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Beet soil-borne virus RNA 1: genetic analysis enabled by a
starting sequence generated with primers to highly conserved
helicase-encoding domains
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The complete sequence of the 5834 nucleotides of
RNA 1 of beet soil-borne furovirus (BSBV, Ahlum
isolate) was determined using a PCR product ob-
tained with primers to highly conserved coding
regions for helicase-like proteins in RNA 1 of furo-,
hordei- and tobraviruses as a starting sequence.
Unknown parts of the sequence upstream and
downstream of this starting sequence were ampli-
fied by means of RT–PCR techniques using combi-
nations of specific and random primers. BSBV RNA
1 contains one large ORF for a readthrough protein
with a molecular mass of 204 kDa (204K protein)
which is interrupted internally by a UAA stop codon
terminating the coding region for a protein of
145 kDa (145K protein). The N- and C-terminal
parts of the 145K protein and the readthrough
domain of the 204K protein contain methyl-
transferase, helicase and RNA-dependent RNA
polymerase motifs, respectively. Unlike other furo-
and tobraviruses BSBV contains no further genes
on its RNA 1.

Beet soil-borne furovirus (BSBV) is one of many plant
viruses which have never been obtained in a highly purified
form due to the fragility of their particles, their tendency to
aggregate and}or their low concentration in plant sap. For its
RNAs 2 and 3 we had previously obtained a few short pieces
of cloned cDNAs (average size 200–300 nucleotides) (Kauf-
mann et al., 1992). Their sequences were used for designing
specific primers which, together with random-primed cDNAs
prepared for RNA from either immuno-captured virus particles
or denatured dsRNA, allowed us to amplify and to analyse
almost the complete nucleotide sequences of the two smaller
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Z97873.

BSBV RNA species upstream and downstream of the known
sequences (Koenig et al., 1996, 1997). For determining the 3«-
and 5«-terminal sequences of these RNAs, the small amounts
of cDNAs available were trapped on streptavidin-coated
magnetic beads via 3«-biotinylated oligonucleotides. By this
means they could easily be washed and (dG) homopolymer-
tailed. Their terminal sequences were then amplified by means
of PCR using oligo(dC) and a specific primer derived from the
known part of the sequence (Koenig, 1997).

For the determination of the nucleotide sequence of RNA 1
of BSBV we had no cloned cDNAs which could be used as a
starting sequence for designing the specific primers needed for
the amplification of unknown parts of the sequence. It is
known, however, that the replicase-encoding RNAs of plus-
strand RNA plant viruses contain highly conserved methyl-
transferase (MetT), helicase (Hel) and RNA-dependent RNA
polymerase (RdRP) motifs (Koonin & Dolja, 1993). We used
part of the coding sequences for Hel motifs I and II which are
highly conserved in soil-borne wheat mosaic (SBWMV)
(Shirako & Wilson, 1993), peanut clump (PCV) (Herzog et al.,
1994) and potato mop-top (PMTV) (B. Reavy, personal
communication) furoviruses and barley stripe mosaic hordei-
virus (BSMV) (Gustafson et al., 1989) for designing primers
UF8 (5« dGATGGTGTACCCGGATGTGGAAAGTC 3«) and
UF9 (5« dATGCGCCATCAACGCTTCATCAAAATG 3«) for
sense and antisense DNA synthesis, respectively. Despite the
fact that BSBV RNA 1 occurs in only very low amounts in
infected tissues (the band for its dsRNA form is barely visible
on ethidium bromide-stained agarose gels ; Kaufmann et al.,
1992), we succeeded in obtaining a PCR product of the
expected size of 239 nucleotides when we used the primer pair
UF8}UF9 with cDNAs to RNA from either immuno-captured
BSBV particles or denatured dsRNA from BSBV-infected
Chenopodium quinoa. This PCR product provided the starting
sequence by means of which we eventually obtained the
complete nucleotide sequence of BSBV RNA 1 by the
approaches described previously (Koenig et al., 1997 ; Koenig,
1997). The primer pair UF8}UF9 was also successfully used to
generate a starting sequence for the genomic analysis of RNA
1 of a new furovirus from sugarbeet (R. Koenig and others,
unpublished). By chance, we found that it could also be
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Fig. 1. Genetic organization of RNA 1 of
BSBV and of the corresponding RNAs of
other furoviruses (SBWMV and PCV), a
hordeivirus (BSMV) and a tobravirus
(TRV). The N- and C-terminal parts of the
putative BSBV 145K protein and the
readthrough (RT) domain of its putative
204K protein, which show considerable
sequence identity with the corresponding
proteins of the other viruses and which
include the methyltransferase (MetT),
helicase (Hel) and RNA polymerase
(RdRP) motifs (Koonin & Dolja, 1993)
are indicated by shading. A more detailed
analysis of these parts of the proteins is
shown in Fig. 3. The variable region (Var)
is unique for each of the viruses shown.
White and black diamonds indicate
presumably leaky UAA (in BSBV RNA 1
only) and UGA stop codons, respectively.
Only BSBV RNA 1 contains no further
genes downstream of the RdRP domain.
References : Shirako & Wilson (1993),
Herzog et al. (1994), Gustafson et al.
(1987, 1989) and Hamilton et al.
(1987).

Fig. 2. Sequence alignment of the 3«-terminal 82 nucleotides of BSBV RNAs 1, 2 and 3 generated by means of the UWGCG
programs LINEUP and PILEUP (Devereux et al., 1984). The potential tRNA-like structures with pseudoknots (PS) and hairpins
(SII), which are presumably involved in the aminoacyl acceptor arm, and two upstream hairpins (SIII and SIV), are shown. The
3« terminus of RNA 1 is more similar to that of RNA 2 than to that of RNA 3. Nucleotide changes between the three RNAs are
indicated by a black background. Asterisks and grey shading mark the anticodon for valine with is CAC for RNAs 2 and 3, but
GAC for RNA 1.

employed for the amplification of the corresponding part of the
Hel domain of RNA1 of tobacco rattle virus (TRV) (K. Uhde &
R. Koenig, unpublished).

The genome of BSBV – like those of other plant viruses
with a triple gene block-encoded transport function (Koonin &
Dolja, 1993) – contains two domains encoding helicase-like
proteins. The primer pair UF8}UF9 amplified only the
corresponding coding region on BSBV RNA 1, not on RNA 3.
This is apparently due to the fact that UF9 (5« d
aTGCgccAtCaacgcTTCATCaAaatg 3«) proved to be comp-
lementary to nucleotides 3303–3277 of BSBV RNA1 with
only 4 mismatches (underlined), but with nucleotides 1140–
1114 of BSBV RNA 3 there are 15 mismatches (italicized lower
case letters). UF8 (5« d gatGGtGTACCCGGatGTGGaAAGtC
3«) corresponds to nucleotides 3067–3092 of BSBV RNA 1

Fig. 3. Alignment of the N-terminal (a) and C-terminal (b) parts of the putative 145K protein of BSBV and the readthrough
domain (c) of its putative 204K protein with the corresponding proteins of other furoviruses (SBWMV, PCV), a hordeivirus
(BSMV) and a tobravirus (TRV). For the other viruses, only those amino acid residues which are identical to those in the BSBV
proteins are shown. The methyltransferase motifs I–III, the helicase motifs I, Ia and II–VI and the RNA-dependent RNA
polymerase motifs I–VIII (Koonin & Dolja, 1993) are boxed in (a), (b) and (c), respectively. Alignments were done by means of
the UWGCG programs LINEUP and PILEUP (Devereux et al., 1984). References are as in Fig. 1.

with 4 mismatches (underlined), but with nucleotides 934–959
of BSBV RNA 3 there are 8 mismatches (italicized lower case
letters).

RNA 1 of BSBV was found to consist of 5834 nucleotides
(Fig. 1). For its 5« terminus two independent cDNA clones
yielded the sequences GGUAUUAUUUUC… and GUAUU
AUUUUC… , respectively. These sequences resemble those
at the 5« termini of the RNAs of other definitive furoviruses
which all start with GUA(U)

n
… which is followed by a C or

an A residue (see Koenig et al., 1996, 1997). The additonal 5«-
terminal G residue in one of the clones is probably an artefact
arising from the incorporation of a C residue in the cDNA in
response to a 5«-cap structure during reverse transcription (see,
for example, Bouzoubaa et al., 1987).

The 5«-UTR of BSBV RNA 1 resembles those of the other
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Fig. 3. For legend see facing page.
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two BSBV RNAs in having a high content of U residues (44%
versus 33±5% and 41±3% in RNAs 2 and 3, respectively). There
are, however, no continuous stretches of more than seven
identical nucleotides in the 5«-UTRs of the three BSBV RNAs.
The RNA 1 5«-UTR is followed at nucleotide 130 by a single
large ORF which is interrupted at nucleotide 3940 by a UAA
stop codon and then continues in-frame for an additional 1521
nucleotides until it reaches another UAA stop codon at
nucleotide 5464 (Fig. 1). The sequence from AUG (nucleotide
130) to the first UAA stop codon has the coding capacity for
a protein with a molecular mass of 145 kDa (145K protein).
The 5«- and 3«-context of this UAA stop codon (CAAUAA
CGGUGUGGGUC, stop codon underlined) is very similar to
that of the UGA stop codons (AAAUGACGGUUUGGGUC)
in the corresponding positions in RNAs 1 of SBWMV (Shirako
& Wilson, 1993) and PCV (Herzog et al., 1994). Presumably,
this context confers leakiness to UGA and possibly also UAA
stop codons. Readthrough of the UAA stop codon would
result in a protein with a molecular mass of 204 kDa (204K
protein). No further ORFs for peptides of more than 4 kDa
were detected on the plus strand of BSBV RNA 1. The 3«-UTR
consists of 371 nucleotides. The sequence of the 3«-terminal 82
nucleotides of BSBV RNA 1 which, like those of the other two
BSBV RNAs (Koenig et al., 1996, 1997), has the potential to
fold into a tRNA-like structure is more similar to that of BSBV
RNA 2 (only six nucleotide changes) than to that of RNA 3 (17
nucleotide changes) (Fig. 2). It differs from that of the other two
RNAs in that its possible anticodon for valine is GAC rather
than CAC. In RNA 1 of SBWMV, the anticodon for valine is
also GAC, but in its RNA 2 it is CAC (Shirako & Wilson,
1993).

The N- and C-terminal parts of the putative BSBV 145K
protein and the readthrough domain of its 204K protein show
considerable amino acid sequence identity with those of the
corresponding proteins of other rod-shaped viruses (Fig. 3).
These areas contain the typical MetT, Hel and RdRP motifs,
respectively (Koonin & Dolja, 1993). Also, outside these
motifs, blocks of highly conserved sequences are found (Fig. 3).
The relationship to SBWMV seems to be especially close. No
appreciable sequence identity was detectable for the central
parts of the smaller proteins of the viruses listed in Fig. 1. In the
BSBV 145K protein this variable region (Var in Fig. 1) extends
approximately from amino acids 585 to 815 corresponding to
nucleotides 1735–2577 of BSBV RNA 1.

Although the MetT, Hel and RdRP regions of the putative
BSBV proteins show high percentages of sequence identity
with those of the other above-mentioned viruses, the genome
organization of BSBV is different. For BSBV RNA 2 and 3, this
has been discussed previously (Koenig et al., 1996, 1997).
BSBV RNA 1 differs from those of the definitive furo-, hordei-
and tobraviruses by not containing any further genes
downstream of the RdRP region (Fig. 1). Genes for 37 kDa or
29 kDa movement proteins are found, in addition to the
replicase genes, on RNAs 1 of SBWMV (Shirako & Wilson,

1993) and TRV (Hamilton et al., 1987), respectively. For the
other viruses, including BSBV, there seems to be no need for
such a gene because their movement functions are apparently
encoded in a triple gene block which forms part of their smaller
RNAs. Genes for structurally and possibly functionally related
proteins with molecular masses of 15–17 kDa are found near
the 3«-ends of PCV and TRV RNA 1 and on BSMV RNA
(Herzog et al., 1994 ; Hamilton et al., 1987 ; Gustafson et al.,
1987), whilst a gene for a possibly similar cysteine-rich protein
with a molecular mass of 8 kDa is found near the 3« terminus
of RNA 3 of PMTV (Scott et al., 1994). The genome of BSBV
apparently lacks such a gene. In all other properties, however,
it corresponds to those of the recently proposed genus
pomovirus which contains fungus-transmitted rod-shaped
viruses with a tripartite genome (Torrance & Mayo, 1997).
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gemeinschaft (grant Ko 518}13-1) and the Gesellschaft zur Fo$ rderung
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