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Rice ragged stunt oryzavirus genome segments S7 and S10

encode non-structural proteins of Mr 68 025 (Pns7)

and Mr 32 364 (Pns10)*
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Summary. The nucleotide sequences of genome segments S7 and S10 of a
Thai-isolate of rice ragged stunt virus (RRSV) were determined. The 1 938 bp
S7 sequence contains a single large open reading frame (ORF) spanning
nucleotides 20 to 1 843 that is predicted to encode a protein of Mr 68 025. The
1 162 bp S10 sequence has a major ORF spanning nucleotides 142 to 1 032 that
is predicted to encode a protein of Mr 32 364. This S10 ORF is preceded by a
small ORF (nt 20±55) which is probably a minicistron. Coupled in vitro
transcription-translation from the two major ORFs gave protein products of the
expected sizes. However, no protein was visualised from S10 when the small
ORF sequence was included. Proteins were expressed in Escherichia coli from
the full length ORF of S7 (P7) and from a segment of the S10 ORF (P10) fused
to the ORF of glutathione S-transferase (GST). Neither fusion protein was
recognised by polyclonal antibodies raised against RRSV particles. Further-
more, polyclonal antibodies raised against GST-P7 fusion protein did not
recognise any virion structural polypeptides. These data strongly suggest that
the proteins P7 and P10 do not form part of RRSV particle. This is further
supported by observed sequence homology (though very weak) of predicted

* The nucleotide sequences reported in this paper have been submitted to the GenBank
nucleotide sequence database and have been assigned the accession numbers U66712 (S10)
and U66713 (S7).



RRSV P7 and P10 with those of rice dwarf virus (RDV) non-structural proteins
Pns6 and Pns9, respectively.

*

Rice ragged stunt oryzavirus (RRSV) is a member of the family Reoviridae and
the type species of the genus Oryzavirus [2, 6, 11]. It has distinctive icosahedral
particles and is transmitted exclusively by the insect, brown planthopper
(Nilaparvata lugens)[2]. Its genome is composed of 10 dsRNA segments
each having the genus-speci®c conserved terminal nucleotide sequences of
50 GAUAAA - - - and - - - GUGC 30 [19]. RRSV particles are comprised of ®ve
major, highly immunoreactive structural proteins with estimated Mr of 33K,
39K, 43K, 70K and 120K and at least ®ve minor structural proteins (Mr 49K,
60K, 76K, 90K and 94K). Three more proteins (Mr 31K, 63K and 88K) have
also been identi®ed from in vitro translation of RRSV genomic dsRNA, [8, 9]
and designated as non-structural proteins. However, until recently, it was not
known which of these proteins are encoded by which segment. We and others
have determined the nucleotide sequences of RRSV S5, S8 and S9 and
demonstrated that these segments encode, respectively, a Mr 90K minor
structural protein [7], a Mr 67K major structural protein which is further self-
processed to Mr 46K, 43K and 26K proteins [15], and a Mr 38K major
structural protein [14, 18]. In this paper we report the nucleotide sequences of
RRSV genome segments S7 and S10 and show that they encode non-structural
proteins of Mr ~ 68K and 32K, respectively.

Recombinant plasmids containing sequences of S7 and S8 (28 clones) or S9
and S10 (12 clones) were identi®ed from a library of cDNA clones of the RRSV
genome [14] by hybridization using gel-puri®ed, radiolabelled RRSV dsRNA
(S7 and S8 migrate very closely in agarose gel electrophoresis, as do S9 and
S10). These clones were sequenced (complete or partial) using universal M13
forward and reverse primers and sequence assembled using the programs of the
University of Wisconsin Genetics Computer Group (GCG) [4] which produced
four large contiguous sequences. Two of these have been previously identi®ed
and reported as S8 and S9 [14, 15]. Dot-blot hybridization of RRSV dsRNA
segments (puri®ed by high resolution polyacrylamide gel electrophoresis) with
radiolabelled representative cDNA clones con®rmed that a 1 926 bp (11 over-
lapping clones) contiguous sequence represents S7. Similarly, the remaining
1 156 bp (10 overlapping clones) contiguous sequence was shown to represent
S10. Neither S7 nor S10 contiguous sequence had the previously reported [19]
RRSV 50 terminal conserved sequences but the S10 contiguous sequence had
the previously reported 30 terminal sequence of - - - AGGUGC. The nucleotide
sequences of the S7 and S10 termini were therefore determined by amplifying
these regions using the RACE method [5] and directly sequencing the RT-PCR
products [15]. This increased the S7 sequence length to 1 938 bp and the S10
sequence to 1 162 bp and identi®ed the previously reported terminal conserved
sequences (50 GAUAAAU - - - and - - - AGGUGC 30).
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The complete S7 and S10 nucleotide sequences together with the deduced
amino acid sequences are presented in Fig. 1. A large ORF spans nt 20 to nt
1 843 in the S7 sequence and is predicted to encode a 608 aa polypeptide with a
deduced molecular weight of 68 025. No other ORFs in either of the strands
exceed 37 amino acids. The S10 possesses a long ORF which spans nt 142 to nt
1 032 and is capable of encoding a protein of 297 aa with a predicted molecular
weight of 32 364. There is a short ORF (nt 20 to nt 55) preceding this major
ORF. A similar coding arrangement with a short ORF preceding the major
functional coding sequence has been found in the genome segment S5 of the
recently characterised Nilaparvata lugens reovirus (NLRV) [10]. Such a short
ORF (termed minicistron) in rice dwarf virus (RDV) segment S1 has been
shown to down regulate the expression of the downstream major ORF [13].

In order to study the expression of S7 and S10 ORFs, cDNA sequences
spanning these ORFs were reconstructed in the transcription vector pBluescript
II SK�=ÿ (Stratagene,USA) and coupled in vitro transcription-translation were
performed with wheat germ extract using T3 polymerase (TNT T3 Coupled
Wheat Germ Extract System). A near full-length S7-speci®c cDNA clone
(pMNUS7_2a; nt 16 ± nt 1 935) was reconstructed in pBluescript II SK�=ÿ

from three overlapping clones, RR405, RR511 and RR542, using internal
restriction sites (BspEI and AccI). A near full-length S10 sequence from a
cDNA clone, RR499 (nt 74±1 138) was recloned into pBluescript II SK�=ÿ as
an EcoRI fragment (original cDNA clone had EcoRI adaptors at both ends).
The transcription-translation from S7 ORF produced a � 68K protein, P7 and
that from S10 ORF produced a 32K protein, P10 (Fig. 2). Thus the predicted
protein sizes of P7 and P10 are correct. However, a clone covering the entire
S10 sequence, identical to the original cDNA sequence (produced by RT-PCR
and nucleotides con®rmed by sequencing) did not produce detectable levels of
the 32K protein in a similar translation-translation experiment. This could have
been because of active translation of the minicistron and consequent down
regulation of transcription of the downstream major ORF.

Comparison of S7 and S10 nucleotide and deduced amino acid sequences
with those in the GenBank and EMBL databases using BLAST or FASTA
programs revealed no signi®cant similarities. This was not surprising because
RRSV genome segments S5, S8 and S9 also show no similarities with other
reovirus sequences [7, 14, 15]. However, pair-wise similarity scores with RDV
genome segments (obtained using GCG GAP program) suggest that RRSV S7
is analogous to RDV S6 and that RRSV S10 is analogous to RDV S9. Both
RDV S6 and S10 encode non-structural proteins [13]. At the deduced amino
acid level, the sequence similarity between RRSV P7 and RDV P6 is 50%, with
23% amino acid identity. RRSV P10 and RDV P9 have 49% similarity and 24%
identity. Although these identities are very low, none of the other RDV
segments showed identities of more than 20% with RRSV P7 or P10.

To investigate whether RRSV P7 and P10 are structural or non-structural
proteins, they were expressed as fusion proteins in bacteria and analysed using
antibodies raised against RRSV particles. The near full-length S7 sequence
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Fig. 1. Complete nucleotide and predicted amino acid sequences of RRSV genome
segments S7 and S10. The nucleotide sequences of S7 (a) and S10 (b), determined from
overlapping cDNA clones and endspeci®c cDNA clones, together with deduced amino acid
sequences (indicated above the nucleotide sequence) are shown. Genus speci®c terminal
sequences (bold letters) and the predicted translation termination codon (*) are indicated.
The number preceding (*) indicates the reading frame. Possible purine nucleotide binding

domain in S10 amino acid sequence is indicated (bold italics)



(pMNUS7_2a; nt 16-1 935) and a fragment of S10 sequence (clone RR217; nt
370±849) were cloned into the glutathione-S-transferase (GST) fusion protein
expression vectors pGEX-1 and pGEX-2 [12], respectively. These fusion
proteins and a fusion protein derived from RRSV S8 (encoding a major
structural protein P8) [15] were expressed and analysed by immunoblot
essentially as described previously [14]. The antiserum recognised the P8
fusion protein but not the P7 or P10 fusion proteins (Fig. 3). Furthermore, an

Fig. 2. In vitro transcription and translation from S7 and S10 coding region sequences. An
autoradiograph (using PhosphorImager, Molecular Dynamics) of electrophoretically-
separated (10% SDS-PAGE and blotted onto Hybond N) products of coupled in vitro
transcription/translation of recombinant plasmids pMNUS7_2a containing S7 ORF (b),
RR499 containing S10 ORF without minicistron (c), pMNUS10_1a containing S10 ORF
with preceding minicistron (d ) and BlueScript SK� plasmid vector (e) using the TNT
Coupled Wheat Germ Extract System with T3 RNA ploymerase and 35S-methionine

labelling. a contains 3H-labelled protein molecular weight markers

Fig. 3. Antigenicity of the GST-P7 and GST-truncated P10 fusion proteins. Electro-
phoretically-separated (10% SDS-PAGE) and stained (Coomassie blue R-250) protein
molecular weight standards (a), GST alone (b), GST-P7 (c), GST-truncated P10 (d ) and
MBP-P8 [15] (e, + control) fusion proteins and Western blots of similarly separated GST
alone ( f ), GST-P7 (g), GST-truncated P10 (h) and MBP-P8 (i) fusion proteins probed with
alkaline phosphatase labelled anti-RRSV IgG and immunoreactive proteins detected by the

use of BCIP and NBT as substrates. ! indicate respective proteins
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antiserum raised against the P7 fusion protein did not recognise any proteins in
an RRSV particle preparation (Fig. 4A). These data show that P7 and P10 are
not major structural proteins and suggest that they are not present in the viral
particles. In vitro translation and immunoprecipitation studies [8, 9] have shown
that RRSV possesses three nonstructural proteins with Mr of 88K, 63K and 31K.
This is consistent with our data and suggests that the latter two are encoded by
S7 and S10, respectively. The discrepancy in the size of S7 (63K/68K) is
probably due to the inaccuracy of size determination by gel electrophoresis.
This information coupled with the sequence similarity (although weak) of P7
and P10 with the non-structural proteins of RDV suggest that these proteins
encoded by RRSV S7 and S10 are non-structural. We therefore term them Pns7
and Pns10.

The non-structural proteins encoded by animal reoviruses are known to
function as RNA binding proteins, subunit proteins of microtubules, proteins
associated with viral replication or as proteins associated with the release of
virus particles from the cell [3, 16]. It therefore seems likely that Pns7 and
Pns10 will each have one or more of the above mentioned functions. RRSV Pns
10 contains the amino acid triplet GKT bordered by hydrophobic residues
which has been identi®ed as a motif common in RNA binding proteins [1, 4]
suggesting this protein has an RNA binding function. A zinc-®nger motif is
also usually present in such proteins [1, 4] but we could not identify this motif
in Pns10.

Fig. 4. Immunoblotting of RRSV proteins. Western blots (nitrocellulose membrane) of A
RRSV particle proteins (separated by 10% SDS-PAGE) probed with alkaline phosphatase
labelled, anti-P8 IgGs (1) or anti-P7 IgGs (2), B protein extracts (separated by 10% SDS-
PAGE) from RRSV infected (1) and healthy (2) rice shoots probed with alkaline
phosphatase labelled anti P7 fusion protein IgGs and C protein extracts from RRSV-
infected (1) and healthy rice shoots (2), separated by isoelectric focussing (IEF, horizontal
5% polyacrylamide gel pH 5.5 to 8.5) and probed with alkaline phosphatase labelled anti-
P7 fusion protein IgGs and immunoreactive proteins detected by the use of BCIP and NBT

as substrates
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Antibodies raised against the Pns7 fusion protein gave a strong signal
against a � 68K protein present in immunoblots of proteins from RRSV
infected plants (Fig. 4B), prepared as described previously [7]. This suggests
that the protein is either highly immunoreactive or highly abundant. Anti-Pns7
antibodies also reacted with a protein of � 52K in infected plant extract,
presumably a degradation product of the 68K protein. In contrast, the P7
antiserum produced a weak band of similar size in healthy rice plant extracts.
When the immunoblot was repeated using P7 antiserum that had been cross-
absorbed with GST-P7 fusion protein, the intensity of the 68K band in the
infected material diminished while the intensity of the band in the healthy plant
extracts remained the same (data not shown). This observation suggests that the
68K cross-reacting protein in the healthy plant extract is different from that in
the infected plant extract. Furthermore, when prior to immunoblotting, protein
extracts were subjected to isoelectric-focussing (IEF) (using a Ampholine
PAGplate thin-layer gel of pH range 5.5 to 8.5, according to the manufacturer's
instruction; Multiphor, LKB), no reacting band was observed in the healthy
plant extract (Fig. 4C). The second cross-reacting protein in the infected plant
extract (� 52K) migrated closer to the 68K protein suggesting that it was a
degraded form of the Pns7. It seems likely that the intensity of the Pns7 band in
infected plants re¯ected an abundance of the protein in infected cells. This
abundance suggests that Pns7 is a microtubule subunit since reoviral encoded
microtubules are similarly abundant in infected cells whereas other reoviral NS
proteins are found in low concentrations [16]. Nevertheless, further work is
needed to con®rm the tentative function assignments for these non-structural
proteins.
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