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This study describes the effect of the growth regulators such as 2,4-D and BA, on the structural abnormalities of somatic
embryos derived from leaf explants of Angelica gigas Nakai. Also, the relationship between the cotyledon number of a
somatic embryo and its germinability is explored. Embryogenic calli were selected from calli formed on explants cultured
on MS solid basal medium supplemented with 0.5 mg/L 2,4-D, 1 mg/L 24-D, 1 mg/L 2,4-D plus 0.1 mg/L BA, and 1 mg/L
24D plus 0.5 mg/L BA. Cotyledonary abnormalities were observed in somatic embryos which were developed from
embryogenic calli cultured on MS medium containing Img/L 2,4-D for 8 weeks and then subcultured on 2,4-D free MS
medium for 3 weeks. The frequency of abnormalities was as follows: 22.8% one cotyledon, 42.5% two cotyledons, 16.8%
three cotyledons, 7.8% four cotyledons, 1.8% five cotyledons, and 8.2% jar shaped cotyledon. In addition, ABA treatment
indicated an improvement of the somatic embryo with normal cotyledon (65.3%). ABA was important role to the high
production of normal somatic embryos. Two cotyledon embryos showed germinability 77.8%. However, the germinability
of somatic embryos with anomalous cotyledons was prominently low: One cotyledon, 62.5%; three cotyledons, 43.3%; four
cotyledons, 60%; five cotyledons, 50% and jar shaped cotyledon, zero%. Thus, germinability was essentially, inversely

proportional to cotyledon number.
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Research on somatic embryogenesis has contributed to
advancements in plant biotechnology such as artificial seed
development. The plant regeneration rates of somatic embryos
formed from tissue cultures varies greatly depending on the
plant species, and it has been clarified that the structure of
somatic embryos is closely related to the plant regeneration
rate (Soh, 1996: Soh et al, 199%). Although it is known that
both zygotic and somatic embryos have identical structure,
there are morphological differences between them in many
species (Ammirato, 1977: Soh, 1993: Wetzstein and Baker,
1993: Lee and Soh, 1994: Cho and Soh, 1995: Soh et al,
1996). In case of Aralia cordata, the development of embryos
with multiple and jar shaped cotyledons occurred most
frequently when cultured continuously on medium containing
cytokinins (Lee and Soh, 1993a), on 24-D-containing medium
(Lee and Soh, 1993b) or on ABA-containing medium (Lee
and Soh, 1994).

In both Bupleurum falcatum and Daucus carota, the plant
regeneration rate is inversely proportional to the number of

cotyledons in embryos with anomalous cotyledons (Cho and
Soh, 1995: Soh et al, 199), while it is identified that, in
Aralia cordata, the rate was in direct proportion to the
number of cotyledons (Lee and Soh, 1993a). Thus, the
structure of somatic embryos plays a significantly important
role in the plant regeneration rate of somatic embryos. This
study 18 aimed to contribute to the enhancement of the
production and regeneration rates of somatic embryos using
plant growth regulators such as ABA.

MATERIALS AND METHODS

The leaves of Angelica gigas Nakai, were collected in the
area around Kumsansa temple located in Kimje City,
Chollabukdo, Korea. The collected leaf explants were first
sterilized in 70% ethanol for 1 minute, disinfected with 1%
sodium hypochlorite solution for 15 minutes, and then rinsed
three or four times with sterile distilled water. For initiation
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of callus, surface-sterilized leaf segments (3 X 3 mm) were
placed on MS basal medium (Murashige and Skoog, 1962)
supplemented with various concentrations of 24-D (0.1, 05, 1,
or 2 mg/L) alone, or in combination with BA (0.1, 05, 1, or
2 mg/L), sucrose at 30 g/L and agar at 08%. The pH was
adjusted to 5.8 prior to autoclaving at 121°C for 15 minutes
and medium dispensed into 100ml Elerenmeyer flask with
40ml in each. The cultures were maintained under cool white
fluorescent Light 46 pmol m2s-1 with 16/8 light and dark cycle
at 25 + 1°C. Calli were induced from leaf explants on the
MS medium supplemented with 24-D and BA after 8 weeks
culture. In order to induce normal somatic embryo with two
cotyledons, the embryogenic calli were transferred onto MS
basal medium containing various concentrations (0, 0.04, 02,
or 1 mg/L) of ABA for three weeks.

Germination was confirmed by the appearance of the
primary leaf after rooting and germination frequency was
measured 4 weeks later. The characteristics of somatic
embryos were observed at least 100 in each trial with three
repeated.

RESULTS

After 8 weeks culture on MS medium with various
concentrations (0.1, 05, 1, or 2 mg/L) of 24-D alone or
combination with BA ( 0.1, 05, 1, or 2 mg/L), the explants
formed pale yellow and green calli. The pale yellow calli were
formed on the 24-D only medium (Fig. 1A), and green calli
on medium treated with 24-D and BA in combination. After
8 weeks of culture, embryogenic calli were transferred onto
MS basal medium in order to induce somatic embryos. The
somatic embryo was formed on the MS medium
supplemented with 0.5 and ! mg/L 2,4-D alone, or
combination with BA (0.1, 0.5 mg/L) (Table 1). The white
globular embryos appeared in the shapes of beads (Fig. 1B,
arrows) on these medium. These embryos matured into
cotyledon stage embryos through successive developmental
stages (Fig. 1C).

Somatic embryos with anomalous cotyledons such as
embryos with jar shape, one cotyledon, or four cotyledons,
(Fig. 1D, E, G) were formed in addition to embryos with
nommal two cotyledons (Fig. .lF). When cultured on MS
medium supplemented with 1 mg/L 24-D, diverse cotyledon
abnormalities appeared as follows: 425% normal somatic
embryos with two cotyledons, 22.8% one cotyledon embryos,
16.9% three cotyledon embryos, 7.8% four cotyledon embryos,

Table 1. Effects of 24-D and BA on somatic embryogenesis from
leaf explant cultures of Angelica gigas Nakai.

BA (mg/L) 2, 4-D (mg/L)
0 0.1 05 1 2
0 - + +++ 4+ +
01 - - + ++ +
05 - - + ++ +
1 - - + + +
2 - - — —- —

+++:excellent, ++: very good, +: good, -: bad

Each explant was cultured on MS agar medium supplemented with various
concentrations of 24-D alone or combination with BA. Calli were induced
on leaf explants after 8 weeks of culture. Embryogenic calli were selected
from the calli and cultured on MS basal media for 3 weeks of culture in
order to produce somatic embryos.
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Figure 2. The frequency of somatic embryos with different cotyledon
pattern of Angelica gigas Nakai. The somatic embryos formed on
MS basal medium for 3 weeks after transfering from MS medium
supplemented with 05 mg/L 24-D (A), 1 mg/L 24-D (B), 1
mg/L 24-D + 01 mg/L (C) and 1 mg/L 24-D + 05 mg/L BA
(D). J: Jar shaped, 1: one cotyledon, 2: two cotyledons, 3: three
cotyledons, 4: four cotyledons, 5: five cotyledons. Each treatment
consisted of 100 embryos.

Table 2. Effect of ABA on the cotyledon number of somatic
embryos from leaf explant cultures of Angelica gigas Nakai.

Cotyledon
types(%) .
ABA Jar 2 3 4 5
(mg/L)2
000 824080  28+23% 4251431 1694171 78+079 184019
004 394031 1554178 6534525 1024012 254034 26104
02 31+029 1914210 6304506 884073 294027  31x031
10 66+065 2734268 4224420 1804180 444051 152015

aCultures were treated with 1 mg/L 24-D for 8 weeks and were transferred
to MS medium containing three levels ABA for 3 weeks. The data represent
the mean + SE of three replicated experiments. They were obtained from
the count of at least 100 embryos in each treatment.
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Figwre 3. Germination frequency (%5) of somatic embryos formed
from callus cultures of Angelica gigas Nakal. The leaf explant was
cultured on MS agar medium supplemented with 1 mg/L 24-D for
8 weeks and then subcultured on hormone free MS medium for 3
weeks. Data were collected from three replicates with 100 embryos
each. J: jar shaped embryo, 1: one cotyledon, 2: two cotyledon, 3:
three cotyledon, 4: four cotyledon, 5: five cotyledon. Jar shaped
somatic embryo did not germinate only rooting appeared.

1.8% five cotyledon embryos, and 82% jar shaped embryos.
On the MS medium supplemented with 1 mg/L 24-D + 05
mg/L BA jar shaped embryos appeared at a high frequency
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Figure 1. Induction of somatic embryogenesis
from leaf explant cultures of Angelica gigas
Nakai. A: non embryogenic callus with pale
yellowish, B: globular stage embryo (arrows),
C: various types of embryo formation, D: Jar
shaped embryo, E: one cotyledon, F: two
cotyledons, G: four cotyledons.

Figure 4. Germination of Angelica gigas L. somatic embryos with
various typed cotyledon. A: one cotyledon, B: normal somatic
embryo with two cotyledon, C: three cotyledons, D: jar shaped
embryo develops root and enlarged cotyledon but did not develop
shoot. Scale Bars represent 8 mm.

of 472%, and one, two, three and four cotyledon embryos
were 7.1%, 35.7%, 5.7%, and 4.3% respectively (Fig. 2).
When the embryogenic calli were transferred on MS basal
medium containing 0.04 mg/L. ABA for 3 weeks, the
frequency of normal somatic embryos with two cotyledons
was 65.3%. Somatic embryos with anomalous cotyledons was
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prominently low: jar type 39%, one cotyledon, 155%: three
cotyledons, 10.2%, four cotyledons, 25% and five cotyledons,
2.6%. But MS medium supplemented with higher
concentration of ABA (1 mg/L) had low frequency of
somatic embryos with two cotyledons (Table 2). Therefore
optimal concentration of ABA on the enhanced production of
normal somatic embryos was 0.04 mg/L.

The rate of germination differed depending on the
cotyledonary abnormality. The rate for normal somatic
embryos with two cotyledons was 77.8%, while somatic
embryos with one, three, four and five cotyledons were 62.5%,
43.3%, 6025, and 50% respectively, and jar shaped embryos
did not show any germinability at all (Fig. 3, 4).

DISCUSSION

When leaf explants of Angelica gigas were incubated on MS
medium supplemented with 24-D (05, 1 mg/L) alone or in
combination with BA (0.1, 0.5 mg/L) respectively, the
production of somatic embryos with two cotyledons in each
medium was lower than 50%. And the rate of somatic
embryos with jar shaped embryos on medium supplemented
with the combination of 1 mg/L 24-D with BA(0.1 or 05
mg/L) was higher than on medium contaming 24-D alone.
In embryogenic calli of melone were cultured on BA-
containing medium, jar type or horn type embryos appeared
higher than normal embryo with two cotyledons at three
times (Choi et al, 1994a). Thus it is suggested that BA
effects abnormal cotyledon development of somatic embryos.
This is similar to reports In Aralia cordata and caraway
embryos where somatic embryos with anomalous cotyledons
were formed at a high frequency on medium supplemented
with BA (Ammirato, 1977: Lee and Soh, 1993a). The
frequency of abnormal embryos in the present experiment is
significantly higher than in the case of Bupleurum falcatum,
where the frequency of somatic embryos with anomalous
cotyledons was 35% (Cho and Soh, 1995), and in case of
Daucus carota of 37% (Soh et al, 19%).

When embryogenic calli were transferred on MS medium
supplemented with relatively lower concentrations of ABA
(004, or 02 mg/L) for three weeks, they were enhanced
production of normal somatic embryos with two cotyledons
(65.3% and 630%). Thus, it is suspected that variation in
the development of cotyledons in somatic embryos is caused
by in an imbalance of plant growth regulators in culture
medium.

When globular embryos of Aralia cordata was incubated
continuously on MS medium with 24-D (Lee and Soh,
1993a), or when immature zygotic embryos of Glycine max L.
were cultured in 0.5-4 mg/L 24-D, the number of anomalous
cotyledons increased (Lee and Soh, 1994: Choi et al, 1994b).
During the process of somatic embryogenesis, if an inhibitor
of auxin transport was treated to the ovule culture, jar
shaped somatic embryos were formed because of an uneven
distribution of endogenous auxins (Liu et al, 1993).

In Codonopsis lanceolata and Glycine max, normal somatic
embryos with two cotyledons were produced at low
concentrations (5-20 mg/L) of sucrose (Choi et al, 1994b,c).
Thus, the production of abnormal cotyledonary embryos
might be affected greatly not only by plant growth regulators,
but also by the concentration of sucrose (Kageyama et al,
1990: Komatsuda, 1990). Therefore, the selection of culture
medium composition is very important in order to lower the
frequency of abnormal somatic embryogenesis. Detail
examination on the physical and chemical factors affecting the
medium is greatly required.

Cotyledonary variation in somatic embryos is closely related
to the germination frequency: normal embryos with two
cotyledons were 77.8%, but somatic embryos with anomalous
cotyledons were very low in Angelica gigas. In Bupleurum
falcatum, the germination rate of somatic embryos with two
cotyledons was 80%, but the rate of somatic embryos with
multiple cotyledons was quite low (Cho and Soh, 1995). The
number of cotyledons was inversely related the regeneration
rate with in Codonopsis lanceclata (Choi et al, 199b), Vitis
vinifera (Isabelle et al, 1993), and Daucus carota (Soh et al,
19%) as well. In contrast, Aralia cordata showed a different
regeneration pattern, where the frequency of regeneration was
proportional to the number of cotyledons (Lee and Soh,
19%4).

In addition, it was observed that, no germination of the jar
shaped embryos was observed in plants such as Codonopsis
lanceolata, Bupleurum falcatum, Daucus carota, and Aralia
cordata (Isabelle, 1993: Lee and Soh, 19%4: Choi et al, 1994:
Cho and Soh, 1995: Soh et al, 199). In Daucus carota, it
was observed that root growth occurred by expansion in the
cotyledonary portion which was not accompanied by shoot
formation (Soh et al, 1996). This loss of normal germinability
in jar shaped cotyledon embryos is considered to arise from
the lack of shoot development due to abnormalities in the
activity of the shoot apical meristem (Nickle and Yeung,
1993: Soh et al, 1996). Therefore, it is necessary to
investigate the inhibitive culture conditions that affect the



occurrence of jar shaped cotyledons (Cho and Soh, 1995).
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