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INTRODUCTION

Rice dwarf virus is transmitted by leafhop-

pers, Nephotettix cincticeps UHLER, Nephotet-

tix apicalis MOTSCHULSKY, and Inazuma 

dorsalis MOTSCHULSKY in Japan. There are 

some evidences that this virus can be 

transmitted from viruliferous female adults 

to their progenies through ovaries (FUKUSHI, 

1933, 1936; NASU, 1963).

The particles of rice dwarf virus are about 

70mƒÊ in diameter and have been supposed 

to be icosahedron in shape (FUKUSHI, SHI-

KATA, KIMURA and NEMOTO, 1960; FUKUSHI 

and SHIKATA 1963a; HOSAKA, YOKOSEKI 

and SHIKATA, 1963). The particles have 

been shown to exist in cells of the fat body, 

intestine, Malpighian tubules, ovarioles, 

hemocoels and salivary glands of the vectors 

(FUKUSHI, SHIKATA KIMURA, and NEMOTO, 

1960; FUKUSHI, SHIKATA and KIMURA, 

1962; FUKUSHI and SHIKATA, 1963b). 

However, the processes of multiplication of 

this virus in the above mentioned organs, 

and of transovarial passage of this virus 

have not yet been demonstrated electron 

microscopically.

The author has studied the processes of 

transovarial passage as well as of multipli-

cation of this virus in viruliferous individuals 

of the green rice leafhopper, N. cincticeps. 

This paper reports the results of some 

electron microscopic observations which were 

made during the course of this study.

MATERIALS AND METHODS

All viruliferous leafhoppers used in this

study had virus transmitted from their 
mothers through their ovaries. Before use 
their infectivity was ascertained by the 
method of NASU (1961), in which the 
leafhoppers were placed in separate tubes 
containing healthy rice seedlings, and appear-
ance of symptom of rice dwarf on the 
seedlings was observed. Non-viruliferous 
leafhoppers used as control had previously 
been ascertained not to transmit the disease 
by the same method (NASU, 1961) for 
successive six generations.

Organs to be examined were taken from 
leafhoppers under binocular dissecting micro-
scope, and were fixed in a buffered osmium 
tetroxide solution. These organs were 
dehydrated in graded dilutions of ethyl 
alcohol, embedded in Epon 812 by LUFT'S 
method (PEASE, 1960) and sectioned by means 
of a JUM-5A ultramicrotome equipped with 

glass knives. Ultrathin sections were stained 
with uranyl acetate and lead acetate, and 
examined by a Hitachi HU-11 electron 
microscope. The ferritin conjugated antibody 
of rice dwarf virus was provided by the 
method of TAWDE and SRI RAM (1962).

RESULTS

Observations on ovarioles
One side of an ovary of N. cincticeps 

consists of about ten ovarioles (NASU, 1963). 
Ovarioles of leafhoppers are telotrophic ones 
as shown in Text-Fig. 1, and can be divided 
histologically into three zones, germarium, 
follicular cells, and pedicel. In the germarium 
many nurse cells are found, and nurse fibers 
extend to oocytes from the nurse cells. The 
oocytes are surrounded by a layer of the
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Text-Fig. 1. Diagrammatic representation of an ovariole (telotrophic type) of N. cincticeps 

as seen in longitudinal section, illustrating the major zones. The ovariole was divided 

into several zones on the basis of its histological and cytological features according to 

NASU (1963). Part A to part I: refer to electron micrographs. Numbers showing the 

hours elapsed after emergence, at 25•Ž. Ch, chorion; CP, chorion forming period; Fc, 

follicular cells; Gr, germarium; Gv, germinal vesicle; My, mycetocyte; Nr, nurse cells; 

Nf, nurse fiber; Oc, oocyte; Pd, pedicel; Yo, yolk; YP, yolk forming period.

follicular cells. Mycetocytes are located at 
the place in which the layer of follicular 

cells comes into contact with pedicel.
Nurse cells: Electron micrographs of the 

nures cell corresponding to part A in Text-
Fig. 1 are shown in Plate 1 , Figs. 1 and 2. 
There are many bacteroids as masses in 
nuclei of the nurse cells, and some dispersed

in the cytoplasm and between the nurse 

fibers. These bacteroids seem to be symbiotic 

in nature, and are about 3ƒÊ in length, 0.5ƒÊ

in width. Furthermore, there are some 

electron-dense areas in the cytoplasm which 

consist of some bacteroid symbiotes and 

multiplex membrane structures or lamellar 

structures surrounding them.
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No differences were found between viruli-

ferous leafhoppers and non-viruliferous ones 

in these ultra-structures of the nurse cells. 

In the viruliferous leafhoppers, however, 

many virus-like small particles were seen in 

the electron-dense areas especially near by 

the structures of multiplex membrane, 

whereas the virus-like small particles were 

not seen in the non-viruliferous leafhoppers.

A centrally dark area of the virus-like 

small particle was 25-30mƒÊ in diameter. It 

was surrounded by substances with lower 

electron density, so that the whole size of 

one particle reached to 50mƒÊ in diameter.

Oocytes: Ultrastructures of a portion of an 

oocyte corresponding to part B in Text-Fig.1 

are shown in Plate 2, Figs. 3 and 4. The 

electron micrographs show that the nuclei 

or the germinal vesicles and the cytoplasm 

have bacteroid symbiotes already in an early 

stage of oocytes. Electron-dense areas which 

consist of bacteroid symbiotes and multiplex 

membrane structures can also be found in 

the cytoplasm of oocytes. Many virus-like 

small particles were found in these electron-

dense areas of the viruliferous leafhoppers, 

but not in those of non-viruliferous ones.

Follicular cells: Ultrastructures of follicular 

cells corresponding to parts C and D in 

Text-Fig. 1 are shown in Plate 3, Figs. 5 

and 6. The electron micrographs show the 

follicular cells and oocytes with developing 

yolk bodies in viruliferous leafhoppers. There 

are many granules with high electron density 

in the cytoplasm. Microvillids are connecting 

follicular cells to oocytes. In the peripheral 

ooplasm of oocyte there can be observed 

many pinosomes, mitochondria, Golgi com-

plexes, and bacteroid symbiotes. No differ-

ence of these ultrastructures was found 

between the viruliferous leafhoppers and 

non-viruliferous ones at least up to the 

present.

Pedicel of ovariole: Plate 4, Figs. 7 and 8 

illustrate an area corresponding to part E 

in Text-Fig. 1. In the cytoplasm of the area 

there are large masses of bacteroid symbiotes 

which compose electron-dense areas (Plate 4, 

Fig. 7). Multiplex membrane structures are 

found also in these electron-dense areas with

many virus-like small particles in viruliferous 

leafhoppers (Plate 4. Fig. 8), and without in 

non-viruliferous ones.

Mycetocyte of ovariole: In each ovariole a 

mycetocyte is found at the place in which 

the layer of follicular cells comes into 

contact with the pedicel. Ultrastructures of 

a portion of the mycetocyte which cor-

responds to part F and part G in Text-Fig. 1 

are shown in Plates 5 and 6. The 

cytoplasm of the mycetocyte contains two 

kinds of spheroids with about the same size 

of 5 to 6ƒÊ in diameter and having different 

features. One spheroid is low in electron 

density and hereafter designated as "L-

symbiotes", whereas the other spheroid is 

high in electron density and hereafter 

designated as "H-symbiotes", although these 

spheroids has not yet been identified as any 

kinds of symbiotes.

Each L-symbiote is filled with numerous 

minute granules of 10-15mƒÊ in diameter, 

and usually has an electron-dense area of a 

round shape with no structures. The surface 

of each L-symbiotes is surrounded by two 

layers of membrane structures with minute 

fibers (Plate 8, Fig. 16) and a few big inva-

ginations (Plate 6) in it.

Each H-symbiote also has numerous 

minute granules and some areas of their 

condensations, and has a membrane struc-

ture similar to the membrane of an endo-

plasmic reticulum. The surface of H-symbi-

otes consists of two layers membrane, under 

which another limited membrane exists. The 

membranes have some invaginations.

Both of H- and L-symbiotes increase in 

numbers, and fill up the cytoplasm of 

mycetocyte which soon migrates into oocytes 

of the yolk forming stage.

As shown in Plate 6, Fig. 12, the viruli-

ferous leafhoppers have electron-dense areas 

with the virions and virus-like small particles 

in the cytoplasm of their mycetocytes, 

whereas non-viruliferous ones have similar 

area whithout virions and virus-like small 

particles. The areas seem to come together 

with H- and L-symbiotes probably from 

the hemolymph in which they may exist in-

dependently.
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Mycetocyte in oocyte: Plate 7, Figs. 14 and 
15 show a portion of the mycetocyte in an 
oocyte corresponding to part H in Text-Fig. 
1. As shown in these figures virus particles 
are found on or between the membrane 
structures of L-symbiotes.

Electron micrographs of the viruliferous 
mycetocyte during the chorion-forming 

period are also shown in Plate 8, Figs. 16 
and 17 which represent part I in Text-Fig. 
1. The rice dwarf virus particles can be 
found on the surface of L-symbiotes or 
between the neighboring symbiotes.

The method of TAWDE and SRI RAM 

(1962) in immune electron microscopy was 
used to demonstrate the rice dwarf virus 

particles. Upon treating the sample of viru-
liferous oocytes with the 1:1000 of CF titer 
antiserum of rice dwarf virus conjugate with 
ferritin, the precipitate particles of ferritin 
were gathered at the virions on the surface

of L-symbiotes as shown in Plate 8, Fig. 

17. This reaction shows that the virions 

are antigenic to the antiserum of rice dwarf 

virus, and this clearly proves that the virions 

on the surface of L-symbiotes are the rice 

dwarf virus particles.

Observation on developing embryos

The duration of egg stage of N. cincticeps 

ranges from 240 to 285 hours at 25•Ž, having 

the mode value of 260 hours (NASU, 1963). 

The embryonic development is illustrated 

schematically in Text-Fig. 2. Ultrathin 

sections of the embryos at different develop-

mental stages as shown in Text-Fig. 2 were 

provided with eggs derived from the 

viruliferous parents. The examination of 

the ultrathin section showed that the virions 

were always in mycetomes.

An area of the mycetome at the blasto-

derm-stage embryo corresponding to part 

A in Text-Fig. 2 is shown in Plate 9, Figs.

Text-Fig. 2. Diagram showing the embryonic development of N. cincticeps at 25•Ž. 

AES, anaphase of eye pigmentation stage; Bd, blastoderm; BkS, blastokinetic 

stage; BdS, blastoderm stage; Br, brain; Ch, chorion; Fb, fat body; GbS, germband 

stage; Gb, germband; MES, metaphase of eye pigmentation stage; Mp, Malpighian 

tubules; My, mycetome; Op, oesophagus; Ro, rostrum; Sg, salivary gland; VC, 

ventriculus; Yo, yolk.
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18 and 19. L- and H-symbiotes are found 
simultaneously in each cell of the mycetome 
at this stage. The virions are found on the 
surface of L-symbiotes. As shown in Plate 
10, Figs. 20 and 21, which represent part B 
in Text-Fig. 2, the virions are still on the 
surface membrane of L-symbiotes in the 
mycetome at the blastokinetic stage, though 
L- and H-symbiotes live no longer in the 
same cell at this stage.

In the mycetome of further developed 
embryo (metaphase of the eye pigmentation 
stage), a considerable number of virions are 
found also in cells which contain H-sym-
biotes. This is shown in Plate 11, Figs. 22 and 
23 which represent part C in Text-Fig. 2.

The mycetome of the embryo after the 
eye pigmentation stage has an increased 
number of rice dwarf virus particles in 
electron-dense areas of the cytoplasm, and 
other virus-like small particles, as shown in 
Plate 12, Figs. 24 and 25 which represent 

part D in Text-Fig. 2. There are still yolk 
bodies in the abdomen of the embryo at this 
age (Plate 13, Figs. 26-28, corresponding to 

part E in Text-Fig. 2). Between the yolk 
bodies are many bacteroid symbiotes in-

creasing in number and making electron-

dense aeras in which a number of virus-like 
small particles can be recognized.

Observations on nymphs and adults

Mycetome: A pair of mycetomes are 
found in the abdomen of each nymph and 

adult of N. cincticeps. The internal morpho-
logy of the mycetome of succeeding stages 

during the post-embryonic development is 
illustrated with male leafhoppers in Text-

Fig. 3. The mycetome consists of four 

different layers of cells, external, interme-
diate, internal, and central ones. The ex 

ternal layer is a monolayer of uniform cells. 

H-symbyotes are found in cells of the 
intermediate layer, and L-symbiotes in those 

of the internal layer. The central layer is 
derived from the internal layer as a zone of 

bacteroid symbiotes which are increased in 
numbers with the progress of development 

of the insect.

As shown in Plate 14, Figs. 29 and 30 
which represent parts A and E of Text-Fig. 

3, there are many bacteroid symbiotes with 
different sizes and shapes in the cytoplasm 

of central layer cells. These symbiotes seem 
to be the same bacteroid symbiotes as those

Text-Fig. 3. Diagram showing mycetome during post-embryonic development of N. 
cincticeps. Cl, central layer (mycetocytes containing bacteroids); EL, external layer; 
ML, intermediate layer (mycetocytes containing H-symbiotes); IL, internal layer 

(mycetocytes containing L-symbiotes).



230 Japanese Journal of Applied Entomology and Zoology Vol.9, No.3

observed in the other organs, on which 
descriptions have already been given. The 
difference in shape of bacteroid symbiotes 
in Plate 14 may be due to their polymor-

phism which occurs only in the abdominal 
mycetomes of leafhoppers.

The rice dwarf virus particles could be 
found in cells of external, intermediate, and 
internal layer. They were found always in 
electron-dense areas of the cytoplsm in these 
cells. Sometimes many virus particles were 
seen in a state of crystalline aggregate. The 
situations are illustrated in Plate 15, Figs. 31 
and 32 which represent part B of Text-
Fig. 3 as well as in Plate 16, Figs. 33 and 
34 which represent parts C and D of Text-
Fig. 3 and a part of the central and internal 
layers in viruliferous leafhoppers.

Fat body: In the cytoplasm of fat body 
cells of viruliferous leafhoppers, the rice 
dwarf virus particles are found in electron-
dense areas containing bacteroid symbiotes 

(Plate 17, Figs. 35 and 36). The virions are 
also found in other areas than the electron-
dense areas in a free state, and they are in 
a linear arrangement accompanied by a 
sheath-like substructure (Plate 18, Figs. 37-
39).

Alimentary canal: Plate 19, Figs. 40-42 
show a small area of the third ventriculus 
of a viruliferous leafhopper. As shown in 
the figures, many virions are in electron-
dense areas of the cytoplasm of epitherial 
cells, and in the inside of intestinal canal.

Some virions passing through the microvilli 
of the third ventriculus are found. Since the 
linear arrangement of virions are found 
more frequently near by epitherial cells in 
which the electron-dense areas and virions 
are numerous, the virions in the linear ar-
rangement seem to be entering to the inside 
of the canal from the epitherial cells.

Malpighian tubules: As shown in Plate 20, 
Figs. 43-45, the virions and virus-like small 

particels are found in electron-dense areas 
in the cytoplasm of Malpighian tubules of 
viruliferous leafhoppers. Some virions in 
linear arrangement are found out of the 
electron-dense areas.

Salivary glands: One side of salivary gland

of N. cincticeps, consists of more than five 
types of secretory lobes, an accessory gland,

Text-Fig. 4. Diagrammatic representation of a 
salivary gland of N. cincticeps, illustrating the 
major lobes. Lobes were distinguished on the 
basis of its cytological features according to 

NASU (1963). The salivary gland of adult 
leafhopper consists of more than 30 cells, 
which belong to five different groups which 
are distinguished from each other by their 

morphological characteristics. The cells of 
type I and II are milky white, and are located 
on the dorsal side of salivary gland. Type III 
includes six large cells characterized by many 

vacuoles in their cytoplasm. The ventral side 
of the salivary gland consists of milky white 
cells of type IV and V. The cells of type I 

and II are considered to be mucous glands and 
those of type III may be serous glands, while 
those of type IV and V seem to be storage 
cells.

and a salivary duct (Text-Fig. 4). In salivary 

glands, as in the other organs, the rice 
dwarf virus particles are found in electron-
dense areas which contain bacteroid sym-
biotes. Virus-like small particles are also 
found there. The virions and virus-like 
small particles in a free state are also found 
in the cytoplasm of the cells in this gland. 
They are illustrated in Plate 21, Figs. 46 
and 47 and Plate 22, Figs. 48 and 49. In the 
serous gland (corresponds to part C in Text-
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Fig. 4), however, the virions are found in 
electron-dense areas, as well as on membrane 
structures which are specific to this gland 
in an aggregate state (Plate 22, Fig. 48).

DISCUSSION

Several plant viruses such as rice dwarf 
virus, rice stripe virus, hoja blanca virus, 
and clover club-leaf virus, have been reported 
to be transmitted transovarially (FUKUSHI, 
1933; SHINKAI, 1962; Administracion de 
Estabilizacion del Arroz, 1959; BLACK, 1948). 
Rice dwarf virus can be transmitted trans-
ovarially in N. apicalis, N. cincticeps, and I. 
dorsalis (FUKUSHI, 1933, 1939; NASU, 1963).

The author has studied the mechanism of 
this transovarial passage. Based upon the 
experimental results, following three ways 
of virus invasion into the oocytes in ovarioles 
of N. cincticeps are thought to be possible.

1). Viruses enter the oocytes accompanied 
by the cytoplasm and other materials when 
they are supplied from the nurse cells of 

germanium into the oocytes through the 
nurse fibers.

2). Viruses enter the oocytes accompanied 
by yolk and other substances when they are 
supplied from the follicular cells through the 
microvilli.

3). Viruses enter the eggs accompanied 
by the mycetocyte of ovariole.

The first possibility has not been proved, 
although virus-like small particles were found 
in electron-dense areas of the cytoplasm 
in nurse cells and oocytes in viruliferous 
leaf hoppers as shown in Plate 1 and 2, but 
not in non-viruliferous leafhoppers. The 
virus-like small particles are specific to the 
viruliferous leafhoppers, and may have some 
intimate relations to the virus disease.

No evidence to support the second pos-
sibility have been obtained in this study, 
and further studies are needed to prove 
this possibility.

The third possibility seems to be proved 
in the figures of Plate 4 to 8, which demon-
strate the affinity of virus particles to the 
surface of L-symbiotes, and suggest the 
transportation of virus particles into oocytes

by mycetocytes.
As shown in Plate 6, L- and H-symbiotes 

increase in numbers in the mycetocyte of 
ovariole. Since L- and H-symbiotes gather 
around the processus lateralis of mycetocyte 
as shown in Plate 5, the increase seems to 
be due to the immigration of the symbiotes 
which have been in a free state in the 
hemolymph selectively into the mycetocyte. 
When L- and H-symbiotes increase in 
numbers, electron-dense areas containing the 
rice dwarf virus particles and virus-like 
small particles appear in the mycetocyte 
simultaneously. They may be attributable 
to the immigration of symbiotes from the 
hemolymph, and this immigration is impor-
tant for an infective process of the myceto-
cyte by the virus. Otherwise the virus 
might already exist in the particular cells of 

pedicel (Plate 4) before L- and H-symbiotes 
immigrated, although this possibility has no 
evidence.

When the mycetocyte is filled with L- and 
H-symbiotes, the rice dwarf virus particles 
attach to the surface of L-symbiotes. Then 
a part of the mycetocyte which contains the 
symbiotes and virus particles enter into the 
neighboring oocyte. This immigration of 
the mycetocyte is the only evidence which 

prove infective process of the oocytes by 
virus. And this infection of oocytes by virus 
results in transovarial passage of virus 

particles from mother insects to their proge-
nies (Plates 7, 8). The virus particles which 
are brought into oocytes in this way, 
multiply in the cytoplasm of the embryonic 
mycetome during the embryonic development 
as shown in Plate 9 to 12.

In germinal cells of developed embryos, 
electron-dense areas appear with many 
virus-like small particles. Especially in yolk 
cells of embryos at anaphase of the eye 

pigmentation stage, there develop many 
electron-dense areas which contain a number 
of bacteroid symbiotes with numerous virus-
like small particles (Plate 13), though no 
information which illustrates the relation 
between these virus-like small particles and 
the rice dwarf virus is available. Whether 
or not these small particles are derived
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from the small particles which already 

existed in young oocytes of virulif erous 

ovariole (Plate 2) is uncertain.

An interesting fact is that the incubation 

period of the virus required in newly infect-

ed leafhoppers of N. cincticeps well coincides 

with the period between the immigration of 

mycetomes into oocytes and the transmission 

of the virus by the nymphs growing from 

the virulif erous embryos.

After hatching nymphs originating from 

the virulif erous embryos generally take some 

days before becoming to transmit the virus 

to healthy rice plants. The mean duration 

in both of females and males are 5.43•}1.85 

days and 4.32•}1.93 days respectively, 

ranging from 0 to 12 days at a constant 

temperature of 25•Ž. Non-viruliferous 

leafhoppers, however, take a longer period 

of about 18 days they become infective to 

healthy rice plants after feeding on diseased 

rice plants. In this case the incubation period 

ranges from 8 to 35 days, with the mean 

values of 19.17•}2.52 days and 17.04•}2.34 

days in females and males respectively. 

This period of about 18 days is called the 

incubation period of the rice dwarf virus in 

N. cincticeps.

If the same length of time is necessary 

for the completion of incubation period in 

the transovarially infected leaf hoppers the 

virus should have been into the oocytes 

about 13 days before they hatched out. The 

oocytes corresponding to the above stage 

should be in ovarioles in their mother leaf-

hoppers, because the eggs of N, cincticeps 

usually hatch within 10 days after oviposi-

tion. Thus regressively calculated stage of 

the oocytes coincides with the early stage 

of yolk formation in oocytes and at this 

stage the mycetocyte containing the virus 

particles has been proved to enter into the 

oocyte (Plate 7).

FUKUSHI and KIMURA (1959) and FUKUSHI, 

SHIKATA and KIMURA (1962) reported that 

virus particles which are uniform in size 

and shape have been shown to exist in cells 

of the fat body, intestinal epithelium, sali-

vary grands, and Malpighian tubules of 

viruliferous N. cincticeps. They concluded

that these are the causative particles of the 
rice dwarf disease, illustrating some of the 
localizations in electron micrographs. Rice 
dwarf virus particles have been demonstrated 
in ovarioles as well as in salivary glands of 
virulif erous leafhoppers (FUKUSHI and SHI 
KATA, 1963b). SINHA and BLACK (1963) 
have repoted in their serological studies that 
wound-tumor virus can be detected in the 
hemolymph, fat body, intestine, ovary, and 
salivary glands, but not in Malpighian 
tubules and testis of Agallia constricta.

It is evident that in addition to those 
organs described above, rice dwarf virus also 
multiply in mycetomes and salivary glands 
of N. cincticeps.

In all organs in which the virus or virus-
like small particles are found, the small 

particles seem to multiply in electron-dense 
areas composed of bacteroid symbiotes. 
Though the small particles are found only 
in viruliferous leafhoppers, the electron-
dense areas without any particle are found 
also in non-virulif erous individuals. So the 
electron-dense areas can not be the structures 

proper to the virulif erous leafhoppers but 
may be some relating structures to bacteroid 
symbiotes.

The multiplex membrane structures ob-
served in the electron-dense areas may be 

produced by the host cells and play some 
important roles in producing materials 
essential to both or one of the symbiotes 
and host cells. It is likely that the structures 
offer some particular places essential to the 
multiplication of rice dwarf virus. Spindle 
tubules which were observed in the case of 
reo virus (DALES, GOMATOS and HSU, 1965) 
have not been found in this obervation at 
least up to the present time.

The bacteroid symbiotes exist already in 
oocytes of early stages (Plate 2), and they 
are also found in the nuclei of cells in the 
mycetocytes of ovarioles (Plate 6). This 
fact suggests that bacteroid symbiotes have 
at least two ways of transovarial passages, 
the one is a direct invasion of the symbiotes 
into young oocytes, and the other is a course 
accompanying with the migration of myceto-
cytes.
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A large number of bacteroid symbiotes 

are found in nuclei, although some are also 

in cytoplasm of the cells. It is probable that 

nuclei lose their functions and may be trans-

formed into the electron-dense areas (Plate 

4) after the nuclei are filled with the 

symbiotes (Plate 1). If this conception is 

correct, then the electron-dense areas [in 

cells of N. cincticeps may have some ma-

terials and structures originating from the 

nuclei.

There are many bacteroid symbiotes with 

different shapes in the central layer of 

mycetome (Plate 14). These symbiotes seem 

to be the same bacteroid symbiotes as 

observed in the other organs. The different 

forms and sizes may be due to their morpho-

logical variations which occur only in the 

central layer of the mycetome as a poly-

morphism.

NASU (1963) reported that 71.43% of viruli-

ferous N. cincticeps showed some morpho-

logical abnormality in the central layer 

of their mycetomes. It was demonstrated 

electron microscopically that the ab-

normality in the central layer of mycetomes 

is due to insufficient multiplication of the 

bacteroid symbiotes in it. No reason of the 

insufficient multiplication of the symbiotes 

is known, although the virus tends to be 

considered to play some important role in 

this phenomenon.

As shown in Plate 14 to 16, N. cincticeps has 

two other sorts of symbiotes, H-symbiotes 

in the intermediate layer and L-symbiotes 

in the internal one of mycetome. They seem 

to be identical symbiotes which were called 

"Risensymbionten" by BUCHNER (1953) . 

They are not uniform in shape in the 

mycetomes of nymph and adult leafhoppers 

(Plates 15, 16). In the mycetocyte of ovariole, 

however, they are relatively uniform in 

shape and have spherical outline. Their 

sizes are also uniform and are 5 to 6ƒÊ in 

diameter (Plate 6). The formers in myce-

tomes of the abdomen (Plates 14-16) may be 

in their multiplication stage, and the latters 

in mycetocytes of ovarioles may be of their 

migrant forms (Plate 6).

From the above observations it is assumed

that the symbiotes of their multiplication 

stage may be transformed into the migrant 

forms, then migrate into hemolymph in a 

free state, and finally reach to the myceto-

cytes of ovariole.

As already described, L- and H-symbiotes 

differ from each other in some points 

including their electron densities and mem-

brane structures. Under two layers of 

membrane structures, with which both of 

symbiotes are surrounded, H-symbiotes have 

another limited membrane structure. There 

is one possibility that the two layers of 

membrane structures of H-symbiotes are 

originally of host cells, since the structures 

are not so closely attached to the surface of 

the symbiotes as the membrane structures 

of L-symbiotes (Plate 7, Fig. 14), although 

further studies of this point are necessary 

to prove it.

The rice dwarf virus particles are found to 

attach themselves selectively to the surface 

membrane of L-symbiotes in the mycetocyte 

of ovariole (Plate 7) and not to H-symbiotes. 

The membrane structure of L-symbiotes, 

therefore, may act as a carrier of the virus 

particles. This affinity of the virus particles 

to the membrane structure of L-symbiotes 

must be the subject of future studies, which 

may give a key to resolve another question 

why rice yellow dwarf virus, another virus 

transmitted by N. cincticeps, can not be 

transmitted transovarially.

In ultrathin sections, the rice dwarf virus 

particles have central cores of 29-35mƒÊ in 

diameter, which are surrounded by capsomers 

and envelopes having diameters of 55-76mƒÊ 

and about 80mƒÊ respectively (Plate 23). 

HOSAKA, Y0KOSEKI and SHIKATA (1963) and 

FUKUSHI and SHIKATA (1963a), investigating 

the virus suspension by the negative staining 

method, reported somewhat larger diameters 

of 60 and 80mƒÊ for cores and maximum 

intact virions respectively, and the existence 

of nucleoids of 40mƒÊ, in diameter in the 

cores.

Sheath-like substructures surrounding the 

envelopes are found in the diseased rice 

plants as well as in the vectors (FUKUSHI; 

SHIKATA and KIMURA, 1962). Similar sub-
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structures can be found in case of the rice 

black-streaked dwarf virus (NASU, unpubli-

shed observation). The substructure may 

not be of the host but be of viral substance.

The large aggregates of virus particles in 

crystalline arrangements have been found in 

the virulif erous leaf hoppers. Depending upon 

the direction of sectioning, the ultrathin 

sections of the aggregates show regular 

striped patterns (Plate 24). Sometimes the 

striped pattern shows no clear virus particles 

(Plate 24, Fig. 55). but the reason is not 

certain.

The virus-like small particles described 

in this paper have not been precisely identi-

fied, although their existence is always 

accompanied by viruliferous situations of 

their hosts. The particles are 25-30mƒÊ in 

diameter, having envelopes of 50mƒÊ in 

diameter.

There are three possibilities as regards 

the nature of the particles.

The first is that the particles are of other 

virus than rice dwarf virus, and they are 

always accompanied by the rice dwarf virus. 

The second is that they are droplet conden-

sation of the by-products of multiplication 

of rice dwarf virus. The third is that they 

are some unknown variant forms of rice 

dwarf virus particles.

MITSUHASHI (1965) found the virus-like 

small particles appeared in the cultivated 

leafhopper cells which was inoculated with 

rice dwarf virus. NISHIMURA, NOMURA and 

KITAOKA (1964) found that simillar small 

particles retained infectivity in the Japanese 

encephalitis virus.

The studies on the nature of the virus-like 

small particles may be one of the most 

important subjuct in future investigation.

SUMMARY

Transovarial passage of rice dwarf virus 

in the green rice leafhopper, Nephotettix 

cincticeps UHLER has been studied electron 

microscopically. The rice dwarf virus parti-

cles were found to enter oocytes from the 

mycetocyte of ovariole, although this may 

not be the only possibility. In the cytoplasm

of the germarium, mycetocyte, and pedicel-
cells of ovariole, the virus particles and 
virus-like small particles were found. When 
H- and L-symbiotes invade the mycetocyte 
of ovariole from hemolymph, the virus 

particles enter the mycetocyte simultaneous-
ly. The symbiotes soon filled up the 
mycetocyte and then the virus particles 
become to be found on the surface membrane 
structures of L-symbiotes, or between the 
neighboring symbiotes. The mycetocytes 
of ovarioles containing the symbiotes and 
virus particles entered oocytes at the yolk-
forming stage. This is the only evidence to 

prove the way of transovarial passage of 
rice dwarf virus in N. cincticeps.

During embryonic development of the host 
insects, the virus particles multiplied at first 
in the mycetomes, and then in the cytoplasm 
of various germinal cells. Rice dwarf virus 
seems to multiply in cells of mycetome, fat 
body, ventriculus, Malpighian tubules, 
salivary glands during the post-embryonic 
development of the host leafhoppers. In 
most of organs in which the virus particles 
were found, the particle seem to multiply in 
special electron-dense areas consisting of 
certain number of bacteroid symbiotes and 
multiplex membrane structures surrounding 
them, although some particles in a linear 
arrangement were found in a free state out 
of the areas. The virus-like small particles 
were also found in the same electron-dense 
areas of viruliferous leafhoppers. The virus 

particles in a linear arrangement are usually 
accompanied by sheath-like substructures.
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EXPLANATION OF PLATES

Abbreviations for Plates: Br, brocosome; BS. 

bacteroid symbiote; Ch, chorion; CL, central 

layer; Cp, capsomere; Cr, core; EA, electron-

dense area; EC, epitherial cell; EL, external 

layer; Ev, envelope; F, ferritin particle; Fc,

follicular cell; Ft. fat droplet; GV, germinal 
vesicle (nucleus); HS, H-symbiote; IL, internal 
layer; In, intima; IS, intercellular space; LM, 
limited membrane; LS, L-symbiote; Mc, mucin; 
MG, mucous granule; MS, membrane structure 
(lamellar structure) of electron-dense area; Mt, 
mitochondria; Mv, microvilli; My, mycetocyte 
and mycetome; Ne, nucleus; NM, nucleus 
membrane; Ns, nucleolus; Oc, oocyte; Op, 
ooplasm; Pd, pedicel; PL, processus lateralis; 
Po, pinosome; Rs, ribosome; SP, virus-like small 

particle; Sh, sheath-like substructure; SM, 
surface structure of H-symbiote; Va, vacuole, 
V(arrows), rice dwarf virus particle; WV, 
watery vacuole; Yk, yolk.

Plate 1, Figs. 1 and 2.
Electron micrographs of nurse cells (a zone 

which represents part A of Text-Fig. 1) in a 
section through the germarium of a viruliferous 
adult ovariole of N cincticeps. Insert: A high 
magnification of a part of Figs. 1 and 2 respec-
tively, showing a electron-dense area containing 
virus-like small particles.

Plate 2, Figs. 3 and 4.
Electron micrographs of the young oocyte (a 

zone which represents part B of Text-Fig. 1) in 
a section through the germarium of a viruliferous 
adult ovariole of N. cincticeps. Insert: A high 
magnification of a part of Fig. 4, showing electron-
dense area containing virus-like small particles.

Plate 3, Figs. 5 and 6.
Electron micrographs of the oocyte (zones 

which represents part C and D of Text-Fig. 1) in 
a section through the ovariole of yolk formation 
stage (Fig. 5) and that of chorion formation stage 
(Fig. 6) in viruliferous adult of N. cincticeps.

Plate 4, Figs. 7 and 8.
Electron micrographs of the pedicel (a zone 

which represents part E of Text-Fig. 1) in a 
section through the ovariole of a viruliferous 
adult of N. cincticeps. Insert: A high magnifica-
tion of a part of Fig. 8 showing electron-dense 
area containing virus-like small particles.

Plate 5, Figs. 9 and 11.
Electron micrographs of mycetocyte and their 

processus lateralis (a zone which represents part 
F of Text-Fig. 1) in a section through the 
ovariole of viruliferous adult of N. cincticeps.

Plate 6, Figs. 12 and 13.
Electron micrographs of mycetocyte (a zone 

which represents part G of Text-Fig. 1) in a 
section through the ovariole of viruliferous adult 

(Fig. 12) and the non-viruliferous adult (Fig. 13) 
of N. cincticeps. Insert: A high magnification of
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a part of Fig. 12, showing a electron-dense area 
containing virus-like small particles.

Plate 7, Figs. 14 and 15.
Electron micrographs of the mycetocyte (a zone 

which represents part H of Text-Fig. 1) in a 
section through the ovariole of yolk forming 
stage in viruliferous adult of N. cincticeps.

Plate 8, Figs. 16 and 17.
Electron micrographs of the symbiotes in myce-

tocyte (a zone which represents part I of Text-
Fig. 1) and a demonstration of rice dwarf virus 

particles by ferritin conjugated antibody techni-
que (Fig. 17) in a section through the ovariole 
of yolk forming stage in viruliferous adult of 
N. cincticeps. Insert: Virions on surface structure 
of H-symbiote.

Plate 9, Figs. 18 and 19.
Electron micrographs of mycetome (a zone 

which represents part A of Text-Fig. 2)at blasto-
derm stage of viruliferous embryo of N. cincti-
ceps. Insert: Rice dwarf virus particles in 
between L-symbiotes.

Plate 10, Figs. 20 and 21.
Electron micrographs of mycetome (a zone 

which represents part B of Text-Fig. 2) at 
blastokinetic stage of viruliferous embryo of N , 
cincticeps.

Plate 11, Figs. 22 and 23.
Electron micrographs of mycetome (a zone 

which represents part C of Text-Fig. 2) at pro-

phase of eye pigmentation stage of viruliferous 
embryo of N. cincticeps. Insert: Rice dwarf virus 

particles in between L-symbiotes.
Plate 12, Figs. 24 and 25.

Electron micrographs of intermediate and inter-
nal layers of mycetome (a zone which represents 

part D of Text-Fig. 3) at anaphase of eye 
pigmentation stage of viruliferous embryo of 
N. cincticeps.

Plate 13, Figs. 26-28.
Electron micrographs of yolk body (a zone 

which represents part E of Text-Fig. 2) at ana-

phase of eye pigmentation stage of viruliferous 
embryo of N. cincticeps.

Plate 14, Figs. 29 and 30.
Electron micrographs of central layer of myce-

tome (a zone which represents part E of Text-
Fig. 3) in a section through the mycetome of a 
viruliferous adult (Fig. 29) and the non-viruli-
ferous adult (Fig. 30) of N. cincticeps. Insert: 
Variation in shape of bacteroid symbiotes .

Plate 15, Figs. 31 and 32.
Electron micrographs of internal layer of 

mycetome (a zone which represents part B of

Text-Fig. 3) in a section through the mycetome 
of a viruliferous nymph of N. cincticeps. Insert: 
A electron-dense area containing virions and 
virus- like small particles.

Plate 16, Figs. 33 and 34.
Electron micrographs of external and inter-

mediate layer of mycetome (Fig. 33 represents 

part C of Text-Fig. 3), and central layer of 
mycetome (Fig. 34 represents part D of Text-
Fig. 3) in a section through the mycetome of 
viruliferous adult of N. cincticeps. Insert: A 
electron-dense area containing the virions and 
virus-like small particles.

Plate 17, Figs. 35 and 36.
Electron micrographs of electron-dense area 

containing rice dwarf virus particles in fat body 
cell of viruliferous adult of N. cincticeps.

Plate 18, Figs. 37-39.
Electron micrographs of rice dwarf virus 

particles in the cytoplasm of fat body (Figs. 37 
and 38), and chromium-shadowed rice dwarf 
virus particles isolated from fat body (Fig. 39) 
of a viruliferous adult of N. cincticeps.

Plate 19, Figs. 40-42.
Electron micrographs of third ventriculus from 

viruliferous adult of N. cincticeps.
Plate 20, Figs. 43-45.

Electron micrographs of Malpighian tubules 
from viruliferous adult of N. cincticeps.

Plate 21, Figs. 46 and 47.
Electron micrographs of mucous gland (zones 

which represent part A and B of Text-Fig. 4) 
in a section through the salivary gland of lobe 
type I (Fig. 46) and that of lobe type II (Fig. 
47) in viruliferous adult of N. cincticeps. Insert: 
Clusters of virus particles.

Plate 22, Figs. 48 and 49.
Electron micrographs of serous gland (Fig. 48) 

and storage gland (Fig. 49) in a section through 
the salivary gland (zones which represent part 
C and D of Text-Fig. 4) from viruliferous adult 
of N. cincticeps. Insert: A electron-dense area 
containing virions and virus-like small particles.

Plate 23, Figs. 50 and 51.
High magnification of rice dwarf virus 

particles (Fig. 50) and virus-like small particles 
(Fig. 51) in a section through the fat body cell 
of viruliferous adult of N. cincticeps. Insert: 
Diagram showing the particles.

Plate 24, Figs. 52-55.
Clusters of virus particles in crystalline 

arrangement in a section through electron-dense 
area of viruliferous mycetome.
Fig. 52: A high magnification of clusters of
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virions in the non-staining pirce and showing 

envelope of the virions (Insert).
Figs. 53-55: Three pirce in a cluster of the 

virions.

摘 要

稲萎縮病ウイルスの経卵伝染に関す る電子顕微鏡的研究

奈 須 壮 兆

農林省農業技術研究所

ツマグロ ヨコバ イNephotettix cincticeps UHLERに お

け る,稲 萎縮病 ウイル スの経 卵伝染 について,電 子顕微

鏡的研究を行ない,雌 成虫体 内の稲萎縮病 ウ イルス粒子

が,経 卵的に伝染す る状態を 明らか に した。

保毒 成虫の卵巣小管の超薄切片を電子顕微鏡で調べ た

結果,そ の栄養細胞,菌 細胞(mycetocyte),柄 部 の細胞

等 の細 胞質 内に,直 径25～30mμ の ウイル ス様小粒子

が あ り,直 径約70mμ の稲萎縮病 ウイル ス粒子 は,菌

細胞の細胞質 か ら検 出 された。 この菌細胞の 細 胞 質 に

は,電 子密度を異 にす るL-symbioteとH-symbiote

が認め られ るが,こ れ は菌細胞の側突起 が,体 液中の両

symbioteを 捕捉 し食作 用(cytosis)に よ って取 り込ん だ

もの らし く,ウ イル ス粒子 もこの時 に同時 に菌細胞へ侵

入 するよ うであ る。この菌細胞の細胞質中 に両symbiote

が充満 する と,稲 萎縮病 ウ イルス粒子は,電 子密度の低

いL-symbioteの 表面の膜 に吸着,あ るいは隣 り合つた

L-symbioteの 表面の,膜 と膜 との間に挾 ま った状 態で

存在す る。 この ように稲萎縮病 ウ イルス粒子 を もった菌

細胞は,卵 黄形成期 に達 した卵母細胞 の陥入部(卵 巣小

管の柄部に近い極 に生ず る)に 移行す るので,卵 母細胞

は初めて ウイル ス粒子を もつた細胞(菌 細胞)に 接触す

る。 この後,卵 殻が形 成 され ると,菌 細胞 は卵 内に封 じ

込 められ るので,こ こで卵はいわゆ る保毒卵 とな る。

稲萎縮病 ウ イルスの経卵伝染 の一 つの経路 として,上

述 のよ うに菌細胞 が保毒 し,そ れが卵母細胞へ入 り込む

ことによって,卵 が 保毒す るいわゆ る経卵伝染が生起す

ることを 明らか に した。 この場合,菌 細 胞 中 のL-

symbioteが ウイル ス粒子の直接的な担体の役 目を果 し

てい ることは,注 意すべ き事実で ある。

胚子発育 期間におけ る稲萎縮病 ウイル スは,ま ず菌細

胞 が発達 した菌器(mycetome)で 増殖す るらし く,菌

器 の各細 胞層 でウ イルス粒子 が検 出 され る。その後,胚

子発育 と共 に各 胚葉 の細 胞質 で もウイルス粒子 が認め ら

れ るようにな る。後胚子発育期 間における稲萎縮病 ウ イ

ル スは,菌 器,脂 肪体,消 食管,マ ル ピギー氏管 および

唾腺で増殖 してい る状態が観察 され る。 これ らの各器官

の内,菌 器 と唾腺で も稲萎縮病 ウイル スが増殖 してい る

事実 は,新 しい知見 であ る。

ツマグ ロヨコバ イ体 内の各 器官におけ る稲萎縮病 ウイ

ルス粒子 は,細 胞質 の電子密度の高い域(clectron-dense 

area)か ら検出 され,ウ イルスは ここで増殖 す るよ うで

ある。 このelectron-dense areaは,主 にbacteroid 

symbioteと それを取 り囲む多重 の膜構造 によ って構成

されてい るが,稲 萎縮病 ウイル ス粒子 はこの膜構造 の部

分 に存在す る。また ここには常に ウイル ス様小粒子が検

出 され るが,こ の粒子 と稲萎縮病 ウイル ス粒子 との関係

は明 らかでない。Electron-dense area以 外の細胞質中

の稲萎縮病 ウイルス粒子は,個 々に散在 してい る場合や

数個 が小胞 に包 まれている場合 な どあ るが,往 々に して

粒子が1列 に並 び,外 側 に鞘状 の構造 を持 ってい る場合

が ある。 この鞘状構造 の由来 とその意味については,前

述 の ウイル ス様小粒子の問題 と共 に,今 後 の研究 にまた

ねばな らない。


