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Abstract

The efficient plant regeneration system from embryogenic cell suspension cultures of Gynura procumbens (Lour.) Merr.
is described. Leaf, stem and petiole explants were cultured on Murashige and Skoog (MS) medium supplemented with
2,4-dichlorophenoxyacetic acid (2,4-D) in various concentrations (0, 0.1, 0.3, 1.0 and 3.0 mg 1™Y). Leaf, stem and petiole
explants formed pale-yellow nodular callus and off-white calluses at a frequency of 100% when cultured on MS medium
supplemented with more than 1 mg 1~ of 2,4-D after 4 weeks incubation. However, only 20% of pale-yellow nodular callus
derived from petiole explants developed into white embryonic structures. Upon transfer to MS basal medium without growth
regulators, these white embryonic structures differentiated into somatic embryos. Embryogenic cell suspension cultures were
initiated from petiole-derived pale-yellow nodular calluses. More than 73.2% of regenerated plantlets via somatic embryo-
genesis produced roots on MS medium supplemented with 0.1 mg 1=! a-naphthaleneacetic acid and 1 mg 1! indole-3-butyric
acid (IBA), respectively. Rooted plantlets were successfully transplanted to soil mixture of sterile vermiculite and potting
soil (1:1) and grown to maturity in a growth chamber, achieving a survival rate of >95%. The plant regeneration system
from embryogenic cell suspension cultures of G. procumbens established in this study could be applied as an alternative for
mass proliferation as well as molecular breeding for quality improvement of G. procumbens.

Keywords 2.4-Dichlorophenoxyacetic acid - Gynura procumbens (Lour.) Merr - Plant regeneration - Somatic
embryogenesis

Introduction

Gynura procumbens (Lour.) Merr. is a medicinal plant
belonging to the Asteraceae family. It has been exten-
sively used as a traditional herbal medicine particularly in
Southeast Asia. The species has been used in folk medi-
cines for the treatment of several diseases including skin
04 Suk Weon Kim rash, kidney diseases, eruptive fever, hemorrhoids and
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(Puangpronpitag et al. 2012). However, the exact chemi-
cal components in respective medicinal activities need to
be further studied.

Despite the great medicinal value, adverse effects have
also been reported to be associated with Gynura species
due to the presence of pyrrolizidine alkaloids that cause
hepatic veno-occlusive disease. However, there is little
information available regarding pyrrolizidine alkaloids
in G. procumbens as compared to G. segetum containing
a number of pyrrolizidine alkaloids such as senecionine,
seneciphylline, and seniciphyllinine (Qi et al. 2009). It
is presumed that pyrrolizidine alkaloids in Gynura roots
might be responsible for the hepatotoxicity (Dai et al.
2007). Additionally, using this plant as herbal product
bears the risk of liver failure when the wrong species rich
in pyrrolizidine alkaloids are used or when pyrrolizidine
alkaloids content is increased due to cultivation or envi-
ronmental conditions. Therefore, both correct botanical
identification and quality control are needed to ensure
safe use of the plant material.

Plant cell and organ culture are a promising approach
to regenerate the whole plant and to obtain plant-specific
bioactive compounds. Moreover, in vitro cell or organ
cultures can be optimized for producing the desired
metabolites and reducing the production of the toxic com-
pounds. Plant cell suspension culture is the most popular
approach since it gives a homogenous fast growing mate-
rial. It represents a simple technique and is easy to scale
up (Jie et al. 2015). Undifferentiated cells in a suspension
culture may lack the biosynthetic machinery required for
the generation of diverse secondary metabolites of inter-
est, as different cell types may be involved in completing
the pathway. Therefore, a plant organ culture is an alter-
native system instead of plant cell culture.

Although Gynura plant plays an important role in
traditional medicine, the in vitro culture system of the
Gynura species has not been well-studied. Several studies
on the establishment of a micropropagation system for
clonal multiplication (Keng et al. 2009) and NMR-based
metabolic profiling of adventitious root cultures from
leaf explants (Saiman et al. 2012) have been reported.
Recently, Alizah and Nurulaishah (2015) reported multi-
ple shoot regeneration from nodal explants of G. procum-
bens. However, there has been no report on successful
somatic embryogenesis of G. procumbens yet.

The present study describes the culture conditions for
efficient plant regeneration system from embryogenic cell
suspension cultures of G. procumbens. To improve the
plant regeneration efficiency, the effects of explant types
(leaf, petiole and stem) and plant growth regulators on
somatic embryogenesis were examined.
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Materials and methods
Plant materials

A wild plant of G. procumbens (approximately 25-30 cm in
height) used in this study was acquired from an herbal gar-
den in Korea. The upper leaves and stems of the plant were
taken and washed thoroughly under running tap water for
10 min. Under aseptic conditions, leaves and stem explants
were surface sterilized with 70% v/v ethanol for 30 s, subse-
quently soaked in 20% (v/v) solution of commercial sodium
hypochlorite (containing 4% w/v active ingredient) for
15 min and rinsed three times with sterile distilled water.
After surface sterilization, the explants were transferred into
sterile plastic Petri dishes (90X 15 mm) and the remaining
moisture of explants was removed with sterile filter paper.

The culture medium used throughout the experiments
consisted of MS (Murashige and Skoog 1962) inorganic
salts, 0.4 mg 17! thiaminesHCI, 100 mg 17! myo-inositol,
30 g 1" sucrose and 4 g 17! Gelrite. The pH of all media
was adjusted to 5.8 with 1 N NaOH before autoclaving.
After cooling, 25 ml of medium was dispensed into plastic
Petri dishes (90 X 15 mm). The in vitro grown plants of G.
procumbens (approximately 2—5 cm in length) were obtained
from node cultures of G. procumbens. Multiple shoots of G.
procumbens were cultured on MS basal medium and main-
tained by subcultures at 4-week intervals.

Embryogenic callus induction from leaf, petiole
and stem explants of G. procumbens

To examine the effect of 2,4-dichlorophenoxyacetic acid
(2,4-D) on embryogenic callus formation, leaf, petiole and
stem explants were incubated on MS medium supplemented
with different concentrations of 2,4-D (0, 0.1, 0.3, 1 and
3 mg I7!). The leaf, petiole and stem explants were dissected
from surface-sterilized explants with a pair of forceps and
scalpel in a clean bench. The leaf explants (approximately
5 mm? in area) were excised from middle region of surface-
sterilized leaf sample and placed onto each culture medium.
Petiole explants were also excised from the lower part of
surface-sterilized leaf sample. Petiole explants (approxi-
mately 1-2 mm in diameter and thickness) and stem explants
(approximately 2-3 mm in diameter and 1-2 mm in thick-
ness) were dissected from surface-sterilized stem samples.
All explants (leaf, petiole and stem) were cultured on MS
medium supplemented with different concentrations of 2,4-
D. In each treatment, ten explants were placed in a petri dish
and replicated three times. All cultures were incubated at
25 °C in the dark. After 6 weeks of culture, the frequency of
callus formation was determined.
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To compare the difference of embryogenic potentials
between in vitro and wild-grown petiole explants of G.
procumbens, petiole explants (less than 1 mm in diameter
and 1-2 mm in thickness) from in vitro grown shoots were
also incubated on MS medium supplemented with different
concentrations of 2,4-D. The frequency of callus formation
was also examined in the same manner as explants of wild-
grown plant.

Establishment of embryogenic cell suspension
cultures of G. procumbens

The embryogenic cell suspension cultures of G. procum-
bens were initiated from petiole-derived pale-yellow nodular
calluses. About 1 g of these calluses were transferred into
Erlenmeyer flask (250 ml) containing 30 ml of fresh SH
liquid medium. The cultures was maintained at gyratory
shaker (100 rpm) in the dark. Otherwise mentioned all cul-
tures were maintained at 25 °C. After 1 week of culture, an
additional 20 ml of fresh SH liquid medium was added into
the culture flask. After initial establishment of cell suspen-
sion cultures, 5 ml of cell suspension culture was transferred
into a Erlenmeyer flask (250 ml) containing 50 ml of fresh
SH liquid medium. The cell suspension culture was sub-
cultured at 4 weeks interval.

To check the plant regeneration potential of embryogenic
cell suspension cultures of G. procumbens, 4-week-old cell
aggregates were transferred to MS basal medium and incu-
bated for 4 weeks in the dark. In each treatment, 20 cell
aggregates were placed on MS basal medium. Each treat-
ment consisted of three replicates.

Plant regeneration via somatic embryogenesis
from petiole-derived embryogenic cell suspension
cultures of G. procumbens

To regenerate whole plants via somatic embryogenesis of G.
procumbens, pale-yellow embryogenic cell aggregates were
transferred to MS basal medium. After 2 weeks of culture
in the light (30 umol m~2 s™! from cool-white fluorescent
lamps with a 16-h photoperiod), the conversion frequency
was determined by counting the number of cell aggregates
with developed somatic embryos.

To accelerate root formation of regenerated plantlets from
somatic embryos, the effect of a-naphthaleneacetic acid
(NAA) and indole-3-butyric acid (IBA) on root development
was examined. Individual regenerated plantlets from somatic
embryos were carefully dissected and placed onto MS
medium containing 0, 0.1, 0.3 and 1 mg I-! NAA and IBA,
respectively. In each treatment, ten explants were placed in
a petri dish and replicated three times. After 2 weeks of
culture in the dark, the frequency of root development was
determined by counting the number of rooted plantlets.

Plantlets developed from somatic embryos were subjected
to acclimatization. Regenerated plantlets were carefully
removed from Petri dishes and washed under running tap
water to eliminate any traces of medium. Rooted plantlets
were transplanted to plastic pots containing sterile vermicu-
lite and potting soil (1:1) and maintained in a growth cham-
ber (25 °C day/22 °C night, 80 pmol m~2 s~! from cool-
white fluorescent lamps under a 16-h photoperiod).

Statistical analysis

The results presented are average from two independent
experiments carried out in triplicates. The results were
expressed as mean + SD and statistically analyzed using MS
Excel 2013 software.

Results and discussion

Establishment of high-frequency plant regeneration
system from embryogenic cell suspension cultures
of G. procumbens

An efficient plant regeneration system via somatic embry-
ogenesis from petiole cultures of Gynura procumbens
(Lour.) Merr was established (Fig. 1). After 1 week of
culture, petiole explants began to expand and dediffer-
entiate into calluses when they cultured on MS medium
containing 2,4-D (Fig. la). After 2 weeks of culture,
calluses began to form on the cut edges and surface of
petiole explants (Fig. 1b). After 4 weeks of culture, pale-
yellow calluses and white friable calluses began to form
on the entire surface of petiole explants (Fig. 1c). After
subculture of these pale-yellow calluses, numerous white
embryonic structures were proliferated on the surface of
pale-yellow callus (Fig. 1d). When transferred to MS basal
medium, most white embryonic structures were able to
develop into multiple somatic embryos after 4 weeks of
incubation. These results indicate that the initial pale-yel-
low calluses and white embryonic structures were embry-
ogenic callus and early stage of somatic embryos of G.
procumbens, respectively. The embryogenic cell suspen-
sion culture of G. procumbens was established from peti-
ole-derived pale-yellow nodular calluses. Yellow calluses
were finely dispersed and proliferated well in SH liquid
medium. After two rounds of subculture, cell suspension
culture was sub-cultured at 4-week interval. Cell suspen-
sion culture consisted of small isodiametric (approxi-
mately 30 um) and compact cell aggregates (Fig. 1e). To
check embryogenic potential of cell suspension cultures,
4-week-old cell aggregates (Fig. 1f) were transferred to
MS basal medium. Numerous somatic embryos with dif-
ferent developmental stages were developed from cell

@ Springer



30

Plant Biotechnology Reports (2019) 13:27-33

Fig. 1 Plant regeneration from petiole-derived embryogenic cell sus-
pension cultures of G. procumbens. a After 1 week of incubation,
small callus began to form on the cut edge of petiole explants. b After
2 weeks of incubation, pale-yellow friable callus began to form on the
cut edge of petiole explant when cultured on MS medium containing
2,4-D. ¢ White embryonic structures formed on the surface of pale-
yellow callus. d White embryonic structures developed into typical
somatic embryos when cultured on MS medium containing 2,4-D. e

aggregates after 4 weeks of incubation (Fig. 1g). These
somatic embryos were successfully converted into green
plantlets in the light incubation (Fig. 1h). After soil trans-
fer for acclimatization, regenerated plantlets from somatic
embryos were rooted and grown to normal plants (Fig. 11).

To our knowledge, this study is the first successful
report of high-frequency plant regeneration from embry-
ogenic cell suspension cultures of G. procumbens. The
plant regeneration system established in the study could be
applied as an alternative for mass proliferation and molec-
ular breeding for quality improvement of G. procumbens.

@ Springer

Establishment of embryogenic cell suspension cultures of G. procum-
bens. f Globular embryos formation from embryogenic cell aggre-
gates. g Numerous somatic embryos with different developmental
stages. h Somatic embryos were successfully converted into plantlets
in the light incubation. i Regenerated plants from somatic embryos
were successfully grown to normal plant after soil transfer for accli-
matization. Scale bars represent 1 mm (a—d, f, g), 0.5 mm (e), 1 cm
(h, )

Effect of 2,4-D concentration on embryogenic callus
formation from leaf, petiole and stem explants of G.
procumbens

The effect of 2,4-D on callus and adventitious root forma-
tion from leaf, petiole and stem explants of G. procumbens
was examined (Table 1). After 4 weeks of incubation, leaf,
petiole and stem explants were able to form pale-yellow
callus when cultured on MS medium containing over than
0.1 mg 17! of 2,4-D. All explants formed pale-yellow cal-
luses even in low concentration of 2,4-D treatment. In
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Table 1 The frequency of callus
and adventitious root formation

Type of explants

Concentration of 2,4-D

Frequency of callus forma- Frequency of adventi-

. . (mg 1Y tion (%) tious root formation
from leaf, petiole and stem (%)
explant of G. procumbens after
4 weeks of culture Leaf 0 25425 0

0.1 95.8+7.2 0
0.3 96.3+6.4 37+6.4
1 100+0 62.5+25.5
3 100+0 0

Petiole 0 80+20 0
0.1 8020 0
0.3 100+0 222+11.5
1 100+0 6.7+11.5
3 100+0 0

Stem 0 33+30.6 0
0.1 100+0 60.1+16.2
0.3 100+0 46.0+11.5
1 100+0 0
3 100+0 0

Average and standard deviations were calculated from three replicates

particular, stem explants formed calluses at a frequency of
100% regardless of 2,4-D concentrations. The frequency of
pale-yellow callus formation from leaf and petiole explants
was 95.8% and 80% when cultured on MS medium supple-
mented with 0.1 mg 17! of 2,4-D (Table 1). The frequency of
pale-yellow callus formation from leaf and petiole explants
slightly increased with increasing concentrations of 2,4-D
up to 3 mg 17!, where the frequency reached 100% (Table 1).
These results show that all tissues of G. procumbens have
good potential for pale-yellow callus formation in low con-
centration of 2,4-D.

Adventitious root formation was also simultaneously
observed from leaf, petiole and stem explants of G. procum-
bens during callus formation. The highest frequency of
adventitious root formation (62.5 +25.5%) was observed
in leaf explants treated with 1 mg 17! of 2,4-D (Table 1).
However, the frequency of adventitious root formation from
leaf explant greatly decreased with increase in 2,4-D con-
centrations. Both petiole and stem explants also showed the
decrease of adventitious root formation at higher concentra-
tions of 2,4-D treatment (Table 1). These results show that a
lower concentration of auxin treatment is more suitable for
adventitious root formation of G. procumbens.

To check the embryogenic potential of pale-yellow callus
derived from leaf, petiole and stem explants of G. procum-
bens, pale-yellow calluses were transferred to MS basal
medium and incubated for 4 weeks in the dark. However,
only pale-yellow calluses derived from petiole explants were
able to form white embryonic structures at a frequency of
20% when cultured on MS medium supplemented with
3 mg 17! 2,4-D (Fig. 1d). Even though the morphological

characteristics of pale-yellow callus derived from leaf, peti-
ole and stem explants of G. procumbens were similar, leaf
and stem-derived pale-yellow callus did not show develop-
ment of embryonic structures from pale-yellow callus.

The frequency of pale-yellow callus formation from peti-
ole explants of in vitro grown shoots of G. procumbens.
was also examined. Both petiole explants from wild and
in vitro grown plants showed similar callus patterns of for-
mation (Fig. 2). The highest frequency of pale-yellow callus
formation from both petiole explants was 100% when cul-
tured on MS medium supplemented with 3 mg 17! of 2,4-D

| —@—in vitro plant
- #- wild plant —

90 |-

60 |-

30

Frequency of yellow callus formation (%)

1 . I . 1 . 1
0 1 2 3

Concentration of 2,4-D (mgl)

Fig.2 Comparison of pale-yellow embryonic callus formation from
petiole explants of in vitro and wild-grown plants. Vertical bars repre-
sent standard deviation
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(Fig. 2). However, the frequency greatly decreased to less
than 26.7% when cultured on MS medium supplemented
with 0.3 mg 17! of 2,4-D (Fig. 2). Based on these results, it
is suggested that higher concentration of 2,4-D is more suit-
able for embryogenic callus induction from petiole explant
of G. procumbens.

In plant tissue culture, 2,4-D is well-known for its pro-
motive role in somatic embryogenesis from several plant
species including Ranunculus kazusensis (Min et al. 2007),
Brasenia schreberi (Oh et al. 2008) and Houttuynia cordata
(Oh et al. 2013). Similar to previous reports, we found that
2,4-D also plays a strong inducer for somatic embryogen-
esis from petiole explant cultures of G. procumbens. Leaf
and stem explants of G. procumbens were also able to form
similar pale-yellow calluses compared to petiole explants.
However, the conversion of these pale-yellow calluses into
embryogenic structures was not observed. These results
imply that there is an obvious difference in 2,4-D sensitivity
for somatic embryogenesis from different tissue origins of G.
procumbens. However, we could not fully examine the exact
cause of variation in tissue or organ-dependent embryogenic
potential of G. procumbens in this study. To date, only a few
studies have been published on somatic embryogenesis from
petiole explant with 2,4-D treatment such as Spathiphyllum
(Zhao et al. 2012) and African violet (Mithila et al. 2003).
Considering these results, petiole explant is more suitable
for somatic embryogenesis than other tissue explants of G.
procumbens. Recently, epigenetic mechanisms including
chromatin modification and DNA methylation pattern have
emerged as critical factors during somatic embryogenesis
and differentiation of plant meristem (De-la-Pefia et al.
2015). Thus, further work is needed to determine the role of
epigenetic regulation on somatic embryogenesis.

Effect of auxins on root development
from regenerated plantlets of G. procumbens

For the establishment of whole plant regeneration system via
somatic embryogenesis, the effect of auxins on root develop-
ment of regenerated plantlets of G. procumbens was exam-
ined (Fig. 3). The frequency of root development was 73.2%
and 100% when cultured on MS medium supplemented with
0.1 mg 17! IBA and NAA, respectively (Fig. 3). In case of
IBA treatment, the frequency of root formation from regen-
erated plantlets was increased with increase of IBA con-
centrations. However, NAA treatments showed a little dif-
ferent root formation. The frequency of root formation was
highest in low concentration of NAA treatment (0.1 mg 17h.
Whereas, the frequency of root formation decreased to 75%
when plantlets were cultured on MS medium supplemented
with 1 mg 17! NAA (Fig. 3). These results show that low
concentrations of auxin was suitable for rooting from regen-
erated plantlets of G. procumbens regardless of auxin types.
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Fig. 3 Effect of auxin on root formation from plantlets of G. procum-
bens. Regenerated plantlets were transferred to rooting media con-
sisted of MS medium containing 0, 0.1, 0.3 and 1 mg 17! of IBA and
NAA, respectively

The results shown in this study are in agreement with other
studies showing that lower concentration of auxin is optimal
for rooting of G. procumbens (Chan et al. 2009) and adventi-
tious root production of Centella asiatica (Ling et al. 2009).
Recently, Parvin et al. (2014) also reported that 0.5 mg 17!
of NAA was suitable for rooting from shoot tip and nodal
segments cultures of G. procumbens. The rooted plantlets
were successfully transferred to potting soil and subjected
to acclimatization. 100% of the plantlets survived and grew
into normal plants (Fig. 1i).

In conclusion, we have established a successful and high-
frequency plant regeneration system from embryogenic cell
suspension cultures of G. procumbens. The plant regenera-
tion system of G. procumbens established in this study may
be useful for mass propagation and long-term preservation
of G. procumbens. Furthermore, embryogenic cell lines of
G. procumbens could be used for biological resources for the
study of metabolic engineering and quality improvements by
gene editing technologies.
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