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Rice blast disease is one of the most im-
portant diseases of rice in Japan. Breeding of
rice for blast resistance is effective in pre-
venting this disease. In order to breed re-
sistant varieties unerringly, it is important
to clarify the interaction between host and
pathogenic fungus.

Some anatomical studies on rice leaf blades
inoculated with P. oryzee were developed by
Ikata et al.®), Kawamura & Ono®, and Suzuki
et al'®., The results of these studies done
with rice leaf blades were obtained before the
studies on the distinction of the races and
the identification of the resistance genes were
undertaken. Therefore it is necessary to
undertake studies anew with the new under-
standing of the relationship between races
and resistance genes. On the other hand, it
is often difficult, by observing paraffin sec-
tions under a light microscope, to clarify the
differences among the individual infected sites
concerning whether the penetration was suc-
cessful or not, and what kind of the reactions
occurred in and around the attacked epidermal
cells. In addition, the infected site that can
be observed by this paraffin sectioning method
is confined to a very small area. Moreover,
it is not clarified what kind of ultrastructural
changes oceur in relation to the resistance of
rice to P. oryzae, although resistance re-
actions of non-host to this fungus were
studied electron-microscopically!’.

In the present paper, comparisons were
undertaken between the resistant and suscep-
tible rice varieties to P. oryzae with aids of

light and electron microscopes to clarify the
cell reactions that are most closely related
with the manifestation of major genes for
resistance. In the light microscopical ob-
servation, a whole leaf clearing and staining
technique'’ was applied to make up for the
deficiencies mentioned above.

Spore germination and appres-

sorial formation of P. oryzee on
rice leaves

Spore germination and appressorial forma-
tion of P. oryzae, isolate Ken 60-19 on rice
leaves were compared among 4 resistant
(Toride 1, Pi No. 4, Fukunishiki and Yashiro-
mochi) and 6 susceptible varieties (Shin 2,
Aichi asahi, Ishikari shiroke, Kanto 51, Tsuyu-
ake and Koshihikari)®. Spore germination
and appressorial formation were observed
under the fluorescent microscope after samples
were stained with Calcofluor White®.'2)., The
percentages of spore germination and ap-
pressorial formation of P. oryzae showed
no statistical differences between a highly
resistant variety (Toride 1) and a suscep-
tible one (Koshihikari) in the density of
spore suspension from 5 x 10* {o 5 x 10¢
spores/ml”, The changes with the passage of
time for the percentages of spore germination,
and immature and mature appressorial forma-
tion on the leaves of Toride 1 were not dif-
ferent from those of Koshihikari (Fig. 1).
There were no significant differences in per-
centages of spore germination and mature
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Fig. 1. Changes in the percentages of germina-
tion and immature and mature appres-
sorial formation of the spores of rice
blast fungus on rice leaves with the
passage of time
The susceptible (O : Koshihikari) and
the highly resistant variety (@ : Tori-
de 1) were inoculated with P, oryzae,
isolate Ken 60-19.

appressorial formation of P. oryzae, isolate
Ken 60-19 among 4 resistant and 6 susceptible
varieties?, From these results, it was sug-
gested that specific resistance of rice varieties

Plate 1,
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Microphotographs of epidermal cells of rice leaves invaded by P. oryzae, isolate Ken 60-19

tested to P. oryzae, isolate Ken 60-19 is not
expressed before fungal penetration into rice
leaves.

Fungal penetration into rice leaves
and host cell responses

Early infection process of P. oryzae, isolates
Ken 60-19, HR 77-189 and Ina 72 in leaves
of susceptible, resistant, and highly resistant
varieties was observed under the light micro-
scope with an aid of the whole-leaf clearing
and staining technique! (Plate 1). The
penetration peg pierced through host cell
wall and developed invaded hyphae. There
were a few percentages of appressoria with
invaded hyphae 36 hr after inoculation and
the percentages increased between 48 hr and
72 hr after inoculation (Fig. 2)#%!%), The
percentages of successful penetration on leaves
of Toride 1 (highly resistant variety), and
Fukunishiki (resistant), were less than on
Koshihikari (susceptible) 48 hr after inocula-
tion®%22r Growth of invaded hyphae on leaves
of Toride 1 and Fukunishiki were less than
on Koshihikari 48 hr after inoculation (Fig.

a: Invaded hyphae that are branched are observed, but the epidermal cellular contents are
not undergoing granulation (Koshihikari, 72 hr after inoculation).

b: A short and slender invaded hypha which is not branched is observed and granulation
of the epidermal cellular contents is going on (Toride 1, 144 hr after inoculation).
Ap: Appressorium, CG: Granulation of the epidermal cellular contents, 1H: Invaded hyphae.

The scale in each picture represents 20 pm,
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Fig. 2. Comparison of the percentages of pene-
tration among the susceptible (O : Koshi-
hikari), the resistant (@ : Fukunishiki)
and the highly resistant (a: Toride 1)
rice leaves inoculated with P. oryzae,
isolate Ken 60-19
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Comparison of the growth of invaded
hyphae of P. oryzae, isolate, Ken 60-19
inside the rice leaves among'the suscep-
tible (O : Koshihikari), the resistant
(® : Fukunishiki) and the highly resis-
tant variety (A : Toride 1)

Length of invaded hyphae (um)

Fig. 3.

3). In the highly resistant combination (Ken
60-19/Toride 1), and the resistant combina-
tion (Ken 60-19/Fukunishiki), invaded hy-
phae ceased growing within the primarily
invaded epidermal cell except brown spot
lessions.

The host-parasite encounter sites were
grouped into 6 types (Fig. 4, N, A-E), ac-
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cording to fungal development and host re-
sponses. The rates of no-reaction at penetra-
tion sites in the highly resistant and the
resistant combinations were almost the same
as those of susceptible ones (Fig. 5). There-
fore, it seems that unsuccessful penetration
without any host reactions was independent
of the major gene for resistance to P. oryzee.
The granulation (types A and B) of cellular
contents of epidermal cells which was sug-
gested to be dead, appeared 36 hr after in-
oculation and the oceurrence rates increased
until 72 hr after inoculation, when most of
encounter sites accompanied the ecytoplasmic
granulation except no-reaction type (type
N) (Figs. 5 and 6). The epidermal cells
with cytoplasmic granules were often pale-
browned 144 hr after inoculation (Plate

IH DBC

Fig. 4, Classification of infection types accord-
ing to the penetration of rice blast
fungus, fungal growth and the reac-
tions of the rice cells

N: Unsuccessful penetration without
any host reaction, A: Unsuccessful
penetration with host cytoplasmic
granulation in an epidermal cell, B:
A poorly-developed invaded hyphae
with host cytoplasmic granulation
in epidermal cell, C: Well-developed
invaded hyphae without host cyto-
plasmic granulation in an epidermal
cell, E: Deep browning of the infect-
ed epidermal and parencymatous
cells. Ap: Appressorium, CG: Granu-
lation of the epidermal cellular con-
tents, DBC: Epidermal cell with deep
browning, EC: Epidermal cell, IH:
Invaded hyphae.
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Fig. 5. Occurrence rates of the
various infection types
in the highly resistant
(I: Toride 1), the re-
sistant (I1: Fukunishiki)
and the susceptible va-
rieties (II1: Koshihikari)
under attack by P. ory-
zae, isolate Ken 60-19,
72 hr after inoculation

Refer to Fig, 4, for
infection types.

1-b)®, Occurrence rates of eytoplasmie granu-
lation at penetration sites (types A and B) in
the highly resistant and the resistant com-
binations were distinctly higher than in the
susceptible one (Fig. 5). The host-parasite
encounter sites where fungal penetration or
hyphal growth ceased within the primary
attacked cells except reaction type N were
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Fig. 6. Changes in the occurrence rates of the
various infection types(O: Type A, @:
Type B, A: Type C, A: Type D, m:
Type E) in the resistant (I: Fukunishi-
ki), the highly resistant (II: Toride 1)
and the susceptible varieties (I1l: Koshi-
hikari) under attack by P. oryzae, iso-
late Ken 60-19

Refer to Fig. 4 for infection types.

accompanied with granulation of epidermal
cellular contents (types A and B). The
similar results were also gained in the highly
resistant comiginations (Ken 60-19/Pi No. 4,
HR 77-189/Tsuyuake and HR 77-189/Kanto
51) and the resistant combination (Ken 60-
19/Yashiromochi). Therefore, it was sug-
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gested that the granulation of the epidermal
cellular contents closely correlates with the
expression of the major genes for resistance
of Toride 1, Pi No.4, Tsuyuake, Kanto 51,
Fukunishiki and Yashiromochi.

The occurrence rates of the brown-spot
lesions in primary leaves inoculated with P.
oryzae were less than 19 to appressoria ob-
served in the combinations of Ken 60-19/
Toride 1, a few percent in Ken 60-19/Fuku-
nishiki, and 5-15% in Ken 60-19/Koshihikari
(Fig. 5). It suggests that the occurrence
rates of the brown-spot lesions were not
coincident with the strength of resistance of
rice leaves to P. oryzae. In the brown-spot
lesions in primary leaves inoculated with P.
electron-microscopically found in the necrotic
parencymatous cells, but transformed at var-
ious grades. Some hyphae contained swollen
mitochondria, extremely-developed vacuoles
and very small amounts of lipid granules,
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and the other hyphae seemed to be deceased
with the granulation of their contents®’.

Ultrastructural aspects of granula-
tion of epidermal cellular contents
under the attack of P. oryzae

Electron microscopical studies were carried
out to observe cytoplasmic granulation which
was detected under a light microscope in the
epidermal cells of rice leaves responding
resistingly to the incompatible race of P.
oryzae. The first obvious changes in the in-
fected epidermal cells of the highly resistant
variety (Toride 1) inoculated with P. oryzae,
Ken 60-19 were invagination of plasma mem-
brane and appearance of lomasome-like struc-
tures 24 hr after inoculation. Many invagina-
tions in plasma membranes occurred 48 hr
after inoculation (Plate 2). The invaginated
structures of plasma membrane became globu-

2

Plate 2. Ultrastructure of a rice leaf of Toride 1 C(highly resistant variety) inoculated with
P. oryzae, isolate Ken 60-19, 48 hr after inoculation
A swollen mitochondrion (M) and lomasome-like structure (Lo) observed in an

epidermal cell.

=

HCW: Host cell wall, PM: Plasma membrane, T: Tonoplast.

The scale represents 1 pm,



Table 1. Occurrence of plasma membrane invagination, lomasome-like
structures and degenerated mitochondria in resistant and
susceptible rice leaves infected with Pyricularia oryzae Cav.

race 037 (Ken 60-19), 48 hr after inoculation

No. of invaginated

(Son?hin;a[tzion ) plasma membranes
ariety/Race per cell
Non-inoculated %
(Toride 1) L7
Incompatible

(Toride 1/Race 037) wodlh
Non-inoculated 0.27
(Koshihikari) :
Compatible 0.85

(Koshihikari/Race 037)

- Degenerated
No. of lomasome-like X A
] 1 mitochondrion
structures per ce (%)
0.19 0.00
1. 40 77.80
0. 24 0.00
0. 42 6. 90

a): The data ;ep_resent the mean values of about 50 epidermal cells,

Plate 3. Ultrastructure of a rice leaf of Toride 1 inoculated' with P. eryzae, Ken 60-19,
72 hr after inoculation
Vesicular structures (V) in various sizes observed in the epidermal cells.

PC: Parencymatous cell,
The scale represents 1 gm.

lar and formed lomasome-like structures. Some
globular membrane structures seemed to be
detached from the plasma membrane. The
outer membranes of lomasome-like structures
often disappeared and the vesicles closed in the
structures were dispersed into the cytoplasm™’,

Degenerated mitochondria and swollen endo-
plasmic reticula were observed 48 hr after
inoculation (Table 1)", At 72 hr after inocu-
lation, a lot of vesicles of various sizes (0.1-
1.1 pm) were observed in the infected epi-
dermal cells in the highly resistant variety
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Fragmented, highly electron dense plasma membrane observed in a cell on an inner leaf

sheath of Toride 1 inoculated with P. oryzae, isolate Ken 60-19, 27 hr after inoculation
In order to determine if the penetrated epidermal cell was alive or not, the specimen
was treated with 0.8M sucrose solution for plasmolysis before the fixation for electron

Plate 4.
microscopic observation was undertaken.
PP: Penetration peg.
The scale represents 1 gm,
(Plate 3)". In the leaf sheath of Ken 60-

19/Toride 1 combination, invagination of
plasma membrane and lomasome-like struc-
tures in the attacked epidermal cells were
more frequent than in those in the susceptible
one (Ken 60-19/Koshihikari), then fragmen-
tation of plasma membranes and destruction
of the unit membrane structure were observed
in the infected epidermal cells (Plate 4)'",

In the susceptible combination (Ken 60-
19/Koshihikari), such ultrastructural changes
as observed in the highly resistant one were
rarely observed at the attacked epidermal
cells of both leaf and leaf sheath. Moreover,
the cell wall of the invaded hyphae was dis-
tinctly in contact with the cytoplasm of the
epidermal cells, suggesting that the invaded
hyphae penetrated through the plasma mem-
brane of the epidermal cells'"’,
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