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ABSTRACT

An efficient in-vitro regeneration protocol for Indian cultivar (RBL-50) of ricebean Vigna
umbellata (Thunb.) Ohwi and Ohashi via somatic embryogenesis has been developed.
Highly proliferating (98%) calli cultures were initiated from the cotyledonary-node
containing both half cotyledons (CN1) on semi-solid MSB medium (MS salts and B5
vitamins) supplemented with 12.5 µM Thidiazuron (TDZ) alone. Type and concentrations
of growth regulators influenced the frequency of somatic embryogenesis. TDZ was found
responsive for somatic embryogenesis than BAP, 2,4-D and Picloram and the best result
(18 somatic embryos per explant) was obtained with 12.5 µM TDZ in combination with
2.5 µM 6-benzylaminopurine (BAP). Sustained  cell  division  resulted  in  the  formation
of  cell aggregates,  which progressed  to the  globular and heart-shaped  somatic  embryos
and  then,  if  they  differentiated properly, to the torpedo shape and cotyledonary stages.
The transfer of embryos onto MS basal medium enabled the embryos to achieve complete
maturation and germination. The percentage of germinating embryos increased
significantly from 20 to 50 when 1.5 µM BAP and 2.0 µM Gibberellic Acid (GA3) was
supplemented to the MS basal media. In vitro-raised plantlets with well-developed roots
were successfully hardened in a greenhouse and established in soil. The present study
aimed to produce embryos and their subsequent conversion to plants offers potential to
use in transformation studies.

Key Words : Callus culture, Ricebean, Somatic embryos, Thidiazuron, Vigna umbellata

INTRODUCTION
Rice-bean, known as climbing mountain bean,
mambi bean and locally as Beziamah, is an
under exploited tropical legume1. Rice bean is
native of South- East Asia. In India, the crop is
mainly found in the Western and Eastern Ghats
and the NE Himalayas but is also grown in the
sub-temperate Western Himalaya in the
Uttaranchal and Himachal Pradesh hills. It is
grown for its nutritious seeds, green pods as
vegetable and also as a leguminous fodder crop
in Kerala, Orissa and West Bengal because of
its higher fodder production potential. Rice
bean has a comparatively higher content of

proteins than other crops. Amino acid content
is well suited for human digestion. But despite
of the great advantages, there are some biotic
and   abiotic constraints which affect its potential.
Strategies to overcome these yield limiting
factors by conventional breeding have been
slow due to the lack of desirable level of
genetic variability in germplasm. 
One alternative approach is genetic engineering,
which has in recent years been effectively used
to develop desirable breeding lines of many
important crop plants. An   efficient   in   vitro
plant regeneration   system   is required for
successful crop improvement through genetic
engineering. Somatic embryogenesis has been
reported in many species within the genus*Author for correspondence
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Vigna, such as Vigna unguiculata2,3, Vigna
mungo4,5 and Vigna radiata6-8. Since
embryogenic tissues are very prolific and usually
originate from single cells, the embryos are
considered excellent targets for transformation.

AIMS  AND  OBJECTIVES
The objective of the present study was to
develop and establish a reproducible in vitro
plant regeneration system in Indian ricebean
cultivar (RBL-50) through somatic
embryogenesis which could be extended for
genetic transformation of ricebean.

MATERIAL  AND  METHODS
Seeds of Vigna umbellata (Thunb.) Ohwi and
Ohashi, cultivar RBL-50 were obtained from the
National Bureau of Plant Genetic Resources
(NBPGR), New Delhi. The seeds were
surface-sterilized with 70% ethanol for 2 min
followed by 0.2% (w/v) aqueous HgCl2 solution
for 5 min and finally rinsed 5-6 times with
sterilized distilled water. The sterilized seeds
were germinated by soaking in sterile distilled
water for 16 hrs in the dark on a orbital shaker at
200 rpm as well as on semisolid medium either
on MS9 basal medium or MS containing TDZ
(10µM) up to 6 days at 27±2°C under light
conditions. For the initiation of callus and
induction of somatic embryos, different types of
explants namely epicotyls, cotyledonary nodes,
cotyledons and hypocotyls were excised from
in-vitro grown seedlings and cultured on MSB
medium (MS salts and B5 vitamins) containing
3% (w/v) sucrose and supplemented with various
type of growth regulators such as TDZ, BAP, 2,
4- D and Picloram in different concentrations and
combinations. 
The effect of type of basal medium was also
assessed by culturing the cotyledonary node
explants on MS basal, B5

10 basal and MSB medi-
um containing 3% (w/v) sucrose either alone or
supplemented with TDZ (12.5 µM). In all the
cases, after 20 days of culture the entire
organogenic / embryogenic calli were transferred
onto fresh medium for another 20 days. After
further 20 days in the second round of
sub-culturing, only the fragile embryogenic mass
was removed and transferred either onto the same

induction media or were subcultured on media
supplemented with various concentrations of
TDZ and BAP either alone or in combinations or
2, 4-D alone. For the further development and
germination of somatic embryos, the
embryogenic cultures or individually isolated
somatic embryos were transferred onto MS basal
medium containing BAP (0.0-1.5 µM), Gibberellic
Acid (GA3 1.0-3.0 µM) and combinations of GA3
and BAP. Germinated embryos were    transferred
to MS half-strength basal medium for the further
growth of the plantlets.
Observations on the induction process and
germination of SEs were scored after a regular
interval.  The data were subjected to statistical
analysis.  All the cultures were incubated in a
culture room at 27 ± 2ºC under a 16/8-hrs
light/dark photoperiod. The rooted plantlets were
transferred to pots containing soilrite mix for
acclimatization. Each pot was covered with a
polythene bag to maintain high humidity initially
for first few days. Subsequently, the humidity
was reduced gradually by making holes in the
polythene bags to harden the plants. The
hardened plants were then established in soil and
grown to maturity. 

RESULTS  AND  DISCUSSION

Plant regeneration via somatic embryogenesis
through callus is limited among Vigna species
relative to other grain legumes. The explant is
considered to be a critical  factor  that  determines
the  success-or-not of most  tissue  culture
experiments, particularly in somatic
embryogenesis11,12. The callus was successfully
induced in all of the explants used in the present
study. However, among all of the explants tested,
the calli obtained from cotyledonary-node
containing both half cotyledons attached (CN1)
of 3-day-old seedlings of V.umbellata was found
more embryogenic in nature with highest rate of
proliferation in 98% of cultures on MSB medium
supplemented with 12.5µM TDZ Fig.1 (a).
Consequently, this explant was preferred over the
others for raising the primary cultures. The calli
produced from other explants were slow growing
and eventually turning brown/black.
To check the effect of type of basal medium, the
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initiation of callus was carried out on several
media i.e. MS or B5 or MSB medium with or
without supplemented with TDZ (12.5 µM), out
of them the formulation of MSB medium with
TDZ proved to be the best and hence the medium
was used for the rest experiments. TDZ is a
potent bioregulant and induced somatic
embryogenesis in several plant species such as
Cicer  arietinum13, Arachis hypogea14, Cajanus
cajan15 and Ochna integerrima16. At increased
concentrations of TDZ (to a maximum of 20
µM), the callus initially grew  as  a  hard mass
and  then  turned  brown and finally drying out
while at lower concentrations  (5.0 µM or less),
only very  little  non-embryogenic callus was
produced in contrast to multiple shoots produced
in Cajanus cajan15 and Ochna integerrima16. On
MSB medium supplemented with 1.0 - 15.0 µM
2, 4-D and picloram individually produced very
soft non-embryogenic yellowish puffy like callus
which even on subculturing on the same fresh
media fails to lead embryogenesis and turns
brown in contrast to mass of somatic embryos

observed in other plant species such as Vigna
ungiculata3, Vigna radiata8, Cajanus cajan17 and
Manihot esculenta Crantz18. 

The embryogenic calli induced on TDZ
(12.5µM) containing medium were
subcultured on media supplemented with various
concentrations of TDZ and BAP either alone or in
combinations or 2, 4-D alone (Table 1.)
Numerous dark-green shoot buds were obtained
on BAP alone Fig. 1 (b) while no shoot
organogenesis or somatic embryogenesis but
only proliferation of callus was observed on 2,
4-D containing medium. Calli cultured on MSB
medium containing TDZ alone or in combination
with BAP was found highly embryogenic in
which  initially numerous dark or pale green,
globular structures were observed which
ultimately developed into heart and later staged
somatic embryos Fig. 1 (c) to Fig.1 (i) (Table 1).
The  maximum number of somatic embryos 18
per explant in 65% of  cultures was observed on
medium containing 12.5 µM TDZ and 2.5 µM
BAP. From the results it was observed that
continuous supply of TDZ was required for the
induction of somatic embryos as previously

reported in other legumes such as Cajanus
cajan15 and omission of it  significantly affect
embryogenesis.

Table 1 : Treatment of different plant growth regulators, concentration and combinations on
the callus obtained from cotyledonary node explants cultured on 12.5 µM TDZ for induction

and proliferation of somatic embryos of Vigna umbellata cv. RBL-501 

Number of % Cultures with somatic
PGR Treatments (µM) embryos per explant* embryos

(mean±SE)

5.0 TDZ 5.34 ± 1.00 30
12.5 TDZ 11.66 ± 1.52 65
15.0 TDZ 7.00 ± 1.00 40
5.0 BAP Nil Nil
12.5 BAP Nil Nil
5.0 2,4-D Nil Nil
5.0 Picloram Nil Nil
12.5 TDZ+2.5 BAP 18.00 ± 0.90 65
12.5 TDZ+5.0 BAP 14.00 ± 1.22 60
12.5 TDZ+12.5 BAP 5.66 ± 2.08 25

1Data were scored after 65 days of culture on MSB medium supplemented with different cytokinin and
concentrations
*Values are given as the average ± SD
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Table 2 : Effect of various types and concentrations of growth regulators in MS medium on
the germination of somatic embryos of V. umbellata1

PGR Treatments (µM) % germination of somatic embryos 
Hormone-free 20 
0.5 BAP 30 
1.0 BAP 33 
1.5 BAP 40 
2.0 BAP 36 
1.0 GA3 22 
2.0 GA3 28 
3.0 GA3 23 
1.5 BAP + 2.0 GA3

50 
1Data were scored after 28 days of culture on MS basal medium supplemented with different hormone
concentration

Fig. 1 : Somatic embryogenesis and plant regeneration in ricebean. (a) Callus induction from Cotyledonary-
node explant on MSB medium supplemented with 12.5 µM TDZ (thidiazuron). (b) Formation of shoot buds on
regenerative callus cultured on BAP containing medium. (c-d) Induction of somatic embryos from calli
cultured on MSB+12.5 µM TDZ+2.5 µM BAP. (e-i) Various stages of somatic embryos : (f) globular, (g) heart,
(h) torpedo and (i) cotyledonary. (j) Germination of  somatic embryos on semisolid MS basal medium
supplemented with BAP (1.5 µM) and GA3 (2.0 µM). (k) Abnormal germination of somatic embryos. (l) Potted
plantlets raised from germination of somatic embryos
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Generally, the presence of cytokinin was found
inhibitory to the induction and maturation of
somatic embryogenesis as in Pisum sativum19-21

but in our study  addition of BAP was found to
enhance the embryogenesis, which is in
accordance to some other plant species such as
Morus alba22,23. The embryogenic nature of the
cultures could be maintained by regular
subculturing with the  optimal subculture interval
being 20 days and any delay in subculturing led
to the drying out and dedifferentiation of the SEs
into non-regenerative callus. 20% of the SEs
were germinated after transferring to  hormone-free
MS basal medium, in comparison, 40% of the
SEs germinated when transferred to MS medium
containing 1.5 µM BAP alone and 28% on 2.0
µM GA3 alone containing medium (Table 2).
Maximum germination of the SEs (50%) was
found on MS medium containing 1.5 µM BAP
and 2.0 µM GA3 Fig 1 (j) (Table 2). Further
increase in the concentration of BA and GA3
caused abnormal germination and the
plantlets formed were not normal Fig 1 (k).
Germinated plantlets with healthy roots were
successfully hardened by transferring to plastic
pots containing soilrite mix and from these
hardened plants 50% plant survive well upon
transfer to the normal soil Fig 1 (l). 

CONCLUSION

We have developed an in-vitro regeneration
protocol for Indian cultivars of ricebean via
somatic embryogenesis using cotyledonary node
explants. The overall procedure takes about two
months for the production of somatic embryos
but the net frequency of production of plantlets
via somatic embryos is still low because of low
frequency of somatic embryo production,
production of malformed embryos, incomplete
maturation, low germination and low conversion
of germinated embryos to plantlets capable of
surviving the transfer to ex-vitro conditions. The
proliferation of embryogenic cells, maturation
and conversion of somatic embryos is apparently
influenced by a variety of factors, some of which
can be controlled during the culture process, and

some of which are as yet undefined. Therefore,
further knowledge regarding better production,
maturation and germination of embryos may
make this system more suitable so that could be
use as routine experiment for improvement of
this crop by transferring an array of useful
candidate genes.
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