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ABSTRACT

Chen, C. C., Chen, M. J., Chiu, R. J., and Hsu, H. T. 1997. Rice
ragged stunt virus(Oryzavirus) possesses an outer shell and A-
spikes. Plant Prot. Bull. 39: 383-388.

Rice ragged stunt virus (RRSV) (Oryzavirus) particles prepared from
extracts of fixative-treated infected leaf tissues were analyzed by electron
microscopy. Complete double-shelled particles about 75 to 80 nm in diameter
with extruding A-spikes were observed by phosphotungstic acid staining in
extracts of infected leaf when tissues were fixed with either 2 % glutaraldehyde
or a mixture of 1 % acrolein and 2.5 % glutaraldehyde prior to extraction. A-
spikes, about 10 to 12 nm wide and 8 nm long, were attached to the outer end of
the B-spikes. Frequently, subviral particles, 62 to 66 nm in diameter, with an
inner shell and the B-spikes which were 25 to 27 nm wide and 10-13 nm long
were observed in specimen negatively stained with phosphotungstic acid. The
lack of outer capsid layer was previously reported for RRSV and was once consid-
ered as a distinct morphological criterion that separates the virus from other 10-
segmented double-stranded RNA plant reoviruses. Current investigations
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revealed that the RRSV possessed an outer shell and A-spikes similar to those
reported for members of the virus in genus Fijivirus.

(Key words : electron microscopy, Fijivirus, Oryzavirus,rice ragged
stunt virus, virion morphology)

Rice ragged stunt disease was first
found in Indonesia in 1976!'", and later

in countries
(5.14)

shown to be widespread
throughout Asia where rice is grown
The disease is caused by rice ragged stunt
virus (RRSV) and transmitted by the brown
planthopper Nilaparvata lugens Stal in a

manner3:1+14),

persistent Symptoms
induced by the virus in plants of Japonica-
type rice include stunting with twisted and
serrated dark green leaves. Whitish, spindle-
shaped enations may develop on the lower
surface of leaf blades and inner surface of
leaf sheaths of infected plants on some
Indica-type varieties.

The genome of RRSV consists of 10
double-stranded RNA (dsRNA) segments
(7.913.18) " SPS-PAGE analysis of purified
virus preparations revealed a protein profile
with five major polypeptides and two minor
ones'"®). These features are similar to the
basic properties reported for a fi jivirus(a’m
. There are, however, differences among
investigators regarding to their observa-
tions on the particle morphology of RRSV
(6.9.13.1)particles of about 50 nm, an equi-
valent to the nucleoprotein core of other
plant reoviruses, were found in purified
preparations of RRSV. No outer capsid
layer (the outer shell) and spikes were seen
915.16) In thin sections of viruliferous
insect cells, normal particles of 70 nm in
diameter were frequently observed©®!0.

These micrographs, nevertheless, failed to

show the presence of a distinctive two layer
structure for the particles. In this paper, we
present evidence that shows the presence of
an outer shell and the A-spikes on RRSV
particles in leaf dip preparations.

A field-collected isolate of RRSV was
maintained in a screen-house on the Japo-
nica-type Tainung 67 or the Indica-type
Taichung native 1 (TN1) rice plants by seri-
al inoculations using viruliferous planthop-
pers N. lugens raised in insectaries®>>. For
electron microscopy, young rice seedlings
were inoculated with viruliferous insects.
When the inoculated plants showed symp-
toms, pieces of diseased leaf tissues were
fixed in 2 % glutaraldehyde (GA) in 0.1 M
phosphate, pH 7.0, or in a mixture of 1 %
acrolein and 2.5 % GA in 0.2 M cadodylate
buffer (50 ml of 0.2 M cacodylate buffer,
pH 7.2; 4 ml of 25 % acrolein ; 10 ml of 25
% GA in water, and 36 ml of distilled
water) in an ice bath overnight. Slices of
infected leaf tissues were triturated in drops
of sterile water.

One drop of the crude sap and one
drop of 0.1 % bacitracin were mixed on a
parafilm membrane. Grids with carbon-
stabilized formvar membranes were floated
on top of the mixed liquid.After one
minute, the liquid was removed with a filter
paper and the specimen stained with 2 %
neutral phosphotungstic acid (PTA), or 2
% uranyl acetate (UA), pH 4.2. The stained
specimens were examined under a JEOL
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200X electron microscope at 80 KV.
Subviral particles with an inner shell,
about 55~60 nm in diameter, and some
viral cores, about 50 nm in diameter, were
frequently observed in dip preparations
from RRSV-infected tissues when stained
in PTA (Fig. 1A). Filaments, about 10 nm
wide extending from these particles varied
in lengths (Fig.1A). The subviral particles
retained some B-spikes (arrows), which
measured 10~12 nm in length and 20~22
nm in width when stained in UA (Fig. 1B)
and 10~13 nm in length and 25~27 nm in
width when stained in PTA (Fig. 1 C, D).
The observed B-spikes of RRSV
appeared to be broader at base when
compared with most fujiviruses(”. Negative
staining with PTA (Fig.1A, C, D, E) usual-
ly resulted in larger-sized virion particles
than those stained with UA (Fig. 1 B, F).
Subviral particles with A-spikes that rested
on the B-spikes were also observed (Fig. 1E)
. UA-stained intact particles, 75~80 nm in
diameter, with papilla-like (globular) A-
spikes, 10~12 nm in width and 8 nm in
length, were observed when infected tissues
were fixed with a mixture of 1 % acrolein
and 2.5 % GA prior to extraction (Fig. 1F).
Current grouping has placed RRSV in
a newly established genus, Oryzavirus,
formerly plant reovirus subgroup 3 (or
Phytoreovirus Il ). RRSV is- the type
member of the genus“"z'”). The only other
member is Echinochloa ragged stunt virus
(ERSV), which infects Echinochloa but not
the rice plant®). Both RRSV and ERSV are
transmitted specifically by planthopper
vectors in a persistent manner, RRSV by N.
lugens, whereas, ERSV by Sogatella longi-
furcifera (Esai et Ishihara)(z""”). The two

oryzaviruses are serologically related®.
They show similar genomic organizations
and share many biological properties simi-
lar to those reported for Fijivirus(!:!"18),
Members of both Fijivirus and Oryzavirus
contain 10 segmented dsRNA, whereas
viruses in the genus Phytoreovirus contain
12 segmented dsRNA(L2712,13.18),
Grouping ‘of plant reoviruses based on
virion morphology is difficult and could be
misleading. Although a larger size of viri-
ons previous observed in thin section of
RRSV infected plant leaves or insect
tissues suggest the presence of an outer
structure®1%13) only the B-spiked subviral
particles and the smooth spherical viral
cores were commonly seen in dip prepara-
tions@6 7101315 " The Jack of an outer
capsid layer was once considered a major
feature for distinguishing RRSV from
of Fijivirus®12131617  The
demonstration of an outer capsid layer and
both A and B spikes in RRSV in current
studies and in ERSYV in a previous investi-

members

gation® shows similar virion morphology
described for the members in the genus
Fijivirus®1?,

Nucleotide sequence analysis has
revealed conserved oligonucleotides at both
termini for the dsRNA segments of each of
the three genera of plant reoviruses.
Members of same genus share the same
sequence homology. Thus the terminal
oligonucleotide sequence are (+) 5°-GGU/
CA....U/CGAU-3’ for the genus Phytore-
ovirus and (+) 5’-AAGUUUUU.....GUC-3’
for the genus Fijivirus; whereas, the termi-
nal oligonucleotide sequences for RRSV
and ERSV are (+) 5’-GUAAA....GUGC-3’
(19.20) The terminal oligonucleotide sequ-
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Fig.1. Electron micrographs of rice ragged stunt virus (RRSV) particles in leaf dips of infect-

ed plants. Infected leaf tissues were fixed with 2% glutaraldehyde (Panels A-E),or 1
% acrolein-2.5% glutaraldehyde (Panel F) before extraction. A. Subviral particles
with B-spikes. Filamental structures extending from some of the B-spiked particles
were also observed. B. A single B-spiked subparticle stained with 2% uranium
acetate, pH 4.2. The B-spikes are indicated with short arrows. C and D. Subviral
particles stained with 2% neutral phosphotungstic acid (PTA). The B-spikes are indi-
cated with short arrows. E. A subviral particle stained in PTA. Note the A-spikes
(shown with long arrows) attaching to the outer ends of the B-spikes (shown with
short arrows). F. Complete virions of RRSV showing A-spikes (shown with long
arrows) residing on the outer shells. Panels A, E, and F were from preparations
derived from virus infected TN1 plants, whereas panels B, C, and D were from prepa-
rations made from virus infected Tainung 67 plants. Bars represent 100 nm.
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