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Detection of Rice Grassy Stunt Virus in Planthopper
Vectors and Rice Plants by ELISA
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Abstract

Filamentous particles associated with rice grassy stunt were purified from the infected
rice plants. The filamentous particles were 6-12 nm in width. An antiserum to the fila-
mentous particles specifically reacted to extracts of grassy stunt-infected leaves and —viru-
liferous planthoppers, Nilaparvata lugens by agar gel double diffusion test. The antibody
neutralized the infectivity in extracts of grassy stunt-infected rice leaves. In enzyme-linked
immunosorbent assay (ELISA), the filaments were detected in extracts of grassy stunt-ex-
posed planthopper population up to a dilution of one planthopper/8 ml and also from ex-
tracts of the infected leaves at 1/100,000 dilution. Extracts of virus—free insects and
healthy rice leaves did not give a positive reaction in ELISA. The purified filamentous nu-
cleoprotein reacted positively even when diluted to As=1.0x10"° The infective planthop-
pers stored at 25 C for 1 month and the infected rice leaves stored at room temperature
for 4 months gave positve reactions, but the intensity of the reactions was lower than that
in fresh or frozen materials. In the exposed planthopper populations, 40% of the insects
transmitted the causal agent and gave a positive reaction in ELISA, 41% failed to transmit
the agent but gave a positive reaction, while both tests were negative in the remainder.
The brown planthoppers that migrated across the South China Sea were collected and tested
for the presence of the filaments in ELISA in 1982. About 0.1% of the total 1,126 individ-
uals tested gave positive reaction.
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Introduction

Rice grassy stunt (RGS) was reported for the first time in 1963 in the Philippines®.
The disease is distributed in South, Southeast and East Asia. In Japan, it was first
detected in 1978 in Fukuoka and Kagoshima, Kyushu®. The causal agent of RGS is
transmitted by the brown planthopper, Nilaparvata lugens Stél, in a persistent manner'®.
N. muiri and N. bakeri are the additional vector insects”, though they are not pests of
rice plants and not important in the RGS epidemiology.

In Japan, no alternative hosts other than rice, Oryza sativa are known for RGS®1%.
It is impossible that RGS-infected rice stubbles serve as an infection source for the
following year®. Also, the brown planthopper is unable to overwinter. RGS agent is
thus more likely to be brought into Japan through immigration of the planthoppers from
the countries where the planthopper can overwinter®®. Effective RGS forecasting can
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be achieved by monitoring immigrating planthoppers and percentage carriers of RGS-
agent.

The infectivity test of leaf extracts by microinjection into planthopper indicated that
the causal agent of RGS showed characteristics of a virus®¥. Association of isometric
particles 20-25 nm in diameter with RGS was reported®'#'® and the particles were once
suspected to be the pathogenic entities of RGS™. Recently, however, circular filamen-
tous nucleoprotein has been isolated from RGS-infected plants and the name “rice
grassy stunt virus” was proposed for the filaments®.

In this report, we describe the association of the filamentous particles with rice
grassy stunt disease, detection of the filaments in the brown planthoppers and rice
plants by ELISA, and application of ELISA to monitoring planthopper immigrants car-
rying “rice grassy stunt virus”.

Materials and Methods

Virus, insects and plants. RGS was collected at Takada-cho, Fukuoka in 1978 and
maintained on rice seedlings by serial transmission using the brown planthoppers. Rice
plants infected with rice dwarf, rice ragged stunt, rice stripe, rice yellow dwarf and
rice waika were collected at Chikugo, Fukuoka in 1978, at Kagoshima in 1979, at Chikugo
in 1982, at Togitsu-cho, Nagasaki in 1981 and at Chikugo in 1973, respectively. Virus-free
planthoppers were originally collected at Kawanabe-cho, Kagoshima by T. Nagata,
Kyushu National Agricultural Experiment Station. The viruliferous planthoppers were
obtained by feeding virus-free nymphs in the second or third instar on a RGS-infected
rice plant for 4-6 days. The planthoppers were fed on healthy rice seedlings for 6-10
days, and used for inoculation accesses. Rice seedlings (cultivar Taichung Native 1)
were inoculated with RGS by using the viruliferous planthoppers and grown in a green-
house. For the infectivity test, individual planthoppers were allowed a 2-day inocula-
tion access period on rice seedlings (cultivar Reiho) in test tubes. Immigrant planthop-
pers were collected at three locations in June and July, 1982. Collections were made
from rice hills in a paddy field using an aspirator at Chikugo, Fukuoka, by light trap
at Isahaya, Nagasaki by Y. Ogawa, Nagasaki Agricultural and Forestry Experiment Sta-
tion, and by airborne net trap at the weather station on the East China Sea (N 31° 30/,
E 127°) by T. Wada, Kyushu National Agricultural Experiment Station.

Purification. Purification of the RGS virus agent was attempted by following the
modified method from that described by Shikata et al.'®. RGS-infected rice leaves (200
g) stored at —80 C were homogenized with 600 ml of 0.2 M Tris buffer (pH 6.5) con-
taining 0.01 M thioglycolic acid. The homogenate was squeezed through a cheesecloth
and centrifuged for 15 min at 17,000Xg. The supernatant was filtered twice through
a layer of celite in a Buchner’s funnel, and stirred with 20% (v/v) of CCl, and 1%
Triton X-100 for 15 min at 5 C. After centrifugation for 15 min at 17,000xg, the su-
pernatant was centrifuged for 5 hr at 77,000Xg. The pellet was suspended in (.05 M
Tris buffer, pH 7.5. After centrifugation for 20 min at 22,000X g, the supernatant was
centrifuged for 2 hr at 140,000xXg. The pellet was suspended in 2 ml of Tris buffer
and the suspension was centrifuged for 10 min at 10,000Xg. The supernatant was
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layered onto a column of 20% and 35% sucrose solution (12.5 ml each) and centrifuged
for 2 hr at 24,000 rpm in a Hitachi RPS-25A rotor. Two ml of the zone between 20%
and 35% sucrose layers was recovered with a tip-bent needle with syringe. The frac-
tion was diluted with Tris buffer and centrifuged for 2 hr at 140,000Xg. The pellet
was suspended in 1 ml of Tris buffer and considered to be purified.

The filamentous nucleoprotein was also purified from RGS-infected rice plants fol-
lowing the procedure descrived by Hibino et al®.

Electron microscopy. The purified fraction was diluted appropriately with dis-
tilled water, mounted on carbon-coated collodion grids, and stained with 1% or 2%
uranyl acetate. The grids were examined in a Hitachi H-500 electron microscope.

Antiserum production.  Approximately 1 ml of the purified fraction was injected
five times into a domestic rabbit at weekly intervals. In the first to third injections,
the antigen emulsified with an equal volume of Freund’s complete adjuvant was given
intramuscularly and hypodermically. The fourth and last injections were given intra-
venously. Antiserum was recovered one week after the last injection. The serum was
tested by the microprecipitin test and its titer against purified RGS-antigen was 1/256,
while its titer against a fraction similarly purified from healthy rice plants was 1/16.

Agar gel double diffusion test. Ten ml of (0.8% Difco Bacto agar containing 0.15
M sodium chloride and 0.1% sodium azide was placed in a 90-mm diameter plastic petri
dish. Six peripheral wells, 2 mm in diameter, were spaced 2 mm apart around a central
well. The antiserum absorbed with healthy leaf sap was added into the central well.
Saps of the infected and healthy rice leaves, and extracts of viruliferous and virus-free
planthoppers were clarified by stirring with 20% of CCl, and by one cycle of differential
centrifugation for 15 min at 10,000 Xg and for 2 hr at 140,000 X g, and used as antigens.

Infectivity neutralization test. Immunoglobulin (IgG) was purified from the an-
tisera to RGS and to bean common mosaic virus (BCMV)'® by ammonium sulfate pre-
cipitation and DEAE-cellulose column chromatography. The infected-rice leaf sap was
clarified by differential centrifugation and mixed with the same volume of IgG or 0.15
M sodium chloride. The mixture was injected into the abdomens of second or third-
instar nymphs by using fine glass capillaries. These insects were fed on healthy rice
seedlings for 12 days and individually allowed a 2-day inoculation access period on test
seedlings.

ELISA. The procedures essentially followed the method described by Clark and
Adams?. Extraction buffer and assessment of the reaction described by Hibino and
Kimura were applied®?. Micro-ELISA Immuron Plates (Cooke Laboratory Products, CK
223-24) were used, and the appropriate concentrations of coating ¢-globulin and -
globulin-alkaline phosphatase conjugate for detecting RGS-associated filaments in virulif-
erous insects were 1.25 ug/ml and 1/800 dilution, respectively. Absorbance at 405 nm
below (.07 was considered negative.

Results

Electron microscopy of purified filaments
The filamentous particles 6-12 nm in width and indeterminate host components were
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Fig. 2. Reactions between antiserum to the
filaments (AS), and the infected
rice sap (A), purified filamentous
nucleoprotein (B), extract of vir-
uliferous N. lugens (C), 0.15 M NaCl
(D), extract of virus-free N. lugens
(E), and healthy plant sap (F) in
agar gel diffusion test.

Fig. 1. Electron micrograph of the filaments
in a purified fraction stained with
uranyl acetate. Scale bar represents
100 nm.

observed in the preparations of the purified fraction (Fig. 1). The filamentous par-
ticles showed a frizzly loop-like structure.
Agar gel double diffusion test

Single reaction bands were produced between the antiserum and the wells with ex-
tracts of the infected leaves and viruliferous planthoppers, and purified filamentous nu-
cleoprotein (Fig. 2). These bands fused each other. The antiserum did not produce
reaction bands with the extracts of healthy leaves and virus-free insects.

Infectivity neutralization test

Mixtures of RGS-infected leaf sap with 0.15 M sodium chloride or IgG to BCMV
were infective in the injection test. While, infected leaf sap mixed with IgG to RGS-
associated filaments lost its infectivity (Table 1).

Detection of filaments by ELISA

RGS-associated filaments were detected in extracts of viruliferous—planthopper popu-

Table 1. Effects of immunoglobulin to grassy stunt associated filaments (RGSV)
or bean common mosaic virus (BCMV) on infectivity of grassy stunt-
infected leaf sap?’

Infected leaf sap mixed with Planthoppers transmitting/injected (No.)
0.15 M NaCl 6/20
Anti-BCMV (1 mg/ml) 6/16
do (0.1 mg/ml) 21/46
Anti-RGSV (1 mg/ml) 0/18
do (0.1 mg/ml) 0/22

a) The infected leaf sap was mixted with immunoglobulin (1:1 in volume) and injected

into the abdomen of brown planthopper nymphs. The injected brown planthoppers
were tested for infectivity.
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Fig. 3. Reactions of extracts of viruliferous (——) Dilution (times)
and virus—free (- ) N. lugens in ELISA. Fig. 4. Reactions of extracts of rice
Sixty four individuals were homogenized grassy stunt-infected (@) and
with 2 ml of extraction buffer and the healthy (O) rice leaves in
homogenate was diluted sequentially 4 times. ELISA.

Male=@®, female =Q.

lations (one planthopper per 0.5 ml) even when they were diluted 16 times in ELISA
(Fig. 3). Absorbance at 405 nm obtained from viruliferous females was higher than that
from viruliferous males. Extracts of virus-free planthoppers gave negative reactions.

The filaments in extracts of RGS-infected rice leaves were detected up to 1/100,000
dilution, while extracts of healthy leaves did not give positive reaction (Fig. 4). Ex-
tracts of rice leaves infectes with the other rice viruses and mycoplasma-like organism,
such as dwarf, ragged stunt, stripe, yellow dwarf and waika, gave negative reactions
(Table 2). The purified filamentous nucleoprotein reacted positively even when the
fraction was diluted to As=1.0X1075.

Table 2. Reactions of extracts of rice leaves infected with rice viruses or mycoplasm-like
organism in ELISA

Ayos of leaf extracts in ELISA

Leaf extracts Dilution (times)
10 100 1,000 10,000
Grassy stunt 1.06 1.03 0.82 0.12
Dwarf 0.05 0.05 0.04 0.04
Ragged stunt 0.05 0.05 0.04 0.05
Stripe 0.05 0.05 0.05 0.04
Yellow dwarf 0.05 0.05 0.05 0.05
Waika 0.05 0.05 0.04 0.04
Healthy 0.05 0.05 0.05 0.04
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Detection of the filaments from stored planthoppers and rice leaves

Infective planthoppers were stored at 25 C, 5 C or —20 C for 11 or 31 days, and then
their extracts were individually tested by ELISA. All infective planthoppers stored
gave positive reactions (Table 3). A lower absorbance was observed in the extracts of
insects stored at higher temperatures for a longer period of time. Especially the values

were much lower in extracts of some males stored at 25 C.

Table 3. Effects of storage at 25.5 and —20 C for 11 or 31 days on detection of rice
grassy stunt-associated filaments in the infective brown planthoppers by ELISA

Average Ays of extracts in ELISA®
Temperature 11 days’ storage 31 days’ storage

Male Female Male Female

25 C 0.16 0.70 0.10 0.45
(0.11-0.21)®» (0.18-1.07) (0.08-0.14) (0.14-0.79)

5C 0.64 1.18 0.34 0.91
(0.37-0.89) (1.11-1.25) (0.19-0.65) (0.48-1.12)

—-20 C 1.13 1.39 1.12 1.19
(1.20-1.40) (1.37-1.40) (0.91-1.24) (0.54-1.30)

a) A total of 6-8 brown planthoppers was individually homogenized with 0.5 ml of
extraction buffer and the homogenate was tested by ELISA. Extracts of virus—free
insects which had been stored under the same conditions gave Ags values <0.05.

b) Numbers in the parenthesis indicate range.

Table 4. Effects of storage at —80C or at room temperature for 4 months on detection
of rice grassy stunt-associated filaments in grassy stunt-infected rice by ELISA.

Ays of extracts in ELISA
Rice leaves stored at Dilution (times)
10 100 1,000 10,000 100,000

—80 C

infected 1.31 1.30 1.25 0.81 0.40

healthy 0.06 0.05 0.04 0.05 0.05
Room temperature ,

infected 1.18 1.08 0.56 0.12 0.06

healthy 0.04 0.04 0.04 0.04 0.04
Fresh

infected 1.32 1.30 1.24 0.45 0.34

healthy 0.06 0.05 0.05 0.05 0.05

Extracts of RGS-infected rice leaves stored at —80 C for 4 months reacted similarly
to those of fresh leaves (Table 4).
ature for 4 months gave positive reaction up to 1/10,000 dilution.

Detection of the filaments in individual planthoppers

Extracts of infected leaves stored at room temper-

Infectivity of individual planthoppers was tested and the planthoppers were then
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Table 5. Relations between infectivity of the brown planthoppers and the intensity of reactions
of their extracts in ELISA

Number of insects

Ay values in ELISA Infective® ' Noninfective®’ Virus-free®
Male Female 1 Male Female Male Female
0.00-0.07 0 0 3 19 14 14
0.07-0.2 1 1 26 0 0 0
0.2 -0.4 0 0 0 0 0 0
0.4 -0.6 0 0 1 1 0 0
0.6 -0.8 0 1 0 0 0 0
0.8 -1.0 9 1 3 2 0 0
1.0 - 10 19 1 7 0 0

a) Insects allowed a 7 day acquisition access period were fed on healthy seedlings for 5
days and tested for their infectivity in a 2 day inoculation access period.
b) Insects not allowed to feed on a grassy stunt-infected rice plant.

Table 6. Detection of rice grassy stunt-associated filaments in immigrant brown
planthoppers collected at various locations in 1982 by ELISA

Total number of No. of batches that
Location Methods of collection
insects tested? reacted in ELISA
Chikugo, Fukuoka Aspirator 212 0
Isahaya, Nagasaki Light trap 657 1
East China Sea® Airborne net trap 257 0

a) Two to five insects were tested in a batch.
b) Collected in weather observatory station at N 37°30/, E 127° on the East China Sea.

separately homogenized with 0.5 ml of extraction buffer for ELISA. Extracts of all in-
fective planthoppers gave positive reactions (Table 5). Extracts of many noninfective
planthoppers gave A,y values <0.2, while some of them gave values >0.8. All virus-
free insects gave negative reactions. In the planthoppers fed on a infected rice plant,
81% of the insects gave positive reactions by ELISA and 40% of them were infective.

Detection of filamenis in immigrant planthoppers

Two to five planthoppers in a group were homogenized with 0.5 ml of extraction buff-
er and the extracts were tested by ELISA. A total of 1,126 planthoppers was tested
and only one sample containing two planthoppers reacted positively (Table 6).

Discussion
Association of isometric'® and filamentous® particles with RGS has been reported.
In these experiments, the fraction obtained by basically following the purification pro-

cedures for the isometric particles’ were found to contain filamentous particles similar
to the circular filamentous nucleoprotein reported by Hibino ef al.®. Isometric particles

NI | -El ectronic Library Service



The Phyt opat hol ogi cal Society of Japan

Ann. Phytopath. Soc. Japan 51 (4). October, 1985 457

were not observed in the fractions. The antiserum to the purified fraction specifically
reacted to the extracts of RGS-infected leaves and -viruliferous planthoppers. The an-
tiserum also reacted to the purified filamentous nucleoprotein. The antibody neutral-
ized the infectivity in extracts of RGS-infected rice leaves. These results support the
findings of Hibino ef «l.® indicating that filamentous nucleoprotein may correspond to
the grassy stunt disease agent. It is evident that the major antigen in the purified
fractions was the filamentous nucleoprotein which was referred to as “rice grassy stunt
virus” (RGSV)?,

Although the purified “filament fractions” contained some cellular components, the
antiserum obtained could be used for ELISA. Our study indicates that ELISA is a
very efficient test for the detection of “RGSV” in the infected plants and viruliferous
insects. The infectivity test can be applied for the identification of RGSV-carrying
planthoppers, but it is laborious and time-consuming, and requires living planthoppers.
ELISA is adequate for a large number of samples, and applicable to dried and stored
samples. Latex flocculation test has been reported as a simple and efficient method of
serodiagnosis for RGSV'?, Although this test is easier to perform and requires less
than 1 hour to detect the virus, it is less sensitive than ELISA and not quantitative.

Some planthoppers gave a high ELISA value but did not transmit the causal agent.
Similar phenomena have been reported in the other rice virus diseases?5:11:19,

In the 1982 trial, RGSV-carriers accounted for 0.1% of the immigrant populations
collected. This finding is in agreement with the results of infectivity tests obtained
using immigrant brown planthoppers in 1979-1983. These results suggest that RGSV
is apparently brought to Japan through brown planthopper migration every year. The
immigration occurs in Kyushu every year in June-July when rice is at the seedling or
early tillering stages. It is not surprising that only 0.1% of the immigrants caused
RGSV problems in Kyushu, because a great number of immigrants fly over Kyushu
each year. Sometimes more than a thousand immigrants were caught by light trap in
one night at Kagoshima or Nagasaki. In such cases, many catches can be homogenized
in batches and the presence of one RGSV carrier in the batch can be detected in
ELISA®,

The authers wish to thank Dr. H. Hibino, the International Rice Research Institute, Philippines,
for review and criticism of this manuscript.
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AIFEA - PIFIEN] - B W RS TUAE: (BELISA) Itk A vy vABLUA 20004 27
Sy Y —RR VT4 ZDKH

AFT Ty V=RV OA WVREYIKTED DB 6-12nm OO ST 2L, HmEE/E L 7, 5K
KA VN ZEILGEIC X TG OMARA T~ & C A, FEYOKE, G554 oo v ABRIEB XU
Hibino et al. (1985) ®FH:THi{kL 7 filamentous nucleoprotein & BEMICIIEL , THEHRIZEA L 72,0
ABMED S WU v~ a7 ) vid, BREARO BGtshilicz. OOIRETR, BEEATRE
(ELISA) ic & » ¢ 1 fEk/ 8ml & THHIR U 7o MR BRI D BRIV 6 X O 1075 ICTFB U 7o BYLTE A &
M &, MR B X ORATEE D SN SN o 7o FifkL 7 filamentous nucleoprotein %,
Apee=1.0x10"% iITFHIRL 728544 ELISA TIUEBHED SNtz 25CTIHHAGEL RN RB X UEIT

A DAL o IE S LT H - 7208, HEEREL X ORI MR & Ml 32 & BUMTE T U oo S8
o @EINCEA O ERE ELISA TORGAER~NIE T A, & ITEHTH - 7-84K13240%, ELISA 2385
YT DD SNIED - 7R IZ41%, LB TH - BUKIZI9% Th - 720 19824F1C1, 1268RD g4
MHrEA Y Y HAEMLT ELISA 1L - TAYA VADREDOERAERTE L 720 BHEO KGHE S his
R 15 (390.1%) Th - 720
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