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: SUMMARY

s The eemplete nueIeetlde"'eequenee of the phytereewrus r:ee" dwerf wrue (RD‘V}
. genome segment 9is presented It consisted of 1305 nucleotides and had an open reedang}
 frame that codes for a putative polypeptide of 351 amino acids. M, of the protein was.
ey calculated to be 38 598. The terminal nucleotides 5 GGUJ&AA--GAU 3’ were the same
~ asthoseof RDV geneme segment ] 10. The fourth nucleotide from the 3’end of an expected
. conservedsequence wasa Crather than the U found in the previously sequenced genome
o segment 1 0. A structure elmller tothe eegment‘epeelﬁe mverted repeat ef weund temeur-
b -vlrue was elee feund in the termmel reglen of- eegment CEe 0

Rlee dwarf vzrue (RDWJ) belenge to phytereewrus eub gmup 1 end has a geneme eempr:emg 12:__ i
:eegmented dsRNAe (Beeeerde & Milne, 1984). The virus multipllee both in plant hosts and its
. insect vectors and has a virion- eseeelated RNA pelymereee (K.eciema & Suzuki, 1973; Uyede &jg_L-;
b .Shlketa 1984) Inorderto eiue:date the mechanisms eperetmg in repheetmn ene transcription,
it is essential to determine the structure of the genome. The nucleotide sequence of geneme'..;-__:_.__
-i:”-eegment 10 has already. been determined (Uyede et al., 1987; Omura et e! 1988} In t‘ms peper
- we present the eemplete nucleotide eequenee of gene-me segment 0. L e
. ' Rice dwarf virus was mamtalned in rice plente ina greeﬁheuee' by permdle trenefere threughf’f’"
an insect vector, the leefhepper Nephmemx emeneeps The v1rue wee punﬁed as prVlDHSl}}E}}.@E_
”:""desenbed (U}reda & Shikata, 1982) - S
. The viral RNA was extracted from the punﬁed v,true enei_._eDNA eiemng ef geneme segment 9.
' was done as preweuely desenbed (Uyede etal,, 193‘?) Two clones, pRDSSS and pRD546 were
','..-;-_:;.mede from the denatured geneme dsRNA. The:.r reeeted pesﬂwely with a 32P-labelled geneme
~ segment. 9 prebe (J’erden & Dodds, 1933) b}r Southern blot hybndlzatmn {Seuthern 19?5) The
 sizes of the inserts of pRD538 and pRDSdﬁ were about 1350 and 1200 nucleotides respectively.

A restnetmn endenueleeee eleevage mep ef the everleppmg meerte - ewed thet th : 1en

;--.;.-segment 9, the 5~ and’ 3'—term1nel regaene were dlreetiy sequeneed b:,r e d:deexynueleetrde eha
| termination method using reverse transcriptase (Se:kageku Kogyo) as described by Meshi et al.

(1983) For 5’-termmel sequencing, a HdeII _Acell restriction endenueleaee eleavege fregment
. ofthe eDNA at nucleotides 96 to 71 was used as a primer and the transcript as a template. The
| transcript was prepared as described preweuely (Uyeda & Shlkete 1984) Analyses showed that
| the clone pRD545 contained the 5"terminal region with a sequence identical to that derived -
© from direct RNA sequencing. For sequencing the 3’-terminal region of the. genome segment, a
-f-_:_f_f._eynthetle eligenueleotlde 5 GAAGTTTTGACAGCGAA 3 at: nueteetudee 1228 to 1244, was
. used as a primer and the geneme 'dsRNA as a template (Flg 1) The genome dsRNA was
i ._=__::denetured in 90‘}’ DMSO for 30 min at: 50 "‘C, qulekly chilled in ice and preelpitated by ethenel

g The templete was annealed with the pnmer at 40 “C fer 6 hir a buffer described by Me:

"‘bed hy Mesh et r.:r.:'

nuee em @ 1939 SGM
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Fig. 1. Analyses of the 3"-terminal region of RDV genome segment 9. (@) Direct RNA sequencing of the
3"-terminal region of the genome segment 9 by a dideoxynucleotide chain termination method. (b) PEI-

cellulose thin-layer chromatography of genome segment 9 terminally labelled by polynucleotide kinase
and then completely digested with nuclease P1. Positions of the mononucieotides are shown on the

right-hand side of the chromatograph.

(1983). It was found that the cDNA clone pRD538 lacked 11 nucleotides of the 3"-terminal
region.

The nucleotide at the 3 terminus of the (+) strand was determined by identifying that of the
5’ terminus of the (—) strand. The 5 termini of the genome dsRNAs were labelled with
[y-32PJATP by T4 polynucleotide kinase (Takara Shuzo). Genome segment 9 was separated on a
10% polyacrylamide gel according to Laemmli (1970), eluted from the gel as described by Smith
(1980), and the labelled genome segment was completely digested with nuclease P1. The
digested RNA was separated on PEI-cellulose in 0-4 M-LiCl using the four mononucleotides as
standards. Autoradiography after chromatography showed that the radioactive phosphate was
predominantly incorporated into the adenosine mononucleotide. Incorporation into GMP was
about 50% of that in AMP (Fig. 1). Direct RNA sequencing by two-dimensional electrophoresis
(De Wachter & Fiers, 1972; Rensing & Schoenmakers, 1973) indicated that the radioactivity
was predominantly incorporated into the 5 terminus of the (—) strand (unpublished). Thus we
concluded that the 3’-terminal nucleotide residue was U, complementary to the 5" terminus of
the (—) strand.

Restriction endonuclease cleavage fragments of the cDNAs were subcloned in M13 phage
mpl18 or 19 (Messing, 1983) and sequenced by the dideoxynucleotide chain termination method
(Sanger et al., 1977) using a sequencing kit purchased from Takara Shuzo. When subcloned
cDNAs were too long for the sequence to be read, they were deleted sequentially for sequencing
using exonuclease III (Takara Shuzo) and mung bean nuclease (Takara Shuzo) as described by
Henikoff (1984). When it was compared with the sequence of RDV genome segment 10 (Uyeda
etal., 1987; Omura et al., 1988), hexanucleotide 5 GGUAAA--- at the 5 terminus were found to
be conserved, and the first four, GGUA, were also as found in wound tumour virus (Asamizu
et.al., 1985). Tetranucleotide ---UGAU 3’ of wound tumour virus was conserved in all 12
segments (Asamizu et al., 1985) and the sequence is the same as that of RDV genome segment
10. However, segment 9 was found to have ---CGAU 3'. That is, the fourth base from the 3’
terminus is C instead of U. Whether this change is peculiar to our isolate, which has been
maintained for at least 20 years in our greenhouse, is not known at the moment.
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GCUAAAAAUCGUGUGUCCUCCGUGAUGGGUANGCUCCAAGAUGGAAUCGCCAUCAAGCGG
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70 80 90 100 110 120

AUCAACGACGCGAUUACCACUUUCAAGAAVDUACAAGCUUGGUGAACUGGAACAGGGCGGC
I ¥ D A I T T F K N Y K L G E L E QG G

130 140 150 160 170 180
UCAAUGGCCAUCAACACAUUGAGUAACGUCCGCGCCCAUGUUGGGCUGGCUUGGCCEGCC
s M A I N T L S N V B A H VvV 6 L A W P A

190 200 210 220 230 240
AUCUUGCGAAAUUGUUUGAUACACACUUCAUCCCAUCUUGGGUUCAUGAAGUUUAUGAUU
I L R N C L I KT S S H L G F M4 KF M I

250 260 270 280 290 300
GAUAUUGCUACUACCUGGAAAGUUGGUGCUUUCACCCUUCUGGGCAGCGUCGGUGACGAA
D I AT T W K VvV G A F TULULG S V @ D E

310 320 330 340 350 360
CAUCCUUUCACUGACGUUGACUUGAUUUACACUAAGACCUGCUUGCAUUUGGGUCUUARA
D P F T DOV DL I ¥ T K TOCULHLG L K

370 380 350 400 410 420
GACAAUGAUUUUCUGCAAUUUCCAGAAGAGUUUGCCUAUGAGGCGAAUUCUUUUCUAGAA
Db N D F L QTP F P EEFAVY EMNNSTF L E

430 440 v 430 460 470 480
GCGC&GUCGAUG&AUGCU&GGGUGGHCAUGEUCACUGGUEUCCACAAUAUUGAAEAUARh
A Q0 5 M N A RV DML TGV I N I E D K

490 500 510 520 530 540

UhUGUCUHHRGhthGhGUCURUAUCUAhGUUUUUG&H&ECUUECUAUAEUGCUUCAG&A
vy v F R I BE 8§ 1 8§ K F L K a Y Y T A S E

550 560 570 580 550 800

GRCGUUGEUUﬁCUﬂGﬁCUEGhUUURUhAhGCCUGRCGGCUEUthGAGUCRHUEUUGRGU
0D V A Y L TG F I K P D G S K E 8§ I L 5

610 620 630 640 650 650
GCEGAAEUCUUGARAGCGCAGGUC&ChUCCG&GGUGCU&CGCGUGCGUhﬂUUUhRUUACC
A E L L K A Q V T S E VvV L R V R N L I T

670 :11] 690 700 710 720
HCCAAGAUUChGChGUACAUHﬁnUUUGUhCGhRGAUUCGCHGUUAECGCRUUUUCGGGGA
T K £ Q@ ¢ ¥ I N L Y BE D S Q L F H F R R

" 730 740 750 760 770 780
GCGGCUUUGUCCUACACUCAGGAUUGEGAUGUUGAUGGCGGUGUGCCCGCUGCACUCCCA
A AL S Y TOQDMWDVDGSGV P A AL P

790 800 810 820 830 840
CAGCCUGAUACAACUGACGAUGAAAGUCCCGUCACUAAGCCUGGCGCUAGUGCACCAACA
Q P DT TODTDTETSZPVT KUPGHASAPT

850 860 870 geo 830 S00
GUGAGUAAAGGUGCUGAUCAGCCAGAAGACGAGGAGAUAAUACAUAARAAGGUGGAUGCY
vV S K ¢ A D Q P E D E E I I H K K V D A

910 920 930 940 950 960
UCG&#&GAUGCUCEHCCU&AGGC#GUUUCUUCUGGAAAUGUAAGCGCEAGAGGUAUUECU
970 280 9490 1000 1010 1020

GCCUUUUUEG&AGAUGAUhUGAGUGAGAUGGACGCRCCUGAUGGCUUCCAUGRUU&CUUE
A F L E D DM S E M DMAM®PDGF H oD Y L

1030 1040 1050 1060 1070 1080
AEGhGGGAACAUGAGRACAﬂCUUCGACUUGGCGC#GUUGGGRCUCGCECCCUC&GUCUGA
T R E H E N N F D L A Q L 6 L A F S ¥ ¥

10380 1100 1110 1120 1130 1140
CUUUACGEUGGhGUAGhUGAﬁUGCCUChCCAAChUUUGUUACUCCﬂUhAUGAUGUUAUCH
1150 1160 1170 1180 1190 1200
UGUCUGCRUGGAUUCHUCAGEAUGUHGAUUCGUGUAUU&GGUUGCUUGUAAAEAHCGGAG
1210 1220 1230 1240 1250 1260
UGGUGEUCGGUhGhﬂCEGUCUGGCGUGG&EGUUUUGHEAGCGA&CCUGUGUCEUﬁRCGCG
1270 1280 1290 1300

GAUGCGGGAGGGUCAUUAACUUCCAUGUCACACGAUUUAUACGAY
Fig. 2. Complete nucleotide sequence and predicted amino acid sequence of RDV genome segment 9.

The complete nucleotide sequence of genome segment 9 is presented in Fig. 2. It consisted of
1305 nucleotides and the longest predicted open reading frame started with AUG at nucleotides
25 to 27 and terminated with UGA at nucleotides 1078 to 1080. The initiation codon had the
strong and consensus eukaryotic initiator context GXXAUGG (Kozak, 1987). The M, of the
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Fig. 3. Inverted repeat and a possible secondary structure found in the terminal region of RDV genome
segment 9.

protein was calculated to be 38 598. The predicted gene product of segment 9 is probably a non-
structural protein, because its M, is lower than the smallest structural protein of about 45000
(Nakata et al., 1978; Matsuoka et al., 1985).

A structure similar to the segment-specific inverted repeat of wound tumour virus (Anzola ef
al., 1987) is also found in genome segment 9 (Fig. 3).

. This research was supported by Grant-in-Aid for Scientific Research No. 62480042, Grant-in-Aid for Co-
operative Research No. 63304013 from the Ministry of Education, Science and Culture, Japan, and a grant from
the Akiyama Foundation. We thank the Research Center for Molecular Genetics, Hokkaido University for the
use of their computer facilities.

REFERENCES

ANZOLA, J. V., XU, X., ASAMIZU, T. & NUss, D. L. (1987). Segment-specific inverted repeats found adjacent to
conserved terminal sequences in wound tumor virus genome and defective interfering RN As. Proceedings of
the National Academy of Sciences, U.5.4. 84, 8301-8305.

ASAMIZU, T., SUMMERS, D., MOTIKA, M, B., ANZOLA, J. V. & NUSS, D. L. (1985). Molecular cloning and characterization
of the genome of wound tumor virus: a tumor-inducing plant reovirus. Virology 144, 398-409.

'BOCCARDO, G. & MILNE, R. G. (1984). Plant reovirus group. CMI{AAB Descriptions of Plant Viruses, no. 294,

DE WACHTER, R. & FIERS, W. (1972). Preparative two-dimensional polyacrylamide gel electrophoresis of *2P-labeled
RNA. Analytical Biochemistry 49, 184-197.

HENIKOFF, s. (1984). Unidirectional digestion with exonuclease III creates targeted breakpoints for DNA
sequencing. Gene 28, 35]1-359,

JORDAN, R. L. & DODDS, J. A, (1983). Hybridization of 5-end-labelled RNA to plant viral RNA in agamsa and -
acrylamide gels. F:'ﬂm Molecular Biology Reporter 1, 31-37.

KODAMA, T. & SUZUKI, (1973). RNA polymerase activity in purified rice dwarf virus. Annals of the
Phytopathological Saciery of Japan 39, 251-258.

KOZAK, M. (1987). An analysis of 5-noncoding sequence fmm 699 vertebrate messenger RNAs. Nucleic Acids
Research 15, 8125-8132. '

LAEMMLI, U. K. (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage T4.
Nature, London 227, 680-685.

MATSUOKA, M., MINOBE, Y. & OMURA, T. (1985). Reaction of antiserum against SDS-dissociated rice dwarf virus and
a polypeptide of rice gall dwarf virus. Phytepathology 75, 11251127,

MESHI, T., ISHIKAWA, M., TAKAMATSU, N., OHNO, T. & OKADA, Y. (1983), The 5-terminal sequence of TMV RNA:
question on the polymorphism found in vulgare strain, FEBS Letters 162, 282-285.

MESSING, J. (1983). New M13 vectors for cloning. Methods in Enzymology 101, 20-77.

NAKATA, M., FUKUNAGA, K. & SUZUKI, N. (1978). Polypeptide components of rice dwarf virus. Annals of the
Phytopathological Society of Japan 44, 288-296.

OMURA, T., MINOBE, Y. & TSUCHIZAK], T. (1988). Nucleotide sequence of segment S10 of the rice dwarf virus genome.
Journal of General Virology 69, 227-231, :

RENSING, U. F. E. & SCHOENMAKERS, J. G. G. (1973). A sequence of 50 nucleotides from coliphage R17 RNA.
European Journal of Biochemistry 33, 8-18.

SANGER, F., NICKLEN, S, & COULSON, A. R, (1977). DNA sequencing with chain-terminating inhibitors. Proceedings
af rfm National Academy of Sciences, U.5.4. 74, 5463-5467.

SMITH, H. 0. (1980). Recovery of DNA from gels. Methods in Enzymology 65, 371-380.

SGUTHERN, E. M. (1975). Detection of specific sequences among DNA fragmr:nts separated by gel eie:ctmphorests
Journal of Molecular Biolegy 98, 503-517.

UYEDA, I. & SHIKATA, E, (1982). Ultrastructure of rice dwarf virus. Annals of the Phytopathological Society of Japan
48, 295-300.

UYEDA, 1. & SHIKATA, E. (1984). Characterization of RNAS synthesized by the virion-associated transcrlptase of rice
dwarf virus in vitro. Virus Research 1, 527-532.

UYEDA, 1., MATSUMURA, T., SANO, T., OSHIMA, K. & SHIKATA, E. {1987). Nucleotide sequence of rice dwarf virus
genome segment 10. .F'mceedmgs of the Japan Academy 63, 227-230.

(Received 10 October 1988)



	p1297.pdf
	p1298.pdf
	p1299.pdf
	p1300.pdf

