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Abstract American ginseng (Panax quinquefolius L.) is
one of the most valuable herbs in the world. Its major active
components are ginsenosides. In order to produce ginseno-
side heterogeneously, somatic hybridization, a novel
approach for genetic introgression, was employed in this
study. Protoplasts derived from respective calli of carrot
(Daucus carota var. sativus Hoffm.) and American ginseng
(P. quinquefolius L.) were used as the fusion partners.
Hybrid calli derived from single cell lines containing
chromatin of American ginseng were confirmed by the
analyses of isozyme, Random amplified polymorphic DNA
(RAPD) and genomic in situ hybridization (GISH). High
performance liquid chromatography (HPLC) results showed
that the ginseng monomer Rb; was synthesized in seven of
the hybrid calli identified as well as in the parent American
ginseng calli but not in the parent carrot calli. Results
indicated that hybrid introgression lines could produce
ginsenoside Rb; and the ginsenoside Rb; biosynthesis
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pathway has been introgressed into carrot cells via somatic
hybridization. From the point of biosafety view concerning
the consumer acceptance, the potential predominance to
produce ginsenosides with somatic hybridization other than
with genetic transformation is discussed.
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Abbreviations

2,4-D  2.4-Dichlorophenoxyacetic acid

6-BA  6-Benzylaminopurine

GISH  Genomic in situ hybridization

HPLC High performance liquid chromatography
TIAA Indoleacetic acid

PAGE Polyacrylamide gel electrophoresis

PEG Polyethylene glycol

RAPD Random amplified polymorphic DNA
Introduction

American ginseng (P. quinquefolius L., 2n = 48), which
was first cultivated in Canada and the eastern part of the
United States, has been one of the most important herbal
plants in the world. The most active ingredients of Amer-
ican ginseng are its secondary metabolites of triterpene
saponins, which are also referred to as ginsenosides and
generated from the isoprenoid biosynthetic pathway.
Among more than 30 different ginsenosides reported in
ginseng, the major ginsenosides of American ginseng are
Rby, Rb,, Re and Rg; (Li et al. 1996). The pharmacological
effects of ginsenosides have made American ginseng one
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of the most widely used herbs. During over 300 years of
over-harvesting, deforestation, and decreased land devel-
opment, wild American ginseng populations have become
typically smaller and have been listed in Appendix II of the
convention on international trade in endangered species
(Schlag and MclIntosh 2006). Several cultivated American
ginseng populations have also been developed during the
recent 100 years (Schlag and McIntosh 2006). However,
even cultivations still require an average of 4 years in field
and their seeds must be stratified for an additional
12-18 months before germination (Zhou and Brown 2006).
The difficulties in interspecies cross breeding are also
major obstacles for the plant improvement using conven-
tional ginseng breeding approaches (Proctor and Bailey
1987).

The current supply of ginseng depends mainly on field
cultivation which is a slow growing and laborious process,
and sometimes the quality of ginsenosides was affected by
the contamination of pesticides and heavy metals (Ali et al.
2006). On the other hand, the ginsenosides outputs of both
the wild and the cultivated ginseng can also be easily
affected by many factors, such as populations (Lim et al.
2005; Schlag and Mclntosh 2006), root age (Court et al.
1996; Lim et al. 2005), environmental conditions (Fournier
et al. 2003) and locations (Jackson et al. 2003).

The exigent cultivating conditions as well as the medical
and commercial value of American ginseng, therefore,
have made its bioengineering a subject for investigation. It
is known that in vitro culture has no seasonal or regional
restrictions, so this technique has been utilized for the
clonal propagation and efficient productions of plant
metabolites (Davey et al. 2005). The in vitro culture system
for American ginseng has been established and optimized
(Teng et al. 2002; Zhou and Brown 2006). However, the
growth period from regenerated plants to mature plants
suitable for extraction of ginsenosides still requires
4-6 years (Kim et al. 2004).

Plant cell culture was thus considered as one of the
methods of ginsenoside production. Panax ginseng C.A.
Meyer, a very close relative species of American ginseng,
has been well studied by many reports (Wu and Zhong
1999). Until now, only embryonic tissues (Asaka et al.
1993), adventitious (Yu et al. 2000a) and the hairy root
(Yu et al. 2000b) of P. ginseng have been used in the
bioreactor research for ginsenoside production. But there
are very limited studies related to ginsenoside accumu-
lation by the tissue culture of P. quinquefolium (Jian et al.
1998).

Plant somatic hybridization has been suggested as a
means of bypassing the sexual incompatibility to produce
hybrids. In addition, it enables the transfer of nuclear as
well as cytoplasmic genes. Many intra- and inter-specific,
intergeneric, intertribal, and even inter-familial somatic
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hybrid plants have been obtained (Dudits et al. 1987;
Kisaka et al. 1994; Wang et al. 2005; Zhou et al. 2006).
One of the advantages of somatic hybridization is that
novel genetic combinations—especially the traits controlled
by multiple genes—could be produced. Male sterility
(Chuong et al. 1988), cold tolerance (Vazquez-Thello et al.
1996) and metal accumulation (Brewer et al. 1999) have
been studied for transfer from one fusion partner to
another. However, there are not any successful reports on
the transfer of secondary metabolism related traits via
somatic hybridization.

Carrot (D. carota var. sativus Hoffm., 2n = 18), with
the isoprenoid biosynthetic pathway, is an important
member of family Apiaceae and is cultivated all over the
world as a popular vegetable because of its high content of
fat-soluble hydrocarbon and carotenoids. The carrot has
also been a good experimental material for tissue culture
because it was one of the first plants used for successful in
vitro growth (Gautheret 1939). The utilization of liquid
cultures for the cultivation of somatic cells in recapitulating
embryogeny was reported as early as 1958 in carrots
(Steward et al. 1958). From then on, it has become con-
venient to set up and maintain carrot cell lines. Moreover,
the carrot could accept alien chromatins in somatic
hybridization even they were derived from remote species
(Kisaka et al. 1994). Therefore, the carrot genome might
have the potential ability to provide the buffer for the
improvement of secondary metabolism systems in somatic
hybridization.

In this paper, the somatic hybridization between
American ginseng and carrot were developed for the first
time to study whether the ginsenosides could be produced
by transferring genetic materials of American ginseng to
the carrot genome.

Materials and methods
Induction and culture of calli and cell suspension

American ginseng seeds (donated by Shandong Laiyang
Lvye American Ginseng Company, People’s Republic of
China) without capsules were sterilized in 75% ethanol for
3 min followed by 5 min in 0.1% HgCl,, and then exten-
sively washed with sterile water. The excised mature
embryos were kept on MB solid medium, which was
composed of MS macro- and micro-elements (Murashige
and Skoog 1962), BS5 vitamins (Gamborg et al. 1968),
2 mg/l glycine, 146 mg/l glutamine, 300 mg/l casein
hydrolysate, 30 g/l sucrose and 7.5 g/l agar at pH 5.8,
supplemented with 1 mg/l 2,4-Dichlorophenoxyacetic acid
(2,4-D) and 0.1 mg/l kinetin, for about 4 weeks at 25°C in
the dark for callus inducement. Yellow and granular calli
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were obtained and then transferred onto the fresh MB
solid medium supplied with 1 mg/l 2,4-D every 20 days.
Carrot calli were induced from the cambium portion of
the taproot from carrot (D. carota var. sativus Hoffm,
purchased from retailers, Jinan, People’s Republic of
China). The sterilized cambium pieces (4 mm X
4 mm x 1 mm) were maintained on the MB, solid
medium (Xia and Chen 1996) for 3 weeks in the dark at
25°C. Small and granular calli were selected and trans-
ferred to MB, liquid medium, shaking at the speed of
70 rpm for cell suspension. Suspension cells were sub-
cultured every 7 days.

Protoplast isolation, fusion and culture

After 10 days of sub-culture on the solid medium, fresh
calli of American ginseng were cut into tiny pieces and
incubated in the enzyme solution (0.6 M mannitol, 5 mM
CaCl,, 1.5% cellulase onozyka RS and 0.3% pectolyase
Y-23, sterilized through the 0.22 um filter) for 4 h with
gentle shaking at the speed of 70 rpm at room tempera-
ture. The protoplasts were filtered through a 50 pm
sterilized falcial filter, collected by -centrifugation at
100x g for 5 min, washed twice with 5 ml washing buffer
(0.6 M mannitol and 5 mM CaCl,, pH 5.8) and then
adjusted with washing buffer to a density of 1 x 10°ml ~'
using the hemacytometer under compound microscope at
200x (10x x 20x). The same protocol was used for the
preparation of carrot protoplasts which were derived from
4-day-subcultured cell suspension culture.

The ginseng and carrot protoplasts were mixed thor-
oughly at a ratio of 1:1. Each portion of 0.15-0.2 ml
mixture was put on a 3.5-4.5 cm glass Petri dish to form a
thin layer and stayed for 1015 min. Cell fusion was per-
formed using the polyethylene glycol (PEG) 6000 method
as previously described (Xia and Chen 1996). After the cell
fusion procedure, the petri dishes were sealed by Parafilm
M (Pechiney Plastic Packaging Company, USA). The
fusion protoplasts were cultured in the dark at 25°C in
static Ps liquid medium, which includes MS macro- and
micro-elements, B5 vitamins, 2 mg/l glycine, 146 mg/l
glutamine, 500 mg/l casein hydrolysate, 0.5 M glucose,
10 g/l sucrose and 1 mg/l 2,4-D at pH 5.8. The ginseng and
carrot protoplasts were also cultured separately in static Ps
liquid medium as controls. The regenerated calli (about
2 mm in diameter after 7-week culture) were transferred
onto the MB solid medium with 1 mg/l 2,4-D and sub-
cultured every 2 weeks for proliferation. After 60 days of
subculture, the calli were selected and transferred onto the
MB solid medium with 1 mg/l 6-Benzylaminopurine
(6-BA) and 1 mg/l indoleacetic acid (IAA) following
exposure to 12 h of florescent light at 2,000 1x every day
for differentiation.

Hybrid nature identification
Isozyme analysis

Fresh calli from putative hybrids and parents were ground
in 0.1 M Tris—HCI (pH 8.3) at a ratio of 1:1 (e.g. 1 mg of
plant material to 1 ml of buffer). The homogenates were
centrifuged at 12,000 rpm for 10 min. Supernatants were
electrophoresed with polyacrylamide gel electrophoresis
(PAGE) in 3% spacer gel-10% separating gel. For perox-
idase isozyme analysis, the gel was stained with 100 ml
staining buffer containing 20 ml 2% Benzedrine, 70.4 mg
vitamin C, 20 ml 0.6% H,0, and 60 ml distilled water. For
esterase analysis, the gel was stained with 90 ml phosphate
buffer (pH 6.4) containing 90 mg fast blue B salt, 6 ml 2%
alpha-naphthyl acetate and 3 ml 2% beta-naphthyl acetate
(both dissolved in 1 ml acetone and diluted to 100 ml with
80% alcohol) (Hu and Wan 1985).

PCR analysis

DNA of the calli of putative hybrids and parent were
extracted according to Doyle and Doyle (1990). Each 20 pl
PCR solution contained 2 pl 10x PCR buffer, 1.5 mM
MgCl,, 0.2 mM of dNTP, 50 ng template DNA, and 1 U
Taq (Takara, People’s Republic of China). For RAPD
analysis, 0.4 uM RAPD primer (OPERON, USA) was
included; for 5S rDNA spacer sequence analysis, 0.4 uM
of each primer (p™*': 5-GAGAGTAGTACATCGATGG
G-3; p™* 5-GGAGTTCTGACGGGATCCGG-3') was
included in the PCR solution (Cheng et al. 2004). The PCR
program for RAPD: a denaturation step of 94°C for 5 min;
45 cycles of 94°C for 10 s, 36°C for 30 s, and 72°C for
1 min; a final incubation of 72°C for 10 min. The PCR
program for amplifying the 5S rDNA spacer: 94°C for
5 min; followed with 35 cycles of 94°C for 1 min, 57°C for
1 min 20 s, and 72°C for 2 min; then 72°C for 10 min as a
final extension step. Amplification products were electro-
phoresed in 1.5% (RAPD) and 2.5% (5S rDNA) agarose
gels. Gels were stained with 0.5 pg/ml ethidium bromide
and analyzed with Syngene gel imaging system (Syngene,
USA).

Chromosome counting

Fresh calli of hybrids and parents were pretreated in water
at 4°C for 24 h and then fixed at room temperature with
acetic alcohol (ethanol:acetic acid = 3:1). After washing
with distilled water, the fixed samples were softened in an
enzyme mixture solution (1.5% cellulase onozyka RS,
0.5% pectolyase Y-23, 0.6 M mannitol, 5 mM CaCl,, pH
5.8) for 30 min and then washed three times with distilled
water. The softened samples were kept in the water for
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0.5-1 h, and then they were spread on a grease-free glass
slide and squashed to spread the chromosomes. Chromo-
some spreads were stained by a standard aceto carmine
method (Buck 1935).

Genomic in situ hybridization (GISH)

Total genomic DNA of American ginseng was extracted
and then labeled using Nick Translation Kit (catalog no.
1745816, Roche) following the manufacture’s instructions.
Slides of hybrid calli and parents with well spread chro-
mosomes were selected for GISH as described previously
(Xiang et al. 2003). The hybridization mixture (20 pl per
slide) contained 50 ng of labeled American ginseng DNA
probe and 2 pg of blocking DNA from carrot. Fluorescent
images were captured using a fluorescence microscope
(Nikon Eclipse E600).

High performance liquid chromatography (HPLC) analysis

The calli of hybrids and parents which were at the middle
of the subculture period were dried at room temperature
and ground into fine powder. About 0.1 g of the powder
was separately sonicated for 0.5 h with 50 ml methanol
and repeated three times. After cooling, methanol was
added to make up the lost weight. The mixture was cen-
trifuged at 1,500xg for 15 min, and then the methanol
solution was collected and roto-evaporated to dryness. The
residue was dissolved in water, followed by extraction with
50 ml of water-saturated n-BuOH (butanol) twice. The
n-BuOH layer was evaporated under vacuum in a rotary

Fig. 1 Calli of parents and
regenerated somatic hybrids.

a American ginseng calli used
for fusion. b Carrot suspension
used for fusion. ¢ Regenerated
calli from carrot protoplast as a
control. d The fused protoplasts
in Petri dish after 30 days of
culture. e Calli from fusion
products without differentiation
which was intermediate to
colors of parents. f Regenerated
fusion product calli with green
spots. =>: Regenerated single
cell cluster; Bar 5 mm
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evaporator. Each extract was dissolved in 10 ml methanol,
filtered through a 0.2-pum nylon filter, and the final solution
was analyzed.

The HPLC analysis was performed using a Prosphere
Cig (5 pm, 250 mm x 4.6 mm) at 40°C. The mobile phase
consisted of 70% water and 30% acetonitrile. The constant
flow rate was 1 ml/min and the absorbance was measured
at a wavelength of 203 nm. The sample injection volume
was 20 pl. Each set of samples was repeated three times.
The Rb, standard was purchased from National Institute for
the Control of Pharmaceutical and Biological Products
(Jinan, People’s Republic of China).

Results
Putative hybrid calli derived from fusion products

The color of American ginseng callus used for isolation of
protoplasts was yellow (Fig. la) and the suspension of
carrot showed the golden-yellow color (Fig. 1b). As a
control, the protoplasts derived calli of carrot (Fig. lc)
failed to differentiate; while the American ginseng pro-
toplasts could not divide continuously: they could only
grow into the small cell clumps with no further growth
under the same culture condition. As for the fusion prod-
ucts, the first cell divisions of the fusion products were
recognized on the fifth day after fusion and single cell
clusters were formed after 30 days of culture (Fig. 1d).
This kind of single cell clusters was compact and granular.
Twenty-eight cell lines were proliferated from the single
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cell clusters; they were light-yellow color (Fig. 1e) which
was intermediate to that of parents or parent carrot-type
color. After 2 months of subculture on differentiation
medium, eight light-yellow of the 28 calli showed green
spots (Fig. 1f) with no further regeneration of shoots or
roots. The eight calli with the intermediate color and very
primary differentiation ability from fusion products were
considered as putative somatic hybrid calli and used for
further characterization.

Hybrid nature of the putative hybrid calli
Isozyme pattern

To characterize the hybrid nature of the regenerated calli,
peroxidase and esterase assays were conducted. All the
eight calli, which were named no. 1-8, showed the similar
pattern to that of parent carrot, but they still had a few
American ginseng bands. They were subsequently iden-
tified as hybrids. As it is shown in Fig. 2a, calli no. 3-6
had the characteristic band of parent American ginseng.
Calli no. 1 and 8 had American ginseng band, and calli
no. 2 and 7 showed new bands on esterase analysis in
Fig. 2b. These results suggested that both parents had
taken part in the protoplast fusion, most of the carrot
genetic materials remained in all the hybrid calli and
American ginseng’s genetic contents were included in
some calli.

Fig. 2 Isozyme profiles of
parents and hybrid calli.

a Peroxidase profile. b Esterase
profile. P Panax quinquefolius
(American ginseng), C Daucus
carota (carrot), /-8 hybrid calli
no. 1-8, = parent carrot
characteristic band, P> parent
American ginseng characteristic
band, » novel band

RAPD pattern

Out of 86 primers used, 14 can be used to distinguish the
fusion parents (Table 1). All the eight hybrid calli identi-
fied by the isozyme analysis had the characteristic bands of
carrot when amplified with different primers, which again
demonstrated that the genetic constitutions of the hybrid
calli were mostly from the carrot genome (Table 1). The
introgression of American ginseng chromatin was revealed
by the RAPD band(s) in calli no. 1, 2, 3, 5-8 amplified with
six pairs of primers. Figure 3a demonstrates that all eight
calli have the prominent bands from carrot and amplifica-
tion result from callus no. 1, 3, 5, 6 and 8 show also
prominent band(s) from American ginseng. Additionally,
new bands were shown in calli no. 3-8. Figure 3b shows
that no. 2 has American ginseng characterized band and no.
3-5, 7, and 8 show new band(s). Novel RAPD band(s) in
all the eight calli suggested the parental DNA reset and
sequence variation, genetic recombination or shuffling (Liu
et al. 2007) between American ginseng and carrot (Fig. 3;
Table 1).

58 rDNA profile

5S rDNA spacer sequences have been routinely used as a
diagnostic marker for different plant species (Zanke et al.
1995). To further investigate the genetic constitution of the
hybrid calli, 5S rDNA spacer sequences were amplified by
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Table 1 RAPD profiles of asymmetric somatic hybrid calli of carrot
with American ginseng + carrot with various primers

Primers  Hybrid calli

1 2 3 4 5 6 7 8

OPA-01 PC CN PCN CN
OPA-08 C C C C C C C C

OPA-17 PCN PCN CN CN PCN PN P PCN
OPA-19 C PCN CN CN CN C CN CN
OPA-06 C C C C C C C C
OPF-05 N N PN CN PN C PC PC
OPH-04 C C C C C C C C
OPH-20 C C C C C C C C
OPJ-19 C C C C C C C C
OPM-01 PC PC C CN C C C -
OPM-05 - C C C C C C C
OPN-16 CN C CN CN - C CN C
OPP-08 C C C C C C C C
OPP-09 P - - C C - PC -

P Containing band(s) of American ginseng, C containing band(s) of
carrot, N containing novel band(s)

PCR in no. 1-8. PCR results showed that all the calli
contained specific fragment(s) of carrot and no. 2 contained
spacer sequence from American ginseng as well (Fig. 4).
This showed DNA of American ginseng was infrequently
transferred into specific genomic loci. The isozyme assay
and PCR amplification with random and specific primers at
least demonstrated that calli no. 1-8 are somatic hybrids
though the genetic backgrounds of them are mainly from
carrot. It is thus necessary to check the cytogenetic char-
acters of these somatic hybrids.

Fig. 3 RAPD profile of parents
and hybrid calli. a Profile
amplified with primer OPA-01.
b Profile amplified with primer
OPA-19. M /DNA digested
with HindlIIl and EcoRI, P calli
of American ginseng, C calli of
carrot, /-8 calli of hybrids,

= fragment characteristic of
parent carrot, P> fragment
characteristic of parent
American ginseng, » novel
fragment

-_—-—

Chromosome number and GISH karyotype

Chromosome numbers of carrot and American ginseng are
18 and 48, respectively (Punja et al. 2004; Hisaka et al.
1997). However, the chromosome number may vary due to
long term culture, therefore, chromosome numbers of the
parents and hybrid calli subcultured for 2—12 months were
all inspected. The chromosome numbers were 40—48 in
70% of callus cells of American ginseng (Fig. 5a), and
18-20 in 80% of carrot suspension cells whose chromo-
some number ranged from 12 to 30 (Fig. 5b). As for the
hybrid calli at different ages, the number of chromosomes
mainly ranged from 18 to 28 (70% out of the cells ana-
lyzed), with the variation from 18 to 59 (Fig. 5c—f).

We further analyzed the genome constitution of the
hybrid calli with GISH. GISH karyotypes of callus no. 1 and
8 were shown in Fig. 6. It was shown that no intact chro-
mosomes but chromatin from American ginseng had been
inserted randomly into carrot chromosomes (Fig. 6¢, d).
Similar results were observed in other hybrid calli. This
demonstrated that limited genetic materials of American
ginseng had been introgressed into the carrot genetic
background.

Analysis of Rb; content in somatic hybrid calli

The content of the major ginsenoside Rb; was quantified by
HPLC as shown in Figs. 7 and 8. Compared with the parent
American ginseng calli with content of 1.60 £ 0.05 mg/g
(mean = standard error from three independent experi-
ments), Rb; content was found to exist in hybrid calli no. 1-8
with different concentration (1.74 4 0.19, 1.24 £ 0.07,

e — S S— . G— g Go—

P S— |-
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Fig. 4 Profile of 5S rDNA

spacer sequences. M ADNA

digested with HindIII and 0.9kb
EcoRlI, P calli of American 0.8kb
ginseng, C calli of carrot, /-8

hybrid calli, = fragment

characteristic of parent carrot, 0.5kb
P fragment characteristic of

parent American ginseng

Fig. 5 Chromosomes of
parents and hybrid calli.

a American ginseng, 2n = 48.
b Carrot, 21 = 18. ¢ 3
Chromosome number of calli

no. 1, 2n = 26. d Chromosome

number of calli no. 2, 2n = 28. l
e Chromosome number of calli

no. 4, 2n = 28. f Chromosome

number of calli no. 8, 2n = 34.

Bar 5 pm
N
s 2
i)
0.97 &£ 0.06, 1.00 £ 0.13, 0.59 £+ 0.14, 0.96 £ 0.09,

1.68 £ 0.09 mg/g), except in no. 5 and the parent carrot.

Discussion

Based on the results of cytology, biochemical and molec-
ular markers, we confirmed that elimination and
introgression of the American ginseng genetic material had
occurred during the somatic hybridization with carrot, and
highly asymmetric hybrid calli were obtained. It has been
reported that the chromosome exclusion and elimination
often happens between genomes of parents with distant
phylogenetic relationships, and that parental genome in the
interphase could also be usually excluded by the other
parental genomes during mitosis (Nakano et al. 1996;
Navratilova et al. 1997; Hu et al. 2002; Dudits 1988). The
chromosome exclusion and elimination lessened parental
genome incompatibility and hence asymmetric hybrids
were generated. In our experiments, both the phylogenetic
relationship between American ginseng and carrot and the
asynchronous cell cycle behavior were likely responsible

J‘ } ‘\‘ = ’:9\
- )\ < L ’:';"
’If “ n}:"_'e’
» *%al
e f

for the high asymmetry of the hybrid calli. Concerning the
cell cycle behavior, American ginseng protoplasts, which
could not divide continuously as a control, were inferred as
in the interphase when they were fused with carrot pro-
toplasts at the active stage of mitosis.

As it has been previously reported, some highly asym-
metric somatic hybrid calli could be regenerated in remote
fusion combinations via complementation of parental
genomes (Xia and Chen 1996; Wang et al. 2005; Zhou
et al. 2006; Deng et al. 2007). In the present study, the
control cells from the bi-parent protoplasts could not divide
or differentiate. Therefore, hybrid calli with the primary
differentiating ability of generating green spots should
come from the genetic complementation of both parents.
The phenomenon that the hybrid calli could not differen-
tiate into complete plants via the complementation may be
ascribed to some related genes which have been excluded
or lost in the duration of tissue culture or were not intro-
gressed from American ginseng to the hybrids.

The correlation between the culture time and the accu-
mulation of chromosome variations was first documented
in D. carota (Smith and Street 1974). Since then, some
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Fig. 6 Analysis of hybrid calli
by GISH. Total genome DNA of
American ginseng was labeled
as a probe using digoxigenin
and detected with FITC. The
chromosomes were
counterstained with propidium
iodide. a American ginseng.

b Carrot. ¢ Hybrid callus no. 1
showing six chromosome
fragments of American ginseng
added to the genome of carrot.
d Nucleus of hybrid callus no. 8
showing insertion of American
ginseng chromosome fragments.
=>: Chromosome fragment of
American ginseng. Bar 5 pm

Fig. 7 Analysis of Rb; content 2071

in calli of hybrids and parents. I

P Calli of American ginseng, = 1.6 _T I _]___

C calli of carrot, /-8 calli of ) L} |

hybrid. Vertical bars represent E -

standard error of mean of three E 1.2 1 v B

replicate experiments b= [Tl Bl B
s 0.8 — —
C L] [ =
2 04— L

1 2 4 P C 5 6 7 8

studies about chromosomal variations were observed in
cultured calli of Nicotiana tabacum, potato cultivars, Lotus
corniculatus, rice and other species. There is also evidence
that polyploidy occurs during the long term course of
culture (Niizeki and Lu 2003; Song et al. 2000). In this
case, the chromosome numbers of the hybrid calli and
carrot suspension cells, which were selected from different
culture period from 2 to 12 months were examined. We
found that 70% of hybrid cells showed chromosome
number ranging from 18 to 28 and 80% of carrot suspen-
sion cells contained 18-20 chromosomes. This result
suggests that the chromosome numbers of hybrid calli were
statistically steady even though some chromosome varia-
tions were inevitable to some extent. The GISH karyotypes
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of cells from hybrid calli further showed hybridizing sig-
nals of American ginseng at the chromosome of carrot
(Fig. 6). The result reveals that: (1) the increased chro-
mosome number of hybrid calli was not caused by the
insertion of the contact chromosome of American ginseng
but probably because of polyploidy during the process of
tissue culture; (2) only the small inserted chromosome
fragments of American ginseng were detected, which
indicates that the inserted foreign chromosome fragments
have the predominance to be preserved in the heteroge-
neous genome by the way of taking part in normal cell
divisions.

The commercial value of American ginseng is the con-
tents of many biologically active compounds, especially
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ginsenosides. Ginsenosides are a big group, including major
and minor ginsenosides. But the ginsenoside concentrations
and the percentages are dependent on the genotypes and
variable in different parts of American ginseng and could
also be easily affected by the cultivation conditions (Yuan
et al. 2002). Among these ginsenoside monomers, Rb;
occupies a relatively steady and high ratio and plays an
important role in pharmacological effects. Animal experi-
ments showed that Rb; has multiple functions such as
anti-inflammatory (Smolinski and Pestka 2003), partial
neurotrophic and neuroprotective actions (Himi et al. 1989),
and potentially effective therapeutic agents for spinal cord
injuries (Liao et al. 2002). Because of the high level of
content and important pharmacological value, it is desirable

for us to check the existence of Rb; in somatic hybrid calli
for primary investigation.

With a view to ginsenoside Rb; synthesis, oxidosqua-
lene cyclase gene producing dammarenediol II synthase,
genes related with dammarenediol synthase and many
glucosyltransferase genes may be expressed at the same
time (Jung et al. 2003; Tansakul et al. 2006). However,
little is known about the biochemical synthesis pathway of
ginsenoside in American ginseng. The genetic material of
American ginseng introgressed into all hybrid calli proba-
bly includes these related genes. Although carrot has
different kinds of secondary metabolic products and do not
produce ginsenoside Rby, it also has the isoprenoid bio-
synthetic pathway. After alien genes related to a different
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isoprenoid biosynthesis were transferred into carrot gen-
ome, the original isoprenoid biosynthetic pathway in carrot
might be disturbed and switched, thus resulting in the
accumulation of Rb;. The hybrid calli contained different
outputs of ginsenoside Rb; and even other unidentified
secondary metabolic productions as shown in the HPLC
chromatogram. The mechanism of accumulations of these
productions is not clear yet, but this result gives us a new
point of view of plant metabolic pathways—they have the
potential possibility of communicating with each other.

Recently, cell suspensions and transformed roots (hairy
roots) were reported as culture materials for the research on
ginseng bioreactor establishment. Ginseng cells grow very
slowly and need a lot of optimization of culture mediums
(Mathur et al. 1994; Thanh et al. 2005). Commercial-scale
bioreactor culture of ginseng was rarely reported although
there are lots of research efforts on ginsenoside production
using cell bioreactor systems (Asaka et al. 1993; Choi et al.
2003). Consequently, transformed root (hairy root) culture
of American ginseng is an alternative method that can
avoid the above problems (Yoshikawa and Furuya 1987).
But it is known that the biological safety of transgenic
plants, a large group of genetically modified organisms
(GMO), has been argued worldwide for a long time
because of the unclear potentials for human allergenicity
and increase in the antibiotic resistance of human patho-
gens (Gay and Gillespie 2005; Hodgson 2001). The attitude
about the products of transgenic plants with antibiotic
resistance genes is depended on the consumer acceptability
to some extent. Therefore, crude extracts of hairy roots by
bioreactor culture still need to be proven safe to mamma-
lian cells before this approach is accepted by consumers for
commercial mass. Somatic hybridization is an alternative
approach to obtain the novel germplasm. The parents
applied for somatic hybridization can be derived from
natural species; therefore, at least, the contamination of
antibiotic resistance markers can be avoided in fusion
products, although somatic hybrids are also considered as
GMO in some countries.

Compared with American ginseng, history of research
on the tissue culture of carrot is much longer and better
developed (Steward et al. 1958; Halperin and Wetherell
1964). We initially planned to take advantages of carrot
tissue culture to regenerate carrot root with ginsenosides.
Even though no hybrid plants were obtained, this primary
investigation strongly indicates the possibility to produce
the ginsenoside Rb; heterogeneously. We may make use of
the rapid growth of carrot cell lines to produce ginseno-
sides more efficiently.

In conclusion, we obtained asymmetric somatic hybrid
calli of carrot with American ginseng which could accu-
mulate ginsenoside Rb,. Further, we will try to improve the
differentiation ability of obtained somatic hybrid calli to

@ Springer

get the root, shoot and/or hybrid plants for more investi-
gation and exploitation of their production of ginsenosides.
There were strong genetic differences between wild and
cultivated populations even within populations (Grubbs
and Case 2004). These variations were also found in the
productions of different ginsenoside among populations of
wild and cultivated American ginsengs which could be
influenced by genotype and/or location (Li et al. 1996; Lim
et al. 2005; Schlag and MclIntosh 2006). Therefore, we
should select the genotype of American ginseng whose
calli could produce a high content of ginsenosides as the
parent for further somatic hybridization. Moreover, in this
preliminary experiment, we focused on the major ginse-
noside Rb, content of the somatic hybrids. Other important
ginsenosides, such as Rb,, Rc, Rd, Re, Rg;, need to be
examined after new somatic hybrid calli are obtained. It is
also important to detect the related genes so as to explain
the molecular mechanism of the ginsenoside production in
the somatic hybrids.
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