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Abstract : Several changes were shown in rice callus cultures with abscisic acid (ABA) treatment. First, callus
growth was inhibited, especially at a high concentration (2x 10-*M) of ABA. Secondly, white, dry and compact
regions were formed in the callus at higher frequency. Thirdly, two kinds of callus structures were observed at
ABA-treated culture stage with a scanning electron microscope (SEM). White regions and yellow regions at
macroscopical level corresponded to relatively smooth, undulated structures and rough-surfaced structures,
respectively at SEM level. Moreover, the dark condition in which ABA was treated enhanced the frequency of
appearance of white regions in the callus and advanced the developmental stage leading to plant regeneration.

When the calli having white regions were predominantly transferred on the regeneration medium, they showed
the highest potential to regenerate plantlets. Nevertheless, the ability of such regions to regenerate plantlets was
not affected by illumination in the ABA-treated culture at all. Several morphological types in plant regeneration
processes could be observed after 7 days of the regeneration culture. Some of them showed ordinary or-

ganogenesis and others malformed processes.
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Application of in vitro techniques to plant
improvement will depend on the regenerative
capacity of certain economical important
species. Although cereals have not been suit-
able species for plant regeneration, great prog-
ress has been made in recent years.

In rice as well as in other plants, genotypes
and explant sources were often considered to
be important factors in determinating plant
regeneration. For example, a relationship
between plant genotype and in vitro response,
particularly regeneration, has been reported in
several cereal species such as rice'12%49 oat?
and wheat'®. Contrary to these results, we
have found many reports where plant regener-
ation were obtained in most of the genotypes
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tested. Moreover, they also showed the
significance of physiological and develop-
mental state of the explants. For instance,
somatic embryogenesis of cereal plants have
been obtained from the specific developmental
stages of embryos 1318202636 inflorescences
367283600 and leaves'®!%3%. Vasil®® discussed
that genotypic effect is strongly influenced by
physiological and environmental factors,
which in turn influence the synthesis, trans-
port and the availability of phytohormones.
This argument is strengthened by the fact that
highly embryogenic explants and calli showed
higher levels of both indole-3-acetic acid
(IAA) and ABAZ#7,

Inoue and Maeda!® presented the two-step
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culture method by ABA to enhance the regen-
erative capacity of rice callus cultures. Abscisic
acid is generally known to be inhibitory to
plant growth and antagonize the stimulatory
effect of other hormones, auxins and cyto-
kinins. However, less information is available
on the stimulatory effects of ABA on plant
regeneration. Kochba et al.'® and Vasil and
Vasil®” demonstrated that embryogenesis is
stimulated by ABA. Shepard®” and Torrizo
and Zapata®® observed ABA-promoted shoot
regeneration in potato and rice callus cultures,
respectively. In addition, Abou-Mandour and
Hartung? showed the stimulation of adventi-
tious root formation in Jea mays callus cul-
tures.

In the present report, we study the effect of
ABA on the growth and differentiation of rice
callus cultured in wvitro, especially the mor-
phological effects leading to plant regeneration
by SEM observation.

Materials and Methods

Husked mature seeds of Oryza satwa. L.
(var. Nipponbare) were surface-sterilized with
709, ethanol for 3 min, followed by 59
sodium hypochlorite solution for 25 min and
then rinsed with sterile distilled water several
times. The culture medium designated here as
a basal medium was consisted of Murashige
and Skoog’s major and minor salts?®, 78.4
mg/l FeEDTA, 200 mg// myoinositol, 1 mg/!/
thiamine-HCl, 3 g// casein hydrolysate, 39,
sucrose and 0.659, INA-agar (BA-10). Steril-
ized seeds were placed on the callus induction
medium (basal medium plus 10—°M 24-D)
and inoculated for about 30 days. Calli in-
duced from scutellum were subcultured on the
same medium for 25 days. The purpose of this
subculture is to minimize heterogeneity of the
callus. Subcultured calli were inoculated on
the preculture medium (basal medium plus
107°M 2,4-D and various concentrations, 2 X
1074, 2% 107% or 2x 107°M of ABA) for 25
days. After this preculture, the calli were trans-
ferred on the regeneration medium (basal
medium plus 100°"M 24-D and 5x107°M
kinetin) .

All cultures were kept in a culture room at
25~27°C under continuous light of about
3,000 lux except for the dark condition of the
examination on illumination.

For scanning electron microscopy, the mate-

rials were fixed with modified Karnovsky’s
fixative'® consisted with 397, glutaraldehyde,
1.59, paraformaldehyde and 0.1M Sérensen’s
phosphate buffer, by gently shaking at a room
temperature for 5 h. The materials were rinsed
repeatedly with the above buffer and dehy-
drated with graded ethanol series. The dehy-
drated materials were treated with isoamyl
acetate and critical point dried with HITA-
CHI HCP-1. They were coated with gold by
an ion sputtering equipment, EIKO IB-3 and
examined with a scanning electron micro-
scope, HITACHI S-415.

Results

We have examined the effect of ABA in the
preculture medium on rice callus growth, the
morphology and the ability to regenerate
plantlets. A preliminary experiment has in-
dicated that the callus growth as measured by
fresh and dry weights, decreased with increase
in ABA concentration from 0 to 2x10~*M
(data not shown). Furthermore, this inhibi-
tion of callus growth was always accompanied
by the appearance of particular regions with
both white and dry characters in the callus
about 15 days after transfer on the medium
with higher concentrations of ABA (Figs. 2
and 4). The white and dry regions were fre-
quently observed near brown necrotic regions
and had many starch grains through histo-
chemical investigations (data not shown). On
the other hand, when cultured on the medium
either without ABA (Figs. 1 and 3) or with
low concentration of ABA, i.e. 2x 107°M, the
calli were usually yellow and wet in appear-
ance, and the formation of white and dry
regions was rarely observed.

Table 1 shows that the highest potential for
plant regeneration was obtained from the
preculture medium supplemented with 2 X
107°M ABA, at which concentration green
spots and adventitious buds were observed
earlier than those at other ABA concentrations
tested. At 2x 107*M ABA, necrosis pronoun-
cedly appeared on the callus. Consequently,
this high level of ABA resulted in low fre-
quency of plant regeneration.

As mentioned above, the optimal concentra-
tion of ABA in the preculture medium is 2 X
10-3M. Moreover, as ABA-treated calli were
characterized by the intensive formation of
white and dry regions, we have investigated
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Table 1. Effect of abscisic acid concen-
tration in the preculture medium
on regeneration from rice callus.

Table 2. Effect of selective transfer
according to color on regeneration
from rice callus.

ABA conc. 9% of calli % of 9% of calli % of
in precul- forming greening Preculture forming gree-
ture (M) adventiti- calli ABA (M) color adventiti- ning
ous buds ous buds calli
0 14.3 31.4 0 yellow 20.3+4.3 39.1+2.6
2X 108 14.0 26.0 2X10-% white 51.6%2.6 60.4+5.5
2X10-° 20.0 30.0 2X 1075  vyellow 9.4+0.6 22.6+2.5
2X10* 12.0 22.0

Callus was cultured on the preculture
medium supplemented with 107°M 2, 4-D
and various concentrations of ABA, and
transferred to the regeneration medium
with 100"M  2,4-D plus 5X10-°M
kinetin. Data were collected after 25 days
culture on the regeneration medium.

the ability of the calli having such regions to
regenerate. After 25 days of inoculation on the
preculture medium with or without 2 x 107°M
ABA, the calli were selected according to the
difference in color and transferred on the
regeneration medium. The calli treated with
ABA could fall into the following two cate-
gories ; (A) “ABA white callus” characterized
to be white, opaque and dry in nature, (B)
“ABA vyellow callus” of yellow, semitrans-
lucent and wet in appearance. In contrast,
since the calli grown on the preculture
medium without ABA scarcely had the white
and dry regions, only yellow regions of such
calli were transferred in this case. In the
present report, this type of calli is referred to
as ‘“‘control callus”. Control callus is also yel-
low, translucent and wet, which nature is the
same as ABA vyellow callus macroscopically.

Table 2 demonstrates that ABA white callus
had the highest percentage of both adventi-
tious bud formation and greening. In addition,
such percentages of ABA white callus were
remarkably higher than those of ABA-treated
callus without macroscopical selection (Table
1). However, no significant differences in
regeneration activity were found between
ABA yellow callus and control callus.

We have also studied the effect of illumina-
tion at ABA preculture stage on callus growth,
its morphology and the regeneration activity.
Table 3 shows that the callus growth was
significantly inhibited with ABA treatment in
the preculture medium, but not affected by

Callus was cultured on the preculture
medium supplemented with 10—°M 2 4-D
and various concentrations of ABA, and
transferred to the regeneration medium
with 100°"M  2,4-D plus 5X107°M
kinetin, Data were collected after 25 days
culture on the regeneration medium.
Selection with color was made macros-
copically at the end of preculture. On
control, the calli cultured on a medium
without ABA, were not selected at all,
ABA concentration in the preculture
medium was 2X107°*M. S E. is indicat-
ed.

illumination at all. However, more white and
dry regions were formed on ABA-treated cal-
lus precultured in darkness as compared with
those precultured in light. This superiority of
darkness was remarkable even 10 days after
inoculation on the preculture medium contain-
ing ABA when a few white and dry regions
could be observed on ABA-treated -callus
precultured in light, whereas a considerable
number of white and dry regions were already
formed on ABA-treated callus precultured in
darkness. As shown in Table 4, ABA white
callus had a higher potential for regeneration,
which precultured in light or in darkness,
compared with control callus.

The calli on the preculture medium without
ABA (control calli) were yellow and wet as
indicated previously. When such calli were
inoculated on the regeneration medium, the
formation of white regions on the inoculated
yellow calli frequently preceded plant regener-
ation. Then we have investigated the relation-
ship between the formation of white regions on
the yellow calli during the regeneration culture
and their plant regeneration activity. Table 5
shows that the calli forming white regions
during the regeneration culture were superior
in plant regeneration to those remaining yel-
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low.

As mentioned above, since ABA treatment
induced changes in morphology and stimulat-
ed the formation of white and dry regions, we
have examined what changes at the SEM level
correspond to surface appearance at the
macroscopical level. When cultured on the
preculture medium without ABA for 25 days,
a large proportion of the callus surface had a
rough appearance (Fig. 5), although the calli
having a smooth surface could be rarely obser-
ved (Fig. 6). In contrast, as shown in Figs. 7
and 8, we could observe the several types of
structures on the ABA yellow calli at a high
frequency, such as the thin membranous
structures covered on the callus surface (Fig.
8), the radially directed fibrous structures
(Figs. 7 and 8) and the exposed cells/cell
aggregates (Fig. 8).

On the other hand, ABA white calli were
characterized by smooth surface. Figs. 9—12
demonstrate several structures on ABA white
calli. Some structures had a fold and undulat-
ed appearance, and others had specific char-
acteristics such as tube-like (Fig. 11) or leaf-
like (Fig. 12) structures. When calli were
treated with ABA in darkness, we could
observe the same structures, although the
frequency of the formation of such structures
in darkness was considerably higher as
compared to that in light.

When the calli treated with ABA were trans-
ferred on the regeneration medium, several
morphological types in plant regeneration
processes could be observed after 7days of the
regeneration culture. Fig. 13 shows the struc-
ture which was probably achieved by the
enhancement of undulation, and its surface
was similar to that of i oo rice leaf blade.
Furthermore, we could observe two leaf-like
structures and three leaf primordium-like
structures (Fig. 14) and some other mal-

formed structures such as leafy structure with
many trichome-like outgrowths and adjacent
smooth nodular structure (Fig. 15) and sym-
metrical structure with hemispherical out-

growth (Fig. 16).
Discussion

In these present investigations, we have
shown several changes in rice callus with ABA
treatment. First, callus growth was inhibited,
especially at a high concentration of ABA.
Generally, the plant hormone ABA is known
to be inhibitory to in vive growth and its role in
regulating growth has been reviewed??. Simi-
lar inhibitory effects of ABA has also been
noted in several tissue cultures such as
tobacco!™V, Lemna polyrhiza®® and Ipomea®?.
The present experimental result agrees to their
reports. Contrary to these reports, we have
found several reports where ABA treatment
stimulates callus growth at appropriate
concentrations?#%34),

Secondly, ABA treatment stimulated the
formation of white, dry and compact regions
in the callus. These characteristics are similar
to those of so-called embryogenic callus®®. In
many species of the Gramineae, embryogenic
calli are generally known to be hard, white,
compact, dry and opaque. In addition, these
calli consisted of small spherical and richly
cytoplasmic cells. In the present experiment,
light microscopic observation confirmed these
histological characteristics in the ABA-treated
calli. Moreover, when ABA white calli were
predominantly transferred on the regeneration
medium, they showed the highest potential to
regenerate plantlets. Thus, these results indi-
cate so-called embryogenic characteristics and
potential of ABA white calli.

Thirdly, the dark condition in which ABA
was treated enhanced the frequency of
appearance of white regions on the callus and

Table 3. Effect of abscisic acid and illumination in preculture on rice callus growth.
Preculture
Fresh weight Dry weight Water content
ABA (M) Illumination (mg) (mg) (%)
0 light 334.9+13.7 29.6+1.3 91.2
2X1075 light 207.7+10.4 25.3%£1.0 87.8
2X107° dark 236.8+14.2 26.2+1.4 88.9

Data were collected after 25 days culture on the preculture medium. Fresh weight of initial
inoculum was approximately 30 mg. S.E. is indicated.
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Table 4. Effect of abscisic acid and illu-
mination in preculture on regenera-
tion from rice callus.

% of calli
Preculture forming % of
adven- greening
ABA Ilumi- titious calli
(M) nation buds
0 light 24 4 56.4
2X107° light 57.7 87.2
2X10% dark 61.5 80.8

Callus was cultured on the preculture
medium supplemented with 107°M 2,4-D
and various concentrations of ABA, and
transferred on the regeneration medium
with 100°"M  2,4-D plus 5X10°M
kinetin. Data were collected after 25 days
culture on the regeneration medium.

advanced the developmental stage leading to
plant regeneration. The light condition, which
is known to lower ABA level!®, may inhibit its
stimulatory effect on the formation of white
regions. However, we did not investigate en-
dogenous ABA level at the preculture stage, it
is not clear why the dark condition stimulated
the formation of white regions. The dark
condition enhanced the frequency of the for-
mation of white regions; nevertheless the
ability of such regions to regenerate was not
affected by illumination in the preculture.

Furthermore, after the calli were inoculated
on the preculture medium without ABA, some
of them formed white regions during the
regeneration culture, and they showed
significant superiority in regeneration to those
remaining yellow. Hence, the discoloration
may be critical for plant regeneration. In rice
tissue cultures?®, turning white of calli was
found to precede adventitious bud formation.
Lu and Vasil'® and Botti and Vasil® reported
that this white color is due to the accumulation
of starch grains. We also confirmed the starch
accumulation in the white regions of not only
control calli but also ABA-treated calli. Thor-
pe and Meier®® speculated such accumulated
starch to be a readily available energy source
during plant regeneration.

Th role of ABA in accumulating starch
grains is not clear. Exogenous ABA was repor-
ted to induce the formation of white and
opaque starch-containing callus in maize® and
pearl millet®. In addition, it is well known

Table 5. Relationship between the for-
mation of white regions on the
regeneration medium and plant
regeneration activity,

Callus % of calli 9% of
reaction forming greening
on the adventi- calli
regenera- tious buds

tion medium

Remaining 5.8+2.3  30.8+3.0
yellow

Turning 52.6+7.5  73.2+14.0
white

Callus was cultured on the subculture
medium containing 1073M 2 4-D for 25
days and transferred on the regeneration
medium, When calli cultured on the
regeneration medium, some of them for-
med white regions about 7 days after
transfer (Turning white), others
continued to be yellow during the last
culture (Remaining yelllow) . Data were
collected at 25 days after culture on the
regeneration medium. S.E. is indicated.

that endogenous ABA level of seeds raises
drastically at the early stage of embryogenesis
and subsequently falls after starch accumula-
tion in rice?® and wheat?”. Hence, ABA may
play a role in accumulating starch by its inhib-
itory effect on biosynthesis of hydrolytic
enzymes such as g-amylase. Apart from this
speculation, Torrizo and Zapata3#, who repor-
ted the stimulatory effect of ABA on plant
regeneration in indica rice callus, discussed the
possibility that its influence in the accumula-
tion of proline, which was assumed to stimu-
late plant regeneration in several species,
however, the present experiment could not
confirm this possibility.

We observed two kinds of callus structures
at ABA preculture stage with SEM ; White
regions and yellow regions at macroscopical
level corresponded to relatively smooth, un-
dulated structures and rough-surfaceed struc-
tures, respectively at SEM level.

Several workers have shown the existence of
superficial membranous structures, which are
composed of polysaccharides. In our experi-
ment, exogenous ABA promoted the disrup-
tion of such structures vigorously. In general,
ABA is known to stimulate the secretion of
several types of hydrolytic enzymes in in oo
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Explanation of Figures

Figs. 1 and 3. Calli grown on the preculture medium without ABA for 25 days.

Figs. 2 and 4. Calli grown on the preculture medium with ABA for 25 days. Many white and dry
regions (arrows) are observed on the callus surface.

Figs. 5 and 6. Surface view of calli grown on the preculture medium without ABA. Rough-surfaced
clumps (Fig. 5. bar 200 gz m, arrows) and smooth-surfaced clumps (Fig. 6. bar 200 g m).

Figs. 7 to 12. Surface view of callus grown on the preculture with ABA. ABA vyellow callus (Fig.
7. bar 50 4gm and Fig. 8. bar 200 ;zm) showing rough-surfaced membranous structure (R), radial
fibrous structure (F) and separated cells/cell aggregates structure (S). ABA white callus (Figs. 9
to 12) showing undulated structure (Figs. 9 and 10 bar 200 g m), tubular structure (Fig. 11. bar 200
um) and wavy undulated structure and leaf-shape structure (Fig. 12. bar 300 ym).

Figs. 13 to 16. Surface view of differentiating callus structures on the regeneration medium for 7
days. Wavy undulated structures (Fig. 13. bar 200 ym), two leafy structures and three leaf
primordium-like structures (Fig. 14. bar 200 4y m), many trichome-like outgrowths and adjacent
smooth nodular structure (Fig. 15. bar 100 ym) and symmetrical structure with hemispherical
outgrowths (Fig. 16. bar 200 g4 m). '

NII-Electronic Library Service



HicucHI and MAEDA

Regeneration by ABA in Rice Callus

367

abscission. In the same manner, superficial
membranous structures may break down with
exogenous ABA treatment. However, appear-
ance of smooth surface in white regions ac-
companied with rough surface in yellow
regions suggests the participation of other
factors such as differences of endogenous
hormonal levels within one callus piece.

Smooth and undulated structures were ob-
served on ABA white callus. They resembled
embryogenic calli in their shape. In addition,
when ABA-treated calli were transferred on
the regeneration medium, several mor-
phological types in plant regeneration proces-
ses could be observed after 7 days of the
regeneration culture. Some of them showed
ordinary organogenesis and others malformed
processes (Figs. 15 and 16). However, we
could not obtain any structures characteristic
of embryogenesis. Thus, it is not appropriate
to employ the terms ‘‘somatic embryogenesis’
and “embryogenic callus” in this report.
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