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Abstract: An encapsulation protocol to obtam synthetic seeds was established in Catharanthus roseus (L.)
G. Don. Hypocotyl derived embryogenic callus contaming somatic embryos viz., torpedo, early cotyledonary
and cotyledonary were encapsulated in sodium alginate and calcium chloride solution. Sodium alginate acts
as an artificial endosperm, providing nourishment to the growing embryos, at the same time it protects embryos
from damages and facilitates embryo’s germination later. Different levels of sodium alginate and calcium
chlonde were used in which perfect bead formation was observed mn condition encapsulated with 2.5% sodium
alginate and 100 mM calcium chloride solution. Caleium chloride exposure for 15 min improved bead quality by
forming uniform and firm beads. Addition of 3% sucrose to sodium alginate solution was also very effective
for synthetic seed germination. The encapsulated embryos germinated and produced seedlings at a lugh rate
(84.33+2.1) in 1.34 pM g-Naphthalene acetic acid +1.10 pM 6-Benzylaminopurine amended MS medium.
Synthetic seeds were kept at 0, 4 and 25°C as to examine the best storage temperature; preservation at 4°C was
found to be the optimum temperature for embryo storage and germination purposes. The encapsulated embryos
were preserved up to 10 weeks or more without losing germination abilities. The germmation frequency was
high (81.0%) after 30 days of storage which however reduced with extended storage time. Plantlets obtained

from synseeds were morphologically similar to that of mother plant.
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INTRODUCTION

Catharanthus roseus (1) G. Don of the family
Apocyanaceae 18 one of the most widely investigated
medicinal plants. Medicinal plants are the traditional
source of drugs (Tha et al., 2011). The plant has been a
fundamental source of a wide variety of alkaloids of
economic value for pharmacological enterprises
(Loyola-Vargas ef al, 2007). C. roseus 1s immensely
valuable as it produces over 130 alkaloids, several of
which are anticancerous in nature (Moreno et al., 1995).
Vinblastine and vincristine are perhaps the most important
alkaloids because of their anti-cancerous property. Under
normal circumstances, the yield of these two compounds
is low. Tn plant biotechnology, different tissues have been
used to establish culture and the alkaloid content has
been analyzed in C. roseus (Whitmer ef al., 1998;
Batra et al., 2004). Although, the technique of somatic
embryogenesis has been reported in a wide range of
plants (Thorpe, 1995, Mujib and Samaj), 2006) the
embryogenic tissue has never been utilized mn alkaloid
enrichment programme in C. roseus. Recently, however,
Aslam et al. (2009) and Tunaid et al. (2010) screened and
solated a few cell/tissue lines that overproduced

alkaloids. Mamtaming the superior lines of embryogenic
cultures for longer period and overproducing some of the
valuable alkaloid compounds, would thus be highly
desirable. Fatima et al. (2009) established a vitrification-
based cryopreservation protocol m C. roseus wherein
embryogenic cultures were preserved in vitro by using
preculture, pretreatment and liquid nitrogen medium. The
same embryogenic culture may be used to produce
synthetically coated seeds to conserve superior cell lines
on a large scale as was reported earlier in other groups of
plants (Redenbaugh et al, 1993). Normally plants
propagate by seeds but it 1s a slow process; seeds and
seedlings become harmed due to infavourable conditions
of nature (Salah Uddin et al., 2005). Propagation and
conservation of medicinal plants is one of the major
concerns, thus immediate efforts are required m this
regard (Quraishi ef al., 2011). Micropropagation has been
extensively used for rapid multiplication of many plant
species, however, its wider use is restricted often by high
percentage of plant loss when transferred to ex vitro
envirorment (Deb and Imchen, 2010). Synthetic seeds are
defined as tissues (somatic embryos, shoot buds, cell
aggregates or other organs) that are artificially
encapsulated and are used as a seed that possess the

Corresponding Author: A. Mujib, Cellular Differentiation and Molecular Genetics Section, Department of Botany,
Hamdard University, 110062, New Delhi, India Fax: 91-11-26059663



Biotechnology 11 (1): 37-43, 2012

ability to regenerate into a plant under in vitro or ex vitro
conditions even after storage (Capuano et al, 1998).
However, the production of synthetic seeds requires
efficient encapsulation of somatic embryos. Choice of the
to be employed also needs fundamental
deliberation. There studies
encapsulation of different plant materials; somatic
embryos were also tried recently several plant
systems like 1n sugarcane (Nieves ef al., 2003),
Paulownia elongate (Ipekel and Gozukimizi, 2003) and
Daucus carota (Latif et al., 2007). However, less attention
has unfortunately been paid to encapsulation of non-
embryogenic vegetative propagules such as nodal

tissue
have been many on

n

segments, axillary buds, shoot tips, hairy roots or callus
(Zych et al, 2005).

The present study has been undertaken to develop
encapsulation method for plantlet
regeneration of C. roseus from the synthetic seeds
produced from hypocotyls derived somatic embryos. The
effect of encapsulation matrix, mineral nutrients, plant

an efficient

growth regulators and temperature on the conversion
ability of synthetic seeds was also momnitored.

MATERIALS AND METHODS

Plant material: Plants of Catharanthus roseus (L.)
G. Don. cv. Nirmal were collected from Jamia Hamdard
(Hamdard University campus, New Delhi) herbal garden
and was identified (by Dr. M.P. Sharma, Plant Taxonomist,
Department of Botany, Hamdard University). The voucher
specimen was deposited m the Herbarium of the same
department. For imtiating fresh culture 20-25 seeds from
these plants were surface sterilized by immersion in 70%
(v/v) ethanol for 30 sec and in 0.5% sodium hypochlorite
with a drop of triton-X for 5 min followed by three rinses
with double distilled water for over 5 min each.

Somatic embryogenesis: Seeds were subsequently placed
in Magenta-7 vessels containing 50 mI of MS medium
(Murashige and Skoog, 1962) without any growth
regulators. Seeds were germinated into seedlings and
various parts (nodal stem, leaf, root and hypocotyls) were
used as explants. All the explants were incubated on a
basal M3 medium (pH = 5.7) and grown under 16 h
photoperiod provided by 40 W cool-white fluorescent
tubes (100 umol™ sec™). Hypocotyls of seedlings
mnduced embryogenic callus when supplied with 4.52 uM
2, 4-D while the other plant parts produced non-
embryogenic callus. The embryogenic callus differentiated
into all four types of somatic embryos in due course of
time. Tn the present study, mature cotyledonary somatic
embryos were used for encapsulation work.
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Encapsulation: Somatic embryos of C. roseus were
encapsulated 1 different concentrations of sodium
algimate (CDH, New Delly, India; 2, 2.5, 3, 3.5 and 4%) and
CaCl,.2H,O (75, 100 and 125 mM) solution (Merck,
Mumbai, India). Alginate solution was prepared by
adding 3% sucrose and different concentrations of
sodium alginate (w/v) in double distilled H,O and later
sterilized at 121°C. Embryos were mixed with sodium
alginate solution for a few seconds, picked up by pipette
and placed in sterile aqueous solution of calcium chloride
(CaCl,.2H,0) for varying time (5, 10, 15 and 20 min) for
hardening. With occasional agitation on a rotary shaker,
it resulted in bead formation. Beads were taken out by
decanting off the CaCl;, solution and washed with
sterilized water. Freshly prepared beads were transferred
to MS medium fortified with different concentrations of
Plant Growth Regulators (PGRs). The whole procedure
was carried out under strict aseptic conditions.

Statistical analysis: The data on the effects of PGRs on
synthetic seeds conversion into plantlet with and without
storage were analyzed by one-way analysis of variance
(ANOVAs) followed by ILeast Significant Difference
(LLSD). Values are means of five replicates from two
experiments with six to nine embryos in each replicate.
The presented mean values were separated using LSD at
p<0.05.

RESULTS

Effect of sodium alginate percentage on synthetic seed
formation and conversion rate: Somatic embryos (Fig. 1a)
kept m 2.5% sodium alginate and 100 mM calcium chloride
produced synthetic seeds (Fig. 1b) with firm coat, suitable
for handling which also favoured easy development of
plantlets. Tn contrast, at low concentration of sodium
alginate, uniform and sufficiently firm beads were not
formed, resulting in a reduced frequency of conversion.
Maximum conversion frequency (83.33+2.48%) was noted
in embryos encapsulated with 2.5% alginate (Table 1). At

Table 1: The effect of different concentrations of sodium alginate on
conversion frequency (%) of synthetic seeds in € roseus. The MS
medium contained 2.20 pM BAP

Alginate After After After After
concentration (%) 2 weeks 4 weeks 6 weeks 8 weeks

2.0 22334147 23.67£1.63¢  30.0042.12¢ 32.33+1.78
2.5 44.33+2.86* 70.67+2.86° 73.67t1.08* 83.33t248%
3.0 2367227 30.00+2.12°  42.67+2.16 50.33+1.78°
35 34.67£1.78% 44.00£2.55° 66.33+£2.16° 72.00+£1.87
4.0 16.00+1.22¢ 30.67+1.47° 27.33x1.780 43.67+2.27
LSD at 5% 5.92 3.97 5.22 6.12

Values are Mean+SE of at least 3 replicates with & embryos in each replicate.
Within each column, values are followed by the letters are not significantty
different at p<0.05 level according to LSD test
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Fig. 1a-f: Encapsulation of somatic embryos and plant regeneration in C. roseus. (a) Somatic embryos (arrows indicating
cotyledonary embivos) in C. roseus, (b) Bead formation, (¢) Beads cultured on MS medium for germination,
(d, e) Germination of synseeds, arrows mdicating alginate shell and (f) Whole plantlet regenerated from
synthetic seed. (1-a and 1-d Bar = 2 mm, 1-b and 1-¢ Bar = 1 mumn, 1-e Bar = 3 mm and 1-f bar = 0.5 cm)

2% sodium alginate conversion frequency was low.
Miniature plantlets emerged out by bursting of alginate
capsule layers by the growing embryos (Fig. 1c, e).

Effect of molar strength of calcium chloride and its
exposure time on conversion rate: Encapsulated embryos
were also exposed to different levels of calcium chloride
in order to optimize the right concentration. Calcium
chloride at 100 mM proved effective for spherical bead
formation, it also hastened conversion frequency
markedly (81+1.56%). In 125 mM calcium chloride, least
conversion (55%1.25%) was recorded (Fig. 2). We also
observed that the embryos kept in calcium chloride for
15 min produced firm, round and uniform beads. Embryo
exposure below and above 15 min induced soft and harder
beads respectively with poor conversion ability. Tn all
cases, conversion started to occur within 10-15 days of
mcubation. The development of rcot and shoot was
simultaneous and showed rapid growth of plantlet within
6-7 weeks time. Some of the synthetic seeds failed to
convert into plantlet and turned brown within the alginate
matrix after 10-15 days of culture.

Effect of plant growth regulators on conversion rate: The
synthetic beads were cultured directly on MS medium
amended with PGRs at various concentrations 0.64, 1.34
and 2.69 uM NAA;0.53,1.10 and 2.20 uM BAP; 0.35,0.72
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Fig. 2: The effect of different calcium chlorde

concentrations (mM) on the conversion frequency
of synthetic seeds (2.5% sodium alginate)

and 1.44 uM GA, Other PGR combmations, 1e.,
064 pM NAA+053 uM BAP, 1.34 pMNAA+
1.10 uM BAP and 2.69 pM NAA+2.20 M BAP were also
used to test the conversion efficiency of encapsulated
embryos. Plantlet conversion from synthetic seeds was
low (13.33-35.33%) on medium amended singly with NAA,
BAP and GA, and with increase in time, conversion
frequency mmproved up to 75.33%. MS medium amended
witha combmation of 1.34 uM NAA and 1.10 uM BAP
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Table 2: Effect of different concentrations and combinations of PGRs on
conversion frequency (%) of synthetic seeds (2.5% sodium alginate,
100 mM calcium chloride and 15 min exposure time) on MS

medium
After After After After

PGR (M) 2 weeks 4 weeks 6 weeks 8 weeks
0.64 NAA 24.00+1.22¢  2033+1.47¢8 59004255 63.00=2.124
1.34 NAA 13.33+2.047  16.33+1.08%  21.33+1.08  29.67+3.19
2.69 NAA 22.33+1.78¢  26.67+2.16%8  47.671.78  49.67+1.78
0.53 BAP 2833+2.04° 32.00f£2.55% 47.67£1.78  54.33:2.86°
1.10 BAP 17.6741.78°  28.00+1.87F  61.33£2.04° 71.33+£2.27
2.20 BAP 35.3341.78® 57.00£2.12%  77.671.78  78.00+1.87
0.35GA; 27.33£1.78°  39.00+2.55% S57.00+£1.87  74.67£1.08>
0.72 GA; 28.00£1.87°  44.67+1.78° 60.33:1.78  75.33+£2.48
1.44 GA, 27.33£1.78°  35.67+3.63°7 S5T.00£1.87  63.67£1.78!
0.64 NAA+  25.33£1.087 33332487 43.00+£2.12° 61.67x1.47
0.53 BAP
1.3 NAA+  50.67+0.82* 72.33+£2.16* 81.33+£1.78¢ 84.33+2.16°
1.10 BAP
269 NAA+  3A867+1.080 436722487 530042128 54.67£2.48
2.20 BAP
L3D at 5% 4.00 5.64 5.07 5.48

Values are Means+SE of at least 5 replicates with 8 embryos in each
replicate. Within each column, values are followed by the letters are not
significantly different at p<0.035 level according to T.8D test

showed maximum conversion (84.33+2.16%) of synthetic
seeds while it was very low in 1.34 pM NAA
(29.6743.19%) added medium (Table 2).

Different storage temperatures and conversion rate of
synthetic seeds: Encapsulated embryos stored at 4°C
showed maximum conversion frequency than the embryos
stored at 0 and 25°C (Table 3). At 4°C, 57.33+1.78%
synthetic seeds were converted mto plantlets in about
4 weeks time that improved to 81.67+£3.89% after 8 weeks
of mcubation. Embryos that were stored at 25°C dried out
more rapidly and showed low rate of conversion. Our
studies also showed that synthetic seeds stored at 0°C
quite successfully preserved the encased embryo and at
this
maintamed.

low temperature conversion ability was also

Effect of storage time (duration) on conversion of
synthetic seeds: Table 4 compares the conversion
frequencies of synthetic seeds stored at 4°C for various
time periods. Synthetic seeds transferred to medium after
30 days of incubation showed maximum conversion
frequency (81.004+1.8%) which however, reduced to
46.33+2.16% after 60 days of incubation. The conversion
frequency was further lowered (24.33£1.47%) when the
encapsulated embryos were kept for longer (75 days)
period of time. Although, the conversion percentages
gradually reduced with time, C. roseus synthetic seeds
can be preserved for 10 weeks or more under in vitro
conditions utilizing low temperature.
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Table 3: Conversion frequency of synthetic seeds (2.5%% sodium alginate and
100 mM calcium chloride and 15 min exposure time) in C. roseus
after storage at different temperatures. M8 medium fortified with
optimized 1.34 pM NAA+1.10 uM BAP

Storage After After After After
termperature (°C) 2 weeks 4 weeks 6 weeks 8 weeks

25 25.00+0.71° 26.67+1.08° 32.00+1.87 35.00+1.8T
4 42.00+1.87 57.33+£1.78" 79.33+1.78 8l.67+3.8%¢"
0 24.00+1.87° 36.33£2.16°  40.00£3.24° 423312160
LSD at 5% 5.23 4.95 441 7.11

Values are Means+SE of at least 5 replicates with 6 embryos in each
replicate. Within each colurmmn, vahies are followed by the letters are not
significantly different at p<0.05 level according to LD test

Table 4: Effect of various storage time on conversion frequencies of synthetic
seeds (2.5% sodium alginate, 100 mM calcium chloride and
15 min exposure time) at 4°C. MS medium contained optimized
1.34 UM NAA+L10 pM BAP

Time After After After After
storage (days) 2 weeks 4 weeks 6 weeks 8 weeks

30 54.004£2.55 75.00£2.127° 78.00£1.87  81.00+£1.8T°
45 40.33+1.78  51.00=1.87  59.67+1.78 75004212
60 21.33£2.27  29.33+2.86° 4233147 46.33+2.16
75 12.334£1.78  18.00£1.87  22.00£1.41¢  24.33+1.47°
LSD at 5% 5.25 6.50 3.54 4.21

Values are Means+SE of at least 5 replicates with 9 embryos in each
replicate. Within each colurmmn, vahies are followed by the letters are not
significantly different at p<0.05 level according to LD test

DISCUSSION

Somatic embryogenesis acts as an alternative to
organogenesis for regeneration of plants. In this work we
have used sodium alginate and calcium chloride for
encapsulation of embryos that would subsequently be
preserved at low temperatures and their viability was
assessed later on. The method employs a highly asceptic
procedure which shall in turn ensure the protection from
eventual culture. Different
combinations of sodium alginate and calcium chloride
have been employed to efficiently optimize the conversion
ability of the encapsulated embryos.
encapsulation was seen by treating the embryos with
2.53% sodium alginate and 100 mM calcium chloride. Tn
plant systems like mulberry (Patnaik et al., 1995) and
Hyoseyamus muticus L. (Pandey and Chand, 2005), 3.0%
sodium alginate along with 70-80 mM calcium chloride

contamination of the

Maximum

were used for encapsulation and showed maximum
conversion capacity. A 2 and 4% solution of sodium
alginate upon complexation with 100 mM calcium chloride
produced clear transparent firm capsules with an ion
exchange duration of 30 min in Flickingeria nodosa
(Dalz) Seidenf (Nagananda et al., 2011). Tt has been shown
that the percentage of sodium alginate employed for
maximum conversion ability depends on the species of the
plant under investigation (Redenbaugh et al., 1986). We
have observed that a low percentage of sodium alginate
resulted in the formation of tender and weak beads that
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have comparatively low conversion capacity. The
presence of high percentage of sodium algmate resulted
in the formation of hard beads that had a low conversion
frequency conformity with of
Mohanraj et al. (2009). Several authors observed similar
results in other investigated species like Papaya
(Castillo et al., 1998) in which uniform beads were formed
on 2.5% sodium alginate added medium.

The concentration of the complexing agent calcium
chloride has
conversion capacity in this present case. A 15 min
exposure to calcium chloride induced firm, round and
uniform beads. It 18 known that the capsule hardness

n observation

also shown a significant impact on

depends upon optimal ion exchange of Na™ and Ca™,
however, this may vary with different propagules as well
as with different plant species (Rai ef al., 2009). It was also
observed that the nutrient supplemented to the algmate
matrix reduced the viscosity and the ability of the gel to
form solid beads (Daud et al., 2008). We noticed that
polymer concentration, alginate viscosity,
concentration and exposure time are fundamental in
determining a successful encapsulation technique.

The present study also revealed the influence of
plant growth regulators on the conversion of embryos.
We noticed highest conversion rate when the matrix was
supplied with 1 34 WM NAA+1.10 uM BAP. Combination
of NAA and BAP also showed merease m number of
regenerated shoots in Taxus baccata (Abbasin et al.,
2010), tea roses (Noriega and Sondahl, 1991) but in some
cases resulted in mcreased callus induction for example in
tomato (Harish et al., 2010). Contrary to this, sometimes
BAP alone proved best for the shoot induction as in
Hibiscus sabdariffa L. (Gomez-Leyva et al., 2008). It has
been reported that the encapsulated somatic embryos may
swrvive for a period of at least 4 weeks when stored at 4°C
and no loss in conversion capacity was observed
(Lulsdortf et al., 1993). Similar results were also reported in
Olive (Micheli ef al, 1998) and in apple rootstock
(Sicuramni et al., 2001). In our study, synthetic seeds stored
at 4°C showed a higher resistance to storage than the
naked embryos
capacity. An increase in temperature resulted in

calcium

and showed maximum conversion
desiccation of embryos and loss in conversion rate. The
release from cold-stratification of normal seeds also has
been demonstrated in different Buwnium persicum
populations (Sharifi and Pouresmael, 2006). Encapsulated
somatic embiyos of Olive stored at 2 or 4°C for 2-3 months
showed high conversion rates of 61% (Micheli et al.,
1998). Tt has been suggested that several compounds
such as amino acids, ammonium compounds, sugars,
sugar alcohols are possibly produced by cultivated plant
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cells in response to stress (osmotic, salt, low temperature,
desiccation etc.) provide protection to cells (Hincha ef af.,
2006). It 1, however, very difficult to explain the
mechanism by which a compound or group of compounds
acting together while giving tolerance to cells. In this
present investigation, it appeared that the added alginate
and sugar in capsule might be mnvolved as functional
compound in making cells tolerant to freezing.
Nieves et al. (2001) observed that hydrated synthetic
seeds were difficult to store at room temperature because
of depleted nutritive reservoir and lack of quiescence that
lowered conversion percentage. In alfalfa, at 4°C even,
the storage Lfe of synthetic seeds was quite short
{(Redenbaugh et al., 1987) as the conversion rates were
poor in Asparagus cooperi (Ghosh and Sen, 1994) and in
Ecalyptus citrisdora (Muralitharan and Mascarenhas,
1995). However, in Santalum album, the encapsulated
embryos retamned their conversion (18%) ability for over
6 weeks or more after storage at 14°C (Rao et al., 1993). In
the present study, synthetic seeds showed highest
frequency of conversion after 30 days of storage which
was, however, reduced when encapsulated embryos were
kept for extended period of time indicating that with
increased storage periods conversion frequency
reduced. In normal seeds also, the conversion frequency

is

decreases with 1imcrease in time as found in
Bunium persicum (Sharma and Sharma, 2010). The decline
1in conversion from encapsulated embryo mto plants may
be related to both oxygen deficiency in the gel bead and
its rapid drying (Swamy et al., 2009). The exploitation of
stable and regenerative embryogenic masses 13 an
attractive tool for the fast production of clonal plants
including transgenics where synthetic seed teclmology
can preserve those mother tissues. In C.
encapsulation technology is therefore important to
conserve important cell lines in which one plantlet may be
produced from one bead after short to medium term
storage (60-75 days).

FoSeus,

CONCLUSION

Present study reports the feasibility of using somatic
embryos for germplasm conservation. The study further
envisages the optimization of encapsulation matrix for
large preparation of synthetic seeds. The
encapsulated somatic embryos can be stored at low
temperature which helps to preserve elite germplasm for
medium to long term basis. On requirement, plantlets can
be recovered directly without any induction of callus

scale

phases, avoiding somaclonal variation among regenerated
population.
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