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Abstract The morphogenesis ability of light yellowish
globular callus derived from cotyledons of mature
zygotic embryos of Panax ginseng was investigated. The
optimal media for somatic embryogenesis and shoot
organogenesis were MS medium containing 0.5 mg 17!
2,4-dichlorophenoxyacetic acid, 0.1 mg 17! 6-benzylade-
nine (BA), and 500 mg 1" lactoalbumin hydrolysate,
and SH medium supplemented with 0.5 mg 17! a-naph-
thaleneacetic acid, 0.1 mg 17! BA, and 500 mg 1'casein
hydrolysate. The influences of glucose, mannose, fruc-
tose, and sorbose in the media on somatic embryogen-
esis and shoot organogenesis were revealed as differ-
ences in the numbers of somatic embryos and adventi-
tious shoots per gram of morphogenic callus. The best
regeneration of somatic embryos was obtained on
medium containing glucose, with a mean of 8.7 somatic
embryos per gram of callus. The best regeneration of
shoots was observed on medium containing fructose,
with an average of 12.2 adventitious shoots per gram of
callus. Of the somatic embryos 95% were converted
into regenerated plantlets, and 100% of adventitious
shoots rooted to form regenerated plantlets. Regener-
ated plants were successfully established in soil. Flow-
ering was observed in 5.7% of the regenerated plants
derived from shoot organogenesis and in 1.4% of the
regenerated plants derived from somatic embryogenesis.
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Introduction

Medical plant cell and tissue culture has advanced
rapidly in recently years, allowing researchers to
develop propagation techniques that have the potential
to significantly shorten the breeding cycle of
outstanding clones and to establish efficient in vitro
plant regeneration protocols that can be used in genetic
modification studies using different gene transfer
systems (Choi et al. 1998; Fetlt-Neto et al. 1992; Yoshi-
kava and Furuya 1987). Despite the various methods of
clonal propagation applicable to medical plants,
somatic embryogenesis and organogenesis are rapidly
becoming acceptable techniques for the clonal propaga-
tion of superior medical plant species (Gary and Brent
1986; Choi et al. 1998). Moreover, the establishment of
in vitro flowering systems, based on somatic embryo-
genesis and organogenesis in higher plants, is expen-
dient to the genetic analysis of the expression of parti-
cular gene products during floral organ formation.
Panax ginseng C.A. Meyer is one of the most
economically important medical plants in the world.
Although there are a few reports on callus induction
(Jhang et al. 1974), low-temperature preservation
(Butenko et al. 1984; Mannonen et al. 1990), saponin
production (Furuya et al. 1983), and plant regeneration
(Shoyama et al. 1988) in Panax ginseng, the regenera-
tion of plantlets via somatic embryogenesis and organo-
genesis from somatic tissues remains difficult with a low
frequency of occurrence (5-15%) (Chang et al. 1980b;
Shoyama et al. 1988). Callus from leaf, stem segments,
and root of Panax ginseng has been successfully
induced, but this callus failed to regenerate (Jhang et
al. 1974). Chang and Hsing (1980b) obtained regener-
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ated plants via somatic embryogenesis from callus
derived from the root of ginseng. Tae et al (1982)
reported plant regeneration through organogenesis
from callus and leaflet cultures of ginseng. Choi et al.
(1997, 1998) reported direct somatic embryogenesis
from cotyledons of ginseng at a frequency of 12-66%.
However, the regeneration frequency still needs to be
improved. In vitro flowering of regenerated ginseng
plantlets from somatic embryos has been reported
(Chang et al. 1980a; Lee et al. 1990). However,
methods for inducing in vitro flowering of the regener-
ants also need to be improved. This investigation
reported here examined the development of high-
frequency plant regeneration system via somatic
embryogenesis and organogenesis in ginseng and in
vitro flowering of regenerated plantlets from somatic
embryos and adventitious buds.

Materials and methods

Plant material

Mature seeds of Panax ginseng C.A. Meyer were collected from
Hunan Farm, Heilongjiang Province, Northeast China. All seeds
were stored at 4 °C for 3 months so as to finish the after-ripening.
Seeds were immersed for 30 s in 70% (v/v) ethanol, surface-ster-
lized for 15 min with 0.1% mercuric chloride, and rinsed five
times with sterile distilled water. Cotyledons, hypocotyls, and
radicles of mature zygotic embryos were aseptically removed
from seeds and placed on solid MS medium (Murashige and
Skoog 1962) supplemented with 0.5mg 17" 2,4-D, 500 mg 17
lactoalbumin hydrolysate, 30 g 17 sucrose, and 6.5 g 17" agar for
inducing callus formation. The cotyledons used were 0.3-0.5 cm
in length.

Effects of medium compositions on somatic embryogenesis and
organogenesis

Four weeks after the explants were cultured on MS medium with
0.5 mg 17! 2,4-D in darkness, light yellowish globular calli derived
from cotyledons, hypocotyls, and radicles were transferred to four
different media used for somatic embryos and adventitious bud
production. These media were selected for this experiment after
promising results had been obtained from several preliminary
experiments. They were: (1) MS medium with 0.5 mg 17 2,4-D,
0.1 mg 1! BA, and 500 mg 1! lactoalbumin hydrolysate; (2) SH
medium (Schenk and Hildebrandt 1972) with 0.5 mg 17" 2,4-D,
0.1 mg 1! BA, and 500 mg 1! lactoalbumin hydrolysate; (3) MS
medium with 0.5mg 17" NAA, 0.1 mg 17! BA, and 500 mg 1
casein hydrolysate; (4) SH medium with 0.5 mg 1! NAA, 0.1 mg
1! BA, and 500 mg 1" casein hydrolysate. All four media were
supplemented with 30 g 17! sucrose and 6.5 g 17! agar. Adventi-
tious buds over 0.5 cm in height were excised and cultured on SH
medium with 0.1 mg 17! NAA, 20 g 1™ sucrose, and 6.5 g 1™! agar
for rooting. Each treatment was replicated three times, and each
replicate consisted of 50 explants. A completely randomized
design was used. Data on the frequency of somatic embryo and
shoot regeneration were recorded after 6 weeks of culture.

Effects of carbon sources on somatic embryogenesis and
organogenesis

Calluses of Panax ginseng induced on MS callus induction
medium were transferred to MS medium with 0.5 mg 17! 2,4-D,

0.1 mg 1™ BA, 6.5 g 17! agar, and 500 mg 1! lactoalbumin hydroly-
sate as well as to SH medium with 0.5 mg 1! NAA, 0.1 mg 1™ BA,
6.5 g 17! agar, and 500 mg 17! casein hydrolysate. The effects of
glucose, mannose, fructose, and sorbose on both regeneration
frequency and mean number of somatic embryos or adventitious
buds per gram of callus were evaluated. The concentration of
each of the four kinds of carbon sources was 30 g 17!. Adventi-
tious buds over 0.5 cm in height were excised and cultured on SH
medium with 0.1 mg 17! NAA, 30 g 1! fructose, and 6.5 g 1™ agar
for rooting. Each treatment was replicated four times, and each
replicate consisted of 30 pieces of callus, an average of 1.1 gram
per callus cultures: The numbers of somatic embryos and adventi-
tious buds per gram of callus cultures were recorded after 6 weeks
of culture.

In vitro flowering of regenerated plantlets

Regenerated plantlets derived from somatic embryos and adven-
titious buds were transferred to MS medium supplemented with
0.5,1,2, 4, or 8mg 1! GA3, 20 g 1! glucose, and 6.5 g 17! agar.
After 4 weeks of culture, plantlets were transferred to fresh
medium containing the same composition of ingredients.
Following two consecutive passages, data on number of flowering
plantlets from somatic embryogenesis and organogenesis were
collected. Subsequently, the flowering plantlets were transferred
to MS medium without any growth regulators. Each treatment
comprised 30 plantlets and the experiment was repeated three
times. The pH of all media was adjusted to 5.8 with 1 N KOH or
1 N HCI prior to autoclaving at 121°C for 20 min. All cultures
were incubated at 25°%1°C under cool-white fluorescent light
with a 16-h photoperiod and 60% relative humidity. All data were
analyzed using analysis of variance.

Acclimatization and transfer of plantlets to soil

Regenerated plantlets over 1.5 cm in height were removed from
agar medium and transferred to liquid medium containing SH
basal salts for 1 week to harden the root system. Plantlets were
subsequently transferred to an autoclaved soil mixture containing
coarse sand and soil (1:2). Potted plants were gradually acclima-
tized by increasing the temperature from 22°C to 28°C over a
10-day period in controlled growth chambers.

Results and discussion
Callus induction and proliferation

The mature zygotic embryo explants expanded rapidly
and began to form callus at the end of the cotyledon
and radicle within 7-14 days when cultured on MS
callus induction medium containing 0.5 mg 17! 2,4-D
and 500 mg 17! lactoalbumin hydrolysate. As the calli
started to proliferate, three types could be distin-
guished: light-yellow globular (LYG), light-green
globular (LGG), and light-brown globular (LBG).
Three types of callus were initiated at frequencies of
571%, 21.3%, and 16.8%, respectively, on MS callus
induction medium (Fig. 1). Light-yellow globular callus
formed from the cotyledons of the mature zygotic
embryos, while both light-green globular and light-
brown globular callus formed from the hypocotyls and
radicles. Light-yellow globular callus was morphogenic
and was selectively proliferated on MS medium supple-
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Fig. 1 Frequency of callus formation in ginseng embryo explants
after 4 weeks of culture on MS medium supplemented with 2,4-D
and lactoalbumin hydrolysate. Each treatment consisted of 90
explants. LYG Light-yellow globular callus, LGG light-green
globular callus, LBG light-brown globular callus. Bars: Standard
error of mean

mented with 0.5mg 17" 2,4-D and 500 mg 17! lactoal-
bumin hydrolysate.

Effects of different medium compositions on somatic
embryogenesis and organogenesis

Upon transfer of the light yellowish globular callus to
each of the four media used for somatic embryos and
adventitious bud production, somatic embryos were
induced from callus cultured on MS and SH medium
with 0.5mg 1! 24-D, 0.1 mg 1" BA, and 500 mg 17
lactoalbumin hydrolysate (Fig. 2A). The highest induc-
tion frequency of somatic embryos was 87% on MS
medium with 24-D and BA (Table 1). Adventitious
buds were induced from callus cultured on SH and MS

Fig. 2A-D Morphogenesis
and regeneration of flowering
plantlets in Panax ginseng. A
Cotyledonary somatic
embryos on callus (bar:

0.2 cm), B adventitious buds
on callus (bar: 0.3 cm). C
regenerated plantlet derived
from somatic embryo on
callus (bar: 0.4 cm). D flow-
ering regenerated plantlet
derived from shoot organo-
genesis (bar: 0.5 cm)
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medium with 0.5mg 1! NAA, 0.1 mg 1 BA, and
500 mg 17! casein hydrolysate (Fig.2B). The highest
induction frequency of adventitious buds was 85% on
SH medium with NAA and BA (Table 1). When calli
were transferred to a fresh medium with the same
compositions, secondary somatic embryogenesis and
organogenesis were observed, and increased numbers
of somatic embryos and adventitious buds were
obtained. In contrast, the regeneration frequencies of
somatic embryos or adventitious buds were only about
1% after morphogenic calli were transferred to MS and
SH medium containing NAA and BA, and SH and MS
medium supplemented with 2,4-D and BA, respectively
(Table 1). Somatic embryos from the best treatment
were transferred to a growth hormone-free MS
medium, and over 90% converted into regenerated
plantlets within 1 month (Fig. 2C). Adventitious buds
over 0.5cm long were transferred to SH medium
supplemented with 0.1 mg 1! NAA, and over 95%
rooted and converted into regenerated plantlets within
1 month. Morphogenic callus was observed to maintain
its embryogenic or organogenic potential for over 12
months.

Effects of different carbon sources on somatic
embryogenesis and organogenesis

Light yellowish globular calli were transferred to MS
medium (used for somatic embryo production) with
0.5mg 17" 24-D,0.1 mg1™" BA, 500 mg 1" lactoalbumin
hydrolysate, and different carbon sources and to SH
medium (used for adventitious bud production) with
0.5mg 1" NAA, 0.1mg 1" BA, 500mg 1™ casein
hydrolysate, and different carbon sources. The induc-
tion frequencies of both somatic embryos and adventi-
tious buds were over 80%. However, both average
somatic embryo number and average adventitious bud
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Table 1 Effect of medium composition on somatic embryo and
adventitious bud regeneration of Panax ginseng. Each treatment
consisted of about 50 pieces of calli, an average of 1.2 gram per

callus tissue. Tests were replicated three times. Values represent
the mean * SD

Medium composition Number of Number of Percentage Number of Percentage
calli tested calli forming of calli calli forming of calli
somatic producing adventitious producing
embryos somatic buds shoots®
embryos®

MS+0.5mg 1" 24D +0.1 mg 1 150 131 87.0t6.1a 1 1.0%+0.1c

BA+500 mg 1! LH

SH+0.5mg 1" 24D +0.1 mg 1! 150 59 39.2+4.8bc 2 12+0.1c

BA+500mg ' LH

MS+0.5mg "' NAA+0.1 mg 1™ 150 2 1.1+0.1c 54 36.4+3.5bc

BA+500mg 1! CH

SH+0.5mg 1™ NAA+0.1 mg 1™ 150 1 0.9+0.1c 128 85.0+4.7a

BA+500 mg I CH

# Data followed by different letters differ siginicantly within columns

number per gram of callus were observed to be
different with the various carbon sources. An average
of 8.7 somatic embryos per gram of callus and a regen-
eration frequency of 92.1% were observed in MS
medium with 0.5 mg 17! 2,4-D, 0.1 mg 1! BA, 500 mg 1™
lactoalbumin hydrolysate, and 30g 17" glucose. An
average of 12.2 adventitious buds per gram of callus
and an induction frequency of 96.5% were observed in
SH medium with 0.5mg 1" NAA, 0.1mg 17" BA,
500 mg 17! casein hydrolysate, and 30g 17" fructose
(Table 2). Of the somatic embryos 95% were converted
into regenerated plantlets on a growth hormone-free
MS medium with 30 g 17! glucose, and 100% of the
adventitious shoots rooted to form regenerated plant-
lets on SH medium containing 0.1 mg1-' NAA and 30 g
17" fructose. The induction frequency of somatic
embryos was below 84%, and the mean number of
somatic embryos per gram of callus was below 5 on MS
medium (used for somatic embryo production) with
either mannose, fructose, or sorbose as the carbon
source. The induction frequency of shoots was below
85% and the mean number of shoots per gram of callus

Table 2 Effect of carbohydrate sources on adventitious bud and
somatic embryo induction in Panax ginseng. Each treatment
consisted of about 30 pieces of calli, an average of 1.1 gram per

was below 7 on SH medium (used for adventitious bud
production) with either glucose, mannose, or sorbose as
the carbon source.

Regeneration of flowering plantlets

Regenerated plantlets derived from somatic embryo-
genesis and organogenesis were transferred to MS
medium containing various concentrations of GA;
(0.5-8 mg 17"). The highest frequency (5.7%) of flow-
ering plantlets from adventitious bud organogenesis
(PAB) was obtained on the MS medium with 2 mg 1™
GA; (Fig. 2D), and the highest frequency (1.4%) of
flowering plantlets from somatic embryogenesis (PSE)
was observed on MS medium containing 4 mg 1™' GA;
(Fig. 3). The frequency of flowering plantlets was below
0.5% when regenerated plantlets from adventitious bud
organogenesis were cultured on MS medium with 0.5,
1, 4, or 8mg I GA; and when regenerated plantlets
from somatic embryogenesis were cultured on MS
medium with 0.5, 1, 2, or 8 mg 17! GA; (Fig. 3). After

callus tissue. Tests were replicated four times. Values represent
the mean * SD

Carbohy- Somatic embryo regeneration Adventitious bud regeneration
drates
Number Number Percentage Mean no. Number Number Percentage Mean
of calli of calli of calli of somatic of calli of calli of calli Number
tested forming producing embryos tested forming producing of ad-
somatic somatic per gram adventi- adventi- venti-
embryos embryos® of callus?® tious buds tious tious buds
buds?® per gram
of callus?®
Glucose 120 110 92.1%£5.0a 8.7+1.5a 120 96 80.6+3.7b 53%1.6b
Mannose 120 100 83.2+4.7b 4.8+1.3b 120 97 81.3+4.2b 57+1.2b
Fructose 120 97 81.7+£5.2b 42+1.1b 120 115 96.5+3.1a 122+2.1a
Sorbose 120 96 80.1+4.2b 3.8£0.9b 120 101 84.3+3.5b 6.3+1.6b

# Data followed by different letters differ siginicantly within columns
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Fig 3 Effects of GA; concentrations on the in vitro flowering
frequency of regenerated plantlets. PSE Plantlet from somatic
embryogenesis, PAB plantlet from adventitious bud. Bars:
Standard deviation of the mean

the flowering plantlets were transferred to hormone-
free MS medium, the growth of plantlets improved.

Soil establishment

After acclimatization was finished, 101 plantlets
derived from somatic embryos and 87 plantlets from
adventitious buds were transferred to a greenhouse
maintained at 25 °C. Ninety-five percent of the regener-
ated plantlets from somatic embryogenesis and all of
the rooted plantlets from shoot organogenesis were
successfully established in soil, and all regenerated
plants derived from somatic embryogenesis and orga-
nogenesis produced morphologically and physiologi-
cally normal seeds. Twelve flowering plantlets from
somatic embryogenesis and 17 flowering plantlets from
shoot organogenesis were tested for seed production
under in vitro conditions. All flowering, regenerated
plantlets derived from somatic embryogenesis and
organogenesis produced physiologically normal seeds
under the conditions of in vitro culture, however, most
of the plants (21 of 29) failed to survive in the field.
An efficient protocol for plantlet regeneration from
callus of Panax ginseng is described in this report. A
prerequisite in establishing this procedure is the use of
mature zygotic embryos suitable for the induction of
morphogenic callus. Another important factor in this
high-frequency somatic embryogenesis and shoot orga-
nogenesis system is the use of different carbohydrates
as sugar sources for the differentiation culture. The use
of glucose for differentiation culture of callus resulted
in a comparably high induction frequency of somatic
embryo regeneration and mean number of somatic
embryos per gram of callus. High-frequency shoot
organogenesis was induced from morphogenic callus on
differentiation medium with fructose as the sugar
source. These results suggest that the choice of carbon
source for the differentiation medium is one of the
most important aspects in the regeneration pathway of
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callus derived from mature zygotic embryos of Panax
ginseng, equal in importance to the choice of auxin for
the induction medium. Glucose and fructose probably
play an important role in the morphogenesis process of
callus, not only as carbon source, but also as a factor
regulating the differentiation pathway of totipotent
cells. A similar finding was observed by Mukherjee et
al. (1991) in Solanum melongena L. and Marino et al.
(1993) in apricot.

In vitro flowering of regenerated plantlets from
somatic embryos of ginseng has been reported (Chang
et al. 1980a; Lee et al. 1990). Here, we demonstrated
the potential of regenerated plantlets from mature
zygotic embryo callus of ginseng to undergo in vitro
flowering. The flowering plantlets described in the
present study may have a practical value in wide
hybridization and in vitro fertilization studies, espe-
cially in studying the mechanism of fertilization of
ginseng under experimental conditions because in vitro
flowering of regenerated plantlets from somatic
embryogenesis and organogenesis can be induced at
any time of the year. In vitro flowering was induced
from regenerated plantlets cultured on MS medium
supplemented with GA; The use of 2 mg 17! GA; for
regenerated plantlets from organogenesis resulted in a
comparably high frequency of in vitro flowering, and
the highest frequency of flowering plantlets from
somatic embryogenesis was obtained on MS medium
containing 4 mg 17" GA;. These results suggest that
GA; concentration is one of the important factors regu-
lating in vitro flowering of regenerated plantlets from
somatic embryogenesis and organogenesis in ginseng.
GA; probably plays an important role in the flowering
process not only as a plant growth regulator but also as
a factor regulating the floral organ formation of regen-
erated plantlets derived from somatic embryogenesis
and organogenesis. However, the mechanism of in vitro
flowering of regeneration plantlets of ginseng deserves
a thorough biological analysis going far beyond the
present study.
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