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Abstract High-frequency somatic embryogenesis was
achieved from an embryogenic cell suspension culture of
Acanthopanax koreanum Nakai. Stem segments were cul-
tured on Murashige and Skoog (MS) medium containing
auxins and cytokinins. Opague and friable embryogenic
callusformed on MS medium with 4.5 pm 2,4-dichloroph-
enoxyacetic acid (2,4-D) and 2.0 um kinetin or zeatin, but
was highest on medium containing 4.5 um 2,4-D alone.
Embryogenic calli were transferred to M S liquid medium
containing 4.5 um 2,4-D and maintained by subculture at
2-week intervals. Initiation of somatic embryogenesis and
development up to the globular stage from embryogenic
cell clumps occurred in medium containing 0.45 pum
2,4-D, whereasmaturation and germination of somatic em-
bryos occurred in MS medium lacking 2,4-D. Cytokinin
treatment suppressed the normal growth of embryos, but
stimulated secondary somatic embryogenesisfrom the sur-
faces of primary embryos. Plants from somatic embryos
were acclimatized in a greenhouse.

Key words Acnathopanax koreanum - Cell suspension
culture - Somatic embryos

Abbreviations BA Benzyladenine - 2,4-D 2,4-Dichloro-
phenoxy acetic acid - MS Murashige and Skoog - NAA
a-naphthalene acetic acid

Introduction

Most species of Acanthopanax (Araliaceae) are woody.
The cortical tissues of their roots are used for medicinal
purposes. These species are endangered due to overhar-
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vesting. Zygotic embryos at harvest time are in an imma-
ture globular stage; therefore, stratification and low-tem-
perature treatment for several months are required for ger-
mination or, alternatively, they can germinate naturally af -
ter about 2 years (Isoda and Shoji 1994). It is difficult to
propagate these species by stem cuttings. Thus, plant prop-
agation by conventional methods is quite limited.

Plant production through tissue culture in Acanthopa-
nax could allow mass propagation. In one species, A. sen-
ticosus Herms (Gui et al. 1991; Choi and Soh 1993), di-
rect somatic embryogenesis from zygotic embryoswasre-
ported. However, somatic embryogenesis from callus or
suspended cell clumps has not been achieved due to poor
or no callus formation from the explants (Gui et al. 1991;
Choi and Soh 1993). Both reports mentioned that the ra-
dicle portion of the direct somatic embryos was fused to
the parent explants, hampering normal plant regeneration.

The development of somatic embryos from embryo-
genic callus or cell suspension culture might be an effi-
cient method for mass propagation of the Acanthopanax
species. The present work was carried out to establish plant
regeneration via somatic embryogenesis from embryo-
genic cell suspension cultures of A. koreanum Nakai.

Materials and methods
Plant material and callus initiation

Plants of A. koreanum Nakai were grown at the experimental garden
of the Chonbuk National University. Young stems of 3-year-old
plants were used as explants. The stems were surface disinfected in
70% ethanol for 1 min, followed by 1% sodium hypochlorite for
10 min, and then rinsed three times with sterile distilled water. The
apical regions (2 cm from the shoot apex) were discarded and the
subjacent 6-cm sections were used. Internodes were cut transverse-
ly into 2-mm-long segments and placed onto 20 ml Murashige and
Skoog (M S) (1962) solid medium in 50-ml Erlenmeyer flasks. Three
stem segmentswere inoculated in each flask and ten flasks were pre-
pared for each treatment. The experiment was repeated three times.
The medium for callus induction was composed of M S basal medi-
um containing 3% sucrose, 0.7% agar and varied concentrations and
combinations of auxins[0.45-4.5 um 2,4-dichlorophenoxyacetic ac-



id (2,4-D) or a-naphthaleneacetic acid (NAA)] and cytokinins
[2.0 pm benzyladenine (BA), kinetin or zeatin]. All media were ad-
justed to pH 5.8 before autoclaving at 121°C for 15 min. The culture
room was maintained at 25+1°C with a 16-h photoperiod under
24 pmol m—2 st cool white fluorescent light. After 10 weeks, em-
bryogenic callusformation and frequency of somatic embryo forma-
tion were assessed.

Initiation of somatic embryos

Opague and friable embryogenic calli formed on M'S medium con-
taining 4.5 um 2,4-D were selected and transferred to medium con-
taining the same concentration of 2,4-D in 100-ml Erlenmeyer flasks
containing 30 ml M S liquid medium. The embryogenic cell suspen-
sionswere maintained by adding 5 ml of the old suspension to 25 ml
of fresh medium at 2-week intervals. Cultures were agitated at
100 rpm on agyrating shaker under 12 umol m=2 s cool white flu-
orescent light with a 16-h photoperiod. After 2 weeks of culture, em-
bryogenic cell clumps were filtered using a 200-um stainless steel
sieve to remove the large clumps and settled by centrifugation for
5 min at 1000g. Filtered cells (200 pl) were transferred to liquid me-
dium supplemented with various concentrations of 2,4-D ranging
from 0to 4.5 um in 100-ml Erlenmeyer flasks containing 30 ml MS
medium. After 2 weeks, the number of globular somatic embryos per
flask was counted.

Maturation of somatic embryos

Embryogenic suspensions consisting of globular embryos were
passed through a 350-pum stainless steel sieve to eliminate the em-
bryos larger than the globular stage, and were then allowed to settle
for 10 min. The supernatant was decanted carefully and 0.2 ml of
packed globular embryos was transferred to medium containing
2.0 um Kinetin, BA, zeatin, or no cytokinin in 100-ml Erlenmeyer
flasks. Five replicates were used per treatment. After 2 weeks, mat-
uration of somatic embryos was observed. The experiment was re-
peated three times. The culture environment was as described above
for embryo initiation.

Germination and plant regeneration

Cotyledonary-stage somatic embryosgrowninaliquid mediumwith-
out growth regulators were removed by forceps, and transferred to
the same solidified MS medium in 50-ml Erlenmeyer flasks contain-
ing 30 ml liquid medium. Five embryos were placed in each flask.
Five replicates were used for each treatment and the experiment re-
peated three times. After 2 weeks, germination (root elongation) of
somatic embryos was observed. Germinating embryos about
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10-20 mm in length were transferred to a semi-solid MS basal me-
dium (0.5% agar) in 200-ml glass culture bottles containing 50 ml
medium, for continued growth. One seedling was cultured in each
bottle. After 2 months, morphologically normal plants with both
shoot and root were counted. The culture environment for germina-
tion and subsequent growth was the same as that for callus induc-
tion. Plantswith both shootsand roots, about 7-10 cmin height, were
transferred to pots with a mixture of soil, sand and peat (4:4:3
vol/val). Plants were covered with a glass beaker for 2 weeks, and
then acclimatized to greenhouse conditions.

Statistical analysis of data
Results were subjected to analysis of variance, and significant dif-

ferences between means cal cul ated by Duncan’s multiple-range tests
(P=0.05).

Results and discussion
Embryogenic callus formation

Stem segments were cultured on medium containing aux-
insand cytokininsasshowninTable 1. Calli wereobserved
from the cut ends of the stem segments after 2 weeks. The
optimum amounts of callus were formed on media with
auxin-cytokinin combinations, especially 4.5 um 2,4-D
witheither 2.0 um BA orkinetin (Tablel). Thecalli formed
on all media were mucilaginous and translucent until 5
weeks after initiation (Fig. 1A). By prolonging culture to
over 8 weeks, opague, white, and friable embryogenic cal -
lus formed on medium with 4.5 pm 2,4-D and 2.0 pum kin-
etin or zeatin, and was highest on a medium containing
4.5 um 2,4-D aone (Fig. 1B). Various stages of somatic
embryos devel oped from embryogenic callus when left on
the same medium for 10 weeks (Fig. 1C). Cotyledonary-
stage somatic embryos developed into shoot clumps after
transfer to a solid medium lacking 2,4-D (Fig. 1D). While
callus formed on medium containing NAA alone or NAA
in combination with cytokinins, only adventitious roots
wereformed. Theseresultsindicatethat the auxin typewas
found to be critical for inducing embryogenic callus. Me-
dia containing 2,4-D alone were more efficient at induc-

Table1 Effectsof various

concentrations and combina- Growth Fresh weight Explants producing Explants
tions of auxins and cytokinins regulators of callus embryogenic callus producing
on callus and somatic embryo ~ (HM) (mg) agd/or somatic embryos roots (%)
formation from cultured stem (%)
segments of Acanthopanax
koreanum after 10 weeks of 2,4-D 0.45 230+15 Oc Oc
culture. The total fresh weight ~ 24D 4.5 320+20 12a Oc
of the three explants per flask ~ 24-D 225 265+14 Oc Oc
at cultureinitiation was50 mg. ~ 24-D 45+BA 2.0 396+25 0c 0c
Weight data represent the mean 2,4-D 4.5+ki ne_tl n2.0 405+ 30 6b Oc
values +SE from three indepen- 2,4-D 4.5+zeatin 2.0 342+23 4b Oc
dent experiments. Within col- NAA 0.45 74+7 Oc 4b
umns, values followed by the NAA 4.5 189+11 Oc l4a
same lowercase | etter are not NAA 22.5 204+16 Oc 6b
ammcnon  Wigwse  mmE X .
Duncan’s multiple-range tests : - = )

. wtpieTang NAA 4.5+ 7eatin 2.0 203+21 Oc Oc

(P=0.05)
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Fig. 1A-K Somatic embryogenesis from callus or cell suspension
cultures derived from stem segments. A Translucent and mucilagi-
nous callus formed from a stem segment on M 'S medium containing
4.5 um 2,4-D after 5 weeks (bar 250 pm). B Embryogenic callus
formed on medium containing 4.5 um 2,4-D after 8 weeks (bar
200 pm). C Somatic embryos at various stages after 10 weeks (bar
300 pm). D Shoot clumpsfrom somatic embryos after transfer to sol-
id M'S medium lacking growth regulators (bar 500 pm). E Embryo-
genic cell clumps before transfer to liquid MS medium containing
0.45 pm 2,4-D (bar 150 pm). F After 2 weeks, globular-stage em-
bryos formed from the embryogenic cell clumpsin liquid MS medi-

um containing 0.45 um 2,4-D (bar 150 um). G Torpedo-stage em-
bryos after transferring the globular embryos to aMS liquid medi-
um lacking growth regulators (bar 350 pm). H Germinated somatic
embryo on a solid medium lacking growth regulators (bar 350 pum).
| Secondary somatic embryos (arrowheads) formed on the hypocot-
yl surface of primary somatic embryo (arrow) on amedium contain-
ing 2.0 um BA (bar 350 um). J Plantlet grown in a semisolid medi-
um lacking growth regulators after 2 months (bar 0.8 cm). K Plant-
let growing in the greenhouse 3 months after planting in soil (bar
2.5cm)
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Fig. 2 Number of globular somatic embryosper flask from embryo-
genic cell suspension culturein liquid MS media containing various
concentrations of 2,4-D. Packed cells (200 pl) were transferred to a
100-ml Erlenmeyer flask containing 30 ml liquid medium with five
replications. Data were collected from three independent experi-
ments (mean +SE)

ing embryogenic callus than those combining 2,4-D with
cytokinins, although the cytokinin combination stimul ated
the increase in the fresh weight of the callus (Table 1). A
similar result was observed in A. senticosus (Gui et al.
1991), which direct somatic embryogenesis occurred on
medium containing only 2,4-D but not on medium contain-
ing 2,4-D and BA.

Somatic embryogenesis from suspended cell clumps

Opaque, white, friable embryogenic calli were transferred
to liqguid MS medium containing 4.5 pm 2,4-D and main-
tained by subculture at 2-week intervals. The frequency of
embryogenic callus formation from stem segments of A.
koreanum was low. However, once the embryogenic cal-
lus was established in liquid medium, proliferation of em-
bryogenic cell clumps actively occurred without loss of
embryogenic competency through consecutive subcul-
tures. To observe the effect of 2,4-D on somatic embryo
development, the embryogenic cell clumps were trans-
ferred to media containing 0—4.5 um 2,4-D. Somatic em-
bryo devel opment from embryogenic cell clumps occurred
in medium containing low concentrations of 2,4-D
(Fig. 1F). The number of globular somatic embryos was
350 per flask in the medium containing 0.45 um 2,4-D
(Fig. 2). With 2.25 pm 2,4-D, somatic embryos devel oped
normally up to the globular stage, but subsequent devel-
opment was suppressed and they eventually became cal-
lused. In 2,4-D-free medium, globular somatic embryos
formed at avery low rate (Fig. 2). In carrot, growth regu-
lators must be omitted for somatic embryo initiation from
the embryogenic cell clumps (Halperin and Weherell
1964), but in A. koreanum, somatic embryo formation from
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Fig. 3 Effectsof cytokinins (2.0 pum) on the maturation of globular
somatic embryos after 2 weeks. [l normal cotyledonary embryos,
embryo with secondary embryos; [ ] embryos without growth
(browned)]. Packed globular embryos (200 pl) were cultured in a
100-ml Erlenmeyer flask containing 30 ml liquid medium. Results
are expressed as the mean +SE

embryogenic cell clumps required 2,4-D. This auxin re-
guirement was similar to that of monocotyledonous plants,
such as Sorghum bicolor L. (Wernicke and Brettell 1980),
Pennisetum americanumL. (Vasil and Vasil 1982) and Al-
lium fistulosum L. (Kim and Soh 1996).

Globular embryos were transferred to medium without
growth regulators or with varied cytokinins (kinetin, zea-
tin, or BA). Continued culture of globular embryosin me-
dia containing more than 0.45 um 2,4-D hampered matu-
ration. In growth-regulator-free medium, 95% of the em-
bryos matured (Figs. 1G, 3). However, in media contain-
ing kinetin or BA, embryos rapidly deteriorated and be-
came brown. In medium containing zeatin, secondary em-
bryos developed on the surface of the somatic embryos
(Fig. 1I, arrowheads). In many plant species, cytokinins
have been used to support the growth of somatic embryos
(Ammirato 1983), but in A. koreanum, cytokinin treatment
suppressed both maturation and germination of somatic
embryos, while stimulating secondary embryogenesis.

Plant regeneration

When the cotyledonary-stage somatic embryoswere trans-
ferred to MS agar medium lacking growth regulators or
containing cytokinins (2.0 um BA, kinetin, or zeatin), 91%
germinated normally within 1-2 weeks (Fig. 1H). How-
ever, cytokinin treatment suppressed the germination of
embryos, and stimulated secondary embryogenesis, simi-
lar to the results of cytokinin treatment of globular em-
bryos (data not presented).

In some instances, for somatic embryos from plants
such as Eschscholzia californica Cham (Kavathekar et al.
1977), Vitisviniferax V. rupestris (Takeno et al. 1983) and



88

Panax ginseng C. A. Meyer (Leeet al. 1991), low temper-
ature (or gibberellic acid) treatment is necessary for their
germination becausethey aredormant, likethe zygotic em-
bryos of seeds. In seeds of Acanthopanax species, which
belong to the same family as P. ginseng, stratification and
dormancy breaking are prerequisites for normal germina-
tion of thezygotic embryosof seeds(Isodaand Shoji 1994).
However, somatic embryos of A. koreanum were not dor-
mant in contrast to those of P. ginseng.

In many of the germinated seedlings, shoot growth was
not active, compared to root growth. To support the shoot
growth of seedlings, they were cultured on a semisolid
(0.5% agar) MS basal medium for 1 month (Fig. 1J). Of
the plants, 85% developed normally with both shoots and
roots, but in the others, shoots did not grow or secondary
embryosformed. Normal plantswith both shoots and roots
were transferred to greenhouse soil and were successfully
acclimatized (Fig. 1K).

In this report we have established high-frequency so-
matic embryogenesis through cell suspension cultures of
A. koreanum. The procedure could be applied to generate
mass propagation of this endangered medicinal plant.
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