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Nucleotide sequence of Nilaparvata lugens reovirus genome segment $8 
coding for the major outer capsid protein 

Nobuhiko Nakash ima*  and Hiroaki  N o d a  

National Institute of  Sericultural and Entomological Science, Owashi, Tsukuba, Ibaraki 305, Japan 

The complete nucleotide sequence ofgenome segment 8 
($8) of Nilaparvata lugens reovirus (NLRV) was de- 
termined. It consisted of 1802 nucleotides containing a 
long open reading frame (562 amino acids), which was 
expressed in Escherichia coli as a fusion protein. The 
expressed $8 product, a 62K protein, was detected by 

Western blotting using IgG directed against intact 
NLRV particles. This result indicates that $8 encodes 
the major outer capsid protein of NLRV. The protein 
exhibited 18.6 % amino acid sequence identity with the 
predicted translation product of S10 of rice black- 
streaked dwarf virus. 

The family Reoviridae is composed of nine genera: 
Orthoreovirus, Orbivirus, Coltivirus, Rotavirus, Aquareo- 
virus, Cypovirus, Phytoreovirus, Fijivirus and Oryzavirus 
(Holmes et al., 1994). The reovirus genome consists of 10 
to 12 segments of dsRNA; each genome segment has 
conserved terminal sequences specific to the genus (Kudo 
et aI., 1991). The members of Phytoreovirus, Fijivirus and 
Oryzavirus genera are phytopathogenic viruses trans- 
mitted by leafhoppers and planthoppers (Nault & 
Ammar, 1989). Members of the Fijivirus genus, such as 
maize rough dwarf virus (MRDV) and rice black- 
streaked dwarf virus (RBSDV), have 10 dsRNA genome 
segments and their conserved terminal sequences of the 
plus strand are 5' AAGUUUUUU---UGUC 3' (Azu- 
hata et al., 1992). MRDV and RBSDV are transmitted 
by planthoppers and cause disease in maize and rice 
plants, respectively. 

Nilaparvata lugens reovirus (NLRV) was isolated from 
a healthy colony of the brown planthopper, N. lugens 
(Noda et al., 1991a). NLRV has 10 dsRNA genome 
segments and the conserved terminal sequences in the 
plus strand are 5' AGU---GUUGUC 3'. These sequences 
are similar to those of members of the Fijivirus genus but 
lack the Y-terminal adenine present in the latter (Noda 
et al., 1994). This suggests that NLRV is closely related 
to the members of the Fijivirus genus, although rice 
plants sucked by NLRV-infected planthoppers show no 
symptoms. 

The nucleotide sequence data for NLRV S8 reported in this paper 
will appear in the DDBJ, EMBL and GenBank databases under the 
accession number D26127. 

Among the members of the Phytoreovirus genus, the 
nucleotide sequences are well-investigated and are similar 
among corresponding segments. For example, the amino 
acid sequence identities between the major outer capsid 
proteins (MOCPs) range from 48 to 56 % (Omura et al., 
1989; Xu et al., 1989; Noda et al., 1991 b). In the Fijivirus 
genus, the nucleotide sequences of MRDV genome 
segment 6 ($6) (Marzachi et al., 1991) and RBSDV S10 
(Uyeda et al., 1990), $8 and $7 (Azuhata et al., 1993) 
have been reported, but those of their MOCPs are 
unknown. We previously reported the nucleotide se- 
quence ofNLRV S10 (Noda et al., 1994). Here we report 
the sequence of $8 together with evidence that it encodes 
the major outer capsid protein. 

The cDNA library of NLRV genome segments cloned 
into pBluescript II and the method for screening the 
clones containing a $8 segment by using the enhanced 
chemiluminescence oligonucleotide labelling and detec- 
tion system (ECL system; Amersham), have been 
described (Noda et al., 1994). Using the ECL hybridi- 
zation assay, with genomic RNA of NLRV $8 as a 
probe, 10 clones were obtained. Two clones that had the 
full-length cDNA of $8 were used for sequencing. The 
nucleotide sequence of $8 was determined by the Taq dye 
primer cycle sequencing method according to Noda et al. 
(1994). 

The complete sequence of $8 was 1802 nucleotides (nt) 
long (Fig. 1). The GC content of $8 RNA was 35'3 %. A 
long open reading frame (ORF) encoding 562 amino 
acids was identified in one of the strands. There were no 
long ORFs found in the opposite strand. The ORF 
contained two possible in-frame start codons, the first 
one located at nt 7 to 9, and the second one at nt 13 to 
15. The second AUG appears to be suitable as a 
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1 AG•UUGAUGACCAUGGAUCAGAAA•UUAAAAUAUCA•UGAACC•UGCUCUUUUAACAAGUGGACCUAUAGUACGACCAGGAGACAAUGUAAUUUCAACA• i00 

101 AGAAAAAUUUACUAACAUUUAAGAGAUGUUUCGAAGAAAUGUUUGAAUAUGAUAAUAUUAUCAUUAUACCUCAAAACUCAGGAGAUAUGAAUUCAGUAAC 200 

201 AAUAAAAAUAAAAACAGAAAUUGUCGAACAACUUUUAAAUUUA•UUUCGGGACGCGAUUUAACAGGAUAUGAACAU•UAUCUAAUUUUGUAGCAUGUUUG 300 

301 AAAGAAUAUAUGACUAGGAUAAGCGGCACAUCAGUAAGGAACAUCAAUCCCC.CAUUAGGUAAUUCAAAUUCAUUUG•AGCUCUUACUCGUAAAAUAGUUG 400 

401 GCAUGGUUGAUGAAGCGUAUCAGGAUGUUAUCAACAUGGAAGAUGAUcUUAUUACUACUAAAGUUGAAGCCGAUAUGUUAUUAAAACCAGCUUGUGCUGA 500 

501 AGGGAUGGAUUCUUUGUUGGAAGAUGAAUACGUUGAUUUAGUACAUAAAAAGUGUAAUAUUAAUACUAAUACUAUAAUUUCAGAUUUAAAAAcAAAAUUG 600 

601 CCUACUGAAUUCGGGUUUUCCCCACCACAUGAUAAUAAUCGUUUUAUGUCCACAACCGGAAAGGUGUUGGUUGGUGGAUCAAUAUCGCAACGAUCAAUUC 700 

701 UUGAAUUAGGAAAGCUAGGUGAAUGUAUUCUGACACCA•GAUAAAUUCUUUAGGUAGUA•UGGAUUGUUGAUUGCUUUUGUUCCCGUUUCGC4•UAUGCG 800 

801 UGACAUAUUUAUAUCCGCUGAUGAGCUUGAACAGCUAUACCCCGAUAAAUCACUCAUUGAACAAGGAUGGACGGCAAACGACUCUCUCUAAAUCUACU 900 

901 AUUACUAACGC•ACGGUUCAAGC••CCUUAAAGGCGUUGUU•UCAGAUAAAGAGAAGGUUAAAAAGUUAGUAAUGCACAAUUUAAAUGAACAUAGUGCCC i000 

i001 AUUUGAUUUUCGGCGCUUCGACAGAUGAUACUAAUAAAAAUCUAGCACAUGUAUUAAAUGAUGAUCAACUGCAAAAUAUACAGCGUUAACAGCAGCUAA 1100 

ii01 AGAUGACACCAcUCUUAGAUUGGGAAUAUCAAAUGCGUCAGCCGACAUAcUCAACGAAGAUUGGACAGCAUUAGCACAAUGGAAGACGGAAUUUUCAUCA 1200 

1201 GUUUUAUUAACAACUAAACAAGUUAAAGGUAUUAUGGAUACCCUUAAGAAGGUCUGGACGCGUGUCUCUGAUUUCGUUGUUGAUAAUA•AGAAAUAGUCA 1300 

1301 AAUUAGGAGUUAGUGCCGCUUAUUCUAAAUUCGGAGGUAAAUUAAAGAGUAAAUAUGGCGUAGACGCUGAUCAUAUUAAUUCAUUUAUAUUUGAAGGACC 1400 

1401 GACUGGGUUGGUAGGGCGUAAUGAUUGGCCUUUGUUAGCUCAACAAUUGUCAGUCAGCGUACUUCCGGGUUUA~UAUAUCUCCAAGGGACCUUUA 1500 

1501 ACUCAAGUCUUUUCUUCUAAUAUUUUACACGAUAAAUACGAACGAUUCUUGUCUAAGUGUAAAAAUCAAUUAcGCACAGGUACUcAAGCUGAUAAUACUC 1600 

1601 UAACUCGUAAGUAUACUUUAGAcCGAGUcGUGACUUAUGACC•UCAAAUUGAAAAcAUAACAUCAAGGAAGACAcGUAACAUACAUAUGAUAUAGAAUUU 1700 

1701 GUUAUAGCACGUCCUACUUUGGUUCUGUAAUGUAAGCGUGACGGUUGCUGAUAUUACUUUGUCUGGUAAUUUACCCCGAUUACAACAUGGUUACUAGUUG 1800 

1801 UC (1802) 

Fig. h The nucleotide sequence of genome segment $8 of NLRV. Double underlined residues indicate start and terminal codons. Single 
underlined region indicates the positions from which primers were derived, for use in PCR amplification. 

functional initiator codon because of its flanking se- 
quence, ACCAUGG, which is the optimal sequence for 
initiation by eukaryotic ribosomes (Kozak, 1986). How- 
ever, the AUG existing within 10 bases from the 5' end 
of mRNA is not well-recognized (Kozak, 1987). In- 
frame AUGs in the Y-terminal region are also observed 
in S 11 of rice dwarf virus (RDV; Suzuki et al., 1991). 

The M r of the predicted protein encoded by NLRV $8 
was 62.4K, which is close to that of the MOCP of 
NLRV, i.e. 64K. The 64K protein is the smallest 
structural protein of NLRV and exists inthe outer capsid 
(Noda et al., 1991 a). To examine the assumption that $8 
encodes the 64K protein, the $ 8 0 R F  was expressed in 
Escherichia coli (strain TB1) using an expression vector, 
pMAL-c2 (New England Biolabs). This vector is de- 
signed to produce a fusion protein with the maltose- 
binding protein (MBP). By insertion of the specific 
recognition sequence of factor Xa (a type of protease), 
between the MBP and a foreign protein, it is possible to 
separate the two. The cDNA of $ 8 0 R F  was amplified 
using PCR (Innis & Gelfand, 1990). The PCR primers, 
5' AGGATCCATGGATCAGAAAC 3' (plus strand) 
and 5' ACTGCAGGTGTCTA*CCTTGATG 3' (minus 
strand) were synthesized with a Model 392 D N A / R N A  
synthesizer (Applied Biosystems). The position of each 
primer is shown in Fig. 1. Since the flanking sequence of 
the terminal codon was AT-rich, the minus-strand primer 
was derived from the upstream region. To stop synthesis 
of the fusion protein, an artificial stop codon was 
introduced in the primer of the minus strand by a point 
mutation at residue 1669 (shown by an asterisk in the 
above primer sequence of the minus strand). The 5' 
regions of the plus and minus strand primers contain 

restriction sites, of BamHI  and PstI respectively, which 
are underlined in the primer sequences shown above; 
these are to facilitate insertion of the amplified ORF 
sequence to the polycloning site of pMAL-c2. Insertion 
of the amplified DNA in the obtained transformants was 
confirmed by restriction enzyme analysis. The pro- 
duction and extraction of the MBP-S8 fusion protein 
were undertaken according to the manufacturer's recom- 
mendation. After 3 h, the induced cells were collected 
and suspended in column buffer (10mM-Tris-HC1 
pH 7.4, 200 mM-NaC1, 1 mM-EDTA). The cells were 
broken by sonication and centrifuged to remove the 
debris. The supernatant was then subjected to affinity 
column chromatography utilizing the binding ability of 
amylose resin to MBP. The eluate was concentrated by 
ultrafiltration using Suprec-02 (Takara Shuzo), and then 
treated with factor Xa to separate the $8 product from 
the MBP. The reaction mixture was analysed directly by 
SDS-PAGE and Western blotting. For the latter, 
proteins were transferred from the polyacrylamide gel to 
a nylon membrane (Hybond-N+; Amersham) using a 
semi-dry transfer apparatus (Bio-Rad). IgG directed 
against intact NLRV particles and peroxidase-labelled 
goat anti-mouse IgG (Bio-Rad) were used for detection 
of the expressed $8 product. 

The results of SDS-PAGE and Western blotting of the 
expressed proteins are shown in Fig. 2. The predicted M r 
of the fusion protein is 105K because the sizes of MBP 
and the $8 product are 43K and 62K, respectively. After 
the treatment with factor Xa, the band corresponding to 
105K (Fig. 2a, lane 1) was no longer visible and a 62K 
band (Fig. 2a, lane 2) was present. The bands, 105K and 
62K, were also detected by Western blotting (Fig. 2b, 
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Fig. 2. SDS-PAGE (10%) (a) and Western blotting analysis (b) of 
MOCP of NLRV produced by E. eoli. Lane 1, M B P S 8  fusion proteins 
after MBP affinity chromatography; lane 2, proteins separated from 
MBP after treatment with factor Xa; lane 3, structural proteins of 
purified NLRV particles. Antiserum against intact NLRV particles 
were used for the Western blotting. 

lanes 1 and 2). The positive reaction of the $8 products 
with IgG directed against intact NLRV particles, 
together with the fact that the M r of the $8 product was 
close to that of MOCP of NLRV, indicates that $8 
encodes a structural protein. Other bands were also 
visible by Western blotting analysis, but these seem to 
represent degraded products because none were detected 
with M r values above 105K and 62K (Fig. 2b, lanes 1 
and 2, respectively). 

Azuhata et al. (1993) reports that MRDV $6 corre- 
sponds to RBSDV $7 and MRDV $7 to RBSDV $8 in 
the two closely related members of the Fijivirus genus. 
However, the genome segment encoding a MOCP is 
unknown in the fijiviruses. In computer analysis using 
FASTA programs (Pearson, 1990), the amino acid 
sequence of the predicted protein encoded by NLRV $8 
showed 18"6 % identity with that of RBSDV S10 in a 531 
amino acid overlap, and 18.4 % identity with that of 
RBSDV $8 in an 87 amino acid overlap. Comparison 
with the MOCPs of the members of the genus Phytoreo- 
virus showed 12.7 % identity with that of RDV in a 166 
amino acid overlap and 29 % identity with that of wound 
tumour virus in a 62 amino acid overlap. However, there 
were no long identical predicted amino acid sequences 
found between MOCPs of NLRV and the three members 
of the genus Phytoreovirus. When we undertook dot 
matrix comparisons of the predicted amino acid sequence 
of the proteins encoded by NLRV $8 with that by 
RBSDV $8 and with those by phytoreoviruses, identical 
regions were far from diagonal lines (data not shown). 

Pearson (1990) reports that sequences sharing more 
than 20 to 25 % identity over their entire length almost 
always share a common ancestor, and it is possible to 
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Fig. 3. Comparison of the amino acid sequences of the predicted 
proteins encoded by NLRV $8 and RBSDV S10 (Uyeda et al., 1990). 
The sequences were aligned by the LFASTA program (Pearson, 1990) 
from the amino acid residues 7 to 522. The outer terminal sequences are 
manually aligned. 

show convincingly that sequences that share as little as 
15 % identity over their entire length are homologous. 
Taking his conclusion into consideration, NLRV $8 may 
correspond to RBSDV S10. An alignment of the 
predicted amino acid sequences of the proteins encoded 
by NLRV $8 and RBSDV S10 revealed that there were 
some identical sequences within a distance of six amino 
acid residues (Fig. 3). For example, they existed at amino 
acid residues 260 to 263 (PVSA), 280 to 286 
(DKSLXEQ), 432 to 435 (KLGV), and 484 to 487 
(SVLP) in Fig. 3. The hydrophobicity plot (Fig. 4) 
showed some similar profiles between the predicted 
proteins encoded by NLRV $8 and RBSDV S10. The 
most hydrophobic region existed in the central part and 
the most hydrophilic peak was located in the terminal 
part of the sequences. Moreover, the size of the predicted 
protein encoded by NLRV $8, 62.4K, is very similar to 
that of RBSDV S10, 63.2K. 

The predicted protein encoded by NLRV S 10 reported 
previously (Noda et al., 1994) showed homology with 
protein 1 encoded by MRDV $6. The conserved terminal 
sequences of the plus strand of NLRV are also similar to 
those of members of the Fijivirus genus. Fijiviruses have 
six uridine residues in the 5'-terminal region of the plus 
strand, and $3, $4, $8 and $9 segments of NLRV have 
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Fig. 4. Hydrophobicity plots of the predicted proteins encoded by 
NLRV $8 and RBSDV S10 (Uyeda et al., 1990). They were generated 
by the software GENETYX using the program of Kyte & Doolittle 
(1982) with a sliding window of 15 residues. 

three uridine residues; also some other segments are rich 
in uridine in this region. These facts support the 
hypothesis that the taxonomic position of NLRV is close 
to the Fijivirus genus in the family Reoviridae. 

Most of the reoviruses associated with planthoppers 
are phytopathogenic, and show various symptoms to 
their host plants. However, NLRV does not cause any 
symptoms in rice plants. To reveal the difference between 
the phytopathogenic reoviruses and NLRV, similarity 
analyses of the nucleotide and amino acid sequences 
among the corresponding segments would be required. 
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