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Plant tissue culture techniques have pro-
vided a potential system for fundamental
and applied While growth,
metabolism and differentiation of tissues and
cells in vitro have been well studied in a
wide variety of dicotyledons, the progress
in monocotyledons, especially in the cereals,
has been much slower. This is mainly due
to the low plant-regeneration ability of the
callus of monocotyledons. However, one
notable exception has first been reported
by Green and Puirrips in 19759, They
have obtained high frequency of plant re-
generation from callus of immature embryos
of maize. Similar results have been re-
ported in oat®, sorghum#!®  wheat® and
barley®.

During the past several years, we have
constantly investigated rice protoplast culture
and the possibility of using somatic hybrid-
ization as new approach to rice improve-
ment®1®1, To meet this purpose, it is
of great importance to develop a culture
system with high plant-regeneration ability.
We have thus achieved rice callus and suspen-
sion cultures from immature embryos. The
present paper describes the suitable con-
ditions for callus induction.

research.

Materials and Methods

The experiments were performed with
two varieties of Oryza sativa—Taichung No.
65 and Tainan No. 5. Plants were grown
in a phytotron at 30°C (day)/25°C (night).
Spikelets were marked on the day of anthesis.
Immature seeds were harvested from 10 to
18 days after anthesis at a 2-day interval.
They were dehusked, surface-sterilized in
19, NaOC! for 20 min and washed four
times with sterile water. Embryos were

then excised and transferred onto agar
culture medium with the rounded scutellar
side up (scutellar surface side was exposed
and the plumule-radicle axis side was in
contact with the medium) or down (the
scutellar surface side was in contact with
the medium).

The basal culture medium consisted of
the mineral salts of MurasaIGE and Skooc
(MS) medium®, 30 g/l sucrose, Ilmg/l
thiamin-HCl, 1 mg/l pyridoxin-HCI, 10
mg/l nicotinic acid, and 8 g/l phytagar.
The pH value was adjusted to 5.8 prior to
autoclaving (5 min at 120°C).

For callus induction, immature embryos
were inoculated onto basal media supple-
mented with various plant growth regulators.
For organ differentiation, 4-week-old calli
were transferred to basal medium supple-
mented with 107M kinetin. All cultures
were incubated at 26-28°C and under con-
tinuous fluorescent light with an intensity
of approximately 9, 000 Ix.

Results

Effects of embryo age and scutellar surface
crientation

In the initial experiment, the influences
of embryo age and scutellar surface orienta-
tion on callus formation and plant regenera-
tion were studied. This experiment was
conducted from October to December in
1979. Embryos were explanted onto basal
medium with 107°M 2,4-dichlorophenoxy-
acetic acid (2,4-D). The scutellum began
to enlarge and the plumule began to emerge
within 24 hours of culture. After 5 days,
the scutellar surface became irregular, and
by 10 days, nodular yellow callus was visible.
The frequency of callus formation was higher
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Table 1. Effects of embryo age and scutellar surface orientation on callus growth
and organ regeneration.

Scutellar surface down

Scutellar surface up

Callus cultured on

Days Callus cultured on A ¢
Variety after Callus2 regeneration medium Callus2 regeneration medium
anthesis fr. wt. fr. wt. - -

(mg) Total  With  With (mg) Total  With  With

No. root shoot No. root shoot

] 10 87.1+14.0 18 5(28) 0 104.2434.8 18 14(78)  7(39)
Tl"\‘fgh‘égg 12 91.6+21.9 18 5(28) 0 125.0+40.3 18 12(67) 0
) 14 97.3+27.2 15 12(80)  3(20) 114.4+33.5 18  13(72) O

10 96.2+24.5 31 16(51)  4(13) 129.5+37.5 31  -28(90) 11(35)

, 12 94.7+32.1 31 13(42)  4(13) 118.1+37.9 -3l 18(58)  1( 3)
Rﬁ‘;“%" 14 105.2+29.5 31 8(26) 0 113.7420.5 31 6(20) 0

) 16 80.3+33.1 31 16(51) 2(6) 102.1+33.3 31 17(55)  2( 6)
18 72.34+20.0 31 13(42) 0 90.4416.0 - 31 8(26) 0

a. Each mean and its standard deviation were calculated from 20 samples of 4-week-old cultures.
b. The number in parenthesis is percentage of total callus number.

than 959 ; embryos failed to produce callus
only when they were lifted by the germinat-
ing plumules which stuck into the medium.
Growth of plumules was seriously inhibited.
When embryo was placed with scutellar
side down, the plumules showed slender,
short (<1 cm) and white. When embryo
was placed with scutellar surface up, the
plumules grew stout, longer (1-2 cm) and
occasionally green. In both cases, elonga-
tion of radicles was completely suppressed.

After 4 weeks, the callus enlarged to ca.
] cm in diameter. Callus yield as showed
by fresh weight was apparently affected by
embryo age and scutellar surface orientation
(Table 1). In the experiment ranges, callus
yield was always higher when scutellar
surface was placed up. Though fresh weight
varied between calli derived from embryos
at different age, no consistent trend could
be seen.

One week after transferring callus to the
differentiation medium, some portion of cal-
lus turned to green and from where roots
regenerated. By 10 days, shoots started to
emerge and all plantlets regenerated were
green; no albino or chimeral plantlets were
observed.

There were wide variations between calli
in ability to regenerate roots and shoots
(Table 1). The highest. frequency of root
and shoot regeneration was found in calli

XN

induced from 10-day-old embryo with scutel-
lar surface up. It is consistent between
two varieties. In general, calli derived from
embryos with scutellar surface down showed
lower regeneration ability.

Six plantlets of Taichung No. 65 were
transplanted to soil and were raised to
maturity. Plants were characterized by
normal phenotype, but seed set was slightly
variable. Five plants were fertile with seed
set from 909 to 989, and one showed
partial sterility with seed sed only 309.

Effects of medium composition

The conditions for callus induction were
examined in more detail from October to
December in 1980. Ten-day-old embryos
of Tainan No. 5 were explanted with the
scutellar surface side up onto medium supple-
mented with various concentrations of the
growth regulators. The results on callus
Induction are summarized in Table 2.

On medium without growth regulator,
plumules developed into normal seedlings
and no callus was induced. Lower con-
centrations of a-naphthaleneacetic acid
(NAA) (10-®M and 10-M) enhanced plum-
ule and root growth; callus was only induced
from a small number of embryos. Increas-
ing the NAA level to 107*M caused inhibi-
tion of plumule growth, but promotion of
callus. formation. The callus proliferated
very vigorously and was often light green
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Table 2. Effects of growth regulators on callus induction and growth.

Growth regulator

Callus induction Callus fr.wt.

Shoot length

(%) (mg) (cm)
10-¢M 2,4-D 100 259.5+105. 02 <2
105M 2,4-D 100 145.5+ 32.8 <2
10*M 2,4-D 100 90.6+ 31.0 <2
10->M 2,4-D-105M ABA : 100 111.54+ 40.2 <2
10-°M 2,4-D-10-3M ABA-10-M Kinetin 100 59.6+ 33.8 <2
10-6M NAA 10 Scarce 23.24+ 4.7
10-*M NAA 18 . Scarce 23.6+ 3.2
10+ M NAA 100 211.5% 50.9 11.24+ 8.9
10*M NAA-10-¢M Kinetin 24 Scarce 25.8+10.1
10-5M NAA-10-3M Kinetin 26 Scarce 18.7+£10.1
10-¢M NAA-10-5M Kinetin 8 Scarce 18.6+ 2.8
105M ABA : 0 None 4.9+ 2.2
Without growth regulator 0 None 15.4+ 3.2

“a. Each mean and its standard deviation were calculated from 10 samples of 4-week-old cultures.

in color with some roots.

Adding 10-M kinetin to medium with
10-3M NAA caused similar effects as 107°M
NAA alone. However, Increasing the kine-
tin level to 107°M or lowering the NAA
level to 1075M led to less growth of plum-
ules. Callus was only occasionally induced
and often submerged by numerous roots.

In case of 107¢M abscisic acid (ABA),
plumule growth was strongly inhibited and
no callus was.induced at all.

The three concentrations of 2,4-D tested
were all satisfactory for callus induction.
An abundance of callus was produced on
medium with 10-¢M 2,4-D. Higher levels
of 2,4-D tended to reduce callus growth.
On medium with 10-3M 2,4-D, addition of
10-5M ABA slightly decreased the yield of
callus. Moreover, the combination of 10-*M
2,4-D, 1075M ABA and 107°M kinetin gave
the lowest callus yield. In the presence of
2,4-D, plumules grew not longer than 2 cm
and elongation of radicles were completely
inhibited.

Discussion

In this study, we succeeded in establish-
ing totipotent callus cultures from immature
embryos of rice. . Recently, immature em-
bryos was found to be suitable source of
explant for callus induction and shoot re-
generation in cereal plants??:4:5,6,18,

Distinct effects of embryo age and orienta-
tion of the embryo on the culture medium

on callus induction and shoot regeneration
were observed. Our data showed that 10-
day-old rice immature embryos with the
plumule-radicle axis side placed in contact
with medium gave best result in callus forma-
tion and plant regeneration. However, the
conditions for other plant species varied.
For examples, in maize, the optimum em-
bryo age was 18 days post-pollination and
placing the scutellar side up promoted callus
formation®. In barley, 10- to 13-day-old
embryos were suitable and placing the
scutellar side down gave better results®.
The cause of this positional effect was not
understood so far. Anatomical studies are
underway to compare the process of callus
induction from embryo with different orienta-
tions on the medium.

Growth responses of rice immature em-
bryo were apparently affected by the kind
and level of growth regulators in the medium.
Callus could be induced successfully. by 2,4-
D even at the level of 10°°M and a high
concentration of NAA at 1075M. Presently,
2.4-D is the most common and effective
auxin applied for callus induction and sub-
culturing of the cells of cereal plants. And
the concentration of 2,4-D used in cereal
plants tends to be higher than that in
dicotyledonous plants!”. For callus induc-
tion in rice, the conenctration of 2,4-D
used was at least 0.5mg/1(ca. 0.25x1073M)"
812,19 Because 2,4-D makes callus more
difficult to differentiate in subsequent organ
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regeneration culture, it is of great advantage
to reduce its concentration'®. Therefore,
the success in inducing prolific callus growth
from rice immature embryos by very low
level of 2,4-D (107°M) or by substituting

2,4-D for NAA is a very notable event. -

In rice anther culture, callus could be in-
duced by NAA and kinetin, but the in-
ducing rate was very low?. ‘

The induction of totipotent. callus from
immature embryo has no doubt to provide
a very potential culture system for rice
improvement, especially for the studies of
protoplast culture.

Summary

Prolific callus cultures were ecstablished
from immature embryos of rice (Oryza sativa
L.). Itwas found that 10-day-old immature
embryo with the plumule-radicle axis side
placed in contact with medium gave best
results in callus formation and plant re-
generation. Growth responses of immature
embryo were affected by the growth re-
gulator level in the medium. Callus was
successfully induced by 107¢-10*M 2,4-D or
10*M NAA. Lower concentration of NAA
or omitting the growth regulator enhanced
the plumule growth to normal seedling and
failed to induce callus.
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