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Fig. 1. Molecular model of TMV. The spiral line shows the
genome RNA. The CPs coil around the genome RNA.
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4+ CPmRNA

Fig. 2. Schematic representation of genome organization of TMV.
130K, 180K, 30K and CP represent 130K protein, 180K protein, 30K
protein and coat protein, respectively. Subgenomic RNAs for the
30K and coat protein are also shown helow the genomic RNA. Star
symbols denote the assembly origin.
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Fig. 3. Schematic representation of homologous region of the

amino acids sequence of the putative RNA virus-encoded replicase.
The regions surrounding the broken lines indicate the homologous
regions.
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Fig. 4. Schematic representation of the replication-defective
mutant (LDR28), the replication-competent mutant (LDCS29), and
wild-type genome: (LFW3) of TMV. The black boxes show the deleted
reglon of each mutant. The:5' and 3' termini of the deleted

region of:these mutants are indicated by the number of the ter—
minal residues. . . : . :



LDR28 + + +++ + + 4+ - - - - — —— —

Lbcs29 -~ — --++++t++++ ———-—

LFW3 —— —— = = — — = — — = + 4+ + +

hrsamples 3 5 9203 5 9203 59203 5 9220
12

lanes 3456 789101112 13141516

< TMV genome

LDR28 > = " -
g oo~ - <CP mRNA
b §1F
L TMV L cDNA - |cP
BstE N Pvu it
g
probe A

Fig. 5. Northern blot analysis of total RNAs inoculated with
mutant or wild-type TMV transcripts probed with a 22P-labeled
BstEII/Pvull fragment from the coat protein gene of TMV-cDNA
(striped box). RNAs were extracted from protoplasts inoculated
with LDR28 (lanes 1-4), LDCS29 (lanes 9-12), the mixture of these
two mutants (lanes 5-8), and LFW3 (lanes 13-18). Lanes 1, 5, 9,
13, lanes 2, 6, 10, 14, lanes 3, 7, 11, 15, and lanes 4, 8, 12,
16 are RNAs from protoplasts extracted at 3, 5, 9, and 20 hr pos-
tinoculation, respectively. Lanes 1-12 are RNA from 7.5X102
protoplasts. Lanes 13-16 are RNA from 75 protoplasts.
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Fig. 8. The relative amount of newly synthesized LDR28 in co-
inoculated protoplasts at each time.post-inoculation. The amount
was calculated by the differences in density between the
autoradiographed LDR28 band in co-lnoculated protoplasts (Fig. 4,
lanes 5-8) and that in LDR28-inoculated protoplasts (Fig. 4,

- lanes 1-4) at each time postinoculation.



Fig. 7. Electron microscopy of virions : (A) virions obtained
from protoplasts co-inoculated with LDCS29 and LDR28, and (B)
virons obtained from protoplasts inoculated with LFW3. The length
of the bar in each micrograph represents approximately 100 nm.
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Fig. 8. Western blot analysils of protein from protoplasts co-
inoculated with LDCS29 and LDR28 using anti-TMV antiserum. The
protein was fractionated with 10-40% sucrose gradient. Fractions

(a) and (b) represent the virion and no-virion fractions, respec-
tively. Cn R e : ~
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Fig. 9. Northern blot analysis using (A) full-length TMV-cDNA
and (B) CP gene-specific probe. Lane (a) and (b); RNA extructed
from. fraction (a) and (b) in fig. 8. Lane 1; RNA extructed from
protoplasts inoculated with LFW3. Lane 2; RNA extructed from
mock~-inoculated protoplasts. Lane 3; RNA extructed from viron
fraction of protoplasts inoculated with LFW3.
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Fig. 10. Schematic representation of the replication-defective

mutants (LDR22, LDR24, LDR28, LDR20, and LDR21), the replication-
competent mutant (LDCS29), and the wild type genome (LFW3) of
TMV. The black boxes show the deleted regions of each mutant.
The 5' and 3' termini of the deleted region of the LDRs are indi-
cated by the number of the terminal residues.
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Fig. 11. Northern blot analysis of total RNAs from protoplasts
inoculated with mutant or wild-type TMV transcripts using a CP
gene~-specific probe. Total RNAs were extracted from protoplasts
inoculated with LDR22 (lane 1), LDR24 (lane 2), LDR28 (lane 3),
LDR20 (lane 4), LDR21 (lane 5), LDCS29 (lane 11), and LFW3 (lane
13), or co-inoculated with LDR22 and LDCS29 (lane 8), LDR24 and
LDCS29 (lane 7), LDR28 and LDCS29 (lane 8), LDR20 and LDCS29
(lane 9), and LDR21 and LDCS298 (lane 10), respectively. Lane 12
is RNA from mock-inoculated protoplasts. Lanes 1-12 contain RNA
from 7.5X102 protoplasts and lane 13 contains RNA from 75
protoplasts. (A) Autoradiographed for 3 days at -80° with an in-
tensifying screen. The blot containing lanes 1 and lanes 6-10 of
(A) was further autoradiographed for 3 days at -80° with inten-
sify screen (B). The open triangle in (B) shows the mobility of
LDR22.
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Fig. 12. Southern blot analysis of the total DNA from transgenic
plants. (A) Lanes 1-5, five independent pOKLDCS29-transgenic

tobacco lines; lane 6, normal tobacco; lane 7, pOKL4/BamHI as the
copy number standard (5 copies/haploid).
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Fig. 13. Northern blot analysis of the total RNA from transgenic
plants. Lanes 1 and 2, independent pOKLDCS29-transgenic tobacco
lines which corresponds to the lanes 1 and 2 of Southern
analysis; lane 3, normal tobacco; lane 4, pOKL4-transgenic
tobacco. LDCS indicates the expected size of LDCS29-RNA.
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Fig. 14. Dot blot analysis of (A) the total RNA from transgenic
tobacco and (B) TMV-RNA. (A) Lane 1, normal tobacco; lane 2,
pOKLDCS29-transgenic tobacco which corresponds to the ‘lane 1 of
Southern and Northern analyses; lane 3, pOKL4-transgenic tobacco.
(B) 0.01, 0.1 and 1 ng of TMV-RNA, respectively. (A) and (B) are
hibridized at the same time.
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Fig. 15. RNase protection assay of the total RNA from transgenic
tobacco probed with ®2P-labeled plus-strand TMV-RNA (thick
arrow). Lane 1, pOKLDCS29-transgenic tobacco; lane 2, normal
tobacco; lane 3, normal tobacco without the RNase treatment; lane
4, probe. The cRNA shows the expected size of minus-strand
LDCS29~-RNA. The thin arrow shows the Scal site in the TMV cDNA
Hindm fragment on pBLU3. '



Fig. 16. Western blot analysis of total protein extracted from
protoplasts inoculated with LDR mutants using anti-TMV antiserum.
Total proteln were extracted from pOKLDCS29-transgenic tobacco
leaves. Total proteins were extructed from protoplasts inoculated
with LDR22 (lane 2), LDR21 (lane 3), LDR24 (lane 4), and LFW3
(lane 5). Lane 1 is the protein from mock-inoculated protoplasts.
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Fig. 17. Detection of the in vivo phosphorylation of the 30K
protein. Mock-inoculated (lanes 1, 3 and 4) and TMV-infected
(lanes 2, 5 and 6) protoplasts were =2P-labelled ‘in vivo. Lanes 1
and 2 were analyzed directly. Lanes 3 and 5, and lanes 4 and 6
were analyzed after immunoprecipitation by anti-30K protein an-
tiserum and normal serum. 30K indicates the mobility of the 30K
protein detected by Western blot analysis.
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Fig. 18. Detection of the 22P-labelled amino acid of 30K protein
by two dimensional electrophoresis at pH 1.9 and pH 3.5. Open
circles represent the mobilities of the standard phosphrylated
amino aclds visualized by ninhydrin staining.
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Fig. 19. Schematic representation of truncated 30K proteins and
wlld-type 30K protein. The numbers indicate the positions of N-
and C-terminal amino acids.
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Fig. 20. Immunodetection of the truncated 30K protein by anti-
30K protein antiserum. Arrowhead indicate the mobility of each
protein. o
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5N3%€47§4»1(TMV)®~$%RNAE/AﬁBO@%%E?Vﬂ&E&%E&V
RIBTHHA- 2V B2 —FLTW3S, 300 MEL VA HIX, KESRKIST
130K % v 228, 180K& v A27E, BIUKE VAZBLERER TS, FhERDZ V2
7 BOERR IS BOL S F U~V CRASRTERR, A BB LTI RIS
%%vQK%Im#ﬁ%f/Aﬁﬁfwxﬁéé%TMVoﬁﬂﬁiﬁ,ﬁ%V/Aﬁv4»z
DEBBERO L 51y 7 2o RNADERIZH LTS v ARCHEET S Z &, HEBREYy = - L
T\5 4 ) 4 RNA BRI Y 7 A RNAOEBICE LT v AIB < IR EET 5 2 &, WEE
B CRE L HBBROBET 52 L, 0K S VA BREHE AT 2SO0 TH S
AL DTH B, : .

#H—1z, TMV O RNA %, HEEBEY AN T2 RNA (HEBERBEELTRRE) L6RLEV
RNA (HEBBRESERE) O 2RCATHCHEI Loy 2 28 L L, EHBEREEER G
BEEL RN HBERN, EHMRRBERBCH LT v RACEEL > 0B 2Bk
£, TMV OBEEER S HEE Y 4 L ADEMBER L ARIC, ¥/ ARNAOHEBIELTH 5 v
AT Z ERELMT L, ERIOENBERELY 5 VAREBEI®IRIC L - THEX
NIEREY ) A RNA BT A VAR FEHER LT BT LB LT LI,

B, B—TRNFELAVS L, BRBRY I 7 VALE» TR » THEERY
- FLTWAEERAREZILTHLY /  ARNABER IR B RN TES, 2 CHEBERY
- FTBERCEARAE ZORBLBA LTS A $ FRIER L, £hdbd in vitro TRE
L7z RNA 2RI EXTRMERNA LABCZ A2 72 7S A VCEALT, 8EEG
RNA DR BT Lic, FORERIBK & v 2 EREFD 3’ {1/30EE e EEIz L
TARB RENFET D LBHLIR LI,

F=, WEGREYHTRA I TMV OEMBER/AERBRMERELH O L 5 2%
Fbicdie, SUMRLELETIHUMRESERBICNT S cDNA 2 X A2 ZBA LR
R, EUERN MR LTBET S EBELAR L,

B, v A A RAOMBMERICERT 530K & v A2 Bz oWT, MBEHRTY VEMEIRT
WHBZERRGWREL, VVBMEEATWAT I VBIZ Y VTHAHZERALIR LT,

LEDL S, KRXITEL LT TMV OERERICOWT, WEETREATH - 70#0h D
BEXHELNLICIDT, ThOOHMABEY Y A VAZRHAR LML 2b0 L Bbh, &
HEE—RAREL (B%) 285 THETHIDLHBLL,



