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Abstract

Rice is one of the most important crops in the world, and thus as a model plant it has been the subject
of much research. But many kinds of rice species are not easy to handle in a laboratory space. To
investigate the dwarf rice’s suitability for experimental work, we analyzed the characteristics of Hosetsu
-~ dwarf. Hosetsu-dwarf has small body size, a short life cycle, and normal seed formation. We
established a standard method for its hydroponic cultivation. We found as well that its endosperm
polypeptide compositions and the morphological observation were not unusual. Thus we propose that
Hosetsu - dwarf is an excellent tool for basic studies of seed development.
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Introduction

The endosperm tissues of cereal seeds are the
principal storage organs for protein, oil, and carbo-
hydrate. In other words, cereal endosperm cells are
extremely important cells that provide basic food
for humankind. Rice is the staple food of most of
the world’s population, so rice was selected as a
model plant for genome science (Sasaki, 1998).
Rice, however, is difficult to cultivate in a labo-
ratory environment space. First, its body size creates
difficulty in maintaining a large number of plants
(ex. standard cultivars Nipponbare) in a limited
space. Second, it has a long gencration time, with its
generation cycle limited to threc times a year. Third,
rice requires strong light during its seed devel-
opment stage. For these reasons, it is difficult to
maintain standard cultivars all year’round in an
artificial environment.

An understanding of the formation mechanisms of
the endosperm cell and the accumulation process of
storage substances is cxtremely important in stabi-
lizing world crop production. Rice endosperm cell
is a model for basic studies of plant seed endosperm
development. Arabidopsis has a remarkably small
genome size (Leutwiler, 1984), short life cycle, and
easy transformability (Bechtold et al., 1993). These
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characteristics make Arabidopsis extremely useful
in studies of the molecular genetics of higher plants.
However, Arabidopsis is a dicotyledonous plant and
its endosperm tissuc degenerates during seed forma-
tion (Mansfield, 1994). So, cereals arc more suitable
for understanding molecular mechanisms of devel-
opment of the endosperm tissue than is Arabidopsis.
However, cereals have weak points in regard to
their use as an experimental material for molecular
analysis, These include the large shapes and long
life cycles of many cereals, requiring maintenance
in a large, controlled greenhouse year 'round. A
stable supply of the fresh seeds is necessary in order
to study the development of endosperm cells. The
quick freezing method (Yamagata and Tanaka,
1986) was designed to preserve the endosperm cell,
yet it was difficult to maintain active gene expres-
sion when using this method. The use of dwarf-rice
as research material would solve the problem of
unstable endosperm cell preservation. This paper
discusses the worth of Hosetsu - dwarf rice for basic
studies of rice endosperm development. '

Materials and Methods

Plant material and growth conditions
Dwarf rice (Oryza sativa L. cv. Hosetsu- dwarf;
Fig. 1A left) was obtained from The Hokkaido



Fig. 1

Shapes of the Hosetsu - dwarf.
(A) Hosetsu- dwarf; 60 days after sowing (left),
Nipponbare; 90 days after sowing (right). (B)
Two months after sowing. (C) Three months

after sowing; sceds are ripening. Scale bar

indicates 10 cm.

Prefectural Kamikawa Agriculrural Experiment
Station (Japan). Kirara-397, Sasanishiki, Koshi-
hikari, and Nipponbare was obtained from The
National Agricultural Research Center of Japan.
Seeds were germinated in the dark at 28°C for 7
days. Individual seedlings were transplanted from
the seedbed to a plastic plant box (65 mm x 65 mm
X 95 mm) containing hydroponic nutrient solution
(Mae and Ohira, 1981; 1 mM NO,7, 0.6 mM H,PO, ",
0.3mM K*, 0.3mM SO/, 0.3mM Ca®, 0.6 mM
Mg?", 45 uM ferric tartrate, 0.3 ¢M Cu?’, 0.7 uM
Zn*, 0.9 M Mn?', 5 M H;BO,, 1 uM MoO, at
pH 5.5). The nutrient solution was replaced once a
week. The basal part of plant was wrapped loosely
in cotton wool, which it was then inserted into a
hole in a styrene foam plates, which was used as a
cover. These plants were cultivated in a growth
chamber (MLR-350, SANYO, Japan) with 16 h
light period provided by fluorescent lamps (40, 120,
or 170 #zmol m* s™!). Plants were maintained at a
constant temperature of 22°C, 25°C , 0r 28 °C, and a
relative humidity of 50% during day and night.

Rice storage protein extraction and SDS-PAGE
analysis

Two grams of mature rice seced without husks
were frozen using liquid nitrogen, then ground to a
fine powder using a mortar and pestle. Neutral
lipids were extracted from the powder using ace-
tone. The defatted powder (10 mg) was suspended
in 300 x1 of albumin extraction solution (10 mM
Tris-HCL, pH 7.5, 1 mM EDTA, 1% (v/v) Triton- X
100, 50 mM 2-mercaptoethanol). The mixture was
centrifuged at 2,000 g for 5 min. The precipitate was
suspended in 500 z1 of SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) sample buffer (62.5
mM Tris-HCIl, pH 7.5, containing 2% (w/v) SDS,
10% (w/v) glycine, 4% (w/v) urea, and 5% (v/v) 2~
mercaptoethanol). The sample was mixed and soni-
cated, then centrifuged at 2,000 g for 5min. SDS-
PAGE was performed according to the method of
Laemmli (1970).

Light Microscopy

Developing rice seeds (8 days after flowering
[DAF]) were cut longitudinally into thirds using a
razor blade after being dehusked. The seed blocks
were fixed with 100 mM phosphate buffer, pH 7.2,
containing 3% (v/v) glutaraldehyde for 3 h at room
temperature. The blocks were then treated with 1%
(w/v) osmium tetroxide in 100 mM phosphate buff-
er at pH 7.2 for 1 h at room temperature. The fixed
tissues werc washed six times with 100 mM phos-
phate buffer, dehydrated thoroughly with a graded
ethanol series and embedded in epoxy resin using a
previously described method (Tanaka et al., 1980).
For optical microscopy, 1 zm thick sections were
cut from the embedded block and mounted on glass
slides. These sections were stained with 1% (w/v)
Toluidine Blue, 0.1% (w/v) osmium tetroxide, and
1% (w/v) tannic acid or CBB staining solution (1%
(w/v) CBB, 40% (v/v) methanol, 7% (v/v) acetic
acid), and photographed using a light microscope
(BH-2; OLYMPUS, Japan).

Transmission Electron Microscopy

Ultra-thin sections were prepared from the em-
bedded specimen that was used for optical micros-
copy. The ultra-thin sections were mounted on 100

mesh nickel grids. They were stained with 2%
(v/v) aqueous uranyl acetate and Reynolds’s lead
citrate and examined using a transmission electron
microscope (JEM - 1220; JEOL, Japan) at 100 kV.

Results and Discussion

Growth condition of Hosetsu -dwarf
We examined the growth condition of the Hosetsu



- dwarf, which was grown using hydroponic meth-
ods in an artificial environment. The optimal light
and temperature conditions of Hosetsu-dwarf
growth were determined by measuring the fresh
weight of the whole plant under nine different
circumstances. Its fresh weight was heaviest when
the Hosctsu-dwarf was grown at 28°C , 170 xmol
m~“ s”'. Light intensity is the most important
clement because the ratio of grain ripening de-
creases below 120 umol m # s~ '. The Hosetsu-
dwarf necded a previously reported (Mae and Ohira,
1981) hydroponic solution in order to obtain a fully
ripe sced, but it did not require additional fertilizer.
The recommendable protocol for cultivation of the
Hosctsu-dwarf in an artificial condition is as fol-
lows: The seeds were soaked in running water
overnight, and then incubated at 28 °C under dark
conditions until germination. The germinating secds
were then transferred to hydropenic solutions and
incubated at 28°C under 16 h daylight (170 pmol
m? s ') until the first tiller appeared. After this
stage, the plant was grown at 28°C under 12h
daylight (170 gmol m~*s™"). Two months later, ear
formation was began (Fig. 1B). Seed maturation
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was completcd at 3 months after sowing (Fig. 1C).
These results suggested that the Hosetsu-dwarf
could be cultivated in a laboratory space without
necessitating a special environment. Thus fresh
endosperm cells can be obtained at any time, allow-
ing various kinds of experiments to be carried out
all year’round. The characteristics of Hosetsu-
dwarf and Nippnbare arc summarized in Table 1.

SDS- PAGE analysis of rice storage proteins

We examined whether the Hosetsu-dwarf was
suited for rescarch regarding seed storage protein.
Rice storage proteins in the starchy endosperm were
fractionated by SDS-PAGE, and separated into
seven groups with differing migrations: 57, 37-39,
26, 22-23, 16, 13, and 10 kDa polypeptides. These
polypeptides constitute major storage proteins that
are accumulated mainly in protein bodies (PBs).
Tanaka et al. (1980) isolated two types of PBs in the
starchy endosperm; PB-1 is differentiated from PB
IT in terms of globular size and amino acid compo-
sition. Seed storage proteins were extracted from
five kinds of rice seed samples after the removal of
albumin. They were analyzed by SDS-PAGE, and

Table 1 Comparison of growth properties of Hosetsu - dwarl and Nipponbare rice.

Culm Panicle = Numbers  Numbers Kernel Seedling Nurnbers of
height' length'  of tillers' of panicles weight to heading  individual plan
(cm) (cm) (no./hilly (no./hill) (g/1,000seeds) (days) (no./03 m*y
Hosetsu- dwarf 14.6 53 6.8 5.5 19.1 60 100
Nipponbare 80.4 19.5 15.0 16.6 20.5 90 6

' Average of 100 individual plants.
2 0.3m" indicates the volume of the growth chamber.

kDa
57 —

26 —
2123

16— ?

13— 8

Fig.2 Comparison of seed storage proteins from Hosetsu- dwarf with other rice cultivars by

SDS- PAGE.

Lane 1, Kirara- 397; 2, Sasanishiki; 3, Koshihikari; 4, Nipponbare; 5 Hosetsu - dwarf.
Molecular mass is indicated in the left hand margin.
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the band patterns of individual polypeptides were
characterized. The band pattern of the storage
proteins in the Hosetsu - dwarf showed no difference
from those of ather japonica rice (Fig. 2).

Microscopic observation of endosperm fissue

Fig. 3A shows a transmission electron micrograph
of the sub-alcurone cell of the Hosetsu-dwarf at 8
days after flowering. The PB has been classified
into two types based on shapcs revealed by trans-
mission electron microscopy (Tanaka et al., 1980).
PB-I has a spherical and concentric ring structure.
The surface of the PB-1 membrane (arrow head)
with attaching polysomes is continuous to the rough
endoplasmic reticulum. In contrast, no polysomes
were observed attached to the surface of developing
PB-II (arrow). Small vesicles similar in electron
density to PB-1I were observed near the PB- 1. Fig.
3B shows the shapes of starch and lipid grains of the
Hosetsu-dwarf. These observations agrec with
those of our previous electron microscopy of endos-
perm tissues of standard rice (cv. Koshihikari)
(Yamagata and Tanaka, 1986).

The molecular mechanism of endosperm cell
formation is one of the important research issues in
seed development. Morphological observations of
the developing endosperm cell have been performed
abundantly in regard to various monocots (Olsen et
al., 1995; Brown ef al., 1996; Olsen, 1998). So, we
observed the cross section of endosperm tissues
under a light microscope in order to characterize the
Hosetsu-dwarf’s seed development. Numbers of
aleurone layers were observed on the ventral side
and the dorsal side of the endosperm tissue. Aleu-
rone cells are small cubic shapes having a thick cell
wall and contain a number of aleurone grains and
lipid bodies (Fig. 3C). On the other hand, starchy
endosperm cells are larger than aleurone cells,
which have a thin cell wall, and the sizes of the
outer endosperm cells are proportionally larger than
the inner endosperm cells. The inside parenchy-
matous cell in particular contains many starch
grains. These observations indicate that the struc-
tures of endosperm cells of the Hosetsu-dwarf are
substantially identical to those of the usual japonica
rice (Hoshikawa, 1993). This information indicates
that the Hosetsu-dwarf can provide equally uscful
material for research on the molecular biology of
seed formation.

Valuable characteristics of Hosetsu -dwarf

The height of the Hosetsu- dwarf is the shortest
(substantially 20 cm) among the dwarf-type spe-
cies. The Hosetsu-dwarf is a defect gene mutant
(d18") in the gibberellin biosynthesis pathway

C

Fig.3 Transmission electron microscopic and light

microscopic images of the starchy endosperm
tissues.

(A) Transmission electron micrograph of a
developing endosperm cell (8 DAF).

PB-1, (arrow head), PB-II (arrow). Scale bar
indicates 1 frm.

(B) Transmission electron micrograph of a
developing endosperm cell and aleruone cell (10
DAF) (low magnification). Starchy granule
(arrow head), oil body (arrow). Scale bar indi-
cates 5 um.

(C) Light microscopic image of the ventral side
of the starchy endosperm tissues of Hosetsu-
dwarf rice seed (8 DAF). A, aleurone layer; S,
starch storage cells; V, vascular. Scale bar
indicate 100 i« m



(Shinbashi et al., 1976; Suge, 1978). The size of its
panicles is comparable to those of the usual rice
varieties, and the shapes of its kernels are almost the
same. We also checked its response to gibberellin
A3. When gibberellin A3 (2.5 mg 1™') was provided
continuously in the hydroponic nutrient solution, the
height and seed numbers became equal to the parent
Hosetsu cultivars (data not shown). It is suggested
that the inhibitory effect of gibberellin deficiency is
very small in the reproductive organs.

The transformation of the Hosetsu-dwarf was
succeeded by the currently established Agrobac-
terium mediated method (Hiel er al., 1994). For
example, the human interferon a gene driven by a
35S promoter was introduced in the Hosetsu - dwarf
(data not shown). So, we concluded that the Hosetsu
-dwarf is very useful material for molecular biol-
ogy and genome research, because large numbers of
individual Hosetsu-dwarfs that have a short gencr-
ation time could be maintained within a limited
space, allowing analysis of the functions of un-
known genes using enhancer trapping (Meisser et
al., 2000) or activation tagging (Hayashi el al,
1992). The Hosetsu- dwarf is normally grown in an
artificial environment, and its life cycle is very
short, thus it facilitates the screening of a tagging
linc many times in a single year. These character-
istics make it an efficient system for scrcening large
numbers of transgenic plants and treating them
under various artificial environments. Simply put,
the competence of Hosetsu-dwarf rice could be
equal to that of Arabidopsis. We believe that
Hosetsu - dwarf could play an important role as the
standard material for studies in plant seed science.
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