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Sobemoviruses are plant RNA viruses named after their
type species, Southern bean mosaic virus (SBMV). In 1969,
Walters proposed combining single-component-RNA beetle-
transmitted viruses into a southern bean mosaic virus group
(107). In 1977, Hull recommended establishment of this plant
virus group on the basis of similarities in protein subunit mo-
lecular weight, capsid stabilization, sedimentation coefficient,
and distribution of particles within the cell (44). The group was
accepted by the International Committee on Taxonomy of
Viruses (ICTV) under the name sobemovirus (63). In 1995 the
ICTV recognized the group as an unassigned genus, Sobemo-
virus (47). Presently, the genus contains 11 definitive species
(Table 1) (20). The most recent change in the list of sobemo-
virus species was the distinguishing of SBMV and Southern
cowpea mosaic virus (SCPMV) as separate species (20). These
viruses were previously described as the bean and cowpea
strains of SBMV, respectively. Due to differences in host range
and antigenicity and substantial sequence differences, they are
now accepted as independent Sobemovirus species (M. C. Fau-
quet, personal communication).

Tentative species of the genus Sobemovirus are Cocksfoot
mild mosaic virus (CfMMV), Cynosurus mottle virus (CnMoV),
and Ginger chlorotic fleck virus (GCFV) (20).

(The official abbreviation for cocksfoot mild mosaic virus in
the seventh ICTV report is CMMV. In the same report, cocks-
foot mottle virus is abbreviated as CoMV. Fauquet and Mayo
point out that cocksfoot is one of the plant names whose
abbreviations cause discrepancies in virus taxonomy (20). Co is
also used as an abbreviation for coffee and cole, whereas C
alone is used for many different plant species. Since CfMV is a
widely used abbreviation for cocksfoot mottle virus in the sobe-
movirus literature, we propose that Cf be used as an abbrevi-
ation for cocksfoot in the future. The two viruses will then be
abbreviated as CfMMV and CfMV, respectively. These abbre-
viations will be used throughout this article.)

It should be noted that three other viruses recently regarded
as tentative species of the genus Sobemovirus (Maize chlorotic
mottle virus [genus Machlomovirus], Olive latent virus 1 [genus
Necrovirus], and Panicum mosaic virus [genus Panicovirus])
have now been assigned to the family Tombusviridae. However,
several viruses presently not recognized by the ICTV have
been proposed to be closely related to sobemoviruses. These
viruses include, for instance, Rottboellia yellow mottle virus
(VIDE database, http://biology.anu.edu.au/Groups/MES/videl/),
Ryegrass mottle virus (VIDE database, http://biology.anu.edu
.au/Groups/MES/vide/), and Sesbania mosaic virus (6).

Viruses in the genus Sobemovirus are icosahedral particles of
about 30 nm in diameter (47). The virions contain a single coat
protein (approximately 30 kDa in size), a genomic RNA, and
one subgenomic RNA (sgRNA) molecule. The capsid is con-
structed of 180 subunits according to T53 symmetry. The
genomic RNA is a single-stranded messenger-sense molecule,
approximately 4 to 4.5 kb in size. The 59 terminus of the RNA
has a genome-linked protein (VPg), and the 39 end lacks a
poly(A) tail.

In addition to their genomic RNA, some sobemoviruses
encapsidate a viroid-like satellite RNA (satRNA) that is de-
pendent on a helper virus for replication. The presence of
viroid-like satRNAs has been reported for Lucerne transient
streak virus (LTSV), Rice yellow mottle virus (RYMV), Subter-
ranean clover mottle virus (SCMoV), Solanum nodiflorum mot-
tle virus (SNMoV), and Velvet tobacco mottle virus (VTMoV)
(13, 23, 25, 31, 50, 51, 78, 90, 99). The sizes of these circular
satRNAs range from 220 to 390 nucleotides (nt) (2, 13, 14, 39,
54). At 220 nt, the RYMV satRNA is the smallest naturally
occurring viroid-like RNA known today (13).

Several interesting interactions between the satRNA, helper
virus, and host plant have been described among sobemovi-
ruses. For example, LTSV supports the replication of satRNA
of SNMoV (51). On the contrary, SNMoV does not replicate
LTSV satRNA (51). The replication of satRNA of LTSV is
also supported by sobemoviruses that are normally devoid
of satRNA, including CfMV, SBMV, Sowbane mosaic virus
(SoMV), and Turnip rosette virus (TRoV) (2, 72, 90). The
replication of satRNA of LTSV is dependent not only on the
helper virus but also on the host plant. For instance, TRoV
supports the replication of the LTSV satRNA in Brassica rapa,
Raphanus raphanistrum, and Sinapsis arvensis, but not in
Thlaspi arvense or Nicotiana bigelovii (90). Furthermore,
satRNA of LTSV replicates effectively and is encapsidated in
the presence of CfMV in two monocotyledonous species, Triti-
cum aestivum and Dactylis glomerata (90).

Sobemoviruses are transmitted by vectors or by seeds and
are readily transmitted mechanically (Table 1). CfMV,
RYMV, SNMoV, SBMV, SCPMV, and TRoV are transmitted
by beetles. Blueberry shoestring virus (BSSV) is transmitted by
aphids, and VTMoV is transmitted by mirids. SoMV is trans-
mitted by leafminers and leafhoppers. The natural host range
of each virus species is relatively narrow. However, sobemovi-
ruses in general infect plant species from not less than 15
different families, including dicotyledonous and monocotyle-
donous species. The first sobemovirus to be isolated was
SBMV, in Louisiana and California (115). Later it was dem-
onstrated that sobemoviruses are spread all over the world,
colonizing plants in countries from Scandinavia to New Zea-
land and throughout tropical Africa.
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GENOME ORGANIZATION

The complete nucleotide sequences of several sobemovi-
ruses have been determined (58, 61, 114, 70, 86, 112; A. C.
Jeffries, J. P. Rathjen, and R. H. Symons, GenBank accession
no. U31286; Y. M. Pinto and D. C. Baulcombe, GenBank
accession no. U23142). The sobemovirus genome is compact,

and most of the predicted open reading frames (ORFs) over-
lap. The coding region regularly contains four ORFs (Fig. 1).

All sequenced sobemoviruses contain a small ORF, ORF1,
at the 59 end of the genome and a 39-proximal ORF which
encodes the viral coat protein. Exceptionally, the LTSV ge-
nome nucleotide sequence available from the GenBank data-
base (Jeffries et al., GenBank accession no. U31286) indicates
the presence of two small ORFs at the beginning of the ge-
nome, ORF1a and ORF1b. Later, however, this was shown to
be a sequencing error (J. P. Rathjen, personal communica-
tion). Thus, LTSV, like other sobemoviruses, contains a single
ORF1.

Based on the organizational differences in the central part of
the genome (encoding the virus polyprotein), the sobemovi-
ruses can be subdivided into SCPMV-like and CfMV-like vi-
ruses. The polyprotein of SCPMV is encoded by the large
continuous ORF2 (112). The genome of SCPMV also contains
an internal coding region, ORF3, situated in the 21 reading
frame within ORF2. Similar genomic organizations have been
reported for the Arkansas isolate of SBMV (SBMV-Ark), the
Ivory Coast isolate of RYMV (RYMV-CI), and LTSV (58,
114; Jeffries et al., GenBank accession no. U31286).

In contrast, the Norwegian (CfMV-NO) and Russian
(CfMV-RU) isolates of CfMV lack the continuous ORF2 and
a nested coding region similar to ORF3 of SCPMV (61, 86).
Instead, CfMV has two overlapping ORFs, ORF2a and
ORF2b, and the polyprotein is expressed through a 21 ribo-
somal frameshift mechanism. A similar genomic organization
is characteristic of the Nigerian isolate of RYMV (RYMV-
NG) (Y. M. Pinto, personal communication).

The only exception with regard to these subdivisions of sobe-
moviruses is the genome of SBMV (70). SBMV lacks the small
ORF3 characteristic of SCPMV and SBMV-Ark, and the three
remaining ORFs do not overlap. Unlike SBMV, SBMV-Ark
contains four putative overlapping ORFs, making it more sim-
ilar in genomic organization (but not in amino acid sequences
of individual proteins [see below]) to SCPMV (58). It has been
assumed that the considerable differences in the genomic or-
ganizations of SBMV and SBMV-Ark result from mutations or

FIG. 1. Genomic organization of sobemoviruses. ORFs are illustrated as
boxes. VPg, the peptide covalently attached to the 59 terminus of the RNA
genome, is shown as a small circle. The approximate locations of the putative
protease and putative RdRp domains are labeled Pro and RdRp, respectively.
The sites of 21 ribosomal frameshift consensus signals are indicated by vertical
chains. The positions of the first AUGs in ORF3 of SCPMV, SBMV-Ark,
RYMV, and LTSV and in ORF2b of CfMV are indicated by short vertical lines.
P1, ORF1-encoded protein; CP, coat protein.

TABLE 1. Viruses of the genus Sobemovirus and their biological properties

Virus Natural host Vector Seed
transmission Reference(s)

Definitive species
BSSV Vaccinium corymbosum, Vaccinium angustifolium Aphids No 77
CfMV Dactylis glomerata, Triticum aestivum Beetles No 65, 91
LTSV Medicago sativa NDa No 7, 22
RYMV Oryza sativa, Oryza longistaminata Beetles No 5
SNMoV Solanum nodiflorum, Solanum nitidibaccatum, Solanum nigrum Beetles No 32, 51
SBMV Phaseolus vulgaris Beetles Yes 100
SCPMV Vigna unguiculata Beetles Yes 100
SoMV Chenopodium spp., Chenopodium murale, Vitis sp., Prunus

domestica, Atriplex suberecta
Leafminers, leafhoppers Yes 52, 53

SCMoV Trifolium subterraneum ND Yes 23
TRoV Brassica campestris subsp. napus, Brassica campestris subsp.

rapa
Beetles ND 42

VTMoV Nicotiana velutina Mirid No 78

Tentative species
CfMMV Phleum pratense, Dactylis glomerata, Agrostis stolonifera,

Bromus mollis, Festuca pratensis, Poa trivialis
Aphids, beetles No 48

CnMoV Cynosurus cristatus, Lolium perenne, Agrostis tenuis, Agrostis
stolonifera

Aphids ND 65

GCFV Zingiber officinale ND ND 97

a ND, not determined.
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sequencing errors in SBMV that resulted in misidentification
of the ORFs (58).

The CfMV-type genome arrangement resembles that re-
ported for Mushroom bacilliform virus (MBV; genus Barnavi-
rus, family Barnaviridae) (79). This similarity extends to the
presence of both an ORF1 and a 39-proximal coat protein
ORF, as well as two overlapping ORFs for polyprotein expres-
sion. In addition, the arrangement of the CfMV ORFs in the 59
half of the genome is similar to that of members of the genus
Polerovirus (formerly known as subgroup II luteoviruses—Po-
tato leafroll virus [PLRV] [101], Beet western yellows virus
[BWYV] [104], Beet mild yellowing virus [BMYV] [34], Cereal
yellow dwarf virus-RPV [CYDV-RPV, formerly BYDV-RPV]
[105], and Cucurbit aphid-borne yellows virus [CABYV] [33])
and the genus Enamovirus (Pea enation mosaic virus 1 [PEMV-
1; formerly RNA1 of PEMV] [15]) in the family Luteoviridae.
The 59 gene cluster of these viruses contains a small ORF0 and
overlapping ORFs 1 and 2, and the polyprotein is expressed as
a translational frameshift fusion of the ORF1 and -2 products.

GENE PRODUCTS AND THEIR FUNCTIONS

The first data on proteins encoded by sobemoviruses (be-
sides the structural coat protein) were obtained from in vitro
translation experiments. The RNAs of several sobemoviruses
have been translated in rabbit reticulocyte lysate and wheat
germ extract (WGE) systems. The RNAs of SBMV and
SCPMV induce the translation of four major proteins in cell-
free systems: 105-, 75-, 29-, and 14-kDa proteins and 100-, 70-,
30-, and 20-kDa proteins, respectively (62, 87). Four polypep-
tides can also be translated from CfMV-NO (60, 62), LTSV
(67), SNMoV (55), and TRoV (66) RNAs, with only slight
differences in their molecular weights being displayed (Table
2).

Previous studies have demonstrated that the 100- and 70-
kDa proteins of SCPMV are related and are translated from
the full-length RNA, and the 20-kDa protein is presumably
encoded by ORF1 (29, 62, 112). It has also been proposed that
the polyprotein encoded by ORF2 of SCPMV is processed by
proteolytic cleavage to give the 70-kDa translation product
(112). The 30-kDa protein (viral coat protein) was shown to be
translated from a smaller, sgRNA. An sgRNA has indeed been
detected in sobemovirus-infected tissues as well as in virus
particles. For instance, both SBMV and SCPMV encapsidate
the subgenomic component into viral particles (85, 108). The
sgRNA in the molecular weight range of 0.3 3 106 to 0.4 3 106

of SCPMV and SBMV has a VPg linked to its 59 end, as does
the genomic RNA (29, 62). Sobemovirus RNAs of less than
genomic length have also been reported for RYMV-CI (about
1 kb), CfMV-NO (1.2 kb), and CfMV-RU (about 1 kb) (8, 61,
86). Like those of SBMV and SCPMV, the sgRNA molecules
of CfMV are encapsidated (86, 95).

Recently, the individual genes of CfMV-NO from which the
in vitro translation products are synthesized were identified by
immunoprecipitation with specific antibodies (95). The 12-,
71-, and 100-kDa CfMV proteins are synthesized from the
bicistronic genomic RNA of the virus. The CfMV 12-kDa
protein is produced from ORF1, its 71-kDa protein is pro-
duced from ORF2a, and the 100-kDa protein is a polyprotein
encoded by ORF2a and -2b. The CfMV 34-kDa in vitro trans-
lation product is the coat protein synthesized from the sgRNA.
Based on these findings, it was postulated that the 70-kDa in
vitro translation product of SCPMV might represent the
ORF2-ORF3 transframe fusion protein and that it is not the
product of proteolytic cleavage, as was hypothesized earlier.

Knowing which polypeptides are synthesized from which
genes, we characterize below the individual gene products and
their expression mechanisms and possible functions in more
detail.

P1. All of the sobemoviruses characterized encode a small
P1 protein from the 59-terminal ORF1. However, the ORF1
nucleotide sequences as well as the P1 primary sequences of
the different members of the genus Sobemovirus are not simi-
lar. They are also unrelated to any other known proteins. The
theoretical or experimental molecular masses of different sobe-
movirus P1 proteins range between 11.7 and 24.3 kDa. It was
hypothesized that ORF1 of RYMV-CI, unlike the correspond-
ing proteins of other Sobemovirus species, encodes two
polypeptides, with molecular masses of 18 and 19 kDa, due to
readthrough of the UGA stop codon at nt 553 (114). However,
in vitro translation of constructs containing the ORF1 coding
region with two stop codons (at nt 553 and 599) or with one
stop codon only (at nt 553) both produced two products, of 18
and 19 kDa (8). Therefore, it is unlikely that the 19-kDa prod-
uct of RYMV-CI is translated by a readthrough of the stop
codon at nt 533. It was assumed that the proteins detected in
vitro and in vivo likely resulted from degradation, posttransla-
tional modification(s), or structural or other characteristics of
RYMV-CI P1 (8).

Recently, full-length cDNA clones of RYMV-CI and
SCPMV were constructed and used to study the functions of
P1 in the viral life cycle (8, 93). Analysis of mutants incapable
of producing P1 or producing only truncated versions of that
protein indicated that the RYMV-CI or SCPMV P1 is not
needed for virus replication (8, 93). At the same time, the
absence of full-length P1 abolished cell-to-cell and systemic
movement of the virus in rice and cowpea plants, respectively.
The RYMV-CI mutant that did not express P1, due to a mu-
tation at the initiation codon, replicated efficiently in rice pro-
toplasts, but at a level lower than the wild-type cDNA tran-
script. Transgenic rice plants expressing wild-type P1 were able
to complement this initiation codon mutant and exhibited sys-
temic infections. These data demonstrate that one or more of
the P1 functions act in trans and are essential during infection
of plants.

Most plant viruses produce movement proteins which pre-
sumably facilitate cell-to-cell movement of the virus through
the plasmodesmata. Virus-like particles of RYMV have been
reported in plasmodesmata (69). Because movement protein
functions are not attached to any sobemovirus gene products,
and the functions of P1 have remained largely unknown, it is
tempting to propose that P1 is a sobemovirus movement pro-
tein. Our recent study has focused on the RNA binding activity
of the recombinant CfMV-NO P1 protein. His-tagged P1 was
able to interact with single-stranded RNA (ssRNA) transcripts
in a non-sequence-specific manner (96). The biological signif-
icance of RNA binding and the domain(s) essential for binding

TABLE 2. In vitro translation products of some sobemoviruses

Virus

Molecular mass (kDa) of in vitro translation product:
Refer-
ence(s)Poly-

protein Unknown Unknown Coat
protein Unknown

CfMV 100 71 34 12 60, 95
LTSV 105 78 33 18 67
SBMV 105 75 29 14 62, 87
SCPMV 100 70 30 20 62
SNMoV 100 67 38 28 55
TRoV 105 67 35 30 66
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remain to be elucidated, but movement proteins, in general,
are indeed nucleic acid-binding proteins.

It is interesting that RYMV symptoms appeared more rap-
idly in P1-overexpressing plants inoculated with the full-length
RYMV-CI transcript than in nontransformed plants (8). The
observation that expression of P1 in trans enhances the infec-
tion process in planta suggests that P1 can act as an enhancing
factor for genome amplification. Recently, it was reported that
P1 of RYMV-NG functions as a suppressor of posttranscrip-
tional gene silencing (PTGS) (106). PTGS of a green fluores-
cent protein transgene in Nicotiana benthamiana plants was
reversed by RYMV-NG P1 expressed from the potato virus X
vector. It was concluded that P1 protein of RYMV-NG is the
suppressor of maintenance of PTGS in N. benthamiana, al-
though it is encoded in the genome of a virus that is not
infectious on Nicotiana species.

Polyprotein. All of the sobemoviruses characterized encode
a relatively large protein with a molecular mass of around 100
kDa. The genomic structures of SBMV, SBMV-Ark, SCPMV,
RYMV-CI, and LTSV allow the synthesis of this protein from
a continuous single ORF. The C-terminal half of the CfMV
and RYMV-NG polyprotein is encoded by a separate ORF2b
and is translated as part of the polyprotein by a 21 ribosomal
frameshifting mechanism (60; Y. M. Pinto, personal commu-
nication). The consensus signals for a 21 ribosomal frameshift
event can be found at the beginning of the region of overlap
between CfMV ORF2a and ORF2b. These signals are the
heptanucleotide (slippery) sequence 59 UUUAAAC (nt 1634
to 1640) and a predicted stem-loop structure located 7 nt
downstream from the heptamer. Mäkinen et al. (60) examined
CfMV-NO frameshifting in vitro by inserting the cDNA frag-
ment representing nt 1621 to 2521 of CfMV-NO RNA into the
middle of the GUS sequence. This CfMV-NO region contains
the overlapping region of ORF2a and ORF2b, including the
consensus sequences for frameshifting. When translated in a
WGE, this sequence directed frameshifting at a level of 26 to
29%. This experiment showed also that no CfMV-NO-specific
sequences upstream of the consensus signals are required for
an efficient 21 ribosomal frameshifting event. We demon-
strated that the polyprotein of CfMV-NO was produced with
an efficiency of 10.6% 6 1.4% (mean 6 standard deviation)
when the construct containing the entire ORF2a-ORF2b re-
gion was transcribed and translated in a WGE (95).

Translation of the sobemovirus polyprotein is not initiated
from a corresponding sgRNA, since no such RNA has been
found. Experimental evidence supports the idea that the
genomic RNA of sobemoviruses functions as a bicistronic
mRNA; the translation of ORF1 and ORF2 from the genomic
RNA occurs by initiation at their respective AUG codons.
Products of the expected size from both ORFs were observed
after translation of the genomic RNAs of SCPMV (94) and
CfMV-NO (95). A comparison of the sequence surrounding
the initiation codon for ORF1 of sobemoviruses with the con-
sensus sequences established for plant mRNAs shows that the
sequence surrounding the first AUG codon is in a poor context
for translation by plant ribosomes. It is characterized by the
presence of a pyrimidine at position 23 and by the absence of
a G at position 14 (11, 59). In contrast, the ORF2 initiation
codon is present in a context more favorable for translation,
with a purine at position 23. The 59-terminal half of the sobe-
movirus genome resembles the genome of poleroviruses, en-
amoviruses, and barnaviruses. In all of these cases, the start
codon of the first ORF is flanked by suboptimal bases com-
pared to those flanking the second ORF start site (15, 64, 80).

The mechanism of SCPMV ORF2 translation initiation was
further investigated by Sivakumaran and Hacker (94). In vitro

and in vivo studies showed that the addition of one or two
AUG codons in a sequence context favorable for translation
initiation reduced ORF2 expression and that the elimination of
the ORF1 initiation codon resulted in an increase in ORF2
expression. In vivo studies demonstrated that addition of 19
AUG codons in the 59 untranslated region abolished ORF2
expression and that placement of the ORF1 initiation codon
within a sequence context optimal for translation initiation
reduced ORF2 expression. These results indicate that ORF2 of
SCPMV is translated by leaky scanning rather than by internal
ribosome binding or coupled termination-reinitiation.

The cotranslational disassembly of destabilized SBMV was
suggested as a mechanism for uncoating of viral nucleic acid
(109). In contrast to some other isometric viruses, which ap-
pear to release their RNA rapidly prior to translation, the
particles of the Ghana strain of SBMV can disassemble only
after their RNA has initiated translation (92). According to
this model, the ribosome has to “find” the 59 end of the RNA,
and translation of the ORFs starts. Further removal of coat
protein subunits occurs as ribosome translocation proceeds.
The proposed model supports the finding that leaky scanning is
the mechanism by which ORF2 of sobemoviruses is translated,
since the ribosomes must start from the 59 end of the RNA.

Based on experimental data as well as on analysis in silico,
one can distinguish at least the following functional domains
in the polyproteins of sobemoviruses: a serine protease-like
domain, VPg, and an RNA-dependent RNA polymerase
(RdRp)-like domain (30, 58, 61, 70, 86, 103, 112, 114; K.
Mäkinen, K. Mäkeläinen, N. Arshava, T. Tamm, E. Truve, S.
Zavriev, and M. Saarma, unpublished data). Presently it is not
clear whether these are the only functions of the polyprotein.

Putative serine protease. Gorbalenya et al. (30) identified a
putative serine protease motif in the N-terminal part of the
polyprotein of SCPMV by sequence comparisons with cellular
and viral proteases. This putative protease is similar to the
3CPro cysteine proteases of picornaviruses and is characteristic
of all sobemoviruses, poleroviruses, PEMV-1, and MBV. The
serine protease motif is located in the N-terminal third of the
polyprotein encoded by ORF2 in the case of SBMV, SBMV-
Ark, SCPMV, RYMV, and LTSV, and it is encoded by ORF2a
in the case of CfMV. The proposed protease sequence is
unique among plant virus proteases in that it resembles a
cellular serine protease in possessing a serine residue instead
of cysteine in the catalytic triad (18, 30). The consensus amino
acid sequence of the catalytic triad is H(X32–35)[D/E](X61–62)
TXXGXSG (56). The glycine and histidine residues down-
stream from the putative catalytic residues are suggested to be
the site of substrate binding. However, a biochemical demon-
stration of protease activity has not been made.

VPg. A 12-kDa protein has been reported to be covalently
linked to the 59 end of the SBMV genome (29), and a 10-kDa
VPg is attached to the SCPMV genome (62). Recently, the
N-terminal sequences of the VPgs of two sobemoviruses,
CfMV-RU and SBMV, have been determined (103; Mäkinen
et al., unpublished data). The amino acid sequences obtained
started at position 320 of the ORF2a product of CfMV-RU
and at position 327 of the ORF2 product of SBMV, respec-
tively. A comparison of the N-terminal sequence of SBMV
VPg and residues 326 to 345 of the SCPMV ORF2 product
revealed 63% identity (103). The N-terminal sequence of the
CfMV-RU VPg was 100% identical to the corresponding
amino acid sequence of the CfMV-NO polyprotein (Mäkinen
et al., unpublished data).

The position of the VPg in the sobemovirus genome differs
from the genome arrangement characteristic of many RNA
virus families, including the Picornaviridae and Comoviridae,
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i.e., VPg-protease-RdRp (57). The N-terminal sequence of
VPg places it between the serine protease and the RdRp mo-
tifs in the sobemovirus polyprotein. A similar polyprotein ar-
rangement, protease-VPg-RdRp, has also been shown for
PLRV, PEMV-1, and MBV (80, 102, 110). As indicated, these
viruses exhibit several common features of sobemoviruses.

In all sobemoviruses, a conserved WAD or WGD amino
acid sequence followed by a D- and E-rich region is present in
proved and putative VPg proteins (61). A similar motif can
also be found in PLRV, BWYV, PEMV-1, MBV, and Human
astrovirus 2 (genus Astrovirus, family Astroviridae) upstream of
the 21 frameshift signals. The sizes of the VPg proteins de-
termined for CfMV, MBV, PLRV, and SBMV indicate that
the WAD or WGD plus D- and E-rich region is present in the
VPgs of these viruses (80, 102, 103; Mäkinen et al., unpub-
lished data). This motif is the only sequence element conserved
among the VPg proteins of these viruses. It is possible that this
conserved motif is characteristic of the VPg proteins of viruses
with a sobemovirus- or polerovirus-like genome arrangement.

The identification of the proteolytic cleavage sites at N ter-
mini of the VPg proteins of two sobemoviruses gave the first
indication of how the sobemovirus polyprotein is processed in
vivo. Gorbalenya et al. (30) proposed that the sobemovirus
serine protease could cleave at E/T or E/S sites. In the SBMV
and CfMV-RU polyprotein sequences, the N-terminal residue
of VPg (T and N, respectively) is preceded by a glutamic acid
residue, indicating that the N-terminal proteolytic processing
site consists of the residues E/T or E/N. This finding is not in
full accordance with the previously predicted cleavage sites.
Although there are several putative cleavage sites conserved
among the polyproteins of sobemoviruses (61), there are not
sufficient experimental data to allow the proposal of a polypro-
tein processing model for these viruses.

Putative RdRp. The C-terminal region of the sobemovirus
polyprotein is predicted to encode a putative RdRp based on
the presence of the GDD motif and surrounding conserved
motifs characteristic of RdRps (56, 57). The putative sobemo-
virus RdRps show extensive similarities to RdRps of a number
of positive-strand ssRNA viruses, which include again polero-
viruses (PLRV, BWYV, BMYV, CYDV-RPV, and CABYV),
an enamovirus (PEMV-1), and a barnavirus (MBV). Such sim-
ilarities have been used to evaluate the taxonomic position
of SCPMV in relation to other positive-strand RNA viruses
(56, 57). SCPMV, BWYV, PLRV, and PEMV-1 have been
grouped into the Sobemo lineage of polymerase supergroup 1
(57), indicating that the RdRps of poleroviruses are more
similar to those of the sobemoviruses than they are to those of
luteoviruses (formerly known as subgroup I luteoviruses).

Relatively little is known about the replication signals
needed for initiation of plus- and minus-strand synthesis in
sobemoviruses. Primer extension experiments have been used
to identify the precise 59 ends of the genomic RNAs as a start
point for plus-strand synthesis. The 59-terminal nucleotides of
the SCPMV genomic RNA were identified as ACAAAA (36).
The 59 ends of the genomic RNAs of two other sobemoviruses,
LTSV and RYMV-CI, have been reported to be ACAAA and
ACAA, respectively (114; Jeffries et al., GenBank accession
no. U31286). The 59 ends of the SBMV and SBMV-Ark
genomic RNAs start with a similar motif, CACAAAA (58, 70).
At the same time, the 59 ends of the SCPMV and SBMV
sgRNAs map to bases 3241 and 3163, respectively (36), and,
based on the sequences of the SCPMV and SBMV genomes
(70, 112), also possess the sequence ACAAAA. These results
demonstrate that the genomic RNAs and sgRNAs of sobemo-
viruses start with very similar primary sequences and that these
are potentially important for virus replication. In contrast, this

sequence motif is not present at the 59 end of the CfMV
genome (61, 86). All sobemoviruses have a polypurine tract,
including the sequence aAGgAAA (lowercase indicates less
conservation of that base) just at the beginning of the genomic
RNA (36).

First of all, using the similarity between the 59 ends of the
genomic and subgenomic RNAs, it is possible to predict the 59
termini of as-yet-uncharacterized sobemovirus sgRNAs. The
sequence ACAAAA (nt 3222 to 3227) is present upstream
from the SBMV-Ark coat protein initiation codon. For
RYMV-CI, the sequence ACAAA (nt 3441 to 3445) is located
6 nt upstream of the ORF4 AUG codon. The putative tran-
scription start site for the LTSV sgRNA also has the ACA
AAA sequence motif (nt 3285 to 3290). Unfortunately, it is not
possible to predict the 59 end of the sgRNA of CfMV because
this sequence motif is not present upstream from the coat
protein coding region.

The ACAAAa sequence is present at the 59 termini of
genomic RNAs and sgRNAs of poleroviruses (64). The same
sequence motif is found at the 59 end of Red clover necrotic
mosaic virus (genus Dianthovirus, family Tombusviridae) RNA1
and at the 59 end of its sgRNA (113, 116). The 59 termini of the
MBV genomic RNAs and sgRNAs also begin with this se-
quence (79, 81). The conservation of this sequence at the 59
ends of genomic RNAs and sgRNAs of several viruses belong-
ing to different groups suggests that it or its complementary
sequence in the minus-strand RNA may function in viral RNA
synthesis. It has been proposed that the minus-strand sequence
complementary to the ACAAA domain may act as a promoter
or enhancer for viral replicase binding and initiation of RNA
synthesis (64). So far the role(s) of the above sequences in
sgRNA and genomic RNA synthesis in sobemo- and polerovi-
ruses has not been tested. Even less is known about the repli-
cation signals needed to initiate minus-strand synthesis at the
39 ends of sobemovirus genomic RNAs. A potential tRNA-like
structure has been attributed to the 39 end of some sobemo-
virus genomic RNAs (86, 114). However, for SBMV and
SCPMV, it has been impossible to find an RNA sequence at
the 39 end that has the potential to fold into a tRNA-resem-
bling secondary structure (70, 112). It should be emphasized
that these reports are based on computer modeling. No exper-
imental data are available on RNA secondary structures char-
acteristic of the 59 or 39 ends of sobemovirus RNAs.

P3. The genomes of SCPMV, SBMV-Ark, RYMV-CI, and
LTSV have a small ORF3 nested in the middle of ORF2 in the
21 reading frame. The N-terminal half of each of these pro-
teins is similar to the N-terminal part of the ORF2b-encoded
protein of CfMV (60) as well as to the N-terminal part of the
PLRV and BWYV ORF2-encoded proteins and to MBV and
PEMV-1 ORF3-encoded products (86). At the moment, the
function(s) and the translational mechanism of this ORF are
unknown. The genome-length cDNA clone of SCPMV has
been used to characterize the phenotypes of ORF3 mutants
(93). A mutant expressing a truncated P3 was not infectious in
cowpeas, indicating that P3 is needed for SCPMV infectivity in
plants. Protoplast experiments demonstrated also that various
mutations in ORF3 had no effect on viral RNA synthesis or
SCPMV assembly.

The consensus signals for 21 ribosomal frameshifting, sim-
ilar to those characterized for CfMV, can be found in the
genomes of all sobemoviruses. The slippery sequence, UUUA
AAC followed by a putative stem-loop structure, is located
upstream from the potential translational initiation codon of
ORF3 of SCPMV, SBMV-Ark, RYMV-CI, and LTSV. There
are no stop codons present between the slippery sequence and
the initiation codon of ORF3 in either reading frame. It has
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been assumed that ORF3 is likely to be translated by a 21
ribosomal frameshift mechanism similar to that shown for
ORF2b in CfMV, but this has not been verified experimentally
(60, 95). Five facts support this hypothesis: (i) no in vitro
translation product has been attributed to this ORF; (ii) no
sgRNA corresponding to this region has been found; (iii) an
SCPMV mutant which had an in-frame stop codon between
the predicted frameshift site and the potential initiation codon
in the ORF3 reading frame was unable to infect cowpea, sug-
gesting that the ORF3 protein was not expressed (93); (iv) the
70-kDa in vitro translation product of SCPMV may represent
an ORF2-ORF3 transframe fusion protein, since the calcu-
lated molecular mass for the ORF2-ORF3 fusion of SCPMV is
65.8 kDa (95); and (v) the similarity of P3 to the N-terminal
part of the ORF2b-encoded protein of CfMV as well as to the
N-terminal part of the PLRV and BWYV ORF2-encoded pro-
teins and the MBV and PEMV-1 ORF3-encoded products
starts upstream from the putative ORF3 translation initiation
signal (60, 86).

Coat protein. The coat proteins of sobemoviruses are en-
coded by their 39-proximally located ORFs (ORF4 in the case
of the SCPMV-type genome and ORF3 for the CfMV type).
The amino acid sequence of the SCPMV coat protein reported
by Hermodson et al. (40) showed that translation initiation
occurs at the second AUG (nt 3271 to 3273) of ORF4 and is
followed by the hydrolysis of the N-terminal methionine and
acetylation of the subsequent alanine. Direct sequencing of the
N terminus of the RYMV-CI and CfMV-NO coat proteins
showed that they commence at the first AUG codon of the last
ORF, at nt 3447 and 3093, respectively (61, 114).

A tentative phylogenetic tree generated by aligning the coat
protein sequence of SCPMV with those of several other viruses
consisted of three distinct subdivisions (17). Interestingly, the
coat protein of SCPMV grouped together with the Tobacco
necrosis virus (TNV; genus Necrovirus, family Tombusviridae)
coat protein rather than with the coat proteins of polerovi-
ruses. The coat protein of RYMV-CI is also more closely
related to that of TNV (114), indicating that coat proteins of
sobemoviruses and necroviruses are phylogenetically related
(Fig. 2) (17). This is different from sobemovirus proteases,
VPgs, and RdRps, which are most closely related to those of
poleroviruses, as indicated above.

The coat protein is the single protein required to build
sobemovirus isometric particles. The three-dimensional struc-
ture of SCPMV has been determined to a resolution of 2.8 Å
(1), and that of SeMV has been determined to 3-Å resolution
(6). Each icosahedral unit of the particle comprises three
quasiequivalent subunits, A, B, and C, whose individual con-
formations may differ slightly. The A subunits cluster about the
fivefold axes, whereas sets of three B and three C subunits
cluster about quasi-sixfold vertices.

According to the X-ray structure, the coat protein is com-
posed of two functional domains, the R (random) domain and
the S (shell or surface) domain, connected by an arm (1, 40,
83). The S domain is composed of eight antiparallel b-sheets
(termed a b-barrel) and five a-helices. The S domain is re-
sponsible for subunit-subunit interactions in the virus particle
(40, 83). The R domain is formed by the N-terminal part of the
polypeptide chain and is rich in arginine, lysine, proline, and
glutamine. The basic residues located on the R domain (to-
gether with some similar residues on the inner surface of the S
domain) are responsible for coat protein contacts with the
RNA (40, 83). The pattern of the basic residues on the coat
protein surface facing the RNA is able to dock a 9-bp double-
helical A-RNA structure with surprising accuracy. The basic
residues are each associated with a different phosphate, and

the protein can interact with five bases in the minor groove.
The total number of positive charges associated with the RNA
is around 2,340, sufficient to cancel about half the negative
charges of the nucleic acid. A recombinant R domain of the
coat protein of SCPMV (amino acid residues 1 to 54) ex-
pressed in Escherichia coli was shown to have nonspecific RNA
binding activity in vitro (S. K. Lee and D. Hacker, Abstr. 18th
Annu. Meet. Am. Soc. Virol. 1999, abstr. W-23, p. 100, 1999).
Studies of alanine substitution mutants revealed that the N-
terminal arginine-rich motif was required for RNA binding.
The interactions between the CfMV-NO coat protein and
RNA have also been studied (96). The recombinant coat pro-
tein expressed in E. coli and the native coat protein purified
from virus particles both bound ssRNA in a non-sequence-
specific manner in vitro and were selective for ssRNA over
double-stranded DNA molecules.

Hull (45) studied the particle stabilization of TRoV and
other sobemoviruses and concluded that the particles of these
viruses are stabilized by three types of bonds: pH-dependent
interactions between subunits, protein-RNA interactions, and
divalent-cation protein-protein bonds. The important cations
forming protein-protein bonds in the particle are calcium and
magnesium ions. The major Ca21-binding site is on the quasi-
threefold axis between the A, B, and C subunits (40). The
sequence shows that Glu194 is the ligand associated with this
position. Interestingly, in SBMV this residue is lysine (62),
suggesting a different mode of subunit association. The second
Ca21-binding site is also between the quasi-threefold-related
subunits, with interactions between Asp138 and Asp141 on one
subunit and the main-chain carbonyls 199 and 259 on the
other. The proposed Mg21-binding sites contain residues
His132, Glu229, and Glu77 (84). The virus swells upon re-
moval of cations at alkaline pH values (45).

The importance of RNA-coat protein interactions in the
assembly of SCPMV was demonstrated by Savithri and Erick-
son (88). The assembly of T53 particles from the SCPMV
protein and viral RNA requires Ca21 at a neutral or alkaline
pH. A low-molecular-weight RNA component and coat pro-
tein formed T51 particles at acidic and neutral pHs. It is
possible to convert swollen SBMV into T51 particles by di-
gestion with trypsin, which removes the basic N-terminal seg-
ment of the coat protein (89). Erickson and Rossmann (19)
also showed that T51 particle formation did not require RNA
when purified and partially digested coat protein, lacking the
basic N-terminal portion, was used. Native coat protein failed
to assemble in either the T51 or T53 mode in the absence of
RNA, indicating that initial RNA-protein interactions are
needed and that the formation of the T53 particles requires
interaction between viral RNA and the basic arm of the coat
protein. These studies did not demonstrate the requirement
for specific coat protein-RNA interactions in SCPMV assem-
bly but indicated that the N-terminal R domain is important
for RNA binding.

However, dissociation of SBMV in a high-salt solution (0.4
M KCl) at a neutral pH yields a ribonucleoprotein complex
(RNPC) composed of the viral RNA and about six coat protein
subunits (43). Hacker demonstrated that coat protein subunits
present in the RNPC, resulting from SCPMV dissociation,
bind to a specific region of the viral RNA which potentially
folds into a hairpin (35). The specific coat protein binding site
is located within the protease coding region in SCPMV ORF2.
This region is the most highly conserved region of ORF2
among sobemoviruses. Unfortunately, these results do not di-
rectly demonstrate that coat protein binding to this region
serves to nucleate SCPMV assembly.

Full-length cDNA clones of RYMV-CI and SCPMV have
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been used to study the function(s) of the coat protein (9, 93).
The mutants tested (C-terminal deletion and frameshift mu-
tants of RYMV-CI; initiation codon and insertion mutants of
SCPMV) were not infectious in plants. No virus accumulation
was detected in the inoculated or systemic leaves, indicating
that coat protein is essential for cell-to-cell and systemic virus
movement. At the same time, it was found that the coat protein
was not required for RYMV-CI or SCPMV RNA synthesis in
rice and cowpea protoplasts, respectively. In rice plants, RNA
replication for both RYMV-CI mutants was detected in leaves

4 weeks after inoculation, indicating the importance of coat
protein particularly in long-distance virus movement.

Direct evidence that coat protein determines the range of
systemic hosts of sobemoviruses was provided by characteriz-
ing the resistance-breaking mutant of SBMV-Ark, SBMV-S
(58). SBMV-S is able to move systemically in bean cultivars
Pinto and Great Northern, although the wild-type SBMV-Ark
is restricted to the inoculated leaves of this host. Sequence
analysis of the genomes of SBMV-Ark and SBMV-S revealed
7 nt differences but only four deduced amino acid changes.

FIG. 2. Phylogenic tree of coat protein sequences of plus-strand RNA plant viruses with icosahedral particles. The tree was generated by using the PHYLIP program
(version 3.573c) (21) CONSENSE data with TreeView (71). The families and genera into which individual virus species are classified are indicated on the right.
GenBank accession numbers are as follows: CfMV, Z48630; RYMV, L20893; LTSV, U31286; SCPMV, M23021; SBMV, AF055887; LWSV (Leek white stripe virus),
X94560; OLV-1 (Olive latent virus 1), X85989; TNV-A, M33002; TNV-D, U62546; ErLV (Erysimum latent virus), AF098523; WCMV (Wild cucumber mosaic virus),
AF035633; ChMV (Chayote mosaic virus), AF195000; PhyMV (Physalis mottle virus), Y16104; EMV (Eggplant mosaic virus), J04374; APLV (Andean potato latent virus),
AF035402; OYMV (Ononis yellow mosaic virus), J04375; DuMV (Dulcamara mottle virus), AF035634; BeMV (Belladonna mottle virus), X54529; TYMV (Turnip yellow
mosaic virus), J04373; DYMoV (Desmodium yellow mottle virus), AF035201; CalYVV (Calopogonium yellow vein virus), U91413; OkMV (Okra mosaic virus), AF035202;
KYMV (Kennedya yellow mosaic virus), AF035198; CYMV (Cacao yellow mosaic virus), X54354; CYVV (Clitoria yellow vein virus), AF035200; OBDV (Oat blue dwarf
virus), U87832; MRFV (Maize rayado fino virus), U97725; OCSV (Oat chlorotic stunt virus), X83964; CuNV (Cucumber necrosis virus), M25270; GaMV (Galinsoga
mosaic virus), Y13463; CymRSV (Cymbidium ringspot virus), X15511; PoLV (Pothos latent virus), AJ243370; CIRV (Carnation Italian ringspot virus), X85215; TBSV
(Tomato bushy stunt virus), M21958; PLCV (Pelargonium leaf curl virus), S58174; AMCV (Artichoke mottled crinkle virus), X62493; MNSV (Melon necrotic spot virus),
D00562; CRSV (Carnation ringspot virus), L18870; SCNMV (Sweet clover necrotic mosaic virus), L07884; RCNMV (Red clover necrotic mosaic virus), J04357; CPMoV
(Cowpea mottle virus), U20976; CCFV (Cardamine chlorotic fleck virus), L16015; TCV (Turnip crinkle virus), M22445; CarMV (Carnation mottle virus), AF173979; PFBV
(Pelargonium flower break virus), AJ003153; PEMV-1, L04573; BMYV (Beet mild yellowing virus), X83110; BWYV, X13063; CABYV, X76931; GRAV (Groundnut
rosette assistor virus), Z68894; CYDV-RPV, L25299; PLRV, Y07496; BLRV (Bean leafroll virus), X53865; SbDV (Soybean dwarf virus), L24049; BYDV-MAV, D11028;
BYDV-PAV, D11032; MCMV (Maize chlorotic mottle virus), X14736; and PMV (Panicum mosaic virus), U55002.
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Three amino acid changes were identified in the R domain of
the virus coat protein. Changes in this R domain may have an
effect on specific coat protein-RNA interactions needed for
correct capsid assembly and disassembly and thereby deter-
mine the long-distance movement of the virus.

Mixed infections of bean plants with SCPMV, which cannot
infect beans systemically, and Sunn-hemp mosaic virus (SHMV;
genus Tobamovirus) were limited to short-distance movement
of SCPMV in the primary inoculated leaves, and only SHMV
spread systemically (26). This SCPMV movement limitation
was not due to the inability of the bean cells to support virus
replication, since SCPMV replicated efficiently in bean proto-
plasts. It was proposed that the failure of SCPMV to move
systemically in bean plants was due to a lack of normal SCPMV
virion formation (27). Examination of thin sections of primary
bean leaves doubly infected with SHMV and SCPMV revealed
the presence of SCPMV virions having a T51 structure and
coat protein clumps in the vacuoles of mesophyll cells. These
results show that short-distance (cell-to-cell) and long-distance
(vascular) movements of SCPMV are distinct and separate
processes in bean plants and that the formation of normal T53
virions is a prerequisite for long-distance movement.

Recently, experiments were carried out to determine whether
the host range restriction of SCPMV in bean plants could be
complemented in trans by a related virus such as SBMV (37).
It was demonstrated that SCPMV accumulates in the inocu-
lated and systemically infected leaves of bean plants following
coinoculation with SBMV. SCPMV recovered from coinfected
bean plants was encapsidated, suggesting that heterologous
encapsidation might play a role in the movement of SCPMV in
this host. However, while the RNA synthesis and assembly of
SBMV were not restricted in cowpea protoplasts, SCPMV did
not complement the lack of systemic movement of SBMV in
that host.

Supportive evidence for the requirement of encapsidation
for long-distance transport comes from studies in which
RYMV-CI virions were found in systemically infected leaves
(69). RYMV-CI virions accumulated in large numbers in xy-
lem parenchyma cells and vessels. The predominant location of
RYMV virions within xylem implies that the upward flow pat-
tern through xylem may facilitate the systemic spread of infec-
tion. Long-distance movement through xylem is rare for plant
viruses. In addition to the accumulation of virions in mature
xylem cells, association of RYMV-CI with intervascular pit
membranes was observed (69). According to the proposed
model for the translocation of RYMV in xylem, the partial
digestion of pit membranes that occurs during programmed
cell death may permit virus migration through these mem-
branes. During the process of hydrolysis of pit membranes, the
displacement of Ca21 from the membranes to virus particles
may contribute to the further disruption of the membranes and
enable systemic virus transport. Presently it is not known
whether this transport route is characteristic only of RYMV or
is a feature common to all sobemoviruses. So far it is not
known if the encapsidation is also needed for short-distance
movement of RYMV, although virus-like particles have been
identified within the plasmodesmata connecting mesophyll
cells of RYMV-CI-infected leaves (69).

PATHOLOGY

Sobemovirus infections can cause a variety of disease symp-
toms in plants: mild or severe chlorosis and mottling, stunting,
necrotic lesions, vein clearing, and sterility (12, 23, 42, 46, 78).

Outcomes range from symptomless infections to severe dis-
eases and death of plants.

Most sobemoviruses occur at relatively high concentrations
in infected plants (46). They have been detected predomi-
nantly in mesophyll and vascular tissues but have been re-
ported also, for instance, in epidermal, guard, and bundle
sheath cells (38, 69, 76; VIDE database, http://biology.anu.edu
.au/Groups/MES/vide/). In vascular tissues, the localization of
virus particles in xylem parenchyma cells and xylem vessels
seems to be characteristic, since only the occasional presence
of particles has been reported in phloem parenchyma cells and
sieve elements (38, 69; VIDE database, http://biology.anu
.edu.au/Groups/MES/vide/). However, CfMV has been re-
ported to localize in phloem of vascular tissues (12, 76).

Subcellularly, particles of sobemoviruses have been detected
in the cytoplasm and vacuoles of infected cells (24, 44, 46).
These viruses also form crystalline arrays in the cytoplasm (44,
69). Cells infected with several sobemoviruses contain cyto-
plasmic fibrils, some of which are enveloped in endoplasmic
reticulum-derived vesicles (24). Characteristic tubules, often
aggregated into bundles, are found in cells of plants infected,
for example, with RYMV, BSSV, or SNMoV. The nature of
these structures is unknown. No particles have been detected
in either chloroplasts or mitochondria of cells infected with any
of these viruses (46).

Particles are also found in the cell nuclei of plants infected
with sobemoviruses (24). Yassi et al. (114) noted that the
N-terminal part of the RYMV-CI coat protein (amino acid
residues 3 to 22) contains a sequence which is identical to the
bipartite nuclear targeting motif (16). A similar bipartite nu-
clear targeting motif can be found at the N termini of all
sobemoviral coat proteins (61, 114). This finding may explain
the observation that during sobemovirus infection, virus parti-
cles have been found in the nuclei of infected cells. Except for
this observation, no molecular determinants have been attrib-
uted to the subcellular or tissue-specific localization of sobe-
movirus particles. Nearly nothing is known about the subcel-
lular localization of the nonstructural sobemovirus proteins.

In susceptible hosts, several sobemoviruses can cause severe
diseases with concurrent economic losses. This is true, for
example, for CfMV in Norwegian and United Kingdom cocks-
foot varieties, for RYMV in African rice, and for SCMoV in
Australian subterranean clover. Studying varieties of hosts dis-
playing total or partial resistance to the corresponding sobe-
moviruses has been of great help. Natural resistance to sobe-
moviruses has been detected for CfMV in cocksfoot (10, 82),
for SCMoV in subterranean clover (111), for CnMoV in Cy-
nosurus cristatus (10), for RYMV in Orza sativa (28, 68, 98),
and in Oryza glaberrima (4, 68, 73, 98), and for SBMV in beans
(115). For SCPMV, it has been demonstrated that resistance in
cowpeas is controlled by a single gene according to a classical
gene-to-gene interaction model (41). Resistance to RYMV in
several O. glaberrima cultivars and in O. sativa indica cultivar
Gigante is determined by a single recessive gene (4, 68, 73, 98).
Partial RYMV resistance in many japonica rice cultivars is a
polygenic trait (3, 28, 75). Nothing is known about the molec-
ular features of genes encoding resistance to sobemoviruses.
Few natural resistance sources are available for RYMV, mak-
ing it the most rapidly spreading disease of rice in Africa. Here,
recent advances in constructing transgenic rice plants express-
ing the putative RdRp sequence of RYMV and displaying
resistance to several different RYMV strains have been re-
ported (74). The protection achieved was based on RNA ho-
mology-dependent resistance. It is the only reported case of
transgenic resistance to sobemoviruses.
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CONCLUSIONS

In recent years there has been a substantial accumulation of
knowledge on sobemoviruses. Some progress has been made in
terms of understanding sobemovirus gene function and expres-
sion by (i) comparison with genes of known function, (ii) use of
reporter gene assays in vitro and in vivo, (iii) construction of
full-length infectious cDNA constructs and analysis of mutants,
(iv) N-terminal sequencing of viral VPg proteins, and (v) map-
ping of the transcriptional start site of sgRNA. However, a
better understanding of the mechanisms of transmission, rep-
lication, and movement would provide new insights into im-
portant aspects of the sobemovirus life cycle.

Both genomic organization and the primary structures of
several sobemovirus nonstructural proteins (except P1) indi-
cate that these viruses are related to the genera Polerovirus and
Enamovirus in the family Luteoviridae. This similarity has been
noticed several times and has allowed the authors to define a
so-called Sobemo lineage in the evolution of viral RdRps (57).
Besides substantial differences in biological properties (non-
circulative transmission by beetles, in contrast with circulative
transmission by aphids for luteoviruses), the main difference
between sobemovirus proteins and those of poleroviruses and
enamoviruses lies in their coat protein. It is more similar to the
coat proteins of another genus of small isometric plant viruses,
the necroviruses. The latter are fungus transmitted but have
coat proteins similar to those of sobemoviruses. Members of
the family Luteoviridae encode a specific protein needed for
aphid transmission. Such a protein has so far not been identi-
fied for sobemoviruses.

The similarity between sobemoviruses and MBV is intrigu-
ing. This similarity extends both to the genome arrangement
and to gene function and expression. The genome organization
of MBV resembles that of CfMV. The similarities of expres-
sion strategies include (i) translation initiation for ORF2 by a
leaky scanning mechanism, (ii) posttranslational proteolysis of
the polyprotein, (iii) coat protein translation from an sgRNA,
and (iv) expression of the putative RdRp as a fusion protein
with the ORF2-encoded protein by 21 ribosomal frameshift-
ing. Another virus taxon with molecular properties similar to
those of sobemoviruses are the animal viruses of the family
Astroviridae. Schematically, we can characterize astroviruses
as animal sobemoviruses without the small 59 ORF1. Indeed,
the putative astrovirus protease and RdRp exhibit similarity
to the corresponding proteins of sobemoviruses (49). More-
over, the putative RdRp of astroviruses is expressed as a fusion
with the protease via a 21 ribosomal frameshift mechanism.
Based solely on polyprotein sequences, we propose that the
astrovirus VPg is also encoded downstream from the protease
domain in the polyprotein, similarly to sobemo-, polero-, and
enamoviruses. Taken together, the genomic organization and
the primary structures of some nonstructural proteins charac-
teristic of sobemoviruses have been conserved among viruses
infecting fungi, plants, and animals.

The genus Sobemovirus contains viruses which have similar
biological properties (transmission, subcellular localization,
and symptomatology) and some similar molecular properties
(particle structure, putative protease motif, putative RdRp
motif, and coat protein sequence). The analysis of the amino
acid sequences of coat proteins clearly shows that sobemovi-
ruses cluster separately from other plant RNA viruses with
similar particle morphologies (Fig. 2). However, the genomic
organizations of these viruses, and therefore polyprotein ex-
pression, differ within the genus. We consider it possible that in
the future a new taxonomic unit, the family Sobemoviridae, will
be acknowledged. This would help in the recognition of the

differences in genome organization (and in vectors for trans-
mission) of sobemoviruses at the genus level. Whether it is
relevant remains indistinct until the genomic structures of vi-
ruses transmitted by vectors other than beetles (BSSV, SoMV,
and VTMoV) have been determined.
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1995. The putative replicase of the cocksfoot mottle sobemovirus is trans-
lated as a part of the polyprotein by 21 ribosomal frameshift. Virology
207:566–571.
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