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; Summary

Spring ‘beauty latent virus (SBLV), a bromovirus, systemically and efficiently
infected Arabidopsis thaliana, whereas the well-studied bromoviruses brome mosaic
virus (BMV) and cowpea chlorotic mottle virus (CCMV) did not infect and poorly
infected A. thaliana, respectively. We constructed biologically active cDNA clones of
SBLV genomic RNAs and determined their ~complete nucleotide sequences.
- Interestingly, SBLV RNA3 contains both the box B motif in the intercistronic region, as
does BMYV, and the sﬁbgenornic promoter-like sequence in the 5' noncoding region, as
does CCMV. Sequence comparisbns of SBLV, BMYV, CCMYV, and broad bean mottle
virus demonstrated that SBLV is closely related to BMV and CCMV.

Main text , -

- Systemic infection by plant viruses is established via multiple steps. At each step,
several viral and host factors are involved in virus multiplication. To elucidate the
mechanism of viral infections of plants, many viral factors have been examined, but
" host factors have not been identified in sufficient detail. The complete genome of
Arabidopsis thaliana has been sequenced [8, 9], and this plant species has been used as
a model in many studies including the analysis of plant—-microbe interactions ‘[14,, 15].

Bromoviruses are icosahedral plant viruses, the genomes of which are positive-sense
tripartite RNA molecules designated RNA1, RNA2, and RNA3 [25]. Each RNA has a

cap structure and a tRNA-like structure at the 5' and 3' termini, respectively, and the

intercistronic region (ICR) in RNA3 contains a poly(A) tract. RNAs 1 and 2 encode the
la and 2a proteins, respectively, which are involved in viral genome repliéation [20, 21].
RNA3 is not essential for viral RNA replication, but encodes the 3a protein required for
viral movement [27, 28, 42] and the coat protein (CP), which is translated from a
subgenomic RNA designated RNA4 [39]. Six viruses belong to the genus Bromovirus in

the family Bromoviridae: Brome mosaic virus (BMV), Cowpea chlorotic mottle virus

(CCMV), Broad bean mottle virus (BBMV), Spring beauty latent virus (SBLV), Cassia
yellow blotch virus, and Melandrium yellow fleck virus (MYFV) [38]. Full-length
cDNA clones have already been constructed for BMV, CCMV, and BBMY, from which
infectious transcripts have been genetated in vitro [4, 5, 33], and the complete genomic
sequences of these viruses have been determined [2, 3, 6, 13, 37]. The bromoviruses are
some of the best characterized plant viruses in which the viral factors required for
infection have been analysed. However, only a few of the host factors required for
systemic bromoviral infections have been identified [10, 26, 29, 36]. One reason for the
delay in identifying these host factors, especially those involved in viral cell-to-cell and
long—distance movement in plants, is that no bromovirus has been identified that infects
A. thaliana. - ‘ '
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SBLV was isolated from Craytonia virginica (Portulacaceae) in north-west Arkansas,
USA, and is seroldgically related to BMV and CCMY, but not to BBMV or MYFV.
However, SBLV virions are icosahedral particles approximately 28 nm in diameter,
larger than those of BMV and CCMYV; they are stable at neutral pH, whereas BMV and
CCMV virions are stable at low pH. Furthermore, the host range of SBLV is different
from those of BMV and CCMV.-Therefore, SBLV is considered to be an unusual
bromovirus, with properties that differ from those of other bromoviruses [45, 46].

In this study, we demonstrated that SBLV systemically and efficiently infects A.
thaliana. Then, to establish a model system to elucidate bromovirus—plant interactions,
we constructed biologically active ¢cDNA clones of SBLV genomic RNAs ‘and
determined the complete nucleotide sequences of these RNAs. ’

Gomphrena globosa plants were inoculated with SBLV (American Type Culture
Collection [ATCC] PV-369), and virions were purified as described previously [45].
Virions of BMV and CCMV were purified as described previously [31] from barley
(Hordeum vulgare L. cv. Hinodehadaka) and cowpea (Vigna unguicufata cv. California
Blackeye) plants inoculated with in vitro transcripts of BMV M1 strain [4] and CCMV
M1 strain [5], respectively. Viral RNAs were isolated from purified virions using an
RNeasy Plant Mini Kit (Qiagen, Chatsworth, CA). Arabidopsis thaliana accession
Columbia-0 (Col-0) plants were grown essentially as described previously [17, 48].
Nicotiana benthamiana, G. globosa, Chenopodium quinoa, pea (Pisum sativum cv.
Midori-usui), cowpea, and barley were grown as described previously [41].

The fully expanded rosette leaves of the model plant A. thaliana Col-0 were
inoculated 3—4 weeks after sowing, with virion RNAs of BMV, CCMV, or SBLV. The
lééves was assessed at 14 days post-inoculation (dpi) by western blot analysis [7].
Because anti-BMV antiserum (ATCC PVAS-178) croSs—réacts strongly with CCMV CP
and to some degree with SBLV CP (Fig. 1A), anti-BMV antiserum was used to detect
bromovirus CPs. The infectivity of each virus was evaluated in at least three
independent infection experiments with consistent results. SBLV CP accumulated to
high levels in both the inoculated and uninoculated leaves (Fig. 1B, lanes 9-12). BMV
CP was not detected, even in the inoculated leaves (Fig. 1B, lanes 1-4), despite its
strong reactivity with anti-BMV antiserum (Fig. 1A). The accumulation of CCMV CP
in the inoculated leaves (Fig. 1B, lanes 5, 7) was sevenfold less than that of SBLV CP,
which was estimated after normalizing the difference in immuno-reactivity (Fig. 1A).
CCMV CP was usually undetected in the uninoculated cauline leaves (Fig. 1B, lane 6),
except in 20% of the inoculated plants (Fig. 1B, lane 8), and its accumulation was 40-
fold less than that of SBLV CP. Although SBLV systemically infected Col-0 plants, no
symptoms were observed, as was also the case with BMV and CCMV infections. These
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results demonstrate‘thakt; of the three bromoviruses, SBLV infected Col-0 plants most
efficiently, and suggest that SBLV may be useful in the identification of the host factors
involved in the systemic infeétion of plants by bromoviruses.

The host range dfﬁ:SBLV was checked in several plant species that have been used for
laboratory experiments with bromoviruses. The two largest leaves of N. benthamiana, G.
globosa, and C. quinoa were inoculated four weeks after sowing, and the primary leaves
of cowpea, pea, and barley were inoculated one week after sowing. SBLV virion RNAs
showed infectivity and induced symptoms in G. globosa, C. quinoa, cowpea, and pea,
as described previously [45] (Table 1). Furthermore, SBLV systemically infected N.
benthamiana, which is a common systemic host for BMV and CCMY, and induced
systemic mild mottle symptoms, although BMV an CMV infected N, benthamzana
asymptomatically. Moreover, SBLV did not infect barley, which is a selectwe host for
BMYV. These results indicate that SBLV is closer to CCMV than to BMV in terms of
~ host range (Table 1).

To isolate partial cDNA fragments correspondmg to the 5' and 3' prox1mal regions of
the la and 2a open reading frames (ORFs) of SBLV, we performed RT—PCR‘usmg four
sets of degenerate primers, which were designed based on-the élminoadd sequences
conserved among the replication proteins of BMV, CCMYV, and BBMV. The conserved
amino acid sequences are AEHYDC plus MFDGAM and FGDTEQ plus KCDLFK for
1a, and VPSFQW plus HAYFDD and CDRMKF plus (D/E)YWFH(D/N)W for 2a.
Amplified cDNAs were directly cloned into pGEM-T Easy Vector (Promega, Madison,
WI). Because the 3' ends of the genomic RNAs of known bromoviruses terminate with
CCA, SBLV RNA3 was polyadenylated using poly(A) polymerase (Takara, Otsu,
Japan) and reverse transcribed using a TG primer. Second strands were then
synthesized, and the fragments cloned as described previously [18]. The cDNA inserts
from genomic RNAs 1, 2, and 3 were sequenced using an automated DNA sequencer
(rﬁodel 310, Applied Biosystems, Foster City, CA). Primers were designed on the basis
of these sequences, and the terminal sequences of SBLV RNAs were determined by
rapid amplification of cDNA ends (RACE) [16]. ’ |

Full-length cDNAs of the SBLV RNAs were synthesized by RT-PCR under the
conditions speciﬁed for SuperScript II reverse transcriptase (Life Technologies,
Gaithersburg, MD) and LA Tag DNA polymerase (Takara), using primers designed to
both terminal sequences of the SBLV RNAs determined by RACE. The primers
contained a PstI site for cloning, and an Mlul site for linearization of the plasmid DNA
clones (Fig. 2). To enhance the efficiency of transcription, an extra G residue was added
between the T7 promoter sequence and the 5' terminus of SBLV genomes (Fig. 2). The
addition of a single extra 5' G residue does not have any detrimental effect on infection
with BMV transcripts [19]. Amplified DNAs were cut with PsI and ligated into PstI-cut
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pUCI118 (Takara). G e ,

- Of the capped transcnpts from full- length cDNA clones of SBLV genomes, one clone
each of RNAs 1 and 2, and five clones of RNA3 were involved in the production of
SBLV-specific necrotic symptoms in G. globosa as severe as those induced by SBLV
virion RNAs (data not shown). To further select between the five RNA3 clones, we
determined the length of the poly(A) tracts in the ICR of SBLV RNA3, because the
lengths are heterogeneous in each population of BMV, CCMY, and BBMV [37] (Fig. 3).
The poly(A) sequences of the five clones were 34—42 residues long, with an average of
39 residues. We chose one infectious RNA3 cDNA clone with a 41—fresidue~:p01y(A)
sequence, because it was closest to the aVerage length in the virus population. These
representative cDNA clones of SBLV RNAs 1, 2, and 3 were designated pSB1TP6,
pSB2TP7, and pSB3TP9, respectively, and this set of plasmids and all in vifro and in
vivo products arising from them are referred to as belonging to the KU1 strain of SBLV.
The infectivity of a mixture of capped transcripts synthesized from these clones [22]
and the symptoms caused by their infections in several plant species were identical to
those produced by SBLV virion RNAs (Table 1, data not shown), indicating that the
KU1 strain of SBLV reflects the characteristics of the ATCC PV-369 strain of SBLV.

The complete nucleotide sequences of SBLV RNAs 1, 2, and 3 were determined by
sequencing the full-length cDNA inserts of pSB1TP6, pSB2TP7, and pSB3TP9,
respectively. To determine the nucleotide sequences, we first used the EZ::TN™ <KAN-
1> Insertion Kit (Epicentre, Madison, WI). Sequencing was completed using terminal
deletion clones and appropriate synthetic primers. The nucleotide and amino acid
sequence data were analysed using DNASIS-Mac v. 3.6 software (Hitachi, Japan) and
the CLUSTAL W program [44], respectively. All cDNAs were found to be inserted in
the direction opposite to that of the lacZ gene in the cloning plasmid. The lengths of
SBLV RNAs 1, 2, and 3 were 3,252, 2,898, and 2,213 nucleotides, reépectivcly; By |
sequencing RACE products, we determined that the 5'-terminal residues of SBLV RNAs
1, 2, and 3 were guanine, consistent with BMV [2, 3] and CCMV [6, 13] Whereas those
of BBMV are commonly adenine [13, 37] (Fig. 3). :

The 5' noncoding regions of SBLV RNAs 1 and 2 contain two motifs h1ghly‘
conserved among the other bromoviruses (Fig. 3). These correspond to canonical boxes
A and B in the eukaryotic RNA polymerase III promoter (Fig. 3), which is considered to
be an internal control region for the rcplicatidn of viral genomic RNAs [34, 35]. By
contrast, SBLV RNA3 does not contain the definite sequences of boxes A and B in the 5'
noncoding sequence, but contains the box B motif in its ICR region (Fig. 3). This is not
a common charact;‘eﬂstic for bromovirusés; Of BMV, CCMYV, and BBMYV, only BMV
has this motif in the ICR region (Fig. 3), and the box B motif in the ICR of BMV RNA3
is required for the la protein-mediated stabilization of RNA3 [43]. There is another
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characteristic of noncoding sequences that differs between bromoviruses: a large
segment which matches to the bromoviral subgenomle promoter core regions of the
RNAS3 ICR, exists in the 5' noncoding sequences of RNA3s of CCMV and BBMV but
not of BMV [6, 37] (Fig. 3). SBLV RNAS3 also contains a subgenomic promoter-like
sequence in the 5'-terminal noncoding region of RNA3 (Fig. 3). Because no subgenomic
RNAs have yet been identified that express 3a protein, the protein is probably translated
directly from RNA3. No significant biological function has been identified for this
insertional segment in RNA3, except for some contribution to viral competitiveness
[32]. Therefore, it has been suggested that this sequenCe may be a relic from a precursor
virus, when a three- -component bromovirus evolved from a smgle-component ancestral
virus, such as tobacco mosaic virus [6]. :

The 3' ends of SBLV RNAs terminate with CCA, and the 3'-terminal regions are
- predicted to form tRNA-like structures, which are common at the 3' ends of bromovirus
RNAs [1]. Moreover, all the tRNA-like structures of SBLV RNAs are predicted to be
charged with tyrosine because they have an anti-codon loop for tyrosine and contain a
D-arm, as do those of BMV and CCMV but not BBMV [1] (Fig. 3). Although the
tRNA-like structures of SBLV RNAs 1, 2, and 3 are similar to each other and to those of
BMV and CCMYV, the sequence similarities between the 3'-terminal 150-nucleotide
regions forming the tRNA-like structures of the three genomic RNAs were low
(60.0-83.3%) in SBLV compared with those in BMV (94.6-98.0%) and CCMV
(86.6-90.6%). The extensive differences in the 3' 150-nucleotide sequences between the
SBLV RNAs may have considerable effect on the accumulation ratio of individual RNA
components at the single-cell level, as reported for BMV (12). k

Four potential ORFs were identified in the genomic RNA sequences of SBLYV, as well
as in those of BMV, CCMYV, and BBMV. SBLV RNAs 1 and 2 each contain one large
ORF, corresponding to the 1a and 2a genes of other bromoviruses, respectively. SBLV
RNAZ3 contains two ORFs corresponding to the 3a and CP genes of other bromoviruses.
Bromovirus CP is involved in virion formation and viral long-distance movement. Our
preliminary data demonstrate that SBLV CP is also required for systemic infection with
SBLV. We have recently found that the C-terminus proximal phenylalanine residue is
important for V1r10n formation in BMV [30] This resadue is also conserved in SBLV CP.
Overall, CP sequences are similar among the four bromovrruses Howeve1 we have not
yet identified the ammo -acid sequence differences in the CPs of SBLV and the other
bromoviruses that confer umque propertres on SBLV virions [45] ‘

Apart from these four ORFs, there is no evidence that the other small ORFs that are
similar to the 2b gene of the cucumovrruses [11] are expressed in bromoviruses. We
identified other candldate ORFS Wthh are located in the central region of the SBLV 3a
gene in a different frame and on the (=) strand of RNA3 corresponding to the CP-
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encoding region. The disruption of these ORFs did not affect the infectivity or
symptoms of SBLV infection of N. benthamiana, G. globosa, C. quinoa, cowpea, or A.
‘thaliana (data not shown), indicating that the products of these candidate ORFs are not
essential for SBLV infection. L :

Phylogenetic analysis of the four bromoviruses was performed using the MEGA2
program [23], and phylogenetic trees were constructed with the neighbour-joining (NJT)
method [40]. In phylogenetic analyses based on the amino acid sequences of the ‘121, 2a,
and 3a proteins, and CP, BBMV was the most distantly related of the four bromoviruses
(data not shown). On the other hand, although BMV, CCMYV, and SBLV are closely
related, the phylogenetic relationships between the three bromoviruses were not
consistent when different viral proteins were compared. This may reﬂectreasSg)rtrheht
and recombination. events among natural infections of bromoviruses, as have been
observed for the cucumoviruses [47]. Then, we compared the characteristics of
nucleotide sequences in the noncoding region among four bromoviruses (Fig. 3). In this
comparison, the distant relationship of BBMV in four bromoviruses was confirmed,
because BBMV has some unique characteristics (e.g., adenine at the 5' terminus, lack of
a D-arm within the tRNA-like structure, and the longest poly(A) tracts of the four
bromoviruses). Moreover, Fig. 3 shows that the characteristics of the noncoding
sequences of BMV are most different from those of BBMV. SBLV-and CCMV have
intermediate characteristics between BMV and BBMV. In the relationship between
BMYV, CCMYV, and SBLYV, SBLYV is likely to be more closely related to CCMV than to
BMYV, considering the average length of their poly(A) tracts and the host ranges
described in Table 1. Furthermore, SBLV contains both of the unique sequences that
occur in the noncoding regions of BMV and CCMV: the box B motif in the ICR of
BMYV RNA3, and the subgenomic promoter-like sequence in the 5' noncoding region of
CCMV RNA3. Therefore, the genome orgaﬁization of SBLV may reflect that of an
ancestor common to both BMV and CCMYV, or that of a virus intermediate between
BMYV and CCMV.
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Table 1. Infectivity of bromovirus virion RNAs and in vitro transcripts of SBLV

BMV CCMV. SBLV ~ SBLV
Plant : viion RNA  virion RNA  virion RNA transcripts

I U I U I U I U
A. thaliana (Col-0) Lo O+t o+ o+ + o+
N. benthamiana + o+ + + + + T+ 4+
G. globosa + o+ + + + + + o+
C. quinoa ‘ + + -+ = + — + ~
Pea .- + o+ + 4+ o+ o+
Cowpea - . + + - - - -
Barley + o+ - - - . - -

I, inoculated leaves; U, uninoculated upper laves; +, CP detected; —, CP not detected.
Western blot analysis using anti-BMV antiserum was performed at 14 Elays post-
inoculation of inoculated rosette leaves and uninoculated cauline leaves of plants
inoculated with virion RNAs (0.1 pg/ul) or in vitro transcripts (0.3 ug/ul), as described
previously [4]. ‘ o ‘ o “

* CCMV CP showed low-level accumulation. Refer to the text for details.




1 2 3 4 5 6 7 8 9 10 11 12

Fig. 1. (A) Cross-reaction of anti-BMV antiserum. BMV, CCMYV, and SBLV CPs were
separated by electrophoresis on a 12.5% polyacrylamide gel containing SDS [24], and
stained with Coomassie brilliant blue R-250 (left), or detected immunologically with
anti-BMYV antiserum (right). Tenfold less of each bromovirus CP was loaded in the right
panel than in the left panel. (B) Infectivity of BMV (lanes 1-4), CCMYV (lanes 5-8), and
SBLV (lanes 9-12) in A. thaliana Col-0. Virion RNAs of the three bromoviruses were
used as inocula. Inoculated (I) rosette leaves and uninoculated (U) upper cauline leaves
were harvested at 14 dpi. Western blotting analysis with anti-BMV antiserum was used
to detect viral CP accumulation. CP accumulation in two independent plants is
represented for each bromovirus infection. Total proteins from Col-0 leaves (1.25 mg
fresh tissue) were loaded in each lane.




T7 promoter

start
CTGCAGTAATACGACTCACTATAGGTA! CCACGCG
GACGT TTATGCTGAGTGATATCICAT GGTIGCGG
Miu
SBLV cDNA

Fig. 2. Partial nucleotide sequences of full-length SBLV cDNA clones. The Pstl site
used to clone SBLV cDNAs and the Mlul site for the linearization of cloned plasmids
are represented by boxed and italicized bases, respectively. A bent arrow indicates the
T7 promoter start site. The transcripts are predicted to have one additional G residue at
the 5' terminus, and possibly four extra non-viral residues (CGCG) at the 3' terminus of
the viral genomic segments generated from the Mlul recognition sequence.




RNA1 & RNA2 RNA3

.,.mpppel-::::—qF mvepppa—::w—-mm% BMV
mmmg--{—_:jj-? m7GppPGZ§:]‘-—'(A)qo‘E:—(?{F3 SBLV
e mwprZg-I:l—(A)m-I:I@ CCMV
mve.,ppALE_—:_-_-_—_j—P m7GpppA ch_—_:::——-mm BBMV

Fig. 3. Schematic sequence alignment of genomic RNAs of BMV, SBLV, CCMYV, and
BBMV. All coding and much of the noncoding sequences of each genome show
extensive similarity among these four viruses. Similar sequences are aligned on
horizontal axes that pass through the centre of the boxed genes. Because the overall
noncoding sequences of RNA1 and RNA2 are common in each virus species, both
RNAs are aligned together. The 5' cap (m’G) and the first nucleotide of each RNA are
shown. The cloverleaf structures represent the tRNA-like domains at the 3' termini of
RNAs; the D-arm is absent only from BBMV RNAs. Insertions in RNA segment(s)
relative to the other(s) are removed below the appropriate horizontal axis with dashed
lines. The box B motif is shown as a small closed box. The lengths of the oligo(A) tracts
in the intercistronic region of each RNA3 are also given.
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FHICE> TBIERIIND, TOFTYUAINARY ) AOKEE TN ERE
TBYINTVENSERINOGBR/NDHEEERD—DTHD, TAIVAITERL
IR D% <1E. BYA V. B FE AL EORAIRBEREL, &
SICHEMEOERBREICH L TELWATEEZRE T, BHY 1 IV AZEEY
IR T D ESRBHEELGAS2D, TOBRISERECEETH S, YD
ANZHFOHRIZBNTIE, RAVHBHICRI T2 I EOTESEEN. b
LV RERAZEEEZIMAD I & T L THED T A IV ANEFITIINS DZH]
FIL. BOESETORBEERT 2 ZENEETHD. TOLDITE. HEY
YA Y ADNE A THFEL fﬁ%%’lé‘ﬁ;'@‘%ﬁ XA%@F@%@-%) &N
WETHD, :

&%‘7’1’)1/2@’531‘1_%5\_{%7&2:75\ 5EAT B E, fi'@'?ﬂﬁﬁrﬁ%‘fﬂiﬂﬂf‘?’f
VALY ] L OBHEEFN, RO TRBEER (Plasmodesmata) ZA U CREEE
faN&E¥fTd5 (MiEEZT). T0%, EYOMERRZE> TLADEA
LB (BEESBMT T5IEREVRBRLAERIIES., TNSOEKE
BREOBILBICEERRICT. VNV AAORFERITEDAORFHEE
BB ERZLTWS EEZ 53TV (Carrington et al., 1996; Séron and Haenni,
1996) . EE. UAIVABORFICETE2MENEATETNS—AT, EE
RTFIWCBEL T EMOENE L TOBMIWAITIIEALHANELSNTE
TWRWORRIRTH D, YT A IVADBEREAN Z AL ERAT 5720121,
BEERFOEEDP. TOEERTZTo T I ENRETH S,

WA NVADORRICEES TH2EERFZERE - FEd 2720DFED—D
& LTy Two-hybrid ¥ Far-western 5 & W0 7z, YERMEEHICEDOWED
OMH5H, TOFEEZ., TO—TJTELTHWSRTAIADS N7 E LEHEME
HEEAT2BERTRIEY >NV EZI-RI2BEETERBEI LD TH D,
Z NE TIZ. Two-hybrid &7 AW THRE S /2@ ER T & U T Wheat dwarf virus
DEELY > )7 E RepA EMEIEAT 5 GRABI B XU GRAB2 (Xie et al., 1999) .
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Turnip crinkle virus (TCV) DO#%fT45 2/)N7 8 p8 EHEERT 5 Atp8 (Lin and
Heaton, 2001), Cowpea mosaic virus ® 60K ¥ > /87 B EMENEFRT 5 VAP27-1
BELU VAP27-2 (Carette er al., 2002) ENHISI. F/z. Far-western %% W
THRESN/ZZBERT E LT, Tomato mosaic virus (ToMV) OB 280 E
EHEMEATS NtMBFla (Matsushita er al., 2002) ZEQWEINTETNS,
NS5 OFEIL, BERFMEEOEFIIHLEATH->2D., BROEBEETFICXK
D TCIA—REINTWEDTEHEETHEBENARETHIEVNSTZEFNH SR
. BRI NZBEEEERTN. EERICBT S W%JLZ@&L‘QK%[@E Fa'%i:‘%b 2
Tméﬁﬁoﬁﬁﬁﬁfmm&MQK%f%%6 , |
—%. BERTAEE - AET500FEELT. TEVEY Arabldopszs
thaliana (L) Heynh. (304 XFXF) Z2AWEBRZENFENETSNS, &
O XFAFE, METHRBENENZOERENTER RS TE. BX
ZRLUTEBOBTZ DTSN ADKECHEEHROAIETH S, £/, n=5
D2 EART, T LY 13 125 Mbp &E%%D@F?%ﬁ_%@tlf"@%d\*@d@%
ZDEDRFENG, oA X F XTI FEGENFENTE1TD L TENWH
FEMEIE U TRHMBES 1TV S, 2000 &*L:Lil@é’ﬂ‘rﬁ%ﬁ DHETY /) LDOEHEE
EEFINRE SN, D TEGENETOLOORBEEFEOEALTNS, U1IVA
BBV EREERTFOEBEZEMNELT, INETITED VA IV ADHEES
ET 3304 XFAFOLEEERNLS ONBEHINTEE NS, Tobacco
mosaic virus D7 7T FRFZM (TMV-Cg) DEEITEET S 1oml. tom2 BX
O tom3 B EAR (Ishikawa et al., 1991; Ohshima et al., 1998; Yamanaka et al., 2002) .
Cucumber mosaic virus ZALRE (CMV-Y) OMPARIBTICEET S cuml BE
O cum2 W&{z{i (Yoshii et al., 1998a; b). £7z. Turnip vein clearing virus DEFE
BERITICET 5 vsml BEER (Lartey et al., 1998) B ENHSENTWS, BEE
TIENSEDVNSDNIEDONTIRRERERTFNEICEEE - HEINTVWS
(Yamanaka et al;, 2000; 2002; Tsujimoto et al., 2003) . E 7=, 2O4XFAFOF
7ty a MBI U ABEREDERWERIALZHENSIE, TCV I
%t 2 BEEER S (HR) (B8535 HRT (Dempsey et al., 1993; 1997; Cooley et al.,
2000). CMV-Y IZ%t9"% HR IZB§5-9 % RCYI (Takahashi et al., 1994; 2002) .
7z Tobacco etch virus (TEV) DEFEBESTEHE T 5 RTMI B LU RTM? (MahaJan
et al., 1998; Chisholm ef al., 2000; Whitham ez al., 1999; 2000) 7z&. & U TEH
HICEET 2EERFNREINTVNS, BEEENFETREINZEERT
W SEERNTYAINABIEICEEL TNWA I ENHETHD., PO XTI %
ANSFERERECEDTHELEEA 5,
TOETAIVAR3PEH DG A—FE RNA &7 ) LELTHDERY
ANVATHB, CNETTOTTAIVAICET 381583, £ & LT Brome mosaic
virus (BMV) & Cowpea chlorotic mottle virus (CCMV) % AW TITHN., BRRITEED
DA R A INVAMDEFICOWTFEHREN D ShT &z, —%, BE
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EEFICEL TIE. BMV BEA A AFN5 BMV D RNA K7 RNA & kB
FEAEMHIT S EICLD. HBREANIZBWT BMV O F A8 RNA &5
ZRAET DEEEYET LT, FRRBBET IF3 P RESNTNS (Quadt er
al., 1993), E7-8iF Two-hybrid IEICL V. BMV OAES > /578 S HEIER
Uy UL IVABREICES §5 44 LAFEFELT HCPL & DSV ERREIN
7= (Okinaka et al., 2003), BHEXTICTOET A IV ADBELIZE O 5B THEY
AFELTHREEINTNEDDORINSDAHTH S, Ahlquist 5D )—TIZ
EoT, BREZAWVWEZRZFAL. BMV OBEEICEE T 52BERTFOREMN
BHEIZEINTIINS DD (Diez ef al., 2000; Noueiry et al., 2000; Lee ef al.,
2001) ﬁ%k&mfb@ﬁbmﬁm@4wx0%TL%b%%EI%V%?
LHANIE Bmf%fmﬁmo_wﬁl@ D&LT. BMV ® CCMV WS ET
)Zit (o gut kaxﬂ_{mmz HELPRESBNWIEREZ NS, LML
IT4E. Bromovirus J&\Z53 3B S 15 Spring beauty latent virus (SBLV) 7433 D’l' X
 ATREFHMTHENH RIS EFRERT D EWASNTRY (Fujisaki e al.,
2003a). SBLV &304 XFXFE2ANT, TOEVAIINADEREICHEDSHE
FHEYRTFEEEZNFRCLDERE TS N E>/.

7 L TEAME T, m%vmﬁ%k@%ﬁ%%%ﬂwﬁh?@ﬁ% [FE %
i & LT, % 1 E Tl SBLV B ?géﬁxé/m4ﬂfﬂfgiﬁ@k
. 5 2 ETIE SBLV OHIERIBITINEIET 2201 XF X KDY Vv a
‘/Pmomﬂﬁéﬁotoit\%3aTiSMN®ﬁ&%ﬁL%%?5/U
A RXF AT DEBIETHE SSBI ZRIE L.
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F1E

. Spring beaUty“‘latent virus DEEICEEEE 32

S04 XFXFERGOEE

I-1. ¥&

YAV ADES T2 SRR T BRI, DRI BT 5T A VA
2 AOEE, BETAMEAOMEEBT. T U TEMOMERREEST
R OEANCBETHEEHERTO 3 DI TN, EHIAIVAND S
BICBNWTLEBRATSHE. TOMEMIZ. 1)V AM 3 D ORYBRE % RT
SHBLEDCHEREERT 2, T2ty hELTHoTWEEE LN,

BERTFERETZHEDO—DELT. YA N AOBKLEEHET HEEICE
RERFEVNEEZHL T, TAIVABBECEEOE LR EKEEKRL, TORE
FHEETEZRAET S E VW BRENFENSH . ZOFETIE. BE0LE
CHAETHDBETFR. BENICHRREROBRFIEET S BET & Bl
THIERBLVWEEZLGNS, LML, COFETHREINEBERTFIIE
ERICBNTYA IV ABBICEE L TWS I ERHETHY. T1IILVABOR

 FERERRHEER LM RN S REERFOREDAETH L ENS

AUw "Rps, JORTAIVATHE., HEFEEBEZEEEL THWERENH
D, EIZ BMV OERICE 5T 2EEEOEERTF LSMI. DEDI 3L OLE]
MEEEI N7z (Diez et al., 2000; Noueiry et al., 2000; Lee et al., 2001) . E%HEY)
S TERKOBEBEEITS OIZEL WA, FE, ETIVEHOS DA XF R
FEBEELTHANWD ZET. BYY AV AORIEICHERBEERFEREEL
RN DPBEINTNS, TMV-Cg DY J LA EEINCE 5T 2EERT&
=T E LT, TOMI BEFB LU ToM2 BEFNEE XN TS (shikawa ef al.,
1991; 1993; Ohshima et al., 1998), TOMI BETIIEEICRAE SN, 7 BEEER
B BEI—RTBHIED, TMV-Cg DEERERY DNV EDOAY H—F

CEB AT AHERE DI ENRINTBY., UL INAEEREIITAILAD

ERE SR EEUEF TH 5/ NARE LIC DR E LD 5 REERLLTNB L
HER SN TS (Yamanaka ef al., 2000). & HIT. toml ZREAETIE TMV-Cg D
LHRENBLTIHOD, TOERIMIMEDSTROLNDZENS, om]l B
BEREBEERRERFELEL T TMV EEIRO SNE< B3 -EERED
BRSTON, TORR. TOM] BEFOREDS ThHD TOM3 BIETHE
B - FESNTVS (Yamanaka ef al., 2002), TOM2 EETICHT 2HEDEA
TBO. tom2 ZTEMTIE TOM2A & TOM2B £ WS “BEOBETFNHEIN
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TWizZ &, TOM2A & 2NV 8 4 BEERY VNV ETHD. TOML ¥
DINVEBEMEERT S ENREIN TS (Tsujimoto ef al., 2003), F/=,
CMV-Y OHIfERBATIZEES 5 cuml (Yoshii et al., 19982) BE cum2 BRI
(Yoshii et al., 1998b) Z=RWEMFEN S, CUMI. CUM2 BEFIEZNETNE
BB T elF4E & elFAG 20— RLTWB I EMRHN> TS (HH - A,
FIE) o & BIT Turnip mosaic virus DEERENHEE S NSZEEMEKNS. TORRE
f5F & LT elF (iso) 4E INFIE ST WS (Lellis ef al., 2002; Duprat et al., 2002) »
SBLV I3, Y HAXFXF DT 7%y 3 Columbia-0 (Col-0) ITHER<
EHERETEHTOTTAIATHY (Fujisaki er al., 2003a). SBLV Z W5 Z
EWZES T, JOEYA N ADOREICEEST5EERTE., O XF X%
AWESFEERHFEICLIDEET S ENARER> T2, U1IVAELEE
HAFEDOHEERICIIFEERND D EEZZ 65N THB O, SBLV BEIE TOMI
TOM2 72 EDEAOBEERFICB I 2 EROEELZ RN EAVRENT
% (R, FAME) &5, SBLV IARAIOEERFEZFIAL THEELTNVS
EEZBND., TITAWETIE SBLV OERICEST2EER T2, Col-0
EERAREANVWCERENFRICLVBH TSI E2ilblc. TFIVAY A
ROBE (EMS) X DEALEFENE L Col-0 DEFHEOEY ZBEHES
CETE M2 MO S5, SBLV OHEIEAHES N/-EEEZREKL. RRER
FEHRRITDHIEICL> T, SBLV OEEICHEREERFOEE - AEZzH
fBl7z. 2,231 fEED M2 FEMITDWT SBLV B 2HE L. SBLV HEIENE
G BERMEE 1 T4 (2433B) B LTz, BERFHIMTN S 2433B ICHBWT
% SBLV HEIEDEBIEISLEDHEICL > THEIN TSI EERL, 51
2433B MBS T OBRETEEEZZT TWNWE I 2HEMT LT

I-2. ##EAFE

HEMEDE K | | ;
OA4AXFXFOT Ry ral Cl0 OFEFIT. FNA T MILKE
Arabidopsis Biological Resource Center (ABRC) D Randall Scholl &+ D X
NebOEEMR L, £z, Col-0 )\ 757> RIZUT EMS AL M2 &
F13 Lehle Seeds £t (78X, http://www.arabidopsis.com/) K DAL,
104 XFAF BERIT S LB Oy 27—V (BEFH~TU 7V
EHEAL. KERESEZFLARBWTHAIKEE ZE/2H, Arasystem (N
—&—Fw ) @ Araflat KDODTHW:z, BEICIIMEZERL. KTES
L TRTICHMN. MBLAETZ2 1Ry Y20 4RHE Nz, 4CHE
FHETT2HMEBREL 2%, 25C, —HHED 16 FEAOHESHTTE
AR L7z, BBEHZ 1XHoagland B5HB¥E¥K (Dhingra and Sinclar, 1985) &AL, %
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F, TEPEDNBVWEEICEES A . FECKEL TR, REEfFzDO9 D
vV TEBMDMU, Jiffy pot Ciffy A/S #) 1B, HEEEICIIN-3
Fa51 hEEMAL. OHP 74’)le (+T7H #R) 2RRICLIZBDZILT
THEDEZE -, BOENBEAIZAZD, EIRELBDES, BEED
HEICANTLEBU EBREZBREI®ZH, Ty RO Fa—TIEDE,

SBLV Z #9572 D propagation host & L T, > ZF 37 (Gomphrena
globosa) &7z, G. globosa W IHEMITEDEFMREICBWVT, 25C. —HD
D16 KD HESHET Cliffypot EAWTER L. BELICWEIN—2F2 5
1 bZFEA L. 1XHoagland HHARICE > TER L=,

AN ADEEE

SBLV 2 Valverde 5 (1985) DHIEICEWREE L=, SBLV KWEREL = G
globosa ME 10 g #¥720, 1.0ml @ 002 M UEFRNITLNY 77—

(pH7.0) & 500 pl dZ OOR)VLM-TE ) —)b (1:1) BIREMA. Ak TE
BLiz. BREE 4 BEOH—FYTREBL, 4ACT—HEBEL ., %@%ﬁi‘ﬁ:bé}
B (2,500Xg, 104, 4C) L. LiEEFEICE LD (80,000Xg, 90 4, 4C) L
7o TEEXIT 500 pl OD;0.0IM JBEFRUTANY T 7— (pH70) %bm 4°C
T—HMBEL THRELE, COBBRERELDEE (2,500Xg, 547, 4C) L., £
DLEEEZ 0220 M T aEEELNRE (001 M Y /Eééﬂ"}\UbA/\\y77~—

(pH7.0) THE) CERBL. BLOEE (70,000Xg, 150 4,:25C) L. T0D
%, EHEBTIAINVADONY RERWED, 001M U /&ﬂ\urﬂv\y77
— (pH7.0) TI0fEICHFR LA, FODEE (80,000Xg, 90 43,4°C) L7z, ik
BT 500 pl ®0.01M U EEF NUT LNy Ty — (pH 7.0) &ii%x. 4CT—
REEL TREBELEZ. ZOREKIZ 50 pl DILF LY a—=)V&IMA. -80C
TRELZ. £7z. ToMV I3 Takeuchi 5 (1999) @ﬁ{éikﬁfmla%éb -80CT
REL.

in vitro S5 B RiG
 SBLV RNAI. RNA2 3XLTL RNA3 D cDNA 7 O0—> (pSBITP6. pSB2TP7
B &V pSB3TPY [Fujisaki er al., 2003b]) 1% Miul THIHTL, BMVRNAL . RNA2

~ BEXU RNA3 @D cDNA 7 O—> (pBITP3, pB2TP5 $ & U\ pB3TPS [Janda et al.,

'19871) 13 EcoRI THIHT L. CCMV RNA1 . RNA2 BXU RNA3 O cDNA
71— (pCCITP1. pCC2TP2 B LN pCC3TP4 [Allison ef al., 1988]) & Xbal
THIWL., ZNEEEEEL T T7 RNA RU XA 7-{2@ DF* vy THET T
B R %> 7 (Kroner and Ahlqu1st 1992)

'7’(}1/1 *i%ﬁ‘d:(ﬁ@z’iﬁ%@h%%«@?&fi ; ; :
G. globosa ™~® SBLV RF DRI, EE S5 ER%OEED, TE375TE
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FLOREDDEITF T, &“@{%}*‘i 500 pg/ml &L. Ji— RS2 FLERD
NI ECERELE.

/5437“7\7“«03'74)&%1%@%@:1 BN 4 RO, DEv I E
MNERICERL. BEOFENRBDSNEERIIT >z, BEREZCIIREEH
L7z 2 Mooty FEEZER H—RT Y LESONTHK. HAN—F—
TR ERT XAV =V ERy R AW THERB U, #@BIEREIL. SBLV K
F13 500 pg/ml. ToMV B FId 10 pg/ml & L7z, BMV., CCMV BXL U SBLV O
EEMIT. RNAL 2. 3 QEEZZNTI 200 pg/ml & LRETREFASL,
BRERICUVIOED SBX MFA FEINA, RFERRICERL .

7ONSSRAMOFEEE VA IV RIEE

PO XFAFOTORNT I A NOFABIIKROBOfTo 7z, HFE 4~5 HfHE
BOWMEOOY Y ¥ERH 5 g 2RIITH A, TR 7O L s
DMEWCANZ 20 ml OERKR 1%V I—F, 005%<YEOF 1A, 06 M T
>Zbh—=J)l. pH 6.0) ITEL T, BIEBELANS 25T T 3.5 BgEE Lz,
TOWZE 4 BOH—ETEBL., BRZELDEE (40Xg, 370, ZEiR) L.
Z DI E VIR (06 M >=h—J)b. 10 mM CaCl,. pH 6.5) T2 E¥EEL
7t ILBREREFRICHEBREBL. 1| BERHZD 1.0~50X1I0C°EOTONTS
ARNERDBEDTHELZ, BEEE LT SBLV &5 (RNAL, 2. 3 £/KT
6.0 pg) EHFEELE, JONTFTR }\’\0)‘74)1/}(':%@@ Kroner and Ahlqulst

(1992) DHIEITHRES Tz,

J=Y¥rI0Ovra 0%

O RTIARNS5D total RNA mﬂatmw?@otor L“Cf-roﬁ_o 500 11
DHEREIE LI TO RSS2 MEERIC 20011 O RNA Ny 77— (1 M
7)1 1 M NaCl/ 10 mM Na,EDTA &, 10%SDS /&K, 5%\ N1 MA
Re BEODW 22:2:1:1DETEELZHD) ZINA vortex L7z, TD
%, 500u1 O Tz =)V and)VAEE 2 BFTW. 6501 DAY T 0¥
J =)V, 65u1 D 3MEiEEF R U DA (pH52) EREAEL. BOSEETILES &,
0% L5 J—)VkEDE, BEZELZ, U2 81l ® DDW & 3211 D RNA
BNy 77— [1.6ml OFIVATIVTER, 5.0ml OFIVAT IR, 05ml D
20XMOPS (0.4 MMOPS, 0.1 M EfE& ~U DA, 0.02M Na,EDTA). 1.6 ml O
ZUtY, 08 mg DT OALAT /) —IVTN—BLN0.16 mg DF LT

J=IVERGLEDD] ZMATRBL. 1.5%7 T0—ATIEKKEIL 7,
KE%, FIVHEODO RNA 2NA TV A - a BF1O02 AT >

(Hybond N; Amersham) (270w 54 > L7z,
SBLV RNA DB IZIE DIG-UTP (Roche Diagnostics KK.) TI X)L L7z U R
So—TEAWE, TO0—JHEEEOER E L TIE. SBLV RNAL 2 T3 Clal
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I L 7z pSBIMCI101. pSB2MCI102 % . SBLV RNA3 Tl Sall JGJJU?LL
pSB3MC103 ZFiVy/z (Fujisaki et al., 2003b) o

Cooma33|e brilliant blue (CBB) %@

SDS-RUTZUITY 2 BT INVESIKE) (SDS-PAGE; Laemmli, 1970) IZ&-
THINUEESEL. CBB #efa%fTo7z, 7)V% CBB #IK [0.25% (whv)
CBB-R250. 50% (v/v) A% /)b, 5% (viv) BFEE] C 1 RSRIRE LR, HE
W’ [25% (vIv) x&/-—)v 7.5% (viv) BEE:] T/\yﬁﬁ ATV M\{%xé £T
REL/.

9IZ9/7DVT4/0£

SDS-PAGE 1 k> THBELEZ SNV BEFA O AL T LY (Immobﬂon—
P™, Millipore) IZEE L. 3% (w/v) AFALI)VT ZE T TTBS [20 mM Tris-HCI,
0.5 M NaCl, 0.05% (v/v) Tween 20, pH7.5] T70vF> 7 L7/, BMV. CCMV
BEU SBLV CP BHAD 1 KHUARITIZY U F R OH BMV HLlliE (PVAS-
178, American Type Culture Collection) % TTBS T 50,000 &R L 7=H D& HW
7zo ToMV CP#HAD 1 XHFUEITIZT T FHEDH ToMV FLlIEE AWz, 2
KPRIRIZIZTIVAY 73 A7 7 ¥ —FEEY TR YF g6 FifE (BioRad)
% TTBS T 3,000 fEFARL 72D EA W, FEAITIL, 175 pg/ml D 5-7 E-4-
7031 >RUY CEEE 3375 pg/ml D= bBTINN—FhFV U T LADE
L7 AP/Ny 77— (50 mM Tris-HCl. 50 mM NaCl. 20 mM MgCl,-6H,0.
pH9.5) ZMW/z, ' .

SBLV CP @ﬁ%ﬁga)i%mu\T@i 517 o7, SBLV é%%ﬁbf:ynﬂ' X
FAFITEEE, FEE MOy YEBIUREED 3 DI T, #EHE 3.
4, 5. 6 HBIZY>TY T L. Znen 2 BEHEROEDHEZEEZ 1 DDy
ROFa—TREDE. HYHEB ImgHED 20 DAXTTvF TNy Ty
—& 5 DDW EMARED T AL AU LW ERIKR 1.5 pl £ O SBLV
CP 2UTAZ>TOyTF4 X THERLOBREL. N ROBENSEHEESR
NIH image /10747 5/ (National Institutes of Health) 1Z& U #fE{bL 7=,

NR=TOvTa & ‘ i

N —T 0w T4 7RI Takahashi er al (2001) OFEESEICLTUT
DX 3707z, HEYEk%E A, (Whatman 3MM Chr) EF—®3DTIEEIH,
NEOEDENHNENEDFTHIZARNEERTAREZ NS EEWTT

Ovsg P Uik, RleEKalzk, 70y hankE#EpEzE > vy b THR
DERE, A% 1 RED ERE X B,

2HDAEDIE 1 K& 2% (v/v) Triton X-100 'Gé%bi‘?‘%ié £ T, ﬁ?ﬁ'@
60-90 DREHREL Tz, RNT 3% AFLIIY %EEEU TTBS (TTBS-AF LA
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V7)) T1EMT7OyF>F Uk, SBLVCP BHAD 1 XA & 2 REUEHE
I RO B DE TIBS-AFAI N TRABKERLTAWE, 1 KHEKT
1 BRIR . TIBS-AFAI VY THEL (10 9X2 E). 2 REUKKT 18
MRS /72, TIBS THE (20 49 X2 [E) . @1x5/7my74/ﬁ&
&Hﬁk‘%ékiéﬁm% 27,

Alxﬁ“

B, ﬁ@%ﬁit%bfméﬂ %99LT%<4 %é%mto
ﬁb?%ﬁk%%ﬁ%yxﬁtmmkm%ﬁﬁw%mtf%%EW ST TE Y
Ty RBEANT 4 KO B, 4 MOER. 6 ZOBTVWEIEICRDBRWE,
BT, RN BELTWAIERRATEILN S|, B2ty NTithE
B8, < B Y FTRATHTWRZEHSE, ARLAETVLO
HECHOBAEE2EMNTER I8, REKAVEE Y M. 70%
I ) =)V CTEDITHEF L. 2. 3 BRICEHEAHUED S I &ETZH N
bt:t%%wb FOBBENEEAIC RS THE LB ZEICHEL /=,

-3 faa%

smywﬁméME?écmoﬁﬂﬁwﬁw

SBLV OEFEICHEXEER T2 HEE - AET 5 Z &%E%&bT\QEVGV
CHEEEET LD 2SO X TS OLEREKORKERSZ, Col-0 BEE
lksmNh?%%@b %ﬁéaﬁtﬁﬁﬁ%%@mbf N — 7Dy7‘
A TBICXDEORRREEEREL 2.

L%lﬂ%@@mmkﬂbtcwoﬁﬁwhﬂﬁ%t?ﬁfSﬂN@%@%
FAELE A, SBLV HEEMNE AR Col-0 & RIxDRBAERTERED 164
EARERE I Nz, TS5 DERKOERBRE & U TIE. CP 27 FIVAEF AT Col-0
FOENDORELBHINZVWDHD, T FIVOMITHBEFENRED N
HBHDRENRDoT=., LML, TNEDEERMKT SBLV HIENHIG S N7z R
HELTE, BEORBODAEFERED SBLV BREADEEY, RHEEFORK
RECLKOITFINVNEECREBENN D LEAEENEZ SN, £IT 1
KB B EBLUAEL (512) KOWTIE, BokBEWEEERLT. 20
EREICE DB MIEFEREL. 2K 38K 2T> TREMOBEHREEZH
*Lto2KL&TH174/&t05~m@¢®M3m%@ R 1 OB
RERBRICAZEL., 51T 2 RBREBEBLETA IOV TIL 3 KEHRE
LUTER 6 HEOMYELMEIIRITS CP OAFENY—70y 54 /7{33
WL OAEL, 91 ORVDIAAEITH T,

NHDE ﬁrib\uwm/uﬁﬁ)mSMN@@ﬁ%miﬁé74/&

29




LTTBRE Nz, 3 KEBHRTIE, 2433B 1BHEE 6 BRICBVWTEHRRTSD
DD, CP T FIVOILN O BEYED—EITRENTR D, T F IV EHE
BN R THWETIEEZ N (Fig. 1), F7z. 2433B M3 HEH O BIEIC L
D& M4 FEMIT SBLV fiFa#ERE L. #E 3 HROBEEEIIBITS SBLV CP
DEBEBEUIAY > TOY T4 Y THEICEKVFAEBELZ, TOHKRE. M3 HEY
EFIREIC, B3R L 7 M4 47 6 fEIfE & TI 3V T B4R R Col-0 I Hh R T SBLV CP
DEFBENMIZ SN TR, BNz 2433B REAKIT. BEZHREIIEDZ
EMBESMNE S (Fig 12). 2433B DHEYEDHEEITEF £ R D Col-0 & [k
ThHolh EEXEOHET DN AR Col-0 LD D 4~6 HEERVWETHD
BEa iz, £/, 2433B Tk, BHAER Col-0 &FREIC SBLV BFEICH L TH
R & ORMITBEIR I N/2M > 7 (data not shown) . /

BIRF R . “ -
2433B 1B WNT SBLV ORAEEMET T 2 HEOERENEEERAET 572
DIT, 2433B O M3 M EHAER Col-0 2 ATRE LT R EMEERL. it
IZ SBLV RIF 2B L T, 2@ 3 HROEBEICBITS CP £HEEBE2 YIRS
2T Oy T4 Y TECEDEE L, TORR. F Y (2Col-0X 524338 B
SN R2433BX J'Col-0) 1d. WINZFMB L LZBHE DEFER Col-0 LFE
EDCPEREZERLE (Fig. 12), 2O ENS, 2433B ITHBINT SBLV B
ZHEL TWAREIIEXEOSETHE I ENHEN LR 9Tz,

2433B [Z$H1F5 SBLV DELRHE : ‘ G i
2433B IZBF 5 SBLV DG 2 FEMICTANS 72D, SBLV Bt % ks
BICHAE L. NoR—T 0y T4 V7 ETIIEAER Col-0 & 2433B L DEMN
BELIC< N>z (data not shown). HEFEZE, JEEE LM DT Y FEBX
Ve EICBIT 5 SBLV CP EHE%. CBB REBIUYIAF > TOy T«
BRI KO REICERE L7z (Fig. 1-3). CBB DGR, BAER Col0 T
WERRETIIERE 3 HERICBWT, FERE MDYy Y EBIVREEETIIE
fE4 HRICBWTEEICSBLY CP & [F UHkENE DN > RN -> & D LEZI NI,
—75 2433B Tid, BREELEZEETIIEER Col-0 LVEBNTHERES NS
6 BTN RARIHEN, FEBEMOYy FyETEINY RNEEAE
M EINEho/z, T2, UILAY > TOvT 4 2 TERRES. JVERED
C BRHICBWTH. 2433B TRETOEMITBNTHER Col-0 £ D CPERIE
EINDRETOHERIN. ISTHEROBEEEN S, CBB RATHEINN
> RINSBLVCPICHERY 5 EbER I NIZ, o .
CRIT, B4R Col-0 & 2433B I2B1F B SBLV CP EHEBOEWVWEHSMCT S
DI, REFI CP BHMBOLLOERMITET o/, B 3 HEOHER
Col-0 HMEEICBIT S CP EHEEE 100 E LT, BE 3. 4. 5. 6 HEOZNTE
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NOY U TINVICBIT S CPERBZHMMETRLZ® DA Fig. 1-4A~C TH 5.
ZDFER. 2433B TIFEF AR Col-0 ITHANT, 3 DOEMIETIZBNT CP OF
HENMETHOIWTEEL TWAE I ENHLNTR> T, FRICEBEDZNE
EThokDid HE 4 BHROEZETH D, 24338 O CP EFERIIFEE! Col-0
DK 15 Thol. LML, BEEO BRSBTS 516> T, BAER Col0
& 2433B O CP LREDEIINE B TOE, #E 6 AROBBEDIEIE
KBWTHEHRAEICIEAEEDRSNR BB T EBDho7z, DI &M
5. 2433B TIIEBEDEME NS SBLV BRI L CGEENR SN S I EAVR
TNz, -

24338 YO h 7SR MCH1F5 SBLV ke .

2433B Tl. 1 fIfEL~)UIcBIT5 SBLV HIBICEERE L NENE I NE
BHEMNMIT DI, YOI AMIBITS SBLV BiEfEEREL . H4E
B Col-0 & 2433B O 7T RS A MNZ SBLV BB &M@ L. £/ 3. 12, 24
BRI D total RNA BX W total ¥ >/S7EEHMHE L7z, SBLV RNA & CP OF
BERINEN) —¥>T0v T, Y FEBLOYIAY > T Oy T4 2T
WCEDHAELE (Fig 15). ZOREER. BER Col-0 £2433B Tld, 1L A
JVIZBT% SBLV RNA ®° CP DERBEICHEREITIR SN2 >7=, Fig. 14D
WSERZEVERL, 1HEL)LITBIFS SBLV CP DEREZERILLEZDHDT
HDH, TOWERNSD., FER Col-0 & 2433B I2BVT. TORTITARTH
% SBLV CP OEREIIRERETHD I LAVRINE, U EOREEN S, 24338
BT D SBLV BRI, 1 ML NCBIT BT IV AEIEOBRR WS LD
I, ﬁ’:ﬂiﬂ@ﬁéﬁ%fﬂ?&?ﬁ%’@%ﬁ%%%ﬁ’( W5 Z ENREBEINT,

2433B ICRHGNB VAV A CPEFRERTOVAIREFENE |
2433B 1T SBLV LIFRAD A NVAEEEL, ZORRMECEENALEND
MNESHEEE L, SBLV EFLTOEY AV ZET S BMV BE CCMV
DEEY), ZL 04 XFAFREFBETLENTENTNS RNEY
A IVAED ToMV DR F 22 NZN 2433B ICHBL, BEEICBIBUA LA
CPEWBERE L. TORKE, O XFAFICERLAV BMV Tl B
HERI Col-0. 2433B #1227 VM S 13 (data not shown), 01 XF X
FITH U THWRERGEEZRT CCMV Tl B4R Col-0 & 2433B TU-1 )V A CP
ERICEERERIR SNz (Fig. I-6B). £7z. ToMV IZBWNWTH, 2433B
TIZBFAER Col-0 EFEEED CP THEEZRLE (Fig. 1-6C). ID&E SBLV
TIE, 2433B ICBIT5 CP ERITEBICE T L TWE (Fig 1-6A). 2D I &M
5. 2433B ICABNBTUAIVA CP BHEEDELIX SBLV KERNTHD I &
MHEMNER- Tz, ‘ :
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-4, Zg8

AFIZETIE. EMS QBRI k> TRALEFRUE LB L2 O XF T D
M2 HEHIDH NS, SBLV HBHEZHE T HZEEME. 24338 2HEEL 7z, BERFH
FRAT OFER, 2433B IR 515 SBLV BRDELEIIHIMOLERETH ST
EMBASMNER DTz, TDTENDS, 24338 IZHBWNT SBLV 13 5 2 D HEHHE
DEEEZIFTVNDENS L DIE, SBLV ORBPICHERREERTF OBREN
BEINTWROTIEARVWNEEZ SN, ; &L

2433B Tld. B4R Col-0 & B L T SBLV R D CP ERITEENRD 5
N3N, COEMIRLTIMESNT, #8 ¢ BRITIIPEEDEEECS
WTE AR Col-0 LIZERABOERERL Tz, TDXIIT 2433B IZHBNT
SBLV OEBEMNTELRICHA SNIEWERD—DIT, 2433B TREIXELTAE
LRHEINTOWARNAREENE X 515, EMS MBIc L2 ERIZEICEEE
THBEHD, BAINEZERCL > TERFREEITHE I N WAIEEENK
W, T2, BIOTEEMEE LT, 2433B THEINTWAEERT & 7/-HEE
ERONTOINEET DI ENEZISND., YO XFXF T . K 65%D
BEFANSOVZ2EDIENHESNI/E>TWDS (L - HM. 2001), £
BRIC. TMV-Cg DEBICHERBEERT L L TRESNZ ToMI BETITE.
FD)NTOTTH5 TOM3 BRTFINEEL. toml BEE T TOM3 BIEFH
TMV-Cg DHEFEZBNT T2/ TMV-Cg DERENZE Il N7z
T EMMEINTWS (Yamanaka et al., 2002) . TP DEEME E LTI,
2433B TEENEUBERTFIL SBLV OHEFEL NV 255 TN\ H—]
ELUTHELTWSZ ENE TSNS, 514 2433B T SBLV BREICFE T H X
TWEREREBLRTOREICL ST NS DIRFGEOREDBETH A, _

4 CauliﬂoWef mosaic virus- (CaMV) 2B SRR T, BERHIOR WY /&
w3 B OBNT 7w g VITHANRT CaMV BERENME T 55 &
NS T ENHEINTWS (Leisner and Howell, 1992; Leisner et al., 1993) . 2433B
TIRAEZEHRBOHEET DREENE LR Col-0 ICHRTREWETHIERINEZ
EMB. 2433B IZHBWT SBLV BRIGELET 2FEEN, REREDEICLS D
DTHDHAEEDEZLS5ND, LA L. 2433B Tid CCMV ® ToMV T3 LT
WA ARBRICEESL 52T, SBLV FENICUA N ABRREEZEESESZ
EMEESNER DTz, IO LTI ARKEENS, 2433B IZHB1T 5 SBLV
RIIEHOREREE Vo EERENRER SRR ERICK2FEE 21T
TWsEEZSNS, ‘

2433B WEYARIZHBIT S SBLV B OEIEIL, BRECEENSRO 5Tz,
UL, 2433B IZBT5 1 ML )VCBITE U1 )V A HEHEE, BER Col-0
EERBETHhOm. DI ENS, 2433B IZBI1F 5 SBLV BEFOELIT. HiE
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BBITOL RN TRESNTNSEEZI SN, TNETOWENS, JOE
AV ADHERBTICET 2 RNV DOMESNTETNS, JTOETA
JVAD 325 N7 BIGHBMBITICBWTLATSH D (Mise and Ahlquist, 1995;
Schmitz and Rao, 1996). BMV 3a ¥ >/ BAKEEEREEFOI &P, FBE
HERICREISZ L DRIEINTVD (Fujita ef al., 1998, 1999), BED &L T
% SBLV 2BV 3 3a & /X7 HOMEIZHS M SN TRV, fo70E
YA VA EDHFEEN S (Fujisaki ef al., 2003). 5 <L L iEEHD &
EZx5N5, INETIK. CMV-Y OHIMBTICEEE525> 01X F X
FDEEE cuml BE cum2 BEESNTHB D (Yoshii er al., 1998a, 1998b).,
E5RBHENS. cuml BEU cum2 ZRAKTIE CMV-Y BRICBNT 3a BF7
5 URIEOBRNEEEZTITNDZENHSNERS>TWS (& - Al
FAE)e TOTEMS, 4% 2433B IZB1T 5 SBLV RNA OFFRIEEEHAET S
VENHBESS, 2433B IKBWT SBLV DERIMET TS AN =X L 2 MR
L. ERBmTZEET A &1E. 708U IV AOMBERBITICET 25
BERELELTTHSS LHBEINS,

&2
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Col-0

2433B

Fig. I-1. Distribution of coat protein (CP) in SBLV-inoculated Col-O and
2433B plants. Col-0 (above) and 2433B (bottom) plants were inoculated with
SBLV. At 6 days post-inoculation (dpi), leaf protein was press-blotted onto
chromatography paper, and SBLV CP was detected using anti-BMV antibody
which cross-reacts with SBLV CP.




2433B F, plants

2Col-0 $2433B
Col-0 M3 plants M4 plants  x 724338 x Col-0

Fig. I-2. Accumulation of SBLV CP in inoculated leaves of Col-0, 2433B and Fi
plants of Col-0X2433B. Plants were inoculated with SBLV. Total proteins prepared

at 3 dpi from inoculated leaves,were separated by SDS-PAGE (12.5% gel) and then
transfered to a nylon membrane. SBLV CP was immunologically detected.
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Fig. I-3. Accumulation of SBLV CP in Col-0 and 2433B plants. Col-O and 2433B plants were inoculated with SBLV. Leaves were
harvested at vairious dpi and dissected into three parts: inoculated leaves (A), uninoculated rosette leaves (B) and cauline leaves (C).
Total proteins from each part were separated by SDS-PAGE (12.5% gel) and stained with Coomassie brilliant blue R-250 (above) or
subjected to immunological detection of SBLV CP (bottom). H=healthy plant. Arrowheads indicate SBLV CP.
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Fig. I-4. Time course of SBLV CP accumulation in wt Col-0 and 2433B piants or protoplasts. Plants were inoculated with SBLV virion,
and harvested at 3, 4, 5 and 6 dpi. Harvested plants were dissected into three parts: inoculated leaves (A), uninoculated rosette leaves (B)
and cauline leaves (C). Moreover, protoplasts inoculated with SBLV transcripts were harvested at 3, 12 and 24 hours post inoculation (hpi)
(D). Accumulation of SBLV CP in each sample was detected by western blot analysis and quantified by NIH image program. Average
values for SBLV CP accumulation relative to that in inoculated leaves of wt Col-O at 3 dpi (A-C) or rerative to that in wt Col-0 protoplasts
at 24 hpi (D) are indicated. The mean value and standard deviations were calculated from three to four independent experiments.
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Fig. I-5. Accumulation of SBLV RNA and CP in Col-0 and 2433B
protoplasts. Protoplasts prepared from Col-0 and 2433B were inoculated with
water or SBLV, and harvested at 3, 12, and 24 hpi. Total RNA and protein
were separately extracted from the protoplasts, and accumulation of SBLV
RNA (above) and CP (bottom) was detected with a DIG-labeled riboprobe
and anti-BMV antiserum, respectively.
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Fig. I-6. Accumulation of CPs of SBLV, CCMV and ToMYV in inoculated
leaves of Col-0 and 2433B plants. Col-0 and 2433B plants were inoculated
with SBLV, CCMV and ToMV. At 3 and 5 dpi, total proteins were
prepared from inoculated leaves, and separated by SDS-PAGE (12.5% gel).
SBLV, CCMV and ToMV CP was immunologically detected using anti-
BMYV (SBLV and CCMV) or anti-ToMV (ToMV) antiserum.




F2E

Spring beauty latent virus D¥RAEBRITHELE S 5
SOARXRFRFDT oY 3> Pla-0 DEIE

I-1. #&S

DT A INVANEEICEHRETIEIE, BLaRUAMINVARTFEEE/MD
HFREbD > TNWS, WYY A IV A QBRI T 2 72 DI I3EREICED
DA BEERTFEZEEE - AETOILEND D, 2 FERFHFECIDEZN
S5ERBTDEFARBFEO—DTH D,

O XFAF R TFERFENENZTD LT, BNZERMEE U THHE
INTVWS, O XFAFRIHRAEHITHHAL TR, TNENOREICHE
LT, BEOHEICEILLE: (77 Eyar] ELTEEL TS, 20
ED7RT7 7y aicid 350 #RA ARGV, TORIIIRE OREE
T BERMEERICT 2HOPFET D, INETIZ, YT AIVAKHL
TRRMEORRZT 7wy a VERMTSZEICED. ZOMEWTAIVAD
BACEET2BERTRN OMREETN TS, TEV T BB T,
EERBPENERD 2D07 7y ar EAVWSZEICXD, HR 25
BERAE S IER 2 EPIEICEE T2 RIMI BETOHE S N/2 (Mahajan e
al.,1998), 70— DR, RIML & 2NN ERREAPERITN T 28
##ZBd% % jacalin repeat domain family IZJEL TWA Z ENBALNERD, BE
HB LI BETS LR EMRIATWNS (Chisholm ef al., 2000;
2001), £/, TCVBELUCMV-YICHR 25|ERITT /v a &8 KT
B ETED, EHEESGT HRT BEL RCY1 INEE S 117z (Dempsey et al.,
1997; Cooley et al., 2000; Takahashi et al., 1994, 2002) ., HRT & RCYI1 \3f31EIR
FTHY, BVWELHEEFEDIENSN>TNS, THIZ. TMV ICEAT 5
ZETIE. TMV I LU CTREREEDRR2 7 Vv a v &&K L, TMV OHifE
MBTORBRERCELIBEERFOERENTON TS (Dardick e al.,
20000, ZDXIIWI, YO XFAFOT Iy a ERAWTHERTAIVA
DOREFCEE T 2EERTEEE - RET5H%EI 8B 1| ECENCEEFZ
AWEFEELATENTHEEELD. LALEGETOEIS O XFX
FEAVWTTORYAIIADBRICEE T SEERFIEFHE SN TWRN,

SBLV 13, O XFAFDY7Eyia Col0 TLHFFETLTOEY
AINWATHD I ENREINZZ EMNS (Fujisaki et al., 2003a). SBLV DEEHIZ
B595EERTFE. 04X FTRFEAVW ) TERENFERICL D BET
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BT EMAEE 0Tz, £ I TAMIE T, SBLV ORBPBEIES T 2EERT
. YO4RFRFOT7 Iy 2 a VREICBIT BBRMEOERNERIEL THEE
TBHLEERAE., 61 BEOT /vy railBl)s SBLV ORPMEEZHAEL
7 & T A, Playa de Aro-0 (Pla-0) 1281} 5 SBLV BZL Col-0 ELERTEZET S
ZEMASN L2072, Pla-0 1T BT 5 SBLV B & I E U 2452, SBLV
ST OB TEEE ST TWS I ENH SN0, 2, BEE
BT DAESR. Pla-0 IZBVF 5 SBLV BEDE T, SHHEH B NWITIARZLERED
FEEITLD i@ﬂéh’cmé ZEMRSI NIz,

||—2. HBERE

EMEDERK

O XFAFOEFIE. FNA 2]“J‘N_Lj(~§& Arab1d0p51s BlOlOglCﬂl Resource
Center (ABRC) @ Randall Scholl L X VRSN bDEEA Lz, BAE
i% 1 E2SH, |

JA IR FFOEYEADIEE

SBLV KiFI1358 1 EELRMRICUTHEEL. AW, TMV-Cg A FiddtimE R
¥ BEpER \?éwd‘ﬁﬁﬁ 20 alll %Z T@ii D?m{,\éé’tt%)@%ﬁ
AL,

204 XFXFADTA VAR T ORI, %@%4ﬁﬁ%® Oy yE
CDEEIERL. EEOFENRD SNEEICT oz, BEEEZ. 500 pg/ml
EL. HAN—F—ThEmE2MIT A= ERy hEHWT, I—F5 >
5A%$D#Ht%k&@bto%@%Lik%<%%bt2&wmﬁy5%
EEAE,

7ub771hwﬂ§tw4»xﬁﬁ
%1$tﬂﬁbvm%x%x%®7m%75x%%ﬁ§btoﬁ%bt7m
R7IANMILBEERSHEZD 1.0~50X10°EERDESICHEL. SBLV &E
¥ (RNAL, 2. 32 T6.0ug) H5WVWILTMV-CghiT (10 ug) =HFEEL =,
TOarTIARANDOTA )DZ?%@%J:U total RNA @?EE'CH@ Kroner and Ahlqmst
(1992) DAL ﬁvt@‘

oA }l/Z”Z FoH

| UAJLA RNA O#HIE. FE1REICELLED., / ﬁ/7my74/ﬁ&
WX 0frok. U1 IVA RNA ORI Dig-UTP (Roche Diagnostics K.K.) T
TSRV LEVRTO—T AWz, 7O0—-THERDERIZ. SBLV RNAL. 2
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RNA3 1358 1 EiT Bbt%@é‘»}ﬁ VY, TMV-Cg 1 EcoRI THIWFL /= pCgP2
(Ishikawa et al., 1993) Z Wz, , ;, O :
YAIVA CP OB, B1IZICELEBD., N —T0v51 >

THEICE DT>, TOETAINA CP ORI FHEOH BMV HimiE

- (PVAS-178, ATCC) ZfW/z, F7/z. TMV-Cg CP BX T CMV-Y CP DI

- RBUYFEROH TMV-Cg il (shikawa ef al., 1993) B X UHL CMVYhm
{6 (Nagano et al., 1999) BENTHAWE,

,iﬁﬁﬁa’mﬁﬁ ‘ : ~ : o
Col-0 & Pla-0 %@@abf S/~ F, #HESECEENEER L. F, ﬁ‘ﬁ%@
- HINS BB O R WEERZ 10 EEREKL. TN52S5ICHESE T FHE
MEERL. SBLV B ERELZE TS, 154“/ (PC7) #S3 SBLV I3 L
Tﬂi&blu ZRU7z. PCT & Col-0 ERLAML. FoN/HEY (7C-F,) @,,
SBLV Bt ZRE L 7z, SBLV B %ld. SBLV CP@ \z‘ﬁ%‘:%%ﬁ 10 HE&IZ/
yv—7my74/7ﬁfﬁmtépakibﬁ«tm

1-3. R
SBLV ICH L TEWNBRREEEZRTIVOAXFTAF Toy a0k
SBLV ERICEE I HEERTEZEET 2720IT. 67 BEDY 7ty ia
\B1F 5 SBLV DR % F825 L7z (Table I-1), SBLV 1 Col-0 IR L 72 Kic
WM TH D720, SBLV ORRMEIIEEE 14 BRI\ —T 0y T4 2 J %k
WCEORELZ, TORR, SBLV 3K L7277y a e Tile gikE
L. E/ BEAEDT 2y a icBnT, EYESEICT A IV ADEDS
 BETAELRINF. H0 BEOR Ws2 EWNoznWONDT7 7y alT
2. SBLV IZ& BRI T 2. EMERO—EICDHTA AT FIVIHEN o
TWBEEDNZ < BS54/ (data not shown)e TNHDT 7y 3 & Col-0
B U THERNREWEE R > T2, CaMV Tid, 4 TICBEEEA
ERARME E OBROFAN SN, RERMORNWY 7ty a > OJH CaMv lre
W BRI AMELY &) D AT E 1TV B (Leisner and Howell, 1992; L eisner
et al., 1993), SBLV WINHDT 7w a VITBWTREGENENDIT.
EHOREERENREATIIRZWNEZEZI SN, LMALAENS, $5—DD7
Jtwar (Pla-0) ITBWTIE. BEFFANEWICHED S5, SBLV IIX
UTERWRESZMEZR L, 52 D Pla-0 12 SBLV 2HEEL . ZORBEEZH
BELZETA, 21 FRIIEEGBRLEDN (2HRERIIBIE 40%). 14 @&
IRIEREEE ST L. ii%@ D 17 EETEHEREENBD s Naho/z. 2
12 LTy Col-0 Tl 38 Ml 37 ik (BXZ 97%) 2% SBLV I L T&5H
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BRL, 20077y ard 71-100%DEENE FEFL Tz (Table
I-1), & 51T Pla-0 Tld. SBLV KEFERT SEEICRN TS, FEHEEHERIC
BUIFBUANAL T FIVZHEDEO—FICHEELTBD, BYEeEcT1Ib
AT FIVISEEDN D Col-0 E1dEz> TWe (Fig. I-1). ZDX DI, Pla-0 1
Col-0 & H#r L TH 57 /KW SBLV B 2R L7228, SBLV I L 7= Pla-
0 TiZ HR D& I msiiggans, frﬁwumﬁemmmm BE NN
7z (Fig. 1I-2B) . ‘ ,
I Col-0 & Pla-0 u‘oﬁé SBLV @rﬁtm@@&m %‘Eﬁfﬁiuﬂﬁﬁ“étmm
SBLV DAY ZREFHICHAZE L7z, Col-0 & Pla-0 OREMKIC SBLV KT 2 #
BL. 8 2. 4. 7. 10 HEOEBELIEBEEERZEN TN Y—T 0Oy
T4 2 TIEICHEUT SBLY CP 7 FIVOafFizii Uiz, TOFER, Col-0 D
IEEEAETIE. BE 4 HRICHD TUAIAT T FIVaHan, #E 7 H
BITIIEIER RIS T FIVINER B F 88 I Nz, —F. Pla-0 OIEFERE
T, BE 7 QBRI TUAINAT T FIVNEREI N, BE 10 BRI
tco T H T FIVEHEDIERL TW RN o 7z (Fig. I-3A) s 2D &K D75 SBLV
ALK DIEFELT. %@%k%blf%éﬁmémﬁt“(ﬁg. I1-3B) .

Pla-0 [C&(F 5 Bk "T?ELLCD'?«( )L:{#%Eri e iy

BRZ 72T AIVAD Pla-0 1T T B EZREL /2. TMV- Cg«& CMV-Y b;t7“
OEYAINVAERBICT IV 7HEIAIVAITE L. Col-0 TR L & B RY
TBTENWESINTWNS (Ishikawa et al., 1991; Takahashi ef al., 1994) . TMV-Cg.
CMV-Y LN SBLV DRI F# Col-0 & Pla0 ICHRE L., & 10 BiglchiT 5™
AINVABERENR—T Oy T4 D TEIZEXDRAE L. Col-0 Tid. 3D
A IWVALETHEDEEEITIEN > TR A TNERINZ, —F Pla-0 Tld.
SBLV BHLIIHFEEE LB EMEO—FHOAIZED 5170, TMV-Cg &
CCMV-Y 13 Col-0 & RIEEICHEMIREEITY A VA HHED > TWiz (Fig. I1-4).,
TMV-Cg iIZDWTld, 7T HRICBIDUAINARROAEL LN, Col-0 &
Pla-0 $£1T CP 7/ FINISERITHA > THB 5T, BREROEEIITE B W
THERBRETH > (data not shown)e AEDZ ENS, Pla-0 ITRENE A1)V
AR EDOE T, SBLV KRENTHS I LALLM LR STz, 51T, il
DOTOETAIVATHS BMV & CCMV ZDWTHEBREZRNR/ZE A,
Col-0 IR L 720y BMV X Pla-0 Ik U THEEMEZREI T, Col-0 ITEFE
DFGVY CCMV 1 Pla-0 128 U T HIBVERME 2R TR E, :mamrﬂwxm
Col-0 & Pla-0 & DR CTREEICHEE RZIIRD ENAN -7z (Fig. I1-4),

Pla-0 70 F 75X hIc$(F 5 SBLV 1&hEke

Col-0 & Pla-0 IZBWT, 1HIfEL )L TD SBLV BIEERICE WD 5 2
NB7z®IT, Col-0 & Pla-0 iras Syt S &N SBLV iﬁl—i%%?&@b 3,
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12 BE U 24 BEEHZIZB1F 5 SBLY RNA & CP 0SB AFELSE, 2> k0O
—)LV&E LT, Col-0 & Pla-0 TRHEICHER S £ HEAT 2 TMV-Cg (Fig. T1-4)
HEBICAWEZ. Y1V ARNA & CP OEREBIIZNEN/ —T T O0v T~
BRI IAS 7Oy T4 TR DBRE L, TORRE. Col-0
& Pla-0 @7 M5 X MBS SBLV RNA & CP OEREIC, HELEIL
B onihoiz (Fig 11-5), TMV-Cg IZBEL TH Col-0 & Pla-0 IZBWTREE
D RNA ZHERLTWBZENE, JOBRIIWEMIKICBIT D1 )V AERE
DBV EBREEOEHEDOENICESHDOTIIA L. SBLV OHEFEREZ KL L
TWsEEZSNS, UEDZENS, SBLV Id Col-0 & Pla-0 DO NS5 A
MCBWTREBEICHEET 5 Z &5 E7/2 D, Pla0 1BV 5 SBLV BEAIL,

1 #HRg l//\)l/b’%bj‘é‘?/”]/;(iéﬁﬁf%if;<\ #BHEF?%" @ézﬁb““t %E%‘:Mw‘
TWAZ ENRBI Nz, '

ﬁ'::,clé’]ﬂ##ﬁ ‘ : o

Col-0 & Pla-0 BIZ BT SBLV B DE N %ﬂmtﬂs%@ﬁ*’?ﬁﬁ%l%
B SMNCETBEDIT. Col-0 & Pla-0 25X L CBESEHNMITET 57, Pla0
12 Col-0 &EbE U TRIEREEAMN BN (Col-0 TIIIERE 3~4 BB THDDIC
XU, Pla-0 TI3H%HE 6~7 BHR) . MEORE THRZ F EWIIEE 3 » AR
CHAEY LD BERCGENTHEE L. £2. F By EERSAEAR T
ELBoTWE, ZOLIREFTHREDENNS, F,BLXUFEMITBNT
SBLV B DRBM 233 2 DIIRETH 572, TI T, BEHOHN S,
Col-0 & [FEHRICEMERSHORWERZ 10 ERER L., TNTNZEHBEIETE,
SA4 T EREHRLE. 2OXD7210 71 FNETRITDE 20~30 BAEZFRL .
SBLV Z#EL TTOREEZAELL. 10 71 OFN5, &D SBLV [T
HFERRT 51 2. PCT £58HK LTz, PCT T4 23 Col-0 & A% DRI BTE
L. & TOMEMAET SBLV BROBENBE SN (Fg. 16). T I TPCT 25
Y E LT Col-0 ERUAHZITY, TCF, R ZRE/z, 7C-F #AIL SBLV 1T
MREBRALTBY, TORKREMEIT Col-0 ERIEESD S WIE Col-0 & PCT @
FREIORBRTH o7z (Fig. 11-6). DR, PCT DFFD SBLV DR EIE
T HHEIIEED D NVWERELEETHD. PCT FIOFEEZFEIEDI &
iPHﬂ SN ST,

1-4. E&8

AR T, 67 BEO OA 5(#7\7“0370’3\) a8 D SBLV
WAFEETSZEICED. SBLV BEM Col0 EHEL GRIET ST Vv
3 > Pla-0 Z[EE L. Pla-0 m‘oh‘% SBLV E%: DEIEL. ?%E%L\_ioh‘ém ~

38




RUEROEENSRBD SN, 70T 5 A MTBITS SBLV DOHEFEREL
Pla-0 & Col-0 ORITHERENRD SNAN DI, DT EDNS, Pla-0 ITH
w‘é SBLV Bitid. MBS GOBRE TEERZ I TNSEEZ 5N, ;

INET, YO XFRAFTOT7 Iy azAWEMETIE EXUA)V
ZIEFUECEE T 2EHOEERTFNEBEINTEZ., HR EHEICEDSE
- EOEEFELUTE, HRT ® RCYI BRESNTVS (Dempsey et al., 1997;
Cooley ez al., 2000; Takahashi ez al., 1994; 2002). HR 22 Z 255, REMEIER
B i PRBIETREIOHEATRD 5158 (Glazebrook, 2001), SBLV %

B L/ Pla-0 OEBETIIRTELFEENEZEINT. £/, Col-0 & Pla-0
EDET PRI BEFORBELVNIVICEERD SNanhoz (B - =, ®
). ¥72. HR 2L SRERFE IR NV AEFECED I BETE
L C. TEV OREEST NG T 2EEOEBLZFTHS RIMI BREIN TN
% (Mahajan ef al., 1998; Chisholm et al., 2000) . Pla-0 13 SBLV OflifaE# T 20
HLTBY., TOREIEREED D WEIRELERTH D7, Pla0 ITBITD
SBLV EFEOMEHENL. 25 bﬁﬂﬁfﬁ]@?ﬁﬁ?’@&Piﬁf&%%%fﬁﬁib'(m%@
Nb Lz,

—F. YO XFXFOT Iy a ERNT, SEOBRFMERTHHRE
INTWS, TMV *° Beet curly top virus (BCTV) BT 25 TIiE. U1IVA
DBITPIH SN TNDE Y 7ty a YHRRAESN. TOEFUENSEDE—
BEFICIDXEIND ZEMNRINTWS (Dardick et al., 2000; Lee et al.,
1994), ZN5DLEEOBERTFIRBEDELE ZAREIIZIES>TRET, B
FOBBEREIIRATH S, LinL., TA IV ABRRNSEDBEIC L > THIH
INTVBEHEE, BEREUICUAINVABREEHET SHHERIGRBETNS &N
DXV, UAIVABRRICHEREERFOEEICAMSNDOREND S DT
BRWhEEZ BN, Hiz‘ﬁ Potato virus Y (PVY) I U TEZHEDOER S
A5 OREE AW BEENFETICLD. PVY OBRCEET 25H0E
ERTF pvr2 BNEEE N, BRBEBET eIFME 21— RLTWB I ERBS N E
75572 (Ruffel et al., 2002), F7z. CMV-Y OFIfaEBTICEO2EERTEL
T, CUMI B CUM2 NERESNTWSD (Yoshii ef al., 1998a. 1998b). £
IEDWFZEN S, CUMI BED CUM2 1 3ZN-ENEIERBRLA R F eIF4E B LU eIF4G
ZOd—RLTWBZENGN>TWS (FH -G FufE). Pla-0 ITHIT S SBLV

OHEMBITORBEIISLEED 2 NWIEARZ2EEOREICXI D XEINTHD,
Pla-0 BN THHRBBERFIES L TWAATEEEIIHRTE R, 5813
Col-0 & Pla-0 IZBWWT SBLV RNA DOFFRIEHEICENNDZONEREL TN
RENRBB.

Pla-0 Tld SBLV B ZBEBIICHE T 2 MRS NEZETNEDN. HD
WiE SBLV DEGICHKERE ERNTF ORI /REBND 5 D0, HRF A TIERA
TH 5, Col-0 & Pla-0 ICHIF 5 SBLV BAHEDB VWA RE L TS BERFO
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Table II-1. Susceptibility of Arabidopsis accessions to SBLV

Systemically

Arabidopsis accessions
infected plants HOPSE 1

Abd-0, Ag-0, Ak-1, Ang-0, Bay-0, Be-0,
Berkley, Bla2, Bs-1, Bsch-0, C24, Chi-0, Co,
Col-0, Condara, Da, Db-0, Di-G, Dra-0, Ei-2,
En-D, ENF, Er, EST, Fe-1, Fi-1, Fr-2, Ga-0,
Gd-1, Hi-0, Hl, Hodja-Obi-Garm, Jm-0, KI-
0, Ler, Li-5, LIN, Litva, Mh-0, Nd-1, No-0,
Nok-0, Nw-0, Ob-0, Old-1, Oy-1, Pa-1,
Petergof, Pi-0, RLD-1, RubeZnoe-1, S96, Sg-
1, Shardara, Sn, Sorbo, Tol-0, Tsu-1, Tu-0,
We-1, Wei-0, Wil-1, Wt-1, Wu-0

80 to 100%

71 to 79 % Hi-0, Ws-2

40 % Pla-0

Plants were harvested at 14 dpi, and systemic infectivity of SBLV was examined by
press blot analysis.




Col-0 plants

Pla-0 plants

Fig. II-1. Representative data of susceptibility of Col-0 and Pla-0 to SBLV
demonstrated in survey for 67 Arabidopsis accessions. Col-0 and Pla-0 plants were
inoculated with SBLV virion at the same time (3-4 weeks after sowing). Plants were
pressed onto chromatography papers at 14 dpi, and SBLV CP was immunologically
detected. Because Pla-0 is late-flowering compared with Col-0, bolting tissues were not
developed at the harvest time.




Fig. II-2. Pla-0 plants infected with SBLV. Whole plants (A) and inoculated
leaves (B) were photographed at 14 dpi. H = healthy plant or leaf. I = SBLV-
inoculated plant or leaf.
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g e
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Col-0

Pla-0

Fig. II-3. Time course for SBLV spread. Uninoculated tissues (A) and inoculated
leaves (B) were pressed onto chromatography papers at 2, 4, 7, and 10 dpi. Distribution
of SBLV CP was immunologically detected.




SBLV CMV-Y TMV-Cg BMV CCMV

Col-0|. = R A

Pla-0 | ¥ " || e || et ,

Fig. II-4. Infectivity of SBLV, CMV-Y, TMV-Cg, BMV and CCMYV in Col-0 and Pla-0.
Plants were inoculated with virion of each virus, and harvested at 10 dpi. Virus spread was
examined by press blot assay. Distribution of viral CPs is shown. Arrowheads indicate
inoculated leaves.
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Col-0 Pla-0

M SBLV M SBLV Col-0 Pla-0

24 3 12 24 24 3 12 24 hpi M Cg M Cg
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RNA3 — ™
RNA4 —
rRNA
CcP

Fig. II-5. Multiplication of SBLV and TMV-Cg in Col-0 and Pla-0 protoplasts. (A) Col-
0 and Pla-0 protoplasts were inoculated with SBLV virion RNAs, and total RNA and
protein were extracted at 3, 12 and 24 hpi. The accumulations of SBLV RNA and CP
were examined by northern and western blot analyses, respectively. SBLV RNA and CP
accumulation are shown at above and bottom, respectively. Ethidium bromide-stained
ribosomal RNA is indicated at the middle of each lane. Samples from protoplasts
inoculated with water were also prepared at 24 hpi and are indicated by M. (B) As
positive control, Col-0 and Pla-0 protoplasts were also inoculated with TMV-Cg virion.
Total RNA was extracted at 24 hpi, and loaded (indicated by Cg) with that of mock-
inoculated protoplasts. Positions of viral RNAs are indicated.




Pla-0 Col-0 PC7 7C-F1
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Fig. II-6. Genetic trait of Pla-O in slower spread of SBLV. The line PC7 was established from
F2 population generated from the cross between Pla-0 and Col-0. 7C-F1 population was
generated by backcross between PC7 and Col-0. Plants were inoculated with SBLV virion.
SBLYV infection was examined by press blot assay by using anti-BMYV antiserum at 10 dpi.




R3IE

Spring beauty latent virus DFHERIRICEEE TS
o044 XFXFTDELEFEE SSBT DREIE

H-1. &S

BT A NVADRKEEL, TV ABORT My EIORFOMEERICX
DIRFEIND. EHTANADNEEREDCELT S L, Z<OBE. THA1 .
B, B, AR EORLABFEEESIERIT. RBRBASELTVAINA—
EHEOMEERICLDREINTBD, FEEROANZALEMHAT S/
DITIE, TNEDL2EHAORFERETHHEND S,

TOA X FAFE. A IVABERICE ST 2 HTF 2 EY AN ST S BRI
JE<AWBNTWRETIIENTH D, WS DNOEHT VAR, oA X
FXFIERT D EREREREEBIERITIENHSMNI B> TBY., TI &
v a V& o TREBMRERSFINN < OPRES N TS, TCV & Col-0 %
MHH DT 7Ey T a VICBRTSEARELEEITOICHL, Dijon T
BEEEICBWTRBAERENEZ I, HR NEZD 2 EAREINTS
0. HR B85 9 2B 5T HRT FE & 7z (Dempsey et al., 1993; 1997; Cooley
et al., 2000; Kachroo et al., 2000) . FFEIZ. CMV-Y IZ Ler-0 72 E%< D7 7ty
Ta KLU TEESCBICEREZSSEITOIIHL., C24 2ENWSDNDY
Jtwia T HR RIAIENHESNERD, HR CHEET2EET.
RCYI AFE S N7z (Takahashi e al., 1994; 2002) . Z 5 L7z HR O FHE TR
IREMOEFERIETH D, ZOHEVAINADEEBRIHFEND, —74,
Tobacco rifigspot virus (TRSV) TId Col-0 25L& DY /-ty ra izBn
TE2FBETINEFEHMTH S DI U, Bstland ® H55 o7z DD
Ty a VICBERT B ERRERCEERESER T I LRSI N,
ZDEIT, TAINADEREIIFARTH2NFEEERIIEZ S BNWE D BEY D
EHRER N O ABEREEEINTBD, TRSV DML T AREET 3
BRTHEE. TTRI 78 Col-0 & Estland 2 WTHRE SN TS (Lee et al., 1996).

SBLV I Col-0 I L THIERES2HBET 2N, FHTERsnnwI &
NS MNER>TWNWS (Fujisaki e al., 2003a), ABFFETIE, SBLV O 01 X
FRXF BT LFEHEREEEHENTT /201, £9 85 BEOT /vy a
ATDWT SBLV KHT 2B EZREL/Z. TORRE, S96. Ei2 72EWN<D
MOT ZtwiraTid SBLV BEICH LU THREBERBE TSI ENHLN &R
577, 896 Tid 1 ffE L ~\I)VIZBIT S SBLV HEIEPCHEBEICBITS SBLV O
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MO EE N TR EIL Col-0 EBEERENZNT EAVRE Nz, BEFEHN
FEATORER. S96 ICBITAHmEEBICIIBENOBE—BEETENES L TWE T
EMBESNERRD, % SSBI (Symptom development in SBLV infection) &4
MW=, Xy ESTEIFTORE. SSBI BITEIIE 4 RAKED, SSLP ¥—
J7—ngall39 & CAPS ¥ — 11— IM142 ORI ET D Z EMNMHASNE 20Tz,

N-2. 8 EA*E

EMEDERE VA IV ZADEE

204 XFXFOETIE. F/N\A FAMILKEE Arabidopsis Biological Resource
Center (ABRC) @ Randall Scholl L Vgt nzb02FEA L, EYED
BRAEE T AIVARFOERBIIE 1 ELRRICT 2.

OISR MORBEIAIINRIEE
E1BLABICOOMXFATFTOTORNTSALR2HREHLE, DBEL-T O
NS Z NI 1 EBERDZD 1.0~50X10°EE25L5ITH7FEL, -SBLV 5
¥ (RNAL. 2. 3 2{KT 6.0 pg) 28ELZ, JONTSIAMDUAINAE
BB L U total RNA D HIE Kroner and Ahlquist (1992) D HIFIIHED 7z,

T A )V ARREDIRE

74 )VA RNA Of%HIE, 8§ 1 BICRELAEED., /—Y > T7avyirga Uik
W& DfTolz. £y UAIVA CP O OBHIE, 58 1 BIZRELEZED., N
UR—=T7Ov T4 TEICE DT o/,

BRFEN ' ,
© Col-0 & S96 ZXELLTHEZF, BXUE#PEERL. SBLV KT 25%E
EEE L. REEOMITE. SBLV T2 BMmkIicEEL. B8 14 B TR
MEBRITH LK Do, WEOHEN o EEIZH LTI, N —
TOwT 4 7EICKD SBLV ITRBRBEL TWA I E2HERL., DBt Z2HEL
2o IHI, 1 ZERECLVERELEREOBESEZ KD, L ZFED
SHEEIILITOEBD Th 5.
x?= X {(BIRE—-HEHE */ EHRiE)

/-, A ZRREDENS. F— L R— Phttp://acki2.si.gunma-u.ac jp/CGI-
BIN/distribution.html ZF| i U TEBRENEREL D D R (P) 2R,

DNA &
@ CTAB (cetyltrimetylammonium bromide) %
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1O XFXFoatryyEIHELYRF 2 —TITEHRL T-80C THkE
REFEL. TD%DNA HIHZEITo /2. £9. 20011 D CTAB N 7 7 — [100 mM
Tris-HCI (pH 8.0). 1.4 M NaCl. 20 mM EDTA (pH 8.0). 3% (w/v) CTAB. 0.2% 2-
AINVATRNLY ) —)V] EMATHEDHEEEZERLE. 251230011 @ CTAB
INw 77 —%&INZ, vortex L7z, 60°CT 30 HBMRELZ. RREFIT 10 5T
S 12 vortex BT o, TDE. 50041 DY OORVAZMA. BEOSEE (20,000
Xg. 5 4, B|iR) L7z, EEIIC 35001 OV 70/ —)VEIAZTERLD B

(20,000X g, 5 4. =iR) L THRBI®E, 70%L% /=)L T EE. XLv b
ZERTI0OMKREL. I8k, TOH%. 10001 D TE ZMATEREL.
20CTHREL .

S fEEE (Edwards et al., 1991)

CTAB i & [FIRRIZIR BRERTE L - R HE AR 200 11 OFH/N Y 7 7 — [200 mM
Tris-HCI (pH 7.5). 250 mM NaCl. 25 mM EDTA (pH 8.0). 0.5% SDS] ZMA T
B, BOSBE (20,000Xg. 54, =R Lk, BEIC20001 O 7O/
J=IVEMATEIRIC 5 oHKER. ZHOo8E (20,000Xg, 10 7. ZiR) L
TILE S, LEEERT. XLy M2 CTAB EERBRICU TEREIE, 100
©l @ TE IR\, 20CTREL 7z,

Y2 TIVENE WIBE TS, Collection Microtube (QIAGEN #) ”ﬁ_%%ﬁf’r‘é‘ﬁ
ZAN, WENY 77— EHIICER3mm DII)VIT E—Z (QIAGEN ) 2
fil & h0 2 T Mixer Mill MM300 (QIAGEN fb) 12k D 15 oMIRE S T L
7=. UBOFIEIZE ERITITo 7=,

ESA=27

CAPS (Cleaved amplified polymorphic sequence) %<& SSLP (Simple sequence
length polymorphism) % T SSBI BEFOT v E LT Efiok, AW
CAPS ¥ — 1 —B LU SSLP ¥—7H— (Table. I-4) DIFEWIZT —4 X—Z The
Arabidopsis Information Resourse (TAIR; http://www.arabidopsis.org/) & O AFL
7zo
@ CAPS £

LFED CATB B L OEFEE THIH L7z DNA A 100 £1 D55, 1.0~2.0
ul 2RO [1.0 ©1 10XExTag /Nw 77—, 0.5 1l 2.5mMdNTPs. 0.1 4
1 ExTaq, 0.25 u#l1 30 1M CAPS 75 < —forward. 0.25 11 30 1M CAPS
75 A X —reverse. +DW ; 28 10 pl] WA, KEEHE [94CT 4 K6
%, 94CT 30 . 56C (BER33Y—H—3d5 ; TAIR F—LRX—
http://www.arabidopsis.org/ Z/) T30 #. 72CT 1 5% 35 U1 7IUEDRL
=%, 72CT 7 4] T PCR Z{To7z. TN, PCR EMIHIEER THHIL
[10 1 PCR RGHK. 2 nl 10XHIFREESR/NNY 77—, 05 ul HIFREESE.
+DW ; 2820 ull. 2% 7 HO—AF )V TEKIKEIL /=,
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@®SSLP &

CAPS £ & DO KK Z AWV, RIS [94CT 4 2 RIBHE. 94CT 15 ¥,
56C (B35 —h—HdH5 ; TAIR —LX—hitp//www.arabidopsis.org/ 2
) 1558, 2CT308% 30 U1 ZIVEDVDERLZZ%E, 72CT74] TPCR %
frolz. TDHEPCR EMIL 4% 7 HO— AT )V TEKIKE L /2.
gk o

Col-0 & S96 OREUT KL D 1572 F, RO F Sl 2 /R S Ia WEE 2 2R
L. CAPS £ & SSLP EZAWTHAMZ BZRKD Iz, SSBI L& —H—DIH
DHAHZZE (r) BL A Z ROFELERZE (S0 13, LT O TRD 7z (Allard,
1956) . ,

r={(h+2b)/2n}X100 [%]
Sr = {r (100-r) / 2n }*
h=<IvEIJRAWEERBEEE, h = 2O —I—ITBNTATOITHS
WZERILZEEEE b= 20— —IZBWTHEBICHABRIEZREIL
7z F, [EAEE0

H-3. #58
SOAXRFAXFOTO Y a3 ICHITS SBLY ICHT BFHEOAE

85 BEDIOAXFTXFDT 7ty a il SBLV hiFaEEL. #fE 14
HEZIOREEBRL., T0% SBLV BEENI—T0Ov T4 EICK D
AL, Col-0 13 SBLV BHICH LEFRBTH Y (Fig. lI-1A) . TDMMDEL D
7w ia rHEREN. FEERLTHIEEIIHENDDTH . L.
4 D7ty a TREBLWEREZEZL 7 (Table II-1). TDD35H 2 DD
v al (896 & Fr-2) T, SBLV [IEHRT 2 LBEEEEL DR
BOYyyEIERLELCAEEZREIL. HILEREITZOEYIERELEZERED
L7z (Fig. I0-1B), S96 & Fr-2 DIF & AL DERKIL SBLV ICEHT 5 EfEED
RENELBDENT, FNTRDOENTHELWEEREZRLZ, 1D 2
DOY v irar (Bi-2 & Abd-0) TId., SBLV IZEHT 5 & EEEIIHRL
PAEERIL., BEEOEY YETIRMENRBDENBINARITE S 20
7= (Fig. I-1C). Ei-2 & Abd-0 {3BFERFEADY Col-0 72 & S B L TEWEZ 0,
B 14 A% Tl Mock BREEATH > THAEZHEABIIHEEL 2>z, T T
Ei-2 & Abd-0 DFEENEET DR (B 6~7 HRH®R) [THHOET SBLV %
BELZEZA, #E 4 HREEBWTHREHABOBEENRD S NBEENA
5NN, TOREIL S96 ERBRICERERDDOTH oz, NoX—7 09T 4
UERIZED SBLV BRPEMEERELZEIA, T a itk HBEE
DEEFHZHOD, ®TOT Iy raid SBLV KE&FBEL Tz (& 2
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B2,

o

‘FﬁE%ﬁTé’“DEE%Wﬁﬁ | '~ |
SBLV I L THEMERT 4 DO7 7y iasDdb, $96 LOWCWR
DEBRZTS T, 96 ICBWNT SBLV BFITH L TREAERT I NSHEDE
EEHEEZRET DD, Col-0 & S96 DRI TALRE %2175 7. Col-0 &
96 DREIC & D37 F, 4T SBLY L2 E 25, £TO F EmaEic
FAVyz/z Col-0 & 896 DHEDFHEEERL /2. F YT, HEREIEIT 96 & Ak
WCAFELED, EBBOVY ¥ EREOEENARSNDbODAFEIIRES
Molz. £iz. F BYREZRBEZRRL TRTZ DU, EOMEE Col-
0 L 0EL, £<OEEICBNTHELESHICHBRENR SN (Fig 1I-2,
Table I-2), ZN5DHERENS. $96 BV BHUREHOXREIFTLENE
TH5HIENEEMNITE S, KT, F ENEEHEIETERE F, E%IC SBLV
PEEL, REMODBLEFAE L. F Y (2S96X'Col-0) ITHEKT S
212 fEED F, BT, $96 LRI L WREZRT DO 48 K. Col-0
& FRICER M EERD 54 B, FEOFEBERTEED 110 BETHo 7
(Table II-2) . WU WREHZRIERE : FRORKEZRIEIE : ﬁ%ﬁ%ﬁ@@ﬁi
SEELEIIREZ09:2: 1 THD, Bk 1:2: 1LITEWEIGTHEEL . F
JM@ (R Col-0X &'S96) ICHHKT 5 F, *@%b:%blf%)l—]%@g\%ﬁtb%:ﬁibf:
(Table I-2), T35 DFER, S96 DFEMAERICIIBANOE—BLETENEE
LTWBZ EBMHELNICR S 2. TORETF r“ % SSBI (Symptom developmentm
SBLV infection) &£ 7z. . :

S96 uab“é SBLV Bk ’LE : e ~
S96 Tl SBLV VZ%L;?TLT(%&LOBW?&%%’I%EQ@%\ Col-0 & S96 & DfF
T SBLV ORBPHICENRH DN ESNEFNz, Col-0 & S96 IZ SBLV ZEiE
L. B 2. 4. 7 BRROBEMEITET S SBLV D7 B ENYT—TOY T4
FECEDREELE. MHOEMICBNT, 1 4 ARICEBESEKICY)V
ADENB &I, FHEEEMETYANAT T FNRNO TRES N, £
U CHEAE 7 HRICWIEDEL2EITT IV ZABRIEN > Tz (Fig. T-3), & 512,
Col-0 & S96 M7 b7 5 X MZ SBLV BEEMEEEL. 1ML )BT
% SBLV HEFEREZ 3N/, B8 3. 12, 24 BRRARIC 7O R 75 X b5 total RNA
AR, /=Y T 0vT 4 Iz X D SBLV RNA OEEERIELE, 2
DFEHR. Tﬂﬁm%\_%mf RNA ERICBEELZZR S AN o7 (Fig. -4),
PLEMS. Col-0 & S96 Tid SBLV @ 1 el l/lx)lkaj‘éﬁéﬁ‘a‘%ff’ @f)j"f‘
TEBEETHS &ﬁ\lﬂ}%bﬁl&f;oto

SSB1 iﬁﬁ?@@?y t:;‘,/‘a“ -
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SSBI BIZFEDOT Y ¥ JITHEILE. Col-0 & S96 IZBNWTLEE/RT DNA
X—HN—DERZETo/. 1 EBEDHED 2~6 FED CAPS Y —H—dH DWW
SSLP X —H—IZDWNWTLZHMEZFANTZE T A, 9 DT —J1— (ADH. AG. DHSI.
GPA1.1, LFY3. nga6. nga8. nga225. nga280) 7% Col-0 & S96 & DI TLE %
R~UTZ (Table-3)s INHDIY—H—ZHWT SSBI B TFEDS 7y EY
TafTolz. F Y (RS96X F'Col-0) IZHFKT S F,EHDHFNS., KEETR
I WEER (Col-0 BIOEIMABDOMEME) %2 10 EEREEL. 4/ L DNA ZHiH
LTER—N— KBTI 2BETFHEZAEL . F4RBEEREMNETS 2 DO
Y—7—. AG & DHS1 &, Col-0 IZESEL TH . H#H XM ZNEN 0%B
FU10%TH o T TNEHND T DO —H— TIIHAMAMIL 45~65% TH D .
BEHIIR 5NN o 7z (Table IM-4), ZOERNS. SSBI BEETIRIIHE 4416
HEEWCHAIET D I EMNBELSNTES -,

KIT, FEARBIRED CAPS. SSLP ¥ —H—ZHF L. Col-0 & S96 & DE
CEROR SN 5 DY —7— (AG. ATMB3R. CAT2. ngall07, DHSI; Table.
M-3) ZANWTESLRRYESTETo7z, 43 EEOREEBEREZV (Col-0
) F, B ZAWTHBAMEZRELZEZ A, AG TiX 16.3%. ATMYB3R
Tld 2.3%. CAT2 Tl 0%. ngall07 TlX 2.3%. DHS Tl 4.9%ThHo7/z. ZD
fER. SSBI BT T ATMB3R & ngall07 ORNIALET B Z.EMNBES NITT
o, 2EBON—H—MITHEHAAEN=®D. FIRE (fast isolation of
recombinants) % (Kato ef al., 1999) ZAWTK VDMLY vy E T &2fTo T,
154 A D F, Y D75 ATMB3R & ngall07 ORI THABAEZEIL TV
HD%E 21 EEEHR L. ATMB3R —ngall07 MICHEET 2 3EEOT— T —
(ngall39. CAT2, IM142) ZRAWTHABME Z2E U TS RAEKTADRKD
AAZITD EHIT, BEED SBLV I T mBEERNz (Fig. -5 . £ 0%
. SSBI BAxF &3 ngal139 (15408641 bp) & IM142 (16389046 & 5 V) id 16709638
bp) DRICHMIET 2 Z ENHSNTESTZ,

Il-4. &8

SBLV 3304 XF X FITELELTH, Col-0 /2 ELL DT 7w aild
WTERBOEBERLEZ T D, LA LUEAPFIIZBWT, $96. Fr-2. Ei-2. Abd-
0D 4 DDT Ty ra id SBLV BRI U THRBZRIRT 5 Z &5
27207z, 896 & Fr-2 THERBECHEEREO Ly FEICELSC AN R 6Nk,
¥7z, Ei-2 & Abd-0 TRHIFERDOEY v ¥ EITEIARD 5Nz, S96 IZBITS
FEEBHOBCGZHNMEZRAELZER. SBLV BEICHT2REREICHEE
THORZEEEEDOBENE—BLETEE. SSBI NEARBELEICEEINZ. S96
IZBT D SBLV OBREEZREL LA, THBEL VBT 21 )V 2
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FEEER. A VA DBTREIL. FERED Col-0 EFBETH I LG, SSBI
& SBLV DEECHIMFEZE T, Eﬁ%%ﬁ&Mot@%ﬁ&kmﬁﬁﬁ? f
MERCEbS I ENEZISNE.
wG&HQL$H%SMN¢ﬁ?%f&@ﬁ@bﬁ%@f%sio%OT
Fr-2 BT 2HMFEB S SSBI ORIBLETIEO > THOFEENEZ SN
5o 5189 & Fr2 ZRXBEI /A EICLD ZORFDKRIENTESLTH A D,
—. INH LIRS EMERLUE Ei-2 TIE, BEFHETOBR. WEE
ENEROBGTICE > THEIN TS ZEARBINTNS (i, 3.
DI EMNS, S96 & Ei-2 [FEBDANZZALTKDFEBZAREL T3 AEE
ENEZS5ND, —H T, Eir2 ODREUFERICEOIELETED 1D SSBI T
B, TNEFHOBRFEMNELEZFEDRBDOENESERILTVED
b LIV, $96 & Eir2 IKBITDRBHABDANZAXLDENZERT L7
DX S EREMENBETDH 5,
INETOMFENS, TRSV ICHTHREBERBRIT LT 7y rarelT
Estland 2SBEEX . ML 5 O ABURFIMICBES 9% TIRI BRTFIHREINT
W3, ¥z, TRSV I §96 % Ei4 IZBRL THRMEI SR IS 2N &SR
INTWD (Lee et al., 1996), —F. SBLV i Estland i3 U TER B DB
WERTHIENHESNERSZ, ZNHDI L. WERERRICEST 21
APORF YA OR FIXRFENICHEERT S I EERLTWS, K2,
TTR] BAZLEEDBELRTTH . BERABERIITYE T INTNS, SSBI
HARELELEOBLTFTHEN, BEL4LBEREIMEBEL TSI ENS, TE
m%*ﬂﬁ?ﬁuﬁmﬁ\ﬁwbt%%%%B\%@%ﬁt%ﬁbfméﬂ%
HHEZ 5N,
Cmot&mwﬁfsmyrﬁ?%&f@@mé&ﬁbfmé&wz@%
LTl S96 IBWTHRE I N/ SSBI B TFEYIHEEENICHEL Z tV&D,
S96 TIIFMERORIGNBEEINDAEENEZEZSNS, 01 XFXFD
FRREICH T 2IEPTERERICBNWT, HEAORBICBEL ERTRY 7y
A EAWEMENSFREINTVEN, ZOTFHRDOI T FIVEZEICEDS
BEFREZEEKEZAWVWEHENS ULPARESINTETE ST (Glazebrook,
2001). FHEBEFE T /7ty a  OBEICISTHREINTVNSEEEZS
N5, SSBI & SBLV MEERMICHEERTHZEbEHOETEAS L, 596 D
SSBI HEBERIICEI W T WA E, SSBI 13 SBLV DOFRRICEE L. WEFEED
EOOREEEELL TWADTIHAWMETEEINS, —F. BIOREEHE &
LT, Col-0 IZBWTHIRIN/Z SSB] B TFTEYNHEENIZEB Z&ITkD,

Col-0 TRFMEROFENMGISND ZENEAB5ND, ZOHE SSBI 1T

wm/®u%@&%Tmimrﬁmfméwfﬁﬁm@& fHans, 5L
JRTREME LB, Col-0 & S96 DHFITHWNT SSBI BInFEYEIEY DMK
RDOMEER I HERERICEI < 2%, SBLV 71 896 O SSBI B BT DOIEERHEL, £
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DIER $96 TIIREMARBEEND WS AR BEZ 515,

ZNET, BT INVADHEEREZBMEL T, U1 IVADEIEZIF T 5K
RS OREIE I b TE -, — 5T, AL TRLEL D Ry A
VAR & DR REEICEL T, SEVAENMESNTIAN- .
LA L. WY OBRMEROEEIZY A AR EHRT 28R HED—DTH
HEE XD, SSBI DEIER I OHEEMITII, U1 VARSI T 2 Y DR E
REMBCETAH LWARE LT LRI, B IV ADBRICBNT
BEREWREEDTHAD,
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Table III-1. Classification of Arabidopsis accessions based on their symptom
phenotypes by SBLYV infection '

Systemically

infected plants Arabidopsis accessions

Aa-1, Ag-0, Ak-1, Ang-0, Bay-0, Bch-1, Be-0,
Ber, Berkley, Buckhorn Pass, Bla2, Bs-1,
Bsch-0, C24, Chi-0, Co, Col-0, Condara, Da,
Db-0, Di-G, Dra-0, Ema-1, En-D, ENF, Er,
EST, Fe-1, Fi-1, Ga-0, Ge-0, Gd-1, Gr-3, H55,
Hi-0, Hl, Hodja-Obi-Garm, Is-0, Je54, Jm-0,
K1-0, Ler, Limeport, Li-5, LIN, Litva,
M7884S, Ma-0, Mh-0, Nd-1, No-0, Nok-0, Np-
0, Nw-0, Ob-0, Old-1, Oy-}, Pa-1, Per-1,
Petergof, Pi-0, Pla-0, Po-0, RLD-1, Rubeznoe-
1, Santa Clara, Sg-1, Shardara, Sn, Sorbo, Ta-
0, Tol-0, Ts-1, Tsu-1, Tu-0, Wei-0, We-1, Wil-
1, Ws-2, Wt-1, Wu-0

No or mild
symptom

Necrosis on

. ~ S96, Fr-2
systemic leaves
Dwarf of systemic Abd-0, Ei-2
leaves

Col-0 plants were inoculated with SBLV virion at 3 to 4 weeks after sowing. Most
accessions including late-flowering accession were also inoculated at the same time.
Some early-flowering accessions such as Ws-2 were inoculated just before onset of
development of bolting stem. Symptoms were observed at 14 dpi. Moreover, plants
were harvested, and SBLV infection was checked by press blot analysis.




Table ITI-2. Segregation of symptom phenotype of S96 by SBLYV infection

Symptoma
Genotype Severe  Mild None y ’ P
Col-0 0 0 20 - i
S96 24 0 0 - ]
2 596 X o' Col-0 (F,) ’ 0 21 -0 : -
2 Col-0X &'S96 (F,) ’ 0 18 0 - -
2 896X & Col-0 (F,) 48 110 54 0.64  0.73
@ Col-0X 5596 (F,) - 24 50 20 072 0.70

a Plants were inoculated with SBLV virion, and scored for symptoms at 14 dpi.
b F1 plants from the cross between S96 and Col-0 developed symptoms intermediate

between Col-0 and S96.

¢ F2 plants were obtained by allowing F1 individuals to self-fertilize.

d x 2 values were calculated for an expected ratio of 1:2:1 for severe:mild: no symptoms of

plants




Table ITI-3. SSLP and CAPS markers used in this study

Clslg?nnéo" po(scilsviltfn SSLp2 /%ﬁgsrrjle - Forward primer Reverse primer |

I 11.48 nga63 :  ACCCAAGTGATCGCCACC 'AACCAAGGCACAGAAGCG
12.6 ~ NCCl/Rsal ?ﬁ‘gggATAAGGCA?TAGAATCA : GTCCTATCTCTACGATGTGGATG
4217  nga248 : L TCTGTATCTCGGTGAATTCTCC TACCGAACCAAAACACAAAGG :
8383 M L GGCTCCATAAAAAGTGCACC CTGATCTCACGGACAATAGTGC
11752 - ADH/Xbal AAAAATGGCAACACTﬁGAC' GCGTGACCATCAAGACTAAT

11 89 ~ GPALY AflII ATTCCTTGGTCTCCATCATC GGGATTTGATGAAGGAGAAC
7377 ngalés GAGéACATGTATAGGAGCCTCG TC;TCTACTGCACTGCCG ‘

11 48.45 : ~ GL1/Hinfl CCATGATCCGAAGAGACTAT ATA'ITG‘AG.TA'CTG‘CCTT;FAG
86.41 nga6 ; \' 7‘ ATGCAGAAGCTTACACTGATC TGsATTiCTTCCTcTCTT&:Ac
87.88 ngall2 .CTCT;CCACCTCCTCCAGTAéC TAATCACGTGTAT:GCAGCTGC

v 26.56 nga8 k ’TGG(STTTCGTTTATAAACATCC‘ GAGGGCAAA’I"CTTI‘AT’I‘TCGG'
29.64  ngallll " AGTTCCAGATTGAGCT”ITGAGC GGGTTCGGTTACAATCGTGT
3144 DET12  GGTGAAAATGGAGGAGACGA T.TCAAACACCAATATCAGGCC
57.64 G4539 / HindIll ~ GGACGTAGAATCTGAGAGCTC GOTCATCCGTTCCCAGGTAAAG
63.16“ A_QIdeI " CAAACACCA’ITTAATCT[’GZACA CAA(;AGGTTTCTTCWCTTCTC

- - - . -
75.16 PG11 /BﬁzI 8 AGTGAAATTCACCAGCATG : jg’GEAACTAACCACACATTAc
75.69 RPS2/Sau3Al TTCGACGGATGGACTCTCGTG‘ | cT@AG@é}cﬁGGACTTGTCG
78.98 PRHA/Ddel =~ CTTGTITCGCACTGCTCCACC GCGGAAG_AAGAACTCTGTTCG
8297 | ATMYB3R / Bigl ’l/;igi(%éAGAG’l’TATTGACCCATk éé}igl(‘}CTETTéTCTCTGGCTAT :
83.41 nga1139 ‘ TTTTTCCTTGTGTTGCATTCC ' TAGCCGGATGAGTTGGTACC
85.75 5 . CAT2/Ddel séggAGTAAGAGATCCAGATAC CA(EAGTCATGCGACTCAAGACTTG
102.69 ~ {UMS596A / Sau961 CCCAGTCGGAAATGGCCTCCG CAGGACTTCGAGTGA'CGATCG
Gg;ggggg gg) ‘ JM142/Alul ~ GGCGAGGAAGACGGTGAAG GATGGGGTGATGGTGATGC

104.73 ngall(7 ‘ CGACGAATCGACAGAATTAGG GCGAAAAAACAAAAAAATCCA
105.66 . CCRI/Hpall  CGTCCATCGAGCTCTTTACC kAG(k}‘CTGCGTC’kITATCAC‘CTC
108.54 ' DHS / BsaAl AGAGAGAATGAGAAATGGAGG kCAAGTGkA’CCTGAA(’}AGTATCG

v 1431 nga22s i o TCTCCCCACTAGTTITGTGTCC  GAAATCCAAATCCCAGAGAGG
18.35  ASAL/BelllI CCTCTAGCCTGAATAACAGAAC CTTACTCCTG’ITCTTGCTTAC
50.48 ngal39 5 GGTTTCGTTTCACTATCCAGG AGAGCTACCAGATCCGATGG
68'.4 | nga76 ; AGG :;ATGGGAGACAerTACG - GGAGAAAATGTCACTCTCCACC
89.51  DFR.I /BscjiAIk - féTfAcAfGGCTTCATAccA AGATCCTGAGGTGAGTT’I'[‘TC
116.88 . LFY3/Rsal  GACGGCGTCTAGAAGATTC TAACTTATCGGGCTTCTGE

* Markers displaying polymorphism bétween Col;O and S96 are bold and underlined.




Table II1-4. Map position of the SSBI locus

Number of F, plants Segregation riiﬁi?rt%on
Chromosome Marker examined Severe Mild None (mean=sp)a
I ADH 10 2 8 0 60.0t11.0
nga280 6 2 3 1 58.3+142
IT GPA1.1 10 4 3 3 55.0t111
III ngao6 10 3 7 0 65.0+10.7
v nga8 10 2 5 3 45.0+11.1
AG 10 0 0 10 0

DHS 10 0 2 8 10+6.7
\Y% LFY 10 5 3 2 65.0+107
nga225 10 5 3 2 65.0+10.7

¥,

&9

2 Calculation of the recombined frequency between SSBI and various markers in the F, plants displaying no symptoms was performed

according to the method of Allard (1956): r = {(k + 2b) / 2n } X100, where r = recombination frequency, n = number of F, plants analyzed, &

= number of F, recombinants homozygous at a flanking marker, and b = the number of recombined homozygous at a flanking marker. The

standard deviations for this analysis is the square root of p (100 -p )/ 2n.




Fig. III-1. Symptom phenotypes of Arabidopsis accessions. Plants were
inoculated with SBLV virion, and photographed at 14 dpi. Representative
symptoms of Col-0 (A), S96 (B) and Ei-2 (C) are demonstrated. Healthy
and SBLV-infected plants are shown at left and right, respectively, in each
panel.




S9%  F.(S96xCol-0)  Col-0

Fig. III-2. Symptom phenotype of an F1 plant from the cross between S96
and Col-0. Plants were inoculated with SBLV virion, and photographed at
14 dpi. Middle: F1 (£ S96 X o"Col-0) plant infected with SBLV. Right and
Left: Parental S96 and Col-0 infected with SBLYV, respectively.
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Fig. III-3. Time-course for localization of SBLV CP in Col-0 and S96. Plants were
inoculated with virion RNA of SBLV, and harvested at 2, 4 and 7 dpi. Whole plant
tissues were pressed onto chlomatography papers, and SBLV CP was
immunologically detected. Arrowheads indicate inoculated leaves.




Col-0 S96
M 6 12 24 M 6 12 24 hpi
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Fig. III-4. Accumulation of SBLV RNA in Col-0 and S96 protoplasts.
Protoplasts were inoculated with virion RNA of SBLV, and total RNA was
extracted at 6, 12 and 24 hpi. Accumulation of SBLV RNA was detected by
northern blot analysis. Total RNA from mock-inoculated protoplasts was also
loaded, and is indicated by M. Positions of SBLV RNAs 1, 2, 3 and 4 are
indicated at left. Ethidium bromide-stained ribosomal RNA is shown below
each lane.
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Fig. III-5. Symptom phenotypes in SBLV infection and recombination sites of F, plants

(Col-0X S96) which recombined between molecular markers ATMYB3R and ngall07.
Black and white bars indicate S96 and Col-0 chromatids, respectively. S=severe symptom,
M= mild symptom, N=No symptom.
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WY A IVAREEEDCEERET 2RI, V1 NVAAORF &HITE
FEORFNEELREEZRZLTVWS, LML, BERFICEAT 2HMAEZIE
EAREBENTVWERNWONERRTHS. ZDOXD 7, EFE T Arabidopsis
thaliana (3 0OA XFXF) RBREDETNVEMERANT, BERFOL FERE
BIFRAT HRE TRICIT DN T E T WS, Spring beauty latent virus (SBLV) 1
Bromovirus BB S NEHEY RNA YA IIVATH YD, BEIOAXFZAFD
¥ 7w 3 > Columbia-0 (BAF Col-0) BB £HBET S I EAEHSMN

Wiz, T ITERAE TR, 04 XFAF2ANEBERFENFEICKD,
SBLV @iﬁéﬁt‘ér%@fﬂ“é’ﬁzl?g{x%@ﬁ%ﬁ [EE % f A ”ﬁz@%kl@é@“
LFTIRARERS T &:%ﬁfabﬁ_o LR

E1E

SBLV DEEMNHEINZ Col-0 BEMZEKL., FREEZTERRITZZ
EiZ& D SBLV DOHBEICAERBEERFOEE - AEZBRELLZ. TFILASY
AR VBT K DR EFEALE L 7z Col-0 DFEFHRD M2 HEH 2,231 fE
K12 SBLV Z#EHEL. TORREELHAEL /LT A, SBLV BRNEET HE
BN 1 51 2 (2433B) EIH I N/, 2433B ITHBI1T S SBLV B DB,
BREOBRENSRED 5N/, LAL. LI LX)VICBT % BT E AR Col-0
CRABETH . DT EMND, 2433B 2B D SBLV B DELE IHIMRA
BITOLRIIVTRESNTWDS EE X 5N, £z, BEFEHBITOER, 2433B
ICB1F 5 SBLV BB DELEIL, HHEOREITL > TXE I NS I LAVRI NI,

F2E

SBLV BFICEEG I 2B ERFHEET 57201T, 67 BEDY 7wy ar
ICBIFTS SBLV OREEEZRAEL -, TOHRR, BEAEDY 7y aid
Col-0 &[RIRRIC SBLV IZZNZHE < & EEH U7ZAY Pla-0 TIL SBLV BERIEL
THZENHESNEIZ DT, Pla-0 ITB1T S SBLV B DEIEITEEEICBNT
B SNz, LML 1 ML IVICBIT DY A )L BRI Col-0 & REET
@oto_@_a@b“?“m%ﬁésmym DELETHEEBT O L))
TRESN TS EEA LN, it TBIRFEREIT OB, Pla-0 12 BT % SBLV
RS DRIEVT %&@‘ “’ :“@WﬁViofﬁﬁémé ENRE
N7z, '




EIE

SBLV 13304 X F A FITEELTH, Col-0 BREFEAEDY VY a >
CBWTEFRBMOBERLEEZT S, LML, 85 BEOY /7y ailBiTs
SBLV DM EBELET A, S96. Fr-2, Ei-2, Abd-0 @ 4 DDT 7ty
a R ERETS IS NIA o, SBLV IZERL - S96 T, #
EECEEREOY Y YEITELCZAENALS N, EEMMBMOBRBHEEE N,
BRI ORR. S96 BT 2REBRBRICEETIATEEEORAE—
BETEE, SSBI (Symptom development in SBLV infection) EE Sz, =5
TRy B TR OFRR, SSBI IE 4 REARER LICMET S I ERHSMNIT
72577, S96 BT D SBLV DREPEEERELZEIA. 1 ML NILIZBT
% SBLV HEFERER. HEMAIC BT S SBLV OBITHEIL Col-0 TRIEE TH > 72,
ZD T EMS, SSBI IZ SBLV OEELLHBRIRIT. EEEEBTE Vo ZEEA

BICIIESET, FEERICEOS EEZ 5N
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