1A),
was bombarded into the epidermal cells of nearly expanded leaves of N. benthamiana, clusters
of GFP-expressing cells were observed 1 — 2 days after bombardment by fluorescent
microscopy, as shown in Fig. 2A. No GFP signals were detected when a plasmid harboring a
mutation in the replicase gene was bombarded (data not shown). Therefore, the GFP signals
observed were not derived from any mRNA directly transcribed from the bombarded plasmids
but from the subgenomic mRNA produced during the course of viral multiplication. When the
MP gene of the infectious plasmid was mutated, the GFP signals were restricted to single cells,
as seen in Fig. 2B for a frame-shift mutant derived from piL.G3(SF3) (Fig. 1A). The same
result was obtained with MP mutants having a point mutation resulting in an amino acid change

from Ser37 to Ala (Kawakami et al. 1999) or an internal deletion (data not shown).

Trans-complementation of movement-defective ToMV by transiently expressed
tobamoviral MP genes.

When an MP-defective construct was bombarded with another plasmid p35LM, from
which ToMV MP was expressed under the control of the 35S promoter (Fig. 1B), GFP-
positive cells formed clusters, as exemplified in Fig. 2C. This suggests that the defect in cell-to-
cell movement was complemented in trans by the co-bombarded MP gene. However, because
the trafficking of GFP itself might be potentiated in the presence of MP, we assessed this
possibility prior to further analysis.

G3GFP, initially used as a reporter, is a high fluorescent GFP variant localized in both the
nucleus and the cytosol (Table 1 and Fig. 3A). When G3GFP alone was expressed, the
bombarded sites formed halos at a frequency of ~5% and ~40% at 24-h and 48-h post-
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bombardment, respectively, in which | — 3 cells adjoining a bombarded cell had weak GFP
signals (Fig. 3B). When co-expressed with ToMV MP, 50% or more of the GFP-positive sites
formed halos even at 24-h post-bombardment (Fig. 3C). Such enhancement of G3GFP
diffusion was not observed with an unrelated protein, GAL4-VP16 (data not shown). Although
these observations were consistent with a recent report showing the cell-to-cell trafficking of a
soluble GFP alone (Oparka et al. 1999) as well as with the generally accepted activity of MP to
promote the cell-to-cell trafficking of macromolecules through plasmodesmata (Wolf et al.
1989, 1991; Waigmann et al. 1994), the results also indicated that when an active MP is
produced, the cytosolic type of GFP variants, such as G3GFP, can no longer be used as
appropriate reporters for explicitly identifying the infected cells.

As an alternative, we examined an ER-localized GFP, erG3GFP (Table 1), which, as
illustrated in Fig. 1B, contained the ER-targeting signal at the N-terminus and the ER retention
signal at the C-terminus. When erG3GFP was expressed singly or together with MP (Fig. 3E
and F), green fluorescence was restricted to the bombarded cells and, therefore, erG3GFP was
not transported by the TOMV MP. It should be noted that intracellular localization pattern of
erG3GFP was apparently modulated in the presence of MP without viral multiplication
(compare Fig. 3E and F), confirming that TMV MP interacts with the ER (Reichel and Beachy
1998).

The activity of the MP gene in trans-complementing the movement-defective phenotype
was re-examined by using piL.erG3(SF3) encoding erG3GFP in place of the CP (Fig. 1A). In
this experiment, the inoculum included a third plasmid expressing NmGFP or mGFPSER (Fig.
1B and Table 1) to identify the primary infected cells under UV irradiation. mGFPSER
(Haseloff and Siemering 1998) is localized in the ER and is non-traffickable, like erG3GFP.
NmGFP had an NLS at the N-terminus to localize the fluorescence mainly in the nuclei.
Because of its small size, NmGFP was not strictly localized in the nucleus and consequently
trafficked between cells (Fig. 3G); however, the fluorescence intensity of the surrounding cells
was low, particularly under UV irradiation (Fig. 3H).

As shown in Fig. 2D-G, the movement-defective phenotype of the mutant derived from

piL.erG3(SF3) was apparently complemented when ToMV MP was co-expressed from
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p35LM. Most infection sites contained as many as 8 — 20 GFP-positive cells at 48-h post-
bombardment. Importantly, the distribution pattern of the virally expressed erG3GFP indicated
that in 80-90% of the infection foct, the movement-defective virus spread from the initially
infected cells across two or more cell boundaries, as summarized in Table 2. The results clearly
demonstrated that the ToMV MP gene exerts its effects not only in the initially infected cells but
also in their surrounding cells.

Essentially the same result was obtained when piL.Nm(SF3), p35LM, and pBlerG3 were
co-bombarded, as summarized in Table 2. piL.Nm(SF3) is a movement-defective construct
encoding nuclear-localized NmGFP (Fig. 1 A), and its strong nuclear fluorescence made it
easier to count the number of the infected cells, as exemplified in Fig. 2H. In this experiment,
the bombarded cells were identified by strong cytoplasmic signals of the ER-localized erG3GFP
derived from pBlerG3 (Figs. 1B and 2H). The distribution pattern of the GFP signals also
demonstrated that the mutant virus spread across more than one cell boundary from the
bombarded cells.

To know the specificity of trans-complementation, we examined the activity of other
tobamoviral MPs derived from TMV, Cg-TMV, Sunn hemp mosaic virus (SHMV), Cucumber
green mottle mosaic virus (CGMMYV), and Ob-TMV, which were closely or distantly related;
i.e., the identity to the ToMV MP at the amino acid sequence level varies from 20% for SHMV
MP to 77% for TMV MP (see Aguilar et al. 1996). When co-expressed with G3GFP, all of
these MPs promoted halo formation at similar frequencies (50-60% of the bombarded sites at
24-h post-bombardment), confirming their expression in the bombarded cells and their
modulation of the plasmodesmal permeability (data not shown). Co-bombardment experiments
with piL.erG3(SF3) showed that all of them had the ability to trans-complement the movement-
defective phenotype (some are shown in Fig. 2I-L). However, the efficiency of
complementation mediated by CGMMYV MP, as evaluated by the number of infected cells in
each infection site, was rather low (Fig. 2L).

We also examined the Cucumber mosaic virus (CMV) 3a MP, which, like TMV MP, is
known to be localized in plasmodesmata, to bind to single-strand RNA, to increase the

plasmodesmal permeability, and to move from cell to cell (as reviews, Lazarowitz and Beachy
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1999; Ding 1998). Expression of the active 3a MP in the bombarded cells was confirmed by
halo formation when co-expressed with the cytosolic G3GFP (Fig. 3D). However, the CMV 3a
MP was unable to complement the defective movement of the ToMV mutant (Fig. 2M),
consistent with the observation that movement-defective TMV failed to spread in transgenic

tobacco expressing the 3a MP (Kaplan et al. 1995).

Facilitation of the intercellular distribution of MP-EGFP by virus infection.
The fact that the bombarded MP genes functioned beyond multiple cell-cell boundaries
implied the presence of MP outside the initially infected cells. To confirm this, we examined the
intracellular and intercellular distribution patterns of MP in infected and non-infected sites by
means of the fluorescence of a fusion (MP-EGFP) between ToMV MP and an enhanced GFP

variant, EGFP (Table 1).

When p35LME harboring the 35S/MP-EGFP gene (Fig. B) was bombarded alone, most
of the fluorescence was inside the bombarded cells, accumulating into a number of irregularly
shaped aggregates, which were sometimes associated with filamentous structures (Fig. 4A).
Similar localization patterns have been reported for either virally or singly expressed MP-GFPs
(e.g., Kawakami and Watanabe 1997; Heinlein et al. 1998; Mas and Beachy 1999; Reichel et
al. 1999). In ~80% of the fluorescent sites, MP-EGFP was restricted to the bombarded cells
only (Table 3). In these sites, tiny fluorescent spots in the cell wall, representing plasmodesmal
association of MP (Oparka et al. 1997), were rarely found. In the rest of the sites (~20%), a
small amount of MP-EGFP was detected as tiny fluorescent spots in the cell wall just
surrounding the bombarded cells and that of 1 — 3 adjoining cells at the portions not directly
connecting to the bombarded cells (Fig. 4B). An increasing number of tiny fluorescent spots
was usually accompanied with a decreasing number of intracellular aggregates. The
observations suggest that MP-EGFP likely trafficked from cell to cell, although very
inefficiently. The MP-EGFP mRNA did not seem to be transported, because cytoplasmic
aggregates were never found in the neighboring cells.

To reveal the effect of viral infection on the distribution pattern of MP-EGFP, we used

piL.Nm(SF3) (Fig. 1) as a movement-defective construct (Fig. 4C-F). Infected cells were
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identified under UV irradiation as those having strongly fluorescing nuclei derived from the
virally expressed NmGFP (Table I). The fluorescence of NmGFP remaining in the cytosol did
not interfere with weak signals (fluorescent spots) of MP-EGFP in the cell wall. At 15-h post-
bombardment, when MP-EGFP already accumulated to form aggregates, NmGFP signals were
barely found or were too weak to give evidence of infection. At 24-h post-bombardment, the
infection was usually up to the immediate neighbors. Around this stage of infection, MP-EGFP
was detected in the cell wall surrounding the bombarded cells and also between the adjoining
(secondary infected) cells, as exemplified in Fig. 4C and D, while the cytoplasmic aggregates
were diminished in both number and size or were undetectable.

At 40-h post-bombardment (infection reached nearly to the maximum size around this time
after bombardment), each infection site contained a cluster of infected cells (Fig. 4E and F),
indicating that the 35S/MP-EGFP gene trans-complemented the movement-defective phenotype.
However, the activity of MP-EGFP (or the final size of infection reflecting the number of cell-
cell boundaries trafficked) appeared to be slightly lower than that of the authentic MP. MP-
EGFP signals were detected mainly in the cell wall as punctate spots (Fig. 4E). Remarkably, as
many as ~90% of the MP-EGFP-positive foci exhibited multicellular distribution of MP-EGFP
(Table 3). It is notable that the MP-EGFP signals in the cell wall were typically found between
already infected (NmGFP-positive) cells, but rarely between an infected cell and a detectably
uninfected (NmGFP-negative) cell. The bombarded cell sometimes contained cytoplasmic
aggregates of MP-EGFP; however, their size and number were much smaller than those
observed in non-infected cells.

The MP-EGFP fluorescence became rather weak at 40-h post-bombardment; in 25% of the
infection foci, the fluorescence could not be detected even though the virus had spread across
more than one cell boundary (Table 3). At 48-h post-bombardment, finding MP-EGFP signals
was often difficult, whereas large and highly fluorescent intracellular aggregates, just like the
pattern shown in Fig. 4A, were still clearly visible in non-infected (NmGFP-negative) cells. It
is assumed that replicase proteins were expressed in many, if not all, of these non-infected
sites. Actually, essentially the same distribution patterns were obtained when the 35S/MP-

EGFP gene was co-bombarded with a replication-defective construct lacking the 3' non-coding
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region of ToMV (data not shown). Therefore, expression of the replicase gene alone (at least
under the control of the 35S promoter) appears to be insufficient for modulating the subcellular
localization pattern of MP-EGFP. In addition, the cell-to-cell trafficking of MP-EGFP in non-
infected sites occurred at a similar level and at the same frequency (22%) irrespective of whether
the inoculum included the infectious construct (Table 3). Taken together, it is likely that ToMV
infection (or the presence of replicating virus) markedly affects the intracellular and intercellular

distribution patterns of the MP-EGFP.

DISCUSSION

Microinjection studies have shown that bacterially expressed TMV MP can move from cell
to cell (Waigmann et al. 1994; Waigmann and Zambryski, 1995). On the other hand, the
localization of MP produced during infection and analysis of the plasmodesmal gating in
expanding infection sites suggested that the virally expressed MP is not transported to as-yet-
uninfected distant cells (Padgett et al. 1996; Oparka et al. 1997). Further, Storms et al. (1998)
revealed that the increase in the plasmodesmal SEL observed in MP-expressing tobacco tissues
was a method-dependent phenomenon. Thus, it remained unclear whether tobamoviral MP
traffics multicellularly in infected sites, or how far the MP in a given cell exerts its effects from
the MP-expressing cell.

In this work, we employed trans-complementation experiments to clarify this problem.
Results clearly showed that in N. benthamiana the transiently expressed MP gene enables
movement-defective ToMV to move from the bombarded cells, through two or more cell
boundaries, to their neighbors. Accompanied with multicellular spread of the movement-
defective virus, the MP (as evaluated by the fluorescence of MP-EGFP) was intercellularly
distributed and subsequently localized in plasmodesmata. In contrast, in non-infected sites, the
cell-to-cell trafficking of MP-EGFP occurred only very infrequently. Taken together, it is likely
that the MP itself moved from the initially infected cells to their neighbors, concurrently with the
viral genome, as a component of VRNP or a free protein. In the neighboring cells, the MP could
be re-utilized to move newly replicated viral RNA further away. Some vRNP (or genomic

RNA) might be trafficked through more than one plasmodesma without entering the replication

10
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cycle on the way. A possibility still remains that the MP mRNA might also be transported along
with the genomic RNA in the infected sites.

It is noteworthy that in non-infected cells, the MP-EGFP predominantly accumulated into
highly fluorescent intracellular aggregates. Similar intracellular aggregates have been reported
for virally expressed MP or MP-GFP fusions in tobacco protoplasts infected with TMV,
ToMV, or Ob-TMV (e.g., Meshi et al. 1992; Kawakami and Watanabe 1997; Heinlein et al.
1998; Mas and Beachy 1999), and in leaf cells infected with TMV or Ob-TMV (Padgett et al.
1996; Heinlein et al. 1998). In the latter case, the cytoplasmic aggregates of MP-GFP were
found somewhat inward from the leading edge of expanding infection sites, whereas in the cells
located at the front edge, fluorescent signals of MP-GFP were primarily found in
plasmodesmata. Collectively, the cells in which MP(-GFP) aggregated are non-infected cells
lacking in replicating virus, protoplasts from which virus cannot move, and infected leaf cells
from which active movement may have finished. Therefore, the presence of the cytoplasmic
aggregates is not correlated with active cell-to-cell movement of tobamoviruses.

In animal cells, it is known that when misfolded protein is produced at a level exceeding the
capacity of proteasomes, so-called aggresomes (proteasome-enriched large aggregates) develop
around the microtubule organization center with an aid of the cytoskeletal network (Johnston et
al. 1998; Garcfa-Mata et al. 1999). Although the corresponding structures have not been
revealed in plant cells, it is possible that the aggregates of MP(-GFP) are likewise formed as a
result of host cell response to sequester problematic proteins, as briefly argued by Mas and
Beachy (1999). Proteasome-mediated degradation of MP expressed in protoplasts (Reichel and
Beachy 2000) and the association of MP with microtubules at relatively later stages of infection
(Heinlein et al. 1995; McLean et al. 1995; Padgett et al. 1996) appear to be consistent with the
aggresome hypothesis. Thus, the cytoplasmic aggregates may not necessarily represent the
potentially active MP.

As infection proceeded, the amount of MP-EGFP became very low or below the limit of
detection; for example, around 24 h after bombardment, most signals of MP-EGFP were found
in plasmodesmata, while only a small fraction was present in the intracellular aggregates.

Assuming that the aggregates contain active MP, the change of the distribution pattern of MP-
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EGFP upon infection may be explained by MP-EGFP (already synthesized and accumulated)
being efficiently utilized in the bombarded cells and trafficked to their neighbors. Alternatively,
an excess amount of MP-EGFP might be efficiently destabilized upon infection. Another
possibility that MP-EGFP might be expressed at a low level specifically in the cells later
undergoing infection seems unlikely, considering the following observations: GFP derivatives
used as reporters for identifying the bombarded cells were stably detected in both infected and
non-infected cells; aggregates of MP-EGFP were detected much earlier than the time when
infected cells were recognized by the expression of a virally expressed GFP reporter; and MP-
EGFP was stably detected in non-infected cells.

It is evident that there is a remarkable difference in the distribution patterns of MP(-EGFP)
between infected and non-infected sites, and the final distribution pattern (multicellular spread
and plasmodesmal localization) of MP in infected sites is in good agreement with its cell-to-cell
movement function. Apart from the mechanisms, the fact that the behavior of MP is greatly
affected by infection suggests that the MP requires some factor specifically induced in the
infected cells to fulfill its activity to transport the tobamoviral genome from cell to cell.

Beachy and colleagues have shown that TMV MP colocalizes with VRNA and replicase
component at least at certain stages of infection in tobacco protoplasts (Heinlein et al. 1998; Mas
and Beachy 1999). Although such colocalization has yet to be observed in leaf cells from which
virus moves actively, their finding suggests that MP is produced in close proximity to the
replication machinery in infected leaf cells. Together with our observations indicating that
multicellular spread of MP in leaves is greatly enhanced in the presence of replicating virus and
likely co-ordinates with the cell-to-cell movement of the viral genome, it is tempting to examine
whether tobamoviral MP interacts, directly or indirectly, with replication machinery

COI’I’]pOl’lCI‘ltS.

MATERIALS AND METHODS

Construction of infectious ToMV plasmids.

The CaMV 35S RNA promoter sequence (from -864 to -1 relative to the transcription

12
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initiation site) was PCR-amplified from pBI1221 (Clontech, Palo Alto, CA) with a set of
oligonucleotide primers designed to have an Al site between -1 and +1 (see Yamaya et al.
1988), and Sacl and Xbal sites at the ends. The amplified fragment was cloned between the
Sacl and Xbal sites of pBluescriptSK+ (Stratagene, La Jolla, CA) to generate pb35S. PCR-
amplified regions and ligation junctions in all constructions were confirmed by sequencing.
Infectious plasmids (piL series, Fig. | A) were made via several intermediates, in which the
wild-type ToMV cDNA sequence was derived from pLFW3 (Meshi et al. 1986). Briefly, a
PCR-amplified ToMV ds-cDNA (from nucleotide 1 to 1229 [Spel site]) was inserted between
the Aatl and Spel sites of pb35S to generate p35ToMVS5, in which the transcription initiation
site corresponded to the 5' end of ToOMV. The 3' part of the ToMYV sequence (from nucleotides
6099 to the 3' end; the Spel-Smal fragment of pLFW3) was ligated to the nopaline synthase

gene (nos) terminator (the blunt-ended Sacl-Eael fragment of pBI221), then inserted between

the Spel and blunted Kpnl sites of p35ToMVS5 to yield p35LAN. The internal part of the ToMV

sequence was inserted into the Spel site of p35LAN to generate the full-length construct

piLW3. The CP and MP genes were modified on subclones then returned to piLW3 or an
appropriate infectious clone. piL.G3 (Fig. 1) had the Sacl (blunted)-BsrEll fragment of
pTLQG3::fus (Kawakami and Watanabe 1997) encoding G3GFP plus a 19-bp linker-derived
sequence in place of the ToMV sequence from nucleotide 5718 (the sixth codon of the CP gene)
to 5799 (BstEIl site). G3GFP expressed from piL.G3 had 12 extra amino acids at the N-
terminus (MSYSIPISGGGG) prior to the authentic Met of GFP, in which the first 5 amino
acids (underlined) were identical to those of the ToMV CP. piL.G3(SF3) and other plasmids
with (SF3) in the name had a 1-bp deletion at nucleotide 4935, resulting in frame-shifting at the
tenth codon of the MP gene, as in pLQSF3 (Meshi et al. 1987). The sequence from nucleotide
5703 (corresponding to the initiation codon of the CP gene) to 6098 (Spel site) of piL.G3(SF3)
was replaced with a fragment encoding erG3GFP (from the initiation codon to the Sacl site of
pBlerG3 [see later]) to yield piL.erG3(SF3). erG3GFP expressed from piL.erG3(SF3) had no

CP-derived amino acids at the N-terminus. To create piL.Nm(SF3), the G3GFP gene of

13
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piL.G3(SF3) was replaced with a synthetic ds-oligonucleotide encoding the NLS of SV40
large-T antigen, and the mGFP5-encoding EcoRI-Sacl fragment of pBINmGFPSER (Haseloff
et al. 1997; Haseloff and Siemering 1998). NmGFP expressed from piL.Nm(SF3) had
MSYSIPAELPPKKKRKVEEF at the N-terminus, followed by mGFPS5, in which 5 CP-derived

amino acids are underlined.

Plasmids for expression of MP, GFP, and MP-EGFP.

Each of the fragments encoding a tobamoviral or cucumoviral MP was PCR-amplified with
an appropriate cDNA clone as a template and inserted between the Xbal and Sacl sites of
pBI221. The resulting plasmids, p35LM (Fig. 1B), p35CgM, p350MM, p35CcM, p35WM,
p350bM, and p35YM, contained the MP gene of TOMV (L strain), Cg-TMV, TMV (OM
strain), SHMV, CGMMYV (W strain), Ob-TMV, and CMV (Y strain), respectively. In all cases,
the first ATG from the transcription initiation site corresponded to the authentic initiation codon.
The plasmid pBImGFPSER was constructed by replacing the BamHI-Sacl fragment of
pBINmMGFPSER for the corresponding fragment of pBI221. The larger BamHI
(blunted)-NspV fragment of pPBImGFPSER was ligated with the Sacl (blunted)-NspV
fragment of pTLQG3::fus encoding G3GFP to generate pBIG3 (Fig. 1B). The expressed
G3GFP had no extra amino acids at the N-terminus and 4 additional amino acids (HDEL)
derived from mGFPSER at the C-terminus. To express erG3GFP, pBlerG3 (Fig. 1B) was
constructed by replacing an Ncol fragment of pBIG3 with the corresponding fragment of
pBImGFP3ER to introduce the sequence for the N-terminal signal peptide. pBINm (Fig. 1B)
was constructed by inserting an Aarll (blunted)-Sacl fragment of piL..Nm between the BamHI
(blunted) and Sacl sites of pBI221. To create the MP-EGFP fusion gene, a point mutation was
introduced at nucleotide 5686 of TOMV to generate an EcoRlI site in a pBluescript-based
subclone, into which the EGFP gene excised from pEGFPIRESneo (Clontech, Palo Alto) was
inserted. The resulting MP-EGFP fusion gene was then inserted between the blunted Xbal and
Sacl sites of pBI221 to yield p3SLME (Fig. 1B). The MP-EGFP lacked the last 5 amino acids

(DSDSY) of the ToMV MP and instead had the linker-derived 11 amino acids
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NSVDPRVPVAT before the first Met of EGFP.

Microprojectile bombardment.

Bombardment was performed with PDS 1000 (Bio-Rad Laboratories, Hercules, CA)
essentially according to the manufacturer's instruction. Briefly, mature or nearly expanded
leaves (8 — 10 cm in length) of N. benthamiana (6 — 8 weeks old) were cut and placed on an
MS-agar plate at a target distance of 6 cm. Three mg of 1-um gold particles were coated with 5
ug of plasmid DNA and divided into 6 equal parts, each of which was subjected to a shot with a
rupture disk of 1,350 psi. In co-bombardment experiments, equal amounts of the respective
plasmids (in total 5 pg) were mixed before coating the gold particles. A single leaf was
bombarded twice, then incubated at 26 °C in the dark. At appropriate times after bombardment,
leaves were cut into pieces and GFP signals were observed under an epifluorescent microscope
(Axioskop; Carl Zeiss, Germany). Images were obtained by a color-chilled 3CCD camera,
C5810 (Hamamatsu Photonics, Hamamatsu, Japan). The filter set 41014 (Chroma
Technologies, Brattleboro, VT) or No. 10 (Carl Zeiss, Germany) was used to observe GFP
variants under blue-light irradiation, and the filter set 31022 (Chroma Technologies) under UV

irradiation.
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Table 1. Characteristics of GFP variants

excitability
GFP variant® subcellular localization
UV blue-light

G3GFP (G3) - + nucleus ~ cytosol
NmGFP (Nm) + + nucleus > cytosol
erG3GFP (erG3) - + ER
mGFP5SER + + ER
EGFP" - + nucleus ~ cytosol

* Abbreviations used in the plasmid names (see Fig. 1) are shown in parentheses.

* EGFP was used only as the fusion protein with TOoMV MP. The sequence of the EGFP gene
differs considerably (~77% identity) from the coding sequences for the other GFP variants
listed in this Table.
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Table 2. Multicellular spread of movement-defective TOMV by the co-bombarded ToMV MP

gene

bombarded plasmids® cell-cell boundaries” total no. of
infection
| 2 or more sites examined
piL.erG3(SF3) + p35LM + pBINm 8 (13) 54 (87) 62 (100)
piL.erG3(SF3) + p35LM + pBImGFP5SER 17 (18) 77 (82) 94 (100)
piL.Nm(SF3) + p35LM + pBlerG3 4(12) 30 (88) 34 (100)

* The structures of the plasmids are shown in Fig. 1. In each combination, the three plasmids,
in order, produced movement-defective ToMV [piL.erG3(SF3) and piL.Nm(SF3)], ToMV MP
(p35LM), and a GFP derivative absolutely (pBImGFP5ER and pBlerG3) or mainly (pBINm)
localized in the bombarded cells.

® Data are presented as the number of infection sites in which the movement-defective virus
spread across the indicated number of cell-cell boundaries at 48-hr post-bombardment. The
frequency (%) 1s shown in parentheses. Single-cell infection was not detected. Typical patterns

are shown in Fig. 2D-H.
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Table 3. Effect of infection on intercellular distribution of MP-EGFP

Distribution of MP-EGFP"

bombarded plasmid® in uninfected sites in infected sites*

single 2 or more (%) n.d. single 2 or more (%)
p35LME 206 58 (22) - - -
p3SLME + piL.Nm(SF3) 292 82 (22) 25 8 71 (90)

* p35LME encodes the 35S/ToMV MP-EGFP gene, and piL.Nm(SF3) is an infectious clone
producing a movement-defective ToOMV (see Fig. 1).

" Data are presented as the number of the bombarded sites exhibiting different distribution
patterns of MP-EGFP at 40-h post-bombardment: single, MP-EGFP was detected inside the
bombarded cell and/or in the cell wall just surrounding the bombarded cell only; 2 or more, MP-
EGFP was present in the cell wall not adjoining the bombarded cell (i.e., between two non-
bombarded cells); n.d., MP-EGFP signals were not detected, even though multiple cells were
infected. The percentage (%) of '2 or more' in the total number of MP-EGFP-positive sites are
shown in parentheses. Typical patterns are shown in Fig. 4A, B, E, and F.

¢ Infected cells were identified by strongly fluorescing nuclei having virally expressed NmGFP

under UV irradiation. All of the infected sites identified contained a cluster of infected cells.
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Captions for Figures

Fig. 1. A, Schematic representation of infectious ToMV plasmids. The genomic organization
of ToMV is shown at the top. Boxes. coding regions; thin lines, non-coding regions. Bent
arrows denote the starting positions of the subgenomic mRNAs. In piL.G3, the pentagon
designates the CaMV 35S RNA promoter (35S) and the small box indicates the nos terminator
(nosT). Boxes delineated with broken lines indicate non-expressed portions derived from the
MP or CP gene. The portions corresponding to the ER-targeting signal and NLS are in black.
Closed triangles indicate the SF3 frame-shift mutation introduced at the tenth codon of the MP
gene. B, Schematic representation of the genes for ToMV MP, ToMV MP-EGFP, and GFP
derivatives, which are expressed under the control of the 35S promoter. The protein expressed

from each plasmid is shown in parentheses below the name of the plasmid.

Fig. 2. Trans-complementation of movement-defective ToMV. Images were taken under blue-
light (A-D, F, and H-M) or UV irradiation (E, and G) at 48-h post-bombardment. Plasmid
structures are shown in Fig. 1. A, Bombardment of piL.G3 encoding the wild-type MP and
G3GFP, resulting in multicellular infection. B, Bombardment of piL.G3(SF3) with a frame-
sift mutation in the MP gene, resulting in single-cell infection. C, Co-bombardment of
piL.G3(SF3) and p35LM with the 35S/ToMV MP gene, forming a cluster of GFP-positive
cells. D-G, Co-bombardment of piL.erG3(SF3), a movement-defective construct encoding
erG3GFP, together with p35LM and pBINm encoding NmGFP (D and E) or with p35LM and
pBImGFP5ER encoding mGFPSER (F and G). The initially infected (bombarded) cells were
visualized by UV irradiation in E and G, and marked by arrows in D-G. H , Co-bombardment
of piL.Nm(SF3), a movement-defective construct encoding NmGFP, together with p35LM and
pBlerG3 encoding erG3GFP. Infected cells exhibit nuclear fluorescence derived from virally
expressed NmGFP. An arrow indicates the bombarded cell, having strong fluorescence of
erG3GFP. I-M, Typical patterns obtained when piL.erG3(SF3) was co-bombarded with
another plasmid expressing ToMV MP (I), Cg-TMV MP (J), SHMV MP (K), CGMMV MP
(L), or CMV 3a MP (M). Bars = 50 pm.
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Fig. 3. Distribution patterns of GFP variants in the presence or absence of MP. Images were
taken under blue-light (A-G) or UV irradiation (H) at 24-h post-bombardment. A and B,
bombardment of pBIG3 with the 35S/G3GFP gene. G3GFP fluorescence was restricted to the
bombarded cell in A or formed a halo in B. C and D, frequently observed patterns obtained
when G3GFP was co-expressed with ToMV MP (p35LM) (C) or CMV 3a MP (p35YM) (D).
E and F, expression of ER-localized erG3GFP (pBlerG3) alone (E) or with ToMV MP
(p35LM) (F). erG3GFP was not traffickable. Note that the ER was distorted in the presence of
the MP (F). G and H, co-expression of NmGFP (pBINm) and ToMV MP (p35LM). NmGFP
was detected in cells adjoining the bombarded cell (G), but their fluorescence intensity was

weak under UV irradiation (H). Bars = 25 ym.

Fig. 4. Different distribution patterns of MP-EGFP in infected and non-infected sites. Images
were taken under blue-light (A-C, and E) or UV irradiation (D and F) at 40-h (A, B, E, and
F) or 24-h post-bombardment (C and D). A and B , bombardment of p35LME, harboring the
ToMV MP-EGFP fusion gene under the control of the 35S promoter. MP-EGFP accumulates
into multiple aggregates in the bombarded cell (shown in A) or infrequently traffics from the
bombarded cell to the neighboring cells (shown in B). Small arrows highlight tiny fluorescent
spots in the cell wall, representing plasmodesmal localization of MP-EGFP. C-F, Co-
bombardment of p35SLME with pil..Nm(SF3), an infectious clone producing a movement-
defective ToMV (see Fig. 1 A). Nuclear-localized NmGFP signals (arrowheads in D and F),
indicative of infection, were UV-excitable. Small arrows in C and E indicate plasmodesma-

localized MP-EGFP signals. Bars = 25 pm.
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