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Summary. - The complete nucleotide sequence of  major core protein gene (segment S3) o f  rice dwarf 
virus (RDV) Chinese isolate was determined after cDNA cloning from the viral genomic RNA. Sequence 
analysis showed that the cloned fragment is 3195 b p  in length and containes a single open reading frame 
(ORF), encoding the major core protein (P3) which M ( o f  114 K. The nucleotide and deduced amino acid 
sequences o f  S3 o f  this isolate share significant homology (94.1 % and 97%, respectively) with those o f  S3 o f  
the Japanese isolate. A t  the amino acid level, P3 o f  RDV Chinese isolate shares significant homology with P3 
o f  rice gall dwarf virus (RGDV), significant regional homology with the rotavirus VP4 protein which forms 
spikes on the virus particles and has been identified as a protein involved in the activation of  the rotavirus 
penetration, and homology with spheroidin o f  amsacta entomopoxvirus (SPH), which is the major protein o f  
the occlusion body, with clp-like ATP-dependent protease binding subunit and with ATP-dependent protease 
ATP-binding subunit. Amino acid sequence analysis also showed that P3 contains RNA-dependent RNA poly­
merase (RDRP) motif-like elements such as DXXXD, SGXXXXXXN, GDD and ENXXXY. These results 
may suggest that P3 is a multifunctional protein which plays very important roles in the virus structure forma­
tion, virus replication and penetration processes. The full length cDNA sequence of RDV S3 and a partial one 
which covers nt 1004-3195 were cloned into bacterial expression vector pTrcHisB for expression. The full 
length cDNA sequence failed to be expressed in E. coli, but the partial sequence was successfully expressed 
there as confirmed by the Western blot analysis. Further analysis of RDV P3 is under way. 
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Introduction 

RDV is a member o f  the genus  Phytoreovirus o f  the fam­

ily Reoviridae (Boccardo and Milne, 1984). The viral parti­

cle has no  spikes on  its surface (Li et al., 1995). Its genome 
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es, Peking University, Beijing 100871, P.R. o f  China 
Abbreviations: AMV = avian myeloblastosis virus; nt= nucleotide; 
ORF = open reading frame; PAGE = polyacrylamide gel electro­
phoresis; PCR = polymerase chain reaction; RDV = rice dwarf vi­
rus; RGDV = rice gall dwarf virus; RDRP = RNA-dependent RNA 
polymerase; SPH = spheroidin; WTV = wound tumour virus 

consists o f  12 dsRNA segments designated S1-S12 accord­

ing to their mobilities in polyacrylamide gel electrophoresis 

(PAGE). Each segment contains one single ORF except S12  

which has three overlapping ORFs (Suzuki et al., 1992a). 

The complete nucleotide sequences o f  the genome o f  the Jap­

anese isolate (Uyeda, 1994) and o f  the Chinese isolate o f  RDV 

have been determined (Lietal., 1995; Zhaoe ta l . ,  1996; Li et 

al., 1994a; Liu etal., 1994; Qu etal., 1996; Qu etal., 1995; 
Chu etal., 1993; Xiao  etal., 1996, 1997; Li etal., 1994b). 

The hexanucleotide 5'-GGC/UAAA-3' and tetranucleotide 5'-

U/CGAU-3' are conserved in both strains. 
The intact particles o f  R D V  contain seven proteins, P I ,  

P2, P3, P5, P7, P8 and P8', with respective sizes o f  170, 
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130, 110, 89, 58, 4 6  and 4 2  K .  These  proteins have  been  
c o n f i r m e d  as the products o f  the g e n o m e  segments SI, S2, 
S3, S5, S7 and S8 (Suzuki  et al., 1994) and localized in the 
v i r ion  core, surface, m a j o r  core, core, m i n o r  core a n d  outer 
coat (2x), respectively (Omura  et al., 1989). T h e  S2-coded 
130 K protein (P2) is essential for  v i rus  attachment and/or 
penetration into vector cells. P2 does  not occur in v irus  prep­

arations purified either with chloroform or carbon tetrachlo­

ride (Omura et al., 1994). P8' is a postcleavage product o f  

P8 which has the same N-terminus as P8 (Mao, unpublished 

results). 

In this study, w e  designed three pairs o f  primers accord­
ing to the sequence o f  RDV S3  (Suzuki et al., 1990) and 
amplified the S 3  c D N A  o f  RDV Chinese isolate. Its full 
length sequence was determined and both the amino acid 
and nucleotide sequences were compared with those o f  RDV 
Japanese isolate. In addition, w e  compared the deduced 
amino acid sequence o f  RDV S 3  with other known protein 
sequences through the Internet. The full length c D N A  se­
quence and a partial one covering nt 1004-3195 were cloned 
into a bacterial expression vector, and the recombinant ex­
pression products and the total protein extracts from infect­
ed rice and from partial purified virus were subjected to 
Western blot analysis. 

Materials  a n d  Methods  

Virus purification and RNA extraction. RDV was isolated from 
infected ricc originating from the Fujian Province of P.R. of Chi­
na. Virus purification and RNA extraction were performed as de­
scribed by Chu et al. (1993) and Li et al. (1994). 

cDNA synthesis, polymerase chain reaction (PCR) and clon­
ing. According to the sequence of S3 of RDV Japanese isolate, we 
designed and synthesized three pairs of primers (Table 1). 

First strand cDNA was synthesized with avian myeloblastosis 
virus (AMV) reverse transcriptase according to the manufactur­
er's instructions (Promcga) with 2 ng of RDV S3 RNA isolated 
from the viral genomic RNA. The PCR amplification was carried 
out as described by Li (1994b). One cycle corresponded to 40 sees 
at 94"C, I minat53"Cand 1.5 minat72"C.A successful amplifi­
cations of the fragments of the cxpcctcd size was confirmed by 
0.8% agarose gel clctrophorcsis. 

Tuhle I. Pr imers  used for  P C R  

Primer ni position Scqucncc 

P3-I 1-23 5'-GGCAAAATCGAGCGAAOAATCCT-3' 
P3-2 9 9 0 - 1 0 1 5  5'-CTTGTTGCACTGCAGTAACCATTTG-3' 
P3-3 9 3 4 - 9 5 5  5'-GCCCTOAAACAATTTAGCCTCCCG-3' 
i '3-4 2 1 4 2 - 2 1 6 5  5'-GACCGACACTATTTCTTCTATAAC-3' 
P3-5 2 0 8 5 - 2 1 0 7  5'-TCAAATAAGCTTGGGAGGAATCC-3' 
P3-6 3 1 7 2 - 3 1 9 5  5' -ATCAGGAACGAAACAAAACAATCC-3'  

The PCR product was extracted with equal volume of phenol-
chloroform (1:1), ethanol precipitated and treated with T4 DNA 
polymerase for blunt-end ligation. It was then inserted into£coRV-
linearized pBluescript plasmid yielding recombinant plasmid pB-
SRS3 which contained the full length sequence of RDV S3. The 
recombinant plasmids were transformed into E. coli strain DH5cc. 

DNA sequencing and sequence analysis. The RDV S3 cDNA 
inserts with different lengths were subcloned into pBluescript and 
their sequencing was carried out by the dideoxynucleotide chain 
termination method (Sambrook et al., 1989). DNA sequence data 
were assembled and analyzed by DNASIS, and the amino acid 
sequence analysis was carried out by blaster through Internet. 

Gene expression in E. coli and Western blot analysis. To express 
RDV S3 in E. coli strain DH5a, the RDV S3 coding region was 
subcloned into expression vector pTrcHisB. As tested by the West­
ern blot analysis (Li et al., 1996), the full length coding region was 
not expressed in E. coli. Then a partial sequence of S3 coding re­
gion covering nt 1004-3195 with a length of 2192 bp was cut out 
from pBSRS3 with/VI and inserted intoP.vd-linearized pTrcHisB. 
A total of 114 non-viral nucleotides including a 5'-ATG were add­
ed to the 5'-end of the S3 sequence. After transforming E. coli 
strain DH5a with the resulting recombinant plasmid pTrcBRS3P, 
the expression of the partial sequence of S3 was successful as 
confirmed by the Western blot analysis. 

In addition, total proteins from healthy and RDV-infected rice 
leaves and partially purified RDV were also extracted as described 
by Zheng et al. (1997). In the Western blot analysis, a mouse anti-
RDV P3 monoclonal antibody (Suzuki et al., 1994) and an anti-
mouse IgG (H+L) alkaline phosphatase conjugate (Promega) were 
used as primary and secondary antibodies, respectively. 

Results  a n d  Discussion 

cDNA synthesis, PCR amplification and cloning 

After c D N A  synthesis and PCR amplification, three prod­

ucts o f  expected size (approximately 1.0, 1.1 and 1.2 kb) 

were obtained. They were cloned into the ZscoRV site o f  

pBluescript plasmid. After screening and restriction map­

ping, three positive clones were obtained (pBRS3-l ,  pBRS3-2 

and pBRS3-3).  The full length RDV S3  clone pBSRS3 was 

then constructed by combining these three clones with ap­

propriate restriction enzymes .  

Nucleotide and amino acid sequence of RDV gene 
segment 3 

DNA sequencing o f  cloned fragments was carried out 

by subcloning the appropriate restriction fragments into 

pBluescript plasmid according to the restriction map. Each 

subclone was sequenced from both strands. The complete 

nucleotide sequence o f  RDV gene  segment 3 was 3195  nt 

long, contained one ORF (nt 3057)  and encoded a 114 K 

protein with 1019 amino acid residues (Fig. 1). Table 2 



SHORT COMMUNICATIONS 163 

GG C A A  A A T  CGA GCG A A G  A A T  CCT T T A  TCC TCG TGA GCT A T G  GAC 4 4  

A G T  A C C  GGC CGA GCA T A T  GAC GGT GCG T C T  G A A  T T C  A A A  A G T  
M 

GTC 
D 

C T T  
2 

9 2  
S T G R A Y D G A S E F K S V L 1 8  

G T T  A C C  GAG GGT A C T  T C A  CAC T A C  A C A  CCA GTG G A A  G T A  T A T  A A C  A T C  1 4 0  
V T E G T S H Y T P V E V Y N I 3 4  

C T C  G A T  G A A  T T G  A A A  A C C  A T T  A A A  A T A  ACG T C T  A C C  A T A  GCT GAG C A A  1 8 8  
L D E L K T I K I T S T I A E Q 5 0  

T C A  GTG GTG T C A  CGT A C T  C C A  A T T  CCT C T T  TCG A A A  A T T  GGT T T A  T C A  2 3 6  
S V V S R T P I P L S K I G L S 6 6  

GAC G T T  A A G  A A A  T T G  T T T  GAC A T T  A A T  GTC A T A  A A A  TGT GGC T C A  T C T  2 8 4  
D V K K L F D I N V I K C G S S 8 2  

T T G  CGG A T A  GTG GAC G A A  C C T  C A A  G T T  A C G  T T C  A T C  G T A  TCG T A T  GCA 3 3 2  
L R I V D E P Q V T F I V S Y A 9 8  

A A G  G A T  A T C  T A T  G A T  A A G  T T C  A T G  TGC A T C  G A A  C A T  GAC T C T  GCC T A T  3 8 0  
K D I Y D K F M C I E H D S A Y 1 1 4  

G A A  CCG A G T  CTG A C G  A T G  C A T  A G A  GTG CGG G T T  A T T  T A C  TCG A T G  CTC 4 2 8  
E P S L T M H R V R V I Y S M L 1 3 0  

A A T  G A C  T A T  T G T  GCA A A A  A T G  A T T  TCG GAG G T A  CCC T A C  G A A  A G T  A G C  4 7 6  
N D Y C A K M I S E V p Y E S S 1 4 6  

T T T  G T A  GGG GAG C T C  C C T  GTC A A A  T C A  G T A  A C T  C T A  A A T  A A A  CTG GGT 5 2 4  
F. V G E L P V K S V T L N K L G 1 6 2  

G A C  A G A  A A T  A T G  G A T  GCT T T A  GCT GAG C A T  CTC T T A  T T T  GAG CAG GAC 5 7 2  
D R N M D A L A E H L L F E Q D 1 7 8  

GTT" ' G T G  A A T  GCT CAG CGT GAG A A C  CGG A T T  T T C  T A T  C A A  A G A  A A G  TCC 6 2 0  
V V N A Q R E N R I F Y Q R K S 1 9 4  

GCG C C T  GCT GTG C C A  GTC A C A  T T C  GGA G A T  GAC T T G  GAG CCG GCT GTC 6 6 8  
A P A V P V T F G D D L E P A V 2 1 0  

CGT G A A  A G A  GCT A A C  CTC T A C  C A T  CGA T A T  TCG G T T  CCG T A T  CAC C A A  7 1 6  
R E R A N L Y H R Y S V P Y H Q 2 2 6  

A T C  GAG C T G  GCA T T G  C A T  GCA T T A  GCA A A T  G A T  C T A  C T T  T C A  A T A  CAG 7 6 4  
I E L A L H A L A N D L L S I Q 2 4 2  

T A C  T G T  C A T  C C T  A C A  G T A  GTG T A T "  A A T  T A T  T T G  A G T  TCC A G A  GCT C C A  8 1 2  
Y C H P T V V Y N Y L S S R A P 2 5 8  

A A C  T T T  C T A  AGG T T G  G A T  G A T  C A A  G T A  TCG CTG A A A  C T T  A C A  T C C  GCT 8 6 0  
N F L R L D D Q V S L K L T S A 2 7 4  

GGG A T A  GGT A C T  C T T  A T G  C C T  A G A  CCT GTG G T A  CAG CTG C T T  G A T  T A T  9 0 8  
G I G T L M P R P V V Q L L D Y 2 9 0  

G A T  C T A  G T T  T A T  A T G  T C A  CCG C T A  GCC CTG A A C  A A T  T T A  GCC TCC CGA 9 5 6  
D L V Y M S P L A L N N L A S R 3 0 6  

T T G  T T G  A G A  A A G  A T C  T C T  C T A  CAC T T A  G T A  A T G  C A A  A T G  G T T  A C C  GCA 1 0 0 4  
L L R K I S L H L V M Q M V T A 3 2 2  

GTG C A G  C A A  G A T  C T G  GGT G A A  GTG GTG A G T  GTG TCC TCC A A T  G T T  A C T  1 0 5 2  
V Q Q D L G E V V S V S S N V T 3 3 8  

A A T  C C T  GCT AGC GCT TGC T T G  G T A  AGG A T G  A A C  GTT C A A  GGG GTC C A A  1 1 0 0  
N P A S A C L V R M N V Q G V Q 3 5 4  

A C C  T T G  GCT G T A  T T C  A T A  GCC CAG T C T  A T G  T T A  A A T  C C A  A A C  A T A  T C A  1 1 4 8  
T L A V F I A Q S M L N P N I S 3 7 0  

T A T  GGT A T G  C T A  T C T  GGA T T G  A C A  C T T  GAC T G T  T T T  TCG A A C  T T T  A T T  1 1 9 6  
Y G M L S G L T L D C F S N F I 3 8 6  

T A C  GGC GCA T G T  C T G  A T G  T T G  T T T  C A A  GCC CTC A T T  CCC CCC AGC G C T  1 2 4 4  
Y G A C L M L F Q A L I P P S A 4 0 2  

T T G  A C G  GCT A G A  CAG A G A  T T A  GAC A T A  A A T  A A C  CGT T T T  GCA T A T  T T T  1 2 9 2  
L T A R Q R L D I N N R F A Y F 4 1 8  

T T A  A T T  A A A  T G T  C A T  GCT A C A  C A A  GCA ACG A C A  GCT AGC G T T  GTG C C T  1 3 4 0  
L I K C H A T Q A T T A S V V P 4 3 4  

A A T  C A A  G T T  A T T  T A C  C C A  GTG G A T  GCA A T T  G A T  C A G  TGG CAG T C T  A A T  1 3 8 8  
N Q V I Y P V D A I D Q W Q S N 4 5 0  

CGA A G A  GAC G T T  T T G  G T T  GCA A T T  T A T  A A T  A A T  T T G  CTG C C A  GGT GAG 1 4 3 6  
R R D V L V A I Y N N L L P G E 4 6 6  

T T G  G T A  T T A  A G T  A A T  T T G  A T A  CAG A C T  T A C  T T T  A G A  GGT A A T  A C T  GCA 1 4 8 4  
L V L S N L I Q T Y F R G N T A 4 8 2  

C A G  C A A  GCG GCT G A A  A T A  T T G  A T T  CCT GCG GAC CAG A C T  T C T  T A T  GGC 1 5 3 2  
Q Q A A E I L I P A D Q T S Y G 4 9 8  

GCC A A T  GAG A C T  CGC GCT C T A  TCG GCA CCA T A T  T T G  T T T  GGA GCT C C A  1 5 8 0  
A N E T R A L S A P Y L F G A P 5 1 4  

A T C  A A T  A T G  C T C  GCC C C A  G A T  GCT A G A  T T G  T C A  A C T  T A T  A A G  CGT G A T  1 6 2 8  
I N M L A P D A R L S T Y K R D 5 3 0  

CTC G C T  T T G  C C T  G A T  CGC TCC CCG A T A  C T A  A T C  A C G  A C T  G T T  GAG GGG 1 6 7 6  
L A L P D R S P I L I T T V E G 5 4 6  

Fig.  1 
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C A A  A A T  T C G  A T C  T C C  A T C  G A A  A T C  T T G  A G G  C A T  A A G  A C G  G G C  T T G  A T A  1 7 2 4  
Q N S I S I E I L R H K T G L I 5 6 2  

C G T  G C T  A T G  T A T  C T G  A A C  GGC T T C  G T C  A C G  C A A  C C T  C C A  G C G  T G G  A T T  1 7 7 2  
R A M Y L N G F V T Q P P A W I 5 7 8  

C G T  A A C  G C G  A A T  T C G  A A T  A C T  GCG C T G  C T A  T C A  C G A  T T T  C T T  G A C  G T T  1 8 2 0  
R N A N S N T A L L S R F L D V 5 9 4  

A C G  C C G  A A T  T T A  T T A  G G T  A T T  T A C  G A A  G C T  A T T  T T A  G C T  A A C  A C G  T A T  1 8 6 8  
T P N L L G I Y E A I L A N T Y 6 1 0  

G C A  A A T  G C G  G T A  A A C  G T T  T A T  T G C  G A T  T C C  G T C  T A C  CGG G C A  G A T  A T A  1 9 1 6  
A N A V N V Y C D S V Y R A D I 6 2 6  

C C T  A C T  G A A  T G G  A A A  T T G  C A C  C A A  T C A  G T G  G A T  C C T  C A G  G A T  T T A  T T G  1 9 6 4  
P T E W K L H Q S V D P Q D L L 6 4 2  

T T T  G G T  G T G  T T T  G G T  A T T  G T T  C C G  C A A  T A T  C A A  A T T  T T G  A A T  G A A  G C G  2 0 1 2  
F G V F G I V P Q Y Q I L N E A 6 5 8  

G T T  C C G  G A T  T T C  T T C  G C T  GGG G G T  G A A  G A C  A T C  C T A  A T A  C T A  C A G  C T T  2 0 6 0  
V P D F F A G G E D I L I L Q L 6 7 4  

A T T  C G G  G C T  G T G  T A T  G A C  A C G  T T G  T C A  A A T  A A G  C T T  GGG A G A  A A T  C C C  2 1 0 8  
I R A V Y D T L S N K L G R N p 6 9 0  

G C T  G A C  A T A  T T T  C A T  C T T  G A C  G A G  G T C  T T C  A A A  G T T  A T A  G A A  G A G  A T A  2 1 5 6  
A D I F H L D E V F K V I E E I 7 0 6  

G T G  T C G  G T T  T T A  G T T  C A A  C A A  A A G  G T T  G A C  G C T  A G A  A A G  T A C  T T c  A C T  2 2 0 4  
V S V L V Q Q K V D A R K Y F T 7 2 2  

G A A  A G T  A T G  A G A  A G T  GGC T C A  T T C  T C A  A A A  C C T  A G A  T G G  G A T  A A C  T T T  2 2 5 2  
E S M R S G S F S K P R W D N F 7 3 8  

C T A  A G A  C G T  C C A  G T C  G C T  C A A  C G A  C T A  C C G  A A C  T T A  G A C  A G C  G T C  A T C  2 3 0 0  
L R R P V A Q R L P N L D S V I 7 5 4  

A T G  A C G  C A G  G C A  G A T  C A T  G T G  T A C  A A C  T A C  A T G  A C T  C A G  C T T  A C C  C A T  2 3 4 8  
M T Q A D H V Y N Y M T Q L T H 7 7 0  

A T A  A T A  C C A  A T T  A C T  G A T  T G C  T T T  T A C  A T A  G T A  A A G  A A T  T C G  G G A  T T c  2 3 9 6  
I I P I T D C F Y I V K N S G F 7 8 6  

G T C  G A T  C G T  GGC T C G  A C T  G G T  C C T  G T G  A T G  G C A  T C T  T C A  T C A  G T C  T A T  2 4 4 4  
V D R G S T G P V M A S S S V Y 8 0 2  

G A A  A A C  G T G  C T T  A A G  G T C  G T T  C A T  A C C  A T A  G C T  G A T  T T T  G A A  G C G  G C T  2 4 9 2  
E N V L K V V H T I A D F E A A 8 1 8  

A A T  G C T  T T A  C G C  C T A  C A A  A G G  A G A  A G T  G T A  G A C  A A T  A C G  T C T  T A C  A C T  2 5 4 0  
N A L R L Q R R S V D N T S Y T 8 3 4  

G A C  T C T  C T T  T C T  G A C  A T G  T T C  A A T  GGG T T A  CGG T C T  A T C  A G T  T C T  A G C  2 5 8 8  
D S L S D M F N G L R S I S S S 8 5 0  

G A A  T T T  G T T  A G A  T C C  G T C  A A T  G G T  C G C  T C A  G T G  T T T  A C T  G A A  G G A  C G C  2 6 3 6  
E F V R S V N G R S V F T E G R 8 6 6  

A T T  G A T  G C A  A T C  A A G  G T T  A A T  A T G  C G A  G T A  A A A  T T C  G A T  T T G  C A A  T T C  2 6 8 4  
I D A I K V N M R V K F D L Q F 8 8 2  

A T C  A C T  G A G  G A G  GGC GGC T A C  T C A  A A A  C C T  C C A  A A T  G T G  A A A  A A G  C T T  2 7 3 2  
I T E E G G Y S K P P N V K K L 8 9 8  

A T G  T T T  T C G  G A C  T T T  C T G  A G C  T T C  T T A  G A T  A G T  C A T  A A G  A G C  G A T  T A C  2 7 8 0  
M F S D F L S F L D S H K S D Y 9 1 4  

A G G  C C A  C C A  T T G  C T T  A C T  G T G  C C G  A T C  A C C  A T A  G G A  T T A  A A T  A A C  C T T  2 8 2 8  
R P P L L T V P I T I G L N N L 9 3 0  

G G T  G A A  A C T  A A T  T C G  A A C  A C  A C T G  C G T  A T G  C G T  T C G  G A G  G C A  A T T  G A T  2 8 7 6  
G E T N S N T L R M R S E A I D 9 4 6  

G A A  T A C  T T T  T C A  A G T  T A C  G T C  G G T  G C A  C A A  A T T  T T G  G T A  C C G  A T T  A A C  2 9 2 4  
E Y F S S Y V G A Q I L V P I N 9 6 2  

G T C  G T A  G A C  A C T  C G A  G T C  T A T  A C T  G A A  T T C  A G T  G A G  C T A  C G A  A A T  T T c  2 9 7 2  
V V D T R V Y T E F S E L R N F 9 7 8  

T T T  A C T  G G T  G A T  G T G  G T C  A T T  A C A  G A T  G A C  C C A  T T T  G A C  G T C  T G G  G A T  3 0 2 0  
F T G D V V I T D D P F D V W D 9 9 4  

G G C  G T C  A A G  G C A  A C C  T A C  A T C  C C G  A T T  G G T  G T G  C A T  G G A  G T T  C G C  T T G  3 0 6 8  
G V K A T Y I P I G V H G V R L 1 0 1 0  

G A T  C C T  A A T  G G A  G A T  C A G  C C G  C C T  C T G  T G A  C G C  C C C  G G A  T G G  C A T  A G C  3 1 1 6  
D P N G D Q P P L * 1 0 1 9  

T C T  G C G  A C G  T G C  G A T  G C A  G C G  C A A  A C G  A G G  A C T  A G G  C T A  C C G  A G G  GGG 3 1 6 4  
C T G  A A G  T G G  A T T  G T T  T T G  C T T  G G T  T C C  T G A  T 3 1 9 5  

F ig .  I 
C o m p l e t e  nucleot ide  a n d  d e d u c e d  a m i n o  ac id  sequences  o f  R D V  C h i n e s e  isolate g e n e  s e g m e n t  S3 
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shows a comparison o f  the nucleotide and 
deduced amino acid sequences o f  3 Japa­
nese RDV isolates with those o f  the Chi­
nese RDV isolate. 

Comparison of amino acid sequence of 
RDV P3 with those of other proteins 

R D V  P 3  
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

R D V  P 3  
R G D V  P 3  

M D S T G R A Y D G A S E F K S V L V T E G T S H Y T P V E V Y N I L D E L K T I K I T S T I A E Q  
M D V T G A P Y S S G L N V R N V L L T E S T S T F T P R E T V N V Q D D I R T I R I S A K I A E E  
* *  * *  * * *  * *  * *  * *  * * _ * . . . * * . *  * * *  

S W S R T P I P L S K I G L S D V K K L F D I N V I K C G S S L R I V D E P Q V T F I V S Y A K D  
S W S R V P L P V S F K P L S E I T K L F D I I P I S R G S T T S I V E H P Q T S F M I K L R D N  
* * * * *  * * * * * . .  * * * * *  * * *  * *  * *  * 

I Y D K F M C I E H D S A Y E P S L T M H R V R V I Y S M L N D Y C A K M I S E V P Y E S S F V G E  
T F S D Y A C L D H L V A F E P A L I L H R L K M L F S I L G K Y A S  S 1 1 S  E V P T L D V M I D N  

* * * * *  * * *  * * * * * * * *  

It has been found that RDV P3 contains 
RDRP motif-like elements (Suzuki et al., 

1990) such as DRNMD (motif I), SGLTL-
CFSN_(motif II), G D D  (motif III) and 
ENRIFY (highly conserved motif  IV), 
present also in the VP3s o f  rotavirus and 
bluetongue virus (BTV) localized in the 
virus core (Mitchell ,  1990).  The VP3  
motifs I and III are identical with the RDRP 
motifs I and III, and the VP3 motifs II and 
IV are only homologous to the RDRP 
motifs II and IV It would be o f  great inter­
est to characterize the role o f  RDV P3 in 
the virus genome replication (synthesis o f  
negative strand RNA) and transcription, 
because it was konwn that in the case o f  L-A 
virus (dsRNA virus) a structural protein o f  
the virion might be responsible for the syn­
thesis o f  the negative-strand RNA (Fujimura 
era/., 1988). 

We searched for proteins o f  significant 
homology to RDV P3 using blast from In­
ternet and found the rice gall dwarf virus 
(RGDV, genus Phytoreovirus) S3-coded 
core capsid protein (homology over 65%, 
identity over 43% in full length) (Fig. 2) 
(Takahashi et al., 1994), rotavirus (genus 
Rotavirus) VP4 (homology over 46%, iden­
tity over 30% within a length over 157 ami­
no acids) (Fig. 3 A)  (Taniguchieŕa/., 1994), 
SPH (homology over 47%, identity over 
31% within a length over 95 amino acids) 
(Hall et al., 1991) (Fig. 3B), the clp-like 
ATP-dependent protease b ind ing  subunit 
(homology over 60%, identity over 3 4 %  
w i t h i n  a l e n g t h  o v e r  7 2  a m i n o  ac ids )  
(Fig. 3C) and the ATP-dependent protease 
ATP-binding subunit (homology over 64%, 

R D V  P 3  
R G D V  P 3  

R D V  P 3 
R G D V  P 3 

R D V  P 3  
R G D V  P 3  

R D V  P 3  
R G D V  P 3 

R D V  P 3 
R G D V  P 3 

R D V  P 3 
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

R D V  P 3  
R G D V  P 3 

R D V  P 3  
R G D V  P 3  

R D V  P 3  
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

R D V  P 3  
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

R D V  P 3  
R G D V  P 3  

L P V K S V T L N K L G D R N M D A L A E H L L F E Q D W N A Q R E N R I F Y Q R K S A P A V P V  
A Q V T V I D M S K F D D R N M N T Y A D R L P R D R E V R A A K Q D I L K Q Y V R T S V N E T P I  

* _ * * * * *  * * * * * * * * 

T F G D D L E P A V R E R A N L Y H R Y  S V P  Y H Q I E L A L H A L A N D L L S I Q Y C H P T W Y  
T F R D D L P M P V R E R P T L Y R R Y I V P F T P V E L S L Y N M A L Q M L D L Q Y C H P L I V Y  
* *  * * *  * * * * * * * *  * * ^ * * * * * * * * * *  * *  

N Y L S S R A P N F L R L D D Q V S L K L T S A G I G T L M P R P W Q L L D Y D L V Y M S P L A L  
K Y L Q D R A P P F L W N D Q I G L E M L S A G D G E L L P R P V M E V L D Y S L V Y S S P L A L  
_ * * * * * * * _ _ * * _ _ *  _ * * * * * * * * *  * * *  * * *  * * * * *  

N N L  A S R L L R K I S  L H L V M Q M V T  A V Q Q D L G E W S  V S  S N V T N P A S  A C L V R M N V  
N N L G S L L M S R I K T S I K V R S I N E V S S S L S E I V N A S S T V S N S A S S A I A N M N V  
* * * *  * # * _ _ _ * * * * ^ * *  * _ * * * _  _ * * * 

Q G V Q T L A V F I A Q S M L N P N I S Y G M L S G L T L D C F S N F I Y G A C L M L F Q A L I P P  
A G V E T I A A F I I R S V L N P N I S Y A M I G K L D L D A F N D F I Y G T C L L L L Q A I T P P  

* * * * * * * * * * * * * * > *  ^ * * *  * ^ * * * *  * *  * * *  * * 

S A L T A R Q R L D I N N R F A Y F L I K C H A T Q A T T A S W P N Q V I Y P V D A I D Q W Q S N  
S A I A A M S R V R I N N A L A Y F L L R Y I C P Q P V Y T R L L Q N D V I P S L T N T L E W S S V  
* *  ^ *  * * * *  * * * *  ^ * * * *  * *  

R R D V L V A I Y N N L L P G E L V L S N L I Q T Y F R G N T A Q Q A A E I L I P A D Q T S Y G A N  
D R D I L A A I Y S N L F V A B G R I W N L V S R Y Y R E L P P E E V T Q V S V P A I E T S Y G I N  

* * * * * * * * *  * * * *  * *  * * * * 

E T R A L S A P Y L F G A P I N M L A P D A R L S T Y K R D L A L P D R S P I L I T T V E G Q N S I  
E T R G I S  L P Y L F G D A I T E M R P D N R L N D  Y K Q R L N L  P L I A N P M R N N W  
* * * ^ ^ * * * * * *  ̂ *  ^ * * * *  * *  * * *  * *  * 

S I E I L R H K T G L I R A M Y - L N G F V T Q P P A W I R N A N S N T A L L S R F L D V T P N L L  
D L T N V N V K M D F I M D L Y D Q N N F L K S P A Q W V R N S A S N S A L L A K F R D S V S N I T  

* > > *  _ *  * * ^  * * * *  * * * * *  * *  * 

G I Y E A I L A N T Y A N A V N V Y C D S V Y R A D I P T E W K L H Q S V D P Q D L L F G V F G I V  
G I L E N V L S N A Y S N A V N T Y C D S V Y R A G V P L N W K Y R W I D P K D M M F V I F G V C  
* *  * > * ^ * > * ^ * * * *  * * * * * * * *  * * *  * *  * * * *  

P Q Y Q I L N E A V P D F F A G G E D I L I L Q L I R A V Y D T L S N K L G R N P A D I F H L D E V  
P R Y V L M G D S I P D F F A G S E D I L I L Q L V R A I W E V M S N H M G N V P T R F F R M E D V  
* *  ^ * * * * * * * * * * * * * * * *  * *  * * * * 

F K V I E E I V S V L V Q Q K V D A R K Y F T E S M R S G S F S K P R W D N F L R R P V A Q R L P N  
Q R D L S E M V S I V L S K K I D V T K Y F T D D M R S T T F S K E A W E R F I A R Q I G E E L T P  

* ^ * * ^ ^ ^  ^ * ^ *  * * * * ^  * * *  * * *  * * * * 

L D S V I M T Q A D H V Y N Y M T Q L T H I I P I T D C F Y I V K N S G F V D R G S T G P V M A S S  
L Y R T I L D Q V E T I N N Y M E Q M M S I M P I V D H F  Y W R N S G I A A R G S  V N P I L A A T  
* * * * * *  * * * *  * * *  * * * *  * * *  * * 

S V Y E N V L K W H T I A D F E A A N A L R L Q R R S V D N T S  Y T D S L S D M F N G L R S I S S  
T L N L N Q I N T T M I I R D W S E L V R L V M T Q Q R V D L N T S H S L F E A E F Y K L S E I A S  

* *  • *  ^ * *  * * * *  

S E F V R S V N G R S V F T E G R I D A I K V N M R V K F D L Q F I T E E G G Y S K P P N V K K L M  
N E F V R S  V E A I R I N M Y A R Y E L K I Y K E Q G E F S K P T K L N K V M  

* * * * *  * * * *  * * * * * *  * *  

F S D F L S F L D S H K S D Y R P P L L T V P I T I G L N N L G E T N S N T L R M R S E A I D E Y F  
H E D L T S F V K S N I G K P Y P P V F T I P I D I M L N D L G E C T S T K T R M R S F K V D E Y F  

* * *  * * *  * * * * * * * * *  * * * * *  * * * *  

Fig.  2 
C o m p a r i s o n  o f  t h e  d e d u c e d  a m i n o  acid  

s e q u e n c e s  o f  RDV P 3  a n d  R G D V  P 3  
The top and bottom lines re fer  to RDV and RGDV, 
respectively. Identical (*)  and similar  (.) amino acids. 

R D V  P 3  
R G D V  P 3  

R D V  P 3 
R G D V  P 3  

S S Y V G A Q I L V P I N W D T R V Y T E F S E L R N F F T G D W I T D D P F D V W D G V K A T  
K C F T G A Q V I I P L D Y V N L E H V G S I Q D L Q V M F N G S V S V R I K P W T I K E N F D V N  

* * * * * * * * * * 

Y I P I G V H G V R L D P N G D Q P P L  
Y V Q T G N H E V L I D P  

* * * * 
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RDV P3 555 LRHKTGLIRAMYLNGFVTQPPA == 71 == GIVPQYQILNEAVPDFFAGGED 668 
ROTA VP4 362 IRNKPGKVNYAYLNGGFAQVDA == 71 == GITVSYTVMKPSDPDFITGGEN 475 

* * * +*++ * * ** * *** * * t 

RDV P3 672 LQLIRAVYDTLSNKLGRNPADIFHLDEVFKVIEEIVSVLVQQK 714 
ROTA VP4 504 IQQVTSAVFTAITNLGELPGLFSNITKVFSKTKEALSKLKSRK 546 

RDV P3 804 NVLKWHTIADFEAANALRLQRRSVDNTSYTDSLSDMFNGLRSISSSEFVRSV 856 
ROTA VP4 690 NVRKQLHINNSFDTPTYGQLVERILDDGQLLDILGKLNPNSVEELFSEFLHRI 742 

* * * . * * . .**.*. * * ** * 

RDV P3 893 PNVKKLMFSDFLSFLDSHKSDY 914 
ROTA VP4 728 PNSVEELFSEFLHRIQHQLREY 749 

(A) 

RDV P3 468 VLSNLIQTYFRGNTAQQAAEILI 490 
SPH 8 IFNNRFYIYKRMNTVQILWILI 30 

RDV P3 751 DSVIMTQADHVYNYMTQLTHIIPITDCFYIVKNSGFVDRGSTG 793 
SPH 73 DLTVFDPNDNVFNVEEKWRCASTNNNIFYAVSTFGFLSTESTG 115 

RDV P3 801 VYENVLKWHTIADFEAANALRLQRRSVDNTS 832 
SPH 130 LFSRIIKIVYDPCTVETSNDCRLLRLLMANTS 161 

<B) 

RDV P3 '50 ELKTIK1TSTIAEQSWSRTPIPLSKIGLSDVKKL 71 
BOVCLPAB 366 ESERWATPSDVAAAVERMTGIPVSKMGASDIERL 400 

RDV P3 680 DTLSNKIX3RNPAD1FHLDEVFKVIEEIVSVLVQQKVDAR 718 
BOVCLPAB 502 NTLTEKVRRHPYSIVLLDEIEKANPQVITLLLQVLDDGR 540 

(C) 

RDV P3 50 OSWSRTPIPLSKIGLSDVKKLFDIN 75 
CLPL-LACLA444 QSVERLTGIPVSDMGANDIEHLKNLD 469 

RDV P3 680 DTLSNKLGRNPADIFHLDEVFKVIEEIVSVLVQQKVDAR 718 
CLPL-LACLA567 NTLTERVRRNPYSVILLDE1EKADPQVLTLLLQVMDDGR 

F i g .  3 
C o m p a r i s o n  o f  t h e  d c d u c e d  a m i n o  a c i d  s e q u e n c e s  o f  R D V  P 3  a n d  o f  s o m e  o t h e r  p r o t e i n s  

A :  rotavirus  V P 4  (ROTA V P 4 ) ;  B :  amsacta  moorci  c n t o m o p o x v i r u s  sphcroidin (SPH); C :  clp-likc ATP-dcpcndcnt  protease  b i n d i n g  subunit ;  D :  ATP-
dependent  protease  ATP-binding  subunit .  Identical ( * )  and  s imi lar  (.) a m i n o  acids .  

identity over  3 3 %  w i t h i n  a length over  61 a m i n o  acids)  
(Fig. 3 D )  (Gottesman  et al., 1990). 

Both R G D V  P3 and RDV P3 have the same function, they 
are m a j o r  core proteins (Suzuki  et al., 1990a; Takahashi et 
al., 1994). T h e  rotavirus V P 4  forms  the spikes on virus parti­
cles and has been identified as the protein linked to the trypsin-

enhanced virus growth in tissue culture (Tangiguchi et al., 

1994). The trypsin activation o f  rotavirus growth is associat­
ed with cleavage o f  the viral haemagglutinin VP4 into 60K 
and 28K fragments, VP5'and VP8", respectively. These two 
small proteins can activate rotavirus penetration into the cells 
(Kaarcl et al., 1988). Sazaki et at. (1985) have demonstrated 
that rotaviruses penetrate into the cells rapidly like trypsin-
activated infectious viruses. Rotavirus VP4 has also other 
functions, e.g. in haemagglutination, neutralization and viru­
lence (Venkataram et al., 1990). 

Whether phytoreovirus S3-encoded major core protein 

has amino acid residues exposed on the surface o f  the virus 

particles and involved in replication are open questions. In 

addition, a phytoreovirus not only infects plants, but also 

multiplies in its insect vectors. In the process o f  infecting 

insect cells, there must be a recognition mechanism between 

the virus and the insect cell. It has been found that RDV P2 

is essential for the virus attachment and/or penetration o f  » 

the virus into the vector cell (Omura et al., 1994). But it i s  

not known whether RDV P3 is involved in the processes o f  

recognition and penetration. The amino acid sequences o f  

the structural proteins P3, P5, P7 and P8 are very conserved 

in three phytoreoviruses (RDV, RGDV and wound tumour 

virus (WTV))  as compared with the non-structural proteins. 

R D V  P5,  P7  and P8 have  a s i g n i f i c a n t  h o m o l o g y  to  

W T V  P5, P7 and P8 (over 46.0,  35.0% and 53.6% amino 

a c i d  ident i ty ,  r e s p e c t i v e l y ) .  R D V  P 3  a n d  P 8  h a v e  

a significant homology also to RGDV P3  and P8 (over 35 

and 50% amino acid identity, respectively) (Li, Y., unpub­

lished results).The structural proteins P2, P3 and P5 o f  RDV 
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Table  2 .  C o m p a r i s o n  of t h e  nucelot ide a n d  d e d u c e d  a m i n o  acid  sequences  o f  t h e  g e n e  s e g m e n t  3 o f  t h r e e  R D V  J a p a n e s e  isolates  w i t h  those  
of the  R D V  Chinese  isolate  

Chinese RDV Nucleotide A m i n o  acid 
isolate sequence  sequence Reference 

homology  homology  

RDVSEG3A 9 4 . 3 %  9 7 . 0 %  Suzuki  et al. (1990) 
RDVS3CP 9 3 . 8 %  9 7 . 0 %  Kano  et al. (1990)  
RDVSEG3 9 4 . 0 %  9 7 . 0 %  Yamada  et al. (1990)  

also have a significant regional homology to rotavirus VP2 
(102 K), VP4 (87 K )  and VP3 (98 K), respectively (Li, Y., 
unpublished results). The same phenomenon has also been 
found b y  Suzuki et al. (1992b) when  they compared the 
RDRP sequences o f  members o f  the family  Reoviridae. It 
seems that phytoreoviruses are evolutionarily related more 
to rotaviruses. 

In addition, w e  found  that RDV P3 has a significant ho­
mology to SPH, the clp-like ATP-dependent protease bind­
ing subunit and the ATP-dependent protease ATP-binding 
subunit (Hall and Moyer, 1991; Gottesmann et al, 1990). 
SPH is the major protein o f  the occlusion body of  amsacta 
moorei entomopoxvirus. It protects the virions during trans­
mission from one insect to another (Hall and Moyer, 1991). 
The function o f  SPH is similar to that o f  the baculovirus 
polyhedrin protein and the SPH gene can be used as an in­
sertion site o f  an invertebrate expression vector (Arif, 1995). 
The significance o f  the homology of RDV P3 with SPH, 
the clp-like ATP-dependent protease binding subunit and 
the ATP-dependent proteaseATP-binding subunit is unclear. 

Expression of RDV S3 in E. coli and immunodetection 
of P 3 in E. coli and RDV-infected rice plants 

The full length coding region of  RDV S3 failed to be 
expressed in E. coli while its part covering nt 1004-3195 
(2192 bp long) was successfully expressed. By Western blot 
analysis, a specific band of  70  K was detected in E. coli 

transformed with pTrcBRS3P, and a specif ic  band o f  
110 K was detected in RDV-infected rice and purified RDV 
preparations (Fig. 4). The expression of  the RDV segment 2 
full length sequence in the pTrcHisA expression vector gave 
also a negative result (Lu, RF, personal communication) It 
seems that the complete RDV gene segments S2 and S3 are 
not suitable for expression in the E. coli system. 
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