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Abstract

To enhance in vitro plantlet regeneration efficency
of soybean through embryogenesis, the culture con-
ditions such as material part and size of immature
seed, 2,4-D, pH and solidifying agents for somatic
embryogenesis were investigated. Somatic em-
bryogenesis was induced from the immature em-
bryo, immature cotyledon and embryonic axis ex-
plants of the immature seed on MS medium sup-
plemented with 2.0 mg/L 2,4-D. The highest rate
(up to 22.9%) of somatic embryogenesis was ob-
tained from the immature cotyledon, following em-
bryonic axis and the immature embryo. The rate
varied with the developmental stages of seed. The
maximum rate (25.4%) of embryogenesis was ob-
tained from 3-4 mm length of the seed (after 25
days of flowering). The optimum concentration of
24-D for embryogenesis was 10 mg/L. The op-
timum pH was at 5.8 and solidifying agent for
medium was better with 0.4% gelrite than with
agar. For rapid multiplication of shoot tips from
the germinating somatic embryos, they were cul-
tured on MS medium containing 2 mg/L indole-3-
butyric acid (IBA) and 1 mg/L 6-benzyladenine
(BA). After then somatic embryos with one and
three cotyledons were transferred to the growth re-
gulator free medium. The medium exhibited the
higher rate (ca. 50%) of development than the mul-
tiplication medium.
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Introduction

Soybean [Glycine max (L.) Merrill] has been re-
generated in vitro from several explant sources by
both somatic embryogenesis (Barwale et al., 1986;
Ranch et al,, 1985) and shoot differentiation (Barwale
et al, 1986, Wright et al, 1986). Somatic embryos
have been obtained from immature cotyledons of zy-
gotic seed (Lippmann and Lippmann, 1984; Lazzeri
et al., 1985; Barwale et al.,, 1986; Anna and Waclaw,
1994; Sohn and Bae, 1995; Rajasekaran and Pellow,
1997; Santarem et al., 1997), and immature embryos
of zygotic seed (Ranch et al, 1985; Buchheim et al,
1989; Chot et al., 1994). The regeneration by shoot
differentiation has been documented from the sev-
eral explants such as the cotyledon and primary leaf
nodes (Barwale et al., 1986; Wright et al., 1987, Kim
et al, 1990). Compared with another species, it
demanded a higher concentration of 2,4-D (Li et al,
1985; Ghazi et al., 1986; Tetu et al.,, 1987; Finer and
Nagasawa, 1988; Wright et al., 1991; Santarem et al,,
1997).

Somatic embryogenesis and shoot differentiation
for the regeneration can be utilized for genetic
transformation works. Tissues undergoing shoot dif-
ferentiation have been transformed by using Agro-
bacterium (Hinchee et al, 1988) and particle bom-
bardment (McCabe et al., 1988), while proliferous em-
bryogenic cultures have been transformed only via
particle bombardment (Finner and McMullen, 1991;
Sato et al, 1993; Parrot et al, 1994). In spite of all
these reports for soybean transformation, the
methods are far from routine. A more useful and ef-
ficient system for soybean transformation may rely
on a new system where the regeneration is proce-
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eding directly and rapidly. One soybean tissue cul-
ture system that has not been extensively evaluated
in transformation studies is an induction of the
somatic embryos. The proliferous embryogenic cul-
tures will enhance the efficiency for transformation.
The factors such as material part, immature seed size,
medium pH and solidifying agent in media on
somatic embryogenesis have not been fully in-
vestigated. In the present study, we provide an ef-
ficient method for regeneration of soybean plants
through somatic embryogenesis.

Materials and Methods

Experimental material

The seeds of soybean [Glycine max (L.) Merrill cv.
Iksannamulkong] were obtained from National
Honam Agricultural Experiment Station R.D.A.. Soy-
bean plants were cultivated in a greenhouse under
14h-light/10h-dark photoperiod at 25C. The im-
mature pods containing embryos (1.5-6 mm in
length) were harvested 15 to 35 days after flowering.

Culture conditions

The seeds ranging a 1.5 to 6 mm in length were
excised from pods which had been surface sterilized
with 70% ethanol for 1 min and with 1% sodium hy-
pochlorite solution for 10 min, and then sub-
sequently rinsed 4 times with sterile deionized water.
The immature seeds were taken by taking the seed
coat off the ovules by cutting next to the hilum
which insured an intact embryo. The MS (Murashige
and Skoog, 1962) media supplemented with 2,4-D (0,
0.5, 1, 2, 5, 10, 20, 40 mg/L) and 3% sucrose, and
with either agar (0.6, 0.8, 1.0, 1.2%) or gelrite (0.2, 0.3,
0.4, 0.5%) as the solidifying agent adjusted to pH 5.0,
5.8, 7.0, 8.0 were used. The explant were cultured in
the dark condition at 25+1C for eight weeks. The
somatic embryos formed as a result of direct em-
bryogenesis on somatic embryo forming medium.
The shoots formed on shoot forming medium sup-
plemented with 2 mg/L IBA and 1 mg/L BA and
the roots formed on root forming medium were
transferred to the regenerating media. The cultures
were maintained for 4 weeks at 25+1C under 16:8
h (light : dark) photoperiod with a light intensity of
80 uE m”s” provided by white fluorescent lamps in
an environmentally controlled incubation room. Aft-
er the shoots were grown at a height of about 1 cm,
they were transferred to culture bottles containing 30
mL of the growth requlator free medium for the root-
ings.

Analysis of embryo formation

Primary somatic embryos were clearly dis-
tinguished on the surface of the explant materials
(Figure 6 ABCD). Means of somatic embryogenesis
rates were calculated on the basis of induction medi-
um after 6 weeks. Each value represented 50-70 re-
plicates, and each experiment was repeated at five
times.

Results and Discussion

Comparison of somatic embryogenesis rates among im-
mature embryo, embryonic axis, and immature cotyledon
explants

The rates of somatic embryogenesis induced from
material parts (immature embryo, immature co-
tyledon and embryonic axis) of soybean seed on MS
solidify medium containing 2.0 mg/L 24-D, 0.8%
agar, and 3% sucrose were compared (Figure 1). Aft-
er inoculation for 2 to 3 weeks, the pale yellow and
friable callus was formed and then, the somatic em-
bryos were formed on the callus. The embryogenesis
rate (22.9%) of immature cotyledon was the highest,
followed embryogenic axis (17.6%) and immature
embryo (5.5%). It has been reported that the im-
mature embryo has a higher potential of em-
bryogenesis than other explants (Choi et al, 1994; Li
et al., 1985). On the other hand, it has been reported
that immature cotyledon has a higher potential of
embryogenesis than other explants (Anna and Ma-
claw, 1994; Bailey et al., 1993; Buchheim et al,, 1989;
Santarem et al., 1997). These results may due to phy-
siological background of the explant tissue according
to the aging.

Figure 1. Effect of the material parts on calius and somatic
embryogenesis from immature soybean seed. IE: im-
mature embryo; IC: immature cotyledon; EA: embryonic
axis. Vertical bars represent SEs (n=5).
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Effect of the size (aging) of immature seed on em-
bryogenesis

According to immature seed size at de-
velopmental stage after flowering, the cotyledon ex-
plants were innoculated on the solid (agar, 0.8%) MS
medium and cultured for one month. The em-
bryogenesis rate (25.4%) of the 3-4 mm explant (after
25 days of flowering) was higher than that (18.7%)
of the 1.5-3 mm explant (after 15-20 days of flow-
ering), but the rates exhibited a decreasing tendency
according to the size (after 30 days of flowering)
(Figure 2). This result is coincident with other re-
ports (Barwale et al, 1986; Buchheim et al, 1989;
Choi et al, 1994; Rajasekaran and Pellow, 1997; San-
tarem et al, 1997, Sohn and Bae, 1995). The diff-
erence in the rates may due to the structural tur-
nover of cell-wall polysaccharides during somatic em-
bryogenesis of celery (Yeo et al, 1999). It also sug-
gests that the difference is related with the degree of
differentiation of embryogenic cells.

Effect of 2,4-D on callus formation and embryogenesis

Soybean embryogenesis demands a high 2,4-D
{Ghazi et al,, 1986; Liu et al, 1992; Rajasekaran and
Pellow, 1997; Santarem et al., 1997). To understand
the relationship between differentiation and em-
bryogenesis, the cotyledon explants were in-
noculated on the media supplemented with different
concentrations of 2,4-D and cultured for one month.
The effects on callus formation and embryogenesis
were investigated (Figure 3). The low concentrations
(0.5-5.0 mg/L) exhibited a high callus formation rate
(above 93%), while the high concentrations (10-40
mg/L) exhibited a low callus formation rate. Howev-

Figure 2. Effect of the developmental flowering stages of se-
eds serving as explant sources on somatic embryogenesis
from immature cotyledons of soybean seed. Vertical bars
represent SEs (n=5).

er, the embryogenesis rate (37.5%) was the highest in
the high (10 mg/L) medium, although the medium
had lower callus formation rate (82%). In a soybean
immature cotyledon culture, 2,4-D demand of this
variety (lksannamulkong) is different greatly from
that of other varieties, which demands a low con-
centration (1-2 mg/L) of 2,4-D (Choi et al, 1994;
Sohn and Bae, 1995). The difference in 2,4-D demand
further will be investigated.

Effect of pH on embryogenesis

Effect of pH on the embryogenesis rate was in-
vestigated (Figure 4). The immature cotyledon ex-
plant was innoculated on the medium adjusted to
pH 50, 58, 7.0, 8.0 for one month. The em-
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Figure 3. Effect of 24-D on callus formation and em-
bryogenesis from immature cotyledons of soybean seed.
Vertical bars represent SEs (n=>5).
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Figure 4. Effect of media pH on somatic embryogenesis from
immature cotyledons of soybean seed. Vertical bars
represent SEs (n=5).
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bryogenesis rates were similar at pH 5.0 to 7.0, show-
ing ca. 37%, while pH 8.0, weak alkali repressed to a
haif (19%). This result means that the soybean is one
of weak acidic crops. Santaren et al. (1997) had re-
ported that optimum pH for the soybean somatic em-
bryogenesis was 7.0.

Effects of solidifying agents on embryogenesis rate

Effects of solidifying agents (agar; 0.6, 0.8, 1.0, 1.
2% and gelrite; 0.2, 0.3, 0.4, 0.5%) of the medium on
the embryogenesis rate were investigated (Figure 5).
Concentrations of agar 0.8 to 1.0% exhibited the high-
er embryogenesis rates (37.4 and 39.1%) than low
agar (0.6%) and high agar (1.2%). On the other hand,
concentrations of gelrite 0.3 to 0.4% exhibited the
higher embryogenesis rates (45.2 and 45.3%, respec-
tively) than that low gelrite (29.3%) and high gelrite
(35.7%). Gelrite was more affective than agar for em-
bryogenesis (P<0.05). The callus formation rates
were similar to the concentrations of each solidifying
agent. Huang et al. (1995) and Santaren et al. (1997)
reported that gelrite was also more affective than
agar. It also suggests that the embryogenesis and de-
velopment are related to the water contents of the
callus.

Plant regeneration

Rapid multiplication of shoot tips from the ger-
minating somatic embryos was achieved on MS
medium supplemented with 2 mg/L IBA and 1 mg/
L BA (Townsend and Thomas, 1996). When somatic
embryos with one to three cotyledons were transf-
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Figure 5. The effect of solidifying agent and concentration on
somatic embryogenesis from the immature cotyledons of
soybean seed. Vertical bars represent SEs (n=5).

erred to the plant growth regulator free medium,
those with cotyledons converted to the plantlets at a
higher frequency (50%) than in the others media. It
took 4 to 6 weeks for shoots to appear on the somat-
ic embryos under selection, but it took only one
month under non-selective conditions. The roots
were differentiated after 2-3 weeks (Figrue 6H).
When the shoots were longer than 5 mm, they were
transferred to the rooting medium and regenerated
to the plantlets (Figure 6[).
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