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ABSTRACT

The development of efficient in vitro regeneration systems are needed to facilitate the application of recombinant DNA technology to the
improvement of crop germplasm. In the present study a simple, rapid and effective system to regenerate Psoralea corylifolia plants via
direct somatic embryogenesis from nodal segments has been established. The embryogenic cells proliferated, formed somatic embryos,
and were subsequently converted into normal plantlets under optimized culture conditions. The frequency of somatic embryogenesis was
strongly influenced by the concentration of thidiazuron (TDZ) in the medium. The highest frequency (82%) of somatic embryogenesis
was observed on Murashige and Skoog (MS) medium containing 16.0 pM TDZ. The somatic embryos when transferred to plant growth
regulator-free MS basal medium, developed further to heart shaped, torpedo and cotyledonary stages within 2 weeks. Conversion of
somatic embryos into plantlets was achieved by isolating somatic embryos with distinct cotyledons and transferring them onto half-
strength MS medium containing 1.0 uM gibberellic acid (GA;). Subsequently, the regenerated plantlets were successfully established in
ex vitro condition with 90% survival. This is the first report on i vitro regeneration via direct somatic embryogenesis of P. corylifolia.
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INTRODUCTION

Psoralea corylifolia L. (Fabaceae), commonly known as
‘babchi’, is an endangered medicinal plant distributed in the
tropical region of the world (Anonymous 1988). The plant
is used in indigenous system of medicine as a laxative,
aphrodisiac, anthelmintic, diuretic and diaphoretic in febrile
conditions. It is specially recommended in the treatments of
leucoderma, leprosy psoriasis and inflammatory diseases.
The plant contains important principle furanocoumarin com-
pounds, psoralen and isopsoralen which are being inves-
tigated against several diseases including AIDS (Bhatta-
charji 1998; Zhou et al. 2000). The one-seeded fruits are
highly regarded as an aphrodisiac and tonic to the genital
organs (Chopra et al. 1986). The plant is being used by
many Indian pharmaceutical industries for the production of
drugs (Research Drugs and Pharmaceuticals (Gujarat) Pvt.
Ltd., Ahmadabad, India, Pioneer Enterprise, Mumbai, India
and Dr. J. R. K’s Siddha Research and Pharmaceuticals Pvt.
Ltd., Chennai, India).

P. corylifolia is a seed propagated species, however, the
germination percentage is very low (5-7%) (Chand and
Sahrawat 2002). The low percentage of seed germination
coupled with non-judicious wild collection for pharmaceu-
ticals pose a serious threat to its existence in the nature. Tis-
sue culture and in vitro plant regeneration system provide
an alternative means for mass proliferation and ex situ con-
servation of endangered plant species. A few studies on
plant regeneration in the genus Psoralea have been conduc-
ted, including plant regeneration via organogenesis (Saxena
et al. 1998; Faisal and Anis 2006; Baskaran and Jayabalan
2008) and indirect somatic embryogenesis (Chand and Sah-
rawat 2002). However, there is no report on plant regenera-
tion via direct somatic embryogenesis in P. corylifolia. Di-
rect somatic embryogenesis from predetermined tissues is
the most desirable approach, because it appears to be asso-
ciated with the cytological and genetic stability of regene-

rated plantlets. It is also useful as a transformation system
for the improvement of agronomic traits as well as a model
system for ‘molecular farming’ (Daniell 2004). Here, in the
present report, we describe a protocol for direct somatic
embryogenesis from nodal segments of P. corylifolia and
successful field establishment of the acclimatized plants.

MATERIALS AND METHODS
Plant material and explant preparation

Young, healthy shoots of P. corylifolia were collected from a two-
year-old plant grown in the Botany Department, Aligarh Muslim
University, Aligarh. The shoot segments were washed under run-
ning tap water for 30 min and then soaked in 5% (v/v) detergent,
Labolene (Qualigens, Mumbai, India), for 5 min. They were sur-
face sterilized with 70% ethanol for 20 s followed by 0.1% mercu-
ric chloride treatment for 3 min and finally rinsed thrice with ste-
rile double distilled water. Shoot segments measuring 4-7 mm
were cut into single node explants and inoculated vertically on ste-
rile nutrient media.

Culture media and conditions

Murashige and Skoog (1962; MS) medium containing 3% (W/v)
sucrose and 0.8% (w/v) agar were used in all the experiments.
Plant growth regulators (PGRs) were added to the medium as spe-
cified below. The pH of the culture media was adjusted to 5.8 +
0.1 before addition of agar and sterilized by autoclaving for 20
min at 1.1 kg/cm? pressure at 121°C. Cultures were maintained in
the culture room at 25 + 1°C under 50 pmol m > s~ light provided
by cool white fluorescent lamps (TL 20W, Philips, India) for a 16
h photoperiod regulated by a timer.

Somatic embryo induction and development

For induction of somatic embryos, the sterile nodal explants were
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cultured in test tubes on MS medium supplemented with thidia-
zuron (TDZ)] at different concentrations (0.0, 10.0, 11.0, 12.0,
13.0, 14.0 15.0, 16.0, 17.0, 18.0, 19.0, 20.0 uM). The frequency of
somatic embryogenesis was examined after 6 weeks of culture.
The embryogenic cultures were transferred to PGR-free MS basal
medium for 2 weeks. Cultures were examined and photographed
with a stereo-zoom microscope (Motic-SMZ143, Japan). The
number of embryos reaching the cotyledonary stage was recorded
after 2 weeks and their number was expressed as somatic embryos
per explant.

Germination and conversion into plantlets

The cotyledonary-stage somatic embryos were transferred to half-
strength MS supplemented with various concentrations of gib-
berellic acid (GA3) (0.0, 0.1, 0.5, 1.0, 1.5, 2.0, 2.5 uM). The fre-
quency of somatic embryo germination was examined after 4
weeks of culture.

Acclimatization

In vitro-developed plantlets (5-6 cm shoot length) were taken out
of culture tubes, washed under running tap water to remove agar,
and transplanted into plastic pots containing sterile soilrite. Potted
plantlets were covered with a transparent polythene membrane and
kept in a culture room at 25 + 2°C temperature and 16h/day illumi-
nation with cool fluorescent light (50 pmol m > s™') for 4 weeks
and watered every three days with half-strength MS salt solution
for two weeks. Polythene membranes were opened after two
weeks in order to acclimatize plants to field conditions. After four
weeks, the plants were transferred to pots containing normal soil
and maintained in a greenhouse under normal day length condi-
tions.

Statistical analysis

A minimum of 20 explants were used per treatment and one ex-
plant was cultured per test tube. The experiments were repeated
thrice. The data were collected after 6 weeks for embryogenesis
and 4 weeks for germination experiments. The results were ana-
lyzed statistically using SPSS version 12 (SPSS Inc., Chicago, IL,
USA). The significance of differences among means was analyzed
using Duncan’s multiple range test at P = 0.05.

RESULTS AND DISCUSSION

Nodal explants of P. corylifolia cultured on MS basal me-
dium devoid of TDZ failed to give any response. The me-
dium containing lower concentrations of TDZ (0.5-5.0 uM)
induced multiple shoots (Faisal and Anis 2006) while in the
present study, a higher concentration (10-20 uM) com-
pletely switched the regeneration pathway by inducing a
cluster of well formed somatic embryos instead of shoot
formation. The TDZ dose-dependent morphogenic response
of nodal explants of P. corylifolia is a unique finding which
clearly reaffirms the efficacy of TDZ for eliciting both orga-
nogenesis as well as embryogenesis. The redirection of de-
velopment from shoot organogenesis to somatic embryoge-
nesis at a higher concentration of TDZ (10-20 uM) may
have occurred due to an optimum growth regulator balance
within the tissue or as a result of increased stress imposed
by a high TDZ concentration (Mithila et al. 2003). In earlier
studies, it was documented that TDZ induced regeneration
is accompanied by an accumulation of ABA, proline, and
specific ions (Murthy ef al. 1996, 1998; Murch et al. 1999).
However, in chickpea cultures the addition of proline to the
TDZ-containing medium stimulated somatic embryogenesis
instead of organogenesis (Murthy ef al. 1996). MS medium
supplemented with TDZ at 10-20 pM induced a cluster of
globular embryos within 4 weeks at the swollen region of
the explants (Figs. 1A, 1B), and the frequency of embryo-
genesis recorded as the average number of embryos per ex-
plants was found highest at 16.0 uM TDZ (Table 1). The
explants cultured under this regime showed embryogenesis
in 82% of the cultured explants, with an average of 27.0 +
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Fig. 1A-G Somatic embryogenesis and plant regeneration in Psoralea
corylifolia. (A, B) Clusters of globular-stages somatic embryos develop-
ing directly from nodal segments; (C) Heart shaped embryos developing
directly from explant; (D, E) Cotyledonary stages embryos; (F) Germina-
tion of somatic embryos; (G) Plantlet produced from somatic embryos.

Table 1 Effect of different concentrations of thidiazuron (TDZ) for direct
somatic embryogenesis from nodal segment of P. corylifolia in MS
medium after 6 weeks of culture.

Thidiazuron Percentage of explants Mean Ne of somatic

(M) with somatic embryos per responding
embryogenesis explants + S.E.

0.0 00g 0.0h

10.0 40.6 f 30+0.14 g

11.0 453 ¢ 55+0.27fg

12.0 59.0¢c 7.1+021f

13.0 60.6 ¢ 123+ 1.45cd

14.0 70.0b 153+£1.20¢

15.0 81.62a 20.6+1.33b

16.0 82.0a 27.0+1.15a

17.0 72.3b 23.0+£1.16b

18.0 69.6 be 15.0£1.01¢c

19.0 51.3d 10.7+£1.20 de

20.0 50.0d 8.3+£0.67 ef

Data represents the mean + SE of three repeated experiments. Means followed by
different letter within columns are significantly different (P = 0.05) using Dun-
can’s multiple range test.

1.15 embryos per responding explant. The percentage soma-
tic embryogenesis was significantly and negatively affected
by increasing the level of TDZ from 16 to 20 uM (P = 0.05).

When the clusters of embryos were transferred to MS
basal medium without TDZ, growth of somatic embryos
was stimulated until the cotyledonary stage (Figs. 1C, 1D)
but did not germinate. When somatic embryos were main-
tained on the medium containing TDZ over a period of 6
months, the occurrence of fasciated embryos was noticed.
This is a common phenomenon associated with the long-
term use of TDZ (Huetteman and Preece 1993). Mature so-
matic embryos showing early cotyledonary stages were ra-
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Table 2 Effect of gibberellic acid (GAs) on germination of somatic
embryos of Psoralea corylifolia in half-strength MS medium after 4
weeks of transfer.

Gibberellic acid Number of Number of Percentage
(M) embryos embryos germination
transferred germinated
0.0 60 12 20 f
0.1 60 32 53d
0.5 60 45 75b
1.0 60 54 90 a
1.5 60 40 67c
2.0 60 34 56d
2.5 60 14 23 e

Data represents the mean numbers of three repeated experiments. Means followed
by different letter within columns are significantly different (P = 0.05) using
Duncan’s multiple range test.

pidly germinated (Figs. 1E, 1F) when they were transferred
onto half-strength medium containing 0.1-2.5 uM GA;
(Table 2). The major problem for propagation of a plant
through embryogenesis has been the low conversion of so-
matic embryos into plantlets. In the present study, germina-
tion and conversion of over 90% of somatic embryos into
plantlets occurred within 6 weeks of culture on half-strength
MS medium containing 1.0 uM GA;. A similar, beneficial
effect of GA; on germination of somatic embryos has been
demonstrated in Santalum album (Rai and McComb 2002),
Siberian ginseng (Choi and Jeong 2002), Gossypium hirsu-
tum (Kumria et al. 2003), and Panax japonicus (You et al.
2007).

The regenerated plantlets were transplanted to small
plastic pots containing vermiculite and kept in a culture
room for 4 weeks. They were irrigated once in 3 days with
half-strength MS salts solution for two weeks and then indi-
vidually transferred to pots containing soil, sand and farm-
yard manure (1:1:1) and reared in the greenhouse. About
90% of the regenerated plants survived following transfer
from Soilrite to natural soil and no detectable variation with
respect to morphology or growth characteristics was ob-
served.

In conclusion, we have developed a direct somatic em-
bryogenesis and plantlet regeneration system from nodal
segments of Psoralea corylifolia. The protocol developed
here for regeneration of P. corylifolia through direct soma-
tic embryogenesis can possibly be used in future transfor-
mation and metabolic engineering studies.
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