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Abstract : : Some physiological changes induced by abscisic acid (ABA) were investigated in a long-term
cultured callus of rice, Oryza sativa, L. cultivar YUHKARA. The results were as follows : @ The retardation of
callus growth was evident, while dry matter content was apparently increased with the addition of abscisic acid
(ABA). (@ Soluble protein content was increased both in fresh weight and dry matter bases. 3 The novel
proteins (14, 18.5, 25, 45 kDa) were induced by ABA and disappeared after plantlet regeneration, while proteins
of the same molecular weight existed in intact mature seed embryos and disappeared when the seeds were
germinating. @ Moreover, the electrophoretic patterns of total soluble proteins from callus being cultured with
ABA, and from callus with regenerating plantlets, were very similar to those of total soluble proteins from mature
seed embryos and germinating seed embryos in SDS polyacrylamide gel plates. & The practice that the callus
precultured with addition of ABA, especially 10 mgL~! ABA, followed by transferring to a regeneration medium
gave us a high frequency of plantlet regeneration observed in the long-term culture of callus.
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Abscisic acid (ABA) was found to be effec-
tive for promoting the frequency of normal
somatic embryo development in cultured cara-
way cells maintained in the dark?. In rice
callus as well as in other plant calli, the callus
cells after the long-termed and repeated sub-
cultures were losing their embryogenic poten-
tials. Inoue and Maeda showed that the addi-
tion of ABA in the preculture medium, then
kinetin in the later culture medium, stimulated
the shoot-bud and plantlet formation in rice
callus cultures, suggesting that ABA was effec-
tive during the preceding stage of organ for-
mation and kinetin in the later stage of growth
and development®. On the other hand, the
growth of callus was remarkably inhibited by
the addition of ABA in preculture medium®29,

However, these results are only a few obser-
vations, which can not reflect various physio-
logical changes in cells due to ABA. In ger-

minating seed embryos, the novel proteins
were induced by the application of ABA and
they were the same as those which appeared in
intact mature seeds!®. Furthermore, Higuchi
and Maeda demonstrated that the growth of
rice callus was inhibited by ABA added to the
culture, and observed two kinds of external
structures of callus culture by a scanning
electron microscope (SEM). An attempt has
been made to observe the changes of external
and internal structures of callus and to relate
the changes of isolated protein components. It
is also important to investigate the cause and
mechanism of the ABA effect.

The present report describes the effects of
ABA on protein accumulation, novel protein
induction and on the process of embryogenesis
and/or organogenesis in the long-term culture
of rice callus.
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Table 1.
cultured rice callus.

Effect of ABA on growth and protein accumulation in a long-term

ABA Growth of callus mass Total soluble protein
addition

(mgL~") Fresh weight(g) Dry matter (g) mgg~! callus (F. wt)

1 13.834 1.079 8.592

2 10.644 1.023 11.920

4 9.474 1.002 13.653

6 8.519 0.950 14.873

8 7.980 0.923 15.630

10 7.317 0.887 18.425

12 6.950 0.875 20.121

Data were collected after 28 days culture, One gram fresh weight and/or 0.078

g dry weight of initial inoculum were subtracted from total weight.

Materials and methods

1. Callus initiation

The mature seeds of rice (Oryza sativa L.
var. YUHKARA) were husked and surface
sterilized with 709, alcohol for 1 min, followed
by 0.59, sodium hypochlorite for 60 min, and
then rinsed three times with sterilized water.
The seeds were placed on a plate containing
20 ml modified MS-medium (MS-minerals!?
and vitamins'®) supplemented with 4.0 mg
L-! 24-D (2,4-dichlorophenoxyacetic acid),
30gL~! sucrose, 2.0g L-! Casaminoacid
(Difco) and 6 g L~! agarose. The medium was
adjusted to pH 5.8 with 0.1 M NaOH and
heated at 121°C for 10 min. The culture were
maintained in darkness at 25+ 1°C for callus
formation.

2. Preculture conditions for plantlet

regeneration from callus

The callus originated from scutellum was
subcultured on our MS medium containing
20mg L' 24-D, 30g L' sucrose, 1.0g L™!
Casaminoacid and 6 g L-! agarose. Every 30
days, the callus was transferred to a fresh
medium. The subcultures were repeated 6
times. Afterwards, the calli were divided into
two groups for precultures. One group was
transferred to the same fresh medium and
cultured for another 28 days, and the other
was transferred to a fresh medium sup-
plemented with 2, 4, 6, 8, 10 and 12mg L!
ABA. These precultures were maintained in
the dark at 25+ 1°C for 28 days.

After 28 days, the calli were transferred to a
regeneration medium containing 5 mg L™!
kinetin, 0.05 mg L-! 2,4-D, 60 g L-! sucrose

and 6 g L~! agarose for plantlet regeneration.
The cultures were maintained under a 16hr
photoperiod at 37.5 x4 mole m~% s~! photon
density by Toshiba Plant Lux Fluorescent
Tubes at 25+ 1°C.

3. Analysis of protein

Precultured callus on the 21 st day was
blotted dry on filter papers, weighed and
frozen at —85°C. The frozen callus was macer-
ated in a chilled mortar with a pestle, added to
1 ml of 100 mM Tris buffer (pH 7.4) contain-
ing 10 mM marcaptethanol per gram cells,
and homogenized with a glass homogenizer.
The homogenate was centrifuged at 20,000 X
g for 10 min. The supernatant was collected in
ultracentrifuge tubes and spun at 100,000 X g
for 15 min. The supernatant was saved for
protein analysis by SDS-PAGE!¥. Total pro-
tein was measured according to the Bradford
method?.

4. Histological observation

On the 21 st day, callus was fixed by FAA,
dried with ethanol and embedded in paraffin
block. Internal structures of cultures were
observed by paraffin section stained with sa-
franin and fast green.

Results

At first, ABA significantly inhibited callus
growth on the basis of fresh weight, especially
at a high concentration (6~12 mg L=! ABA),
but the decrease in matter was not significant
in comparison to the control, as shown in
Table 1. Secondly, ABA supplement was
remarkably effective in increase in total sol-
uble protein in cultured callus.

We have analysed the total soluble protein
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lane 1 : Protein molecular weight marker.
lane 2 : Callus cultured with 2.0 mg L-! ABA
addition.

lane 3 : Callus cultured with 4.0 mg L-! ABA
addition.

lane 4 : Callus cultured with 6.0 mg L-! ABA
addition.

lane 5 : Callus cultured with 8.0 mg L-* ABA
addition.

lane 6:Callus cultured with 10.0 mg L-!
ABA addition.

lane 7:Callus cultured with 12.0mg L-!
ABA addition.

lane 8:Callus cultured without ABA addi-
tion.

Fig. 1.
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lane 9 : Protein molecular weight marker.
lane 10: Control callus without ABA addi-
tion.

lane 11 : Selected white-callus without ABA
addition.

lane 12: Callus cultured with 10.0 mg L-!
ABA addition.

lane 13 : Intact seed embryos.

lane 14 : Seed germinating.

lane 15 : Regenerants from callus precultured
with 10.0 mg L-! ABA addition.

lane 16 : Green spots from callus precultured
with 10.0 mg L-! ABA addition.

SDS-PAGE separation of total soluble proteins isolated from ABA treated

callus, regenerating callus and germinating seed embryos.

of callus cultured with additions of ABA and
of regenerating callus through ABA pre-
culture, then compared with the soluble pro-
tein of intact mature seed embryos and of
germinating seed embryos without any ABA
addition.

As shown in Fig. 1-A, in precultures with 2.0
mg L~! ABA addition, 18.5, 25, 45 kDa novel
proteins were induced (lane 3), and in high
concentration (4.0~12 mg L-! ABA) 14 kDa
novel protein was additionally induced, while
29 kDa protein disappeared (lane 4~8). All
of these proteins, synthesized de novo with the
same molecular weight, were also presented in
mature seed embryos (lane 13). The SDS-
PAGE pattern of soluble proteins in the cases
of 6, 8, 10, 12 mg L-! ABA precultures (lane
4, 5, 6, 7) were especially similar to those of
mature seed embryos (lane 13). The pattern
of the selected white-callus cultures without
ABA addition and the callus precultured with
2.0 mg L' ABA were similar, but not 29 kDa

soluble protein, which was not found in the
selected white-callus. Nevertheless, in the case
of regenerated plantlets, the protein patterns
(lane 15) were similar to that for germinating
seed embryos (lane 14). Those novel proteins
disappeared with regeneraton of plantlets, but
not 45 kDa protein (lane 14 and 15 in Fig.
1 B). The internal structures of callus are
shown in Fig. 2-A in that in the circumference
of callus without ABA addition, the dividing
cells were sporadic. However, in cultures with
ABA addition, the cluster of dividing cells
(meristematic cells) has been clearly observed
(Fig. 2-B).

We have obtained high frequency plantlet
regeneration from long-term subcultured calli
through 28 days of ABA precultures. As
shown in Table 2, with 6.0~12.0 mg L-! ABA
pretreatment, especially, 10.0 mg L' ABA
addition to cultures, a long-term subcultured
callus has expressed high frequency of plantlet
regeneration in comparison with the control.
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Table 2. Effect of ABA pretreatment on plantlet regeneration ftom a long-
term cultured rice callus.

ABA Plantlet regeneration
pretreatment % of green Shoots per Days after transfer
(mgL~*)
plantlet? callus-mass® to green plantlet
0 (control) 13.89, 2.78 18
2 11.7 3.10 20
4 15.2 2.67 17
6 18.4 3.47 15
8 26.6 3.87 15
10 37.8 5.10 11
12 28.7 5.33 11

Data were collected after 45 days.
__ Number of callus mass with plantlets

Total callus mass transplanted X 100

_ Total number of plantlets regenerated
" Number of callus mass with plantlets

X 100

But the effect of ABA preteatment on plantlet
regeneration were not remarkable in the case
of 2.0~4.0 mg L-! ABA.

On the other hand, with ABA addition to
preculture, the period for plantlet regeneration
was shortened, especially at 10 mg L-! ABA
(Table 2) and was the optimal concentration
to plantlet regeneration.

Discussion

In this study, we demonstrated the require-
ment of ABA for growth and plant regenera-
tion from a long-term cultured rice callus
initiated from mature seed, and we have also
shown the effects of ABA on tissue structure,
soluble protein content and protein compo-
nent of rice callus. The effects of ABA on
callus growth and plantlet regeneration were
shown in rice anther culture?” and seed callus
culture®. Our investigations in Table 1 and
Table 2 support these reports. However, the
stimulative effect of ABA on plant regenera-
tion also shows that the increase in callus mass e
with plant regeneration and the time required addition (x50),

for plant regeneration are anticipatory (Table C : Somatic embryo in callus precultured
9). with 10.0 mg L=! ABA addition (X 50),

D : Plantlet initial in callus precultured
with 10.0 mg L-! ABA addition (X50).

i
-
,

Fig. 2. Microphotographs of paraffin sections
on various callus cultures.

A : Control callus culture without ABA
addition (X 50),

B : Callus cultured with 10.0 mg L-! ABA

We have not obtained any somatic embryos
from ABA treated callus by paraffin section,
but found a kind of indication on characteris-
tic structure of embryogeny (Fig. 2). As for  cell suspension cultures of Panicum maximum
histology, in general, the embryogenesis begins ~ and  Pennisetum purpureum'®. Kamada and
to start with one or a few cells. Karlson and  Harada stated the possible role of endogenous
Vasil reported the progress in embryogenic = ABA on seed embryo formation!V. On the
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other hand, exogenous application of ABA
stimulated complete embryonic development
in caraway cultured cells?. According to the
present results, we suggest that ABA promotes
the progress of embryogenesis and/or or-
ganogenesis from cells of ordinary callus to
embryogenic cells leading to the formation of
prophase structure of embryogenesis and/or
organogenesis, but can not develop perfect
somatic embryos.

Furthermore, our experimental results indi-
cate that the novel soluble proteins of 45, 25,
185 and 14kDa were shown as ABA-
inducible proteins (Fig. 1) in callus cultured
with ABA addition. Mundy and Chua have
reported 45, 39, 25, 23, 21 and 20 kDa ABA-
inducible proteins in germinating seeds of rice
and ABA 21 protein accumulation in suspen-
sion cells of rice!®. However, are they the same
proteins having the molecular weight from
intact seed embryos and the ABA-inducible
proteins from germinating seeds or the ABA-
inducible proteins from cultured callus? It is
not clear.

Several workers have indicated that en-
dogenous ABA levels increase in plant tissues
subjected to water stress by high osmoticum,
NaCl, or drying™'®1®. Developmental studies
have indicated that ABA induces the accumu-
lation of specific mRNAs and protein late in
embryogenesis in the seeds of diverse
species®®!%, While an ABA-inducible protein
disappeared from the seeds of water-imbibing
and germinating state'®. According to these
results, the causes of endogenous ABA are
mainly plant adaptation of environmental
stress by optimal conditions. Exogenous ABA
causes the precocious accumulation of these
mRNAs in immature embryos and their re-
appearance in germinating seeds®. Some of
them are storage proteins®® or enzyme in-
hibitors'®. Exogenous ABA was reported to
induce the formation of white and opaque
callus containing starch grains in maize* and
in rice culture??®. In rice callus cultures, some
of these effects are confirmed that ABA is
responsible to the total soluble protein accu-
mulation, and that parts of ABA-inducible
proteins are the storage proteins because these
novel proteins were completely disappeared
except 45kDa protein when plants were
regenerated (Fig. 2). Although ABA also in-
duced the formation of white callus in rice

culture®, the physiological characteristics of
these induced white calli were unclear.
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