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the other hand, a much lower concentration of BAP (0.5 mg L-1) led to
the proliferation of somatic embryos. The conversion of somatic embryos
with high MRN and MRL was favoured on BM. Encapsulation of
somatic embryos (<5 mm) in calcium alginate beads resulted in the
formation of well-formed synthetic seeds. Out of the synthetic seeds
prepared from the somatic embryos (direct) using three types of gel
matrices viz. DW, BM and SM, the ones formed using SM resulted in the
highest frequency of germination (86.1%). Seed coat breakage and
germination of synthetic seeds with the emergence of the tap roots were
visible within 1-2 weeks of culture on basal medium. The plantlets
obtained were successfully hardened on sand-soil-farmyard manure
mixture with 85% survival rate. Hardened plantlets developed tubers
comparable to the ones obtained in nature grown plants.
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INTRODUCTION: Chlorophytum borivilianum
Santapau & Fernandes (Family: Liliaceae, vern.
Safed Musli) is a monsoon herb native to the
forests of Rajasthan, Maharashtra, Madhya Pradesh
and Gujarat. The plant is highly valued for its dried
fasciculated roots that are reported to possess
aphrodisiac properties *. Besides, the plant is also
considered to be a potent energizer and total
rejuvenator 2% *,
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C. borivilianum has a huge market in India and is
exported in substantial amounts to many countries
in the Gulf, Europe and USA for its use in the
production of various herbal products in
pharmaceutical, phyto-pharmaceutical and
nutraceutical industries. Due to a huge gap in
demand and supply, the bulk of industry’s demand
is met through collection from wild forests, hence
threatening its extinction °. The restricted
distribution and over-exploitation of the plant
coupled with low seed set (<20%) and viability and
poor seed germination rate has made it rare in the
wild °. Novel propagation techniques like tissue
culture can play an important role in the rapid
multiplication of elite clones and germplasm
conservation of C. borivilianum "8 °.
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Somatic embryogenesis can be defined as the
process in which the embryo-like structures are
generated from cells other than gametes (i.e.
somatic cells) by circumventing the normal
fertilization process. Regeneration via somatic
embryogenesis is a potential tool for plant tissue
cultures and a best known a pathway to induce
regeneration from in vitro cultures, allowing large-
scale propagation of plants, which also helps in
germplasm conservation *°.

The process of somatic embryogenesis may be
direct or indirect. Indirect somatic embryogenesis
involves the de-differentiation of organized tissue
into callus prior to embryo production, whereas,
direct somatic embryogenesis involves production
of embryo from organized tissue without an
intervening callus phase ''. Both somatic and
zygotic embryos proceed through a series of
identical developmental stages, namely globular,
heart, torpedo and cotyledon or plantlet stages for
dicotyledons ** and globular, elongated, scutellar
and coleoptilar stages for monocotyledons .

An important application of somatic embryos is
that it can be utilized for the preparation of
artificial seeds or synthetic seeds, which are
considered as analogous to the natural seeds.
Recently there has been an increased interest in the
production and utilization of synthetic seed
technology ** > 1% 7. Synthetic seeds have several
advantages, including potential long-term storage,
higher scale-up capacity, uniformity in production,
potential for automation of the whole production
process, seeding of clonal varieties, easy handling
and transportation, and may provide a means for
maintenance of elite germplasm *°.

The present paper reports high frequency of
somatic embryo production in C. borivilianum
from young shoot bud sprouts and their subsequent
synthetic seed production followed by successful
ex-vitro establishment of the regenerated plantlets.

MATERIALS AND METHODS:

Culture media and growth condition:

The plant material was procured in the form of dry
safed musli tubers from Jawaharlal Nehru
Agriculture University, Jabalpur (M.P.). The young
shoot bud sprouts on the surface of dried tubers
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during monsoons acted as explants. The explants
were first washed in running tap water for 2-3
times and  thoroughly washed with 0.01%
Labolene (10 min) followed by tap water washing
for 2-3 times. The explants were then transferred to
laminar air flow hood where they were surface
sterilized in 70% ethanol for 5 minutes after which
they were washed with distilled water for 2-3 times
and then with 0.1% Mercuric chloride (5 min).

Explants were finally rinsed with sterilized distilled
water four times and aseptically transferred in the
form of explants onto Murashige and Skoog (MS)
medium supplemented with 3% (w/v) sucrose,
0.8% (w/v) agar and fortified with different
concentrations of PGRs. The pH of the media was
adjusted to 5.6 —5.8 before adding agar (8 gm L™).
Media was sterilized at 15 Ibs pressure for 15 min
bg/ autoclaving. Cultures were incubated at 25 +
2°C at photoperiodic cycle of 16 hr light (approx.
1500 lux) and 8 hr dark. All cultures were sub-
cultured on the fresh medium at every four week
interval. In vitro response from each explant was
recorded every week.

Somatic embryo induction and development:
The young shoot bud explants were inoculated on
MS  medium supplemented with  varying
concentrations (0.1, 0.5, 1 and 5 mg L) of BAP
and KN alone.

After 3-4 weeks on induction media, it was
observed that the medium fortified with high
concentration of BAP and KN was able to induce
embryogenesis effectivly in the young shoot bud
sprouts. For the multiplication and growth of
somatic embryos, the embryos were next sub-
cultured on MS medium supplemented with
varying concentrations (0.1, 0.5, 1 and 5 mg L™) of
BAP and KN alone and in combination, whereas,
the hormone free medium i.e. basal medium (BM)
served as control.

Synthetic seed (synseed) study: The direct
somatic embryos (5mm-15mm) obtained in SM
were used as the starting material for synthetic seed
preparations. The globular embryonic clumps were
selected for encapsualtion. The adhering agar as
well as necrotic tissues was carefully removed with
the help of forceps.
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For encapsulation two solutions were prepared.
A. Sodium alginate solution (4 % wi/v).

() by dissolving sodium alginate in distilled
water.

(b) by dissolving sodium alginate in liquid BM
(MSM without any PGR).

(c) by dissolving sodium alginate in MSM
fortified with BAP (0.5 mg L™)

B. Calcium chloride solution (100 mM):
The solutions were autoclaved for 15 mins. at
121°C  temperature and 15 psi pressure. The
sterilized solutions were placed in the laminar air
flow. The BM was used for the storage of the
synthetic seeds and to test their germinability.

The somatic embryos were first immersed in 4%
(w/v) sodium alginate gel. They were then dropped
in the beaker containing calcium chloride solution.
This was done carefully and precisely so as to
encapsulate the whole tissue. The flask containing
embryos was then placed on the orbital shaker and
shaken at 60-80 rpm for 20 mins to complete the
complexation process. The calcium chloride
solution was later on decanted. The encapsulated
embryos were again washed with sterilized double
distilled water twice by placing the flask on orbital
shaker for 15 min to remove the traces of calcium
chloride. The synthetic seeds were finally dried on
sterilized filter paper to remove excess water before
inoculation on a suitable medium or stored as such
at 4°C.

Experimental design, data collection and
statistical analysis:

The experiments were set according to completely
randomized design. Each experiment consisted of
twelve explants per culture tube for each treatment
and the procedure was repeated at least thrice. The
interaction of hormones on various regeneration
parameters such as, frequency of somatic
embryogenesis, mean number of somatic embryos
was also observed at the end of each subculture.
The data was statistically analysed for analysis of
variance (ANOVA), and the means were compared
at p= 0.05% using Duncan’s Multiple Range Test
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(DMRT) using SPSS Statistical software 20 (IBM
Corp.).

Hardening and acclimatization: The plantlets
derived both from somatic embryos (Figs. 13 &
14)as well as synthetic seeds were transferred to
pots containing autoclaved sand-soil and farmyard
mixture [1:1:1], covered with transparent
polythenes bearing 6-8 holes (Fig. 15) so as to
maintain high humidity. Plantlets were irrigated
with sterilized distilled water thrice a week. After
10-12 days the polythene covers were removed for
an hour each. The exposure time was gradually
increased in the following weeks and the
polythenes were completely removed after the 6"
week (Figs. 16 & 17).

Histology:

For histological studies, embryos were fixed in
formalin: acetic acid: ethanol (5:5:90 v/v) for 48 h.
Tissues were dehydrated stepwise by passing
through a graded ethanol series (50, 70, 90 &
100%), followed by embedding in paraffin wax
(58-60 °C). Embedded tissues were cut into 10 mm
thick sections, using a rotary microtome. The
sections were de-waxed and stained with
haematoxylin-eosin, mounted with DPX-4 and
were observed under microscope.

RESULTS AND DISCUSSION:

Somatic embryo induction and development:
The juvenile shoot bud sprouts of C. borivilianum
cultured on various concentrations of cytokinin
(KN, BAP) supplemented medium exhibited
embryogenesis after 4 weeks of inoculation from
the cut surfaces. KN supplemented medium
induced somatic embryogenesis at both 1 mg L™
and 5 mg L. On the other hand, BAP at 5 mg L™
showed the highest frequency (80.55) of somatic
embryos with an average of 18.44 embryos per
explant.

The lower concentrations of BAP, however, failed
to induce somatic embryogenesis (Table 1).
Internal state of explant has been interpreted to be
important for somatic embryogenesis by Tisserat
and Murashige *°. There have been a number of
reports of the use of young or immature explants in
initiating somatic embryogenic response. Higher
regenerative capacity of the juvenile explants may
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be due to the presence of higher levels of growth promoting substances and absence of inhibitors
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20,21

TABLE 1: EFFECT OF BAP AND KN ON INDUCTION OF DIRECT SOMATIC EMBRYOGENESIS FROM THE STEM DISC

EXPLANTS OF CHLOROPHYTUM BORIVILIANUM.

PGRs Conc. mg L FSE MSE
Basal Medium (BM) - - -
KN 1.0 30.55+2.26° 4.0+£0.09°
KN 5.0 58.33+6.80" 4.7+0.28°
BAP 5.0 80.55+2.26° 18.44+1.37°

For the multiplication and development of direct
somatic embryos, BAP proved to be a better
cytokinin with the highest number of somatic
embryos being obtained at 0.5 mg L™ This
medium supported multiplication of somatic
embryos for more than 15 subculture passages (Fig.
1) till present. Cytokinins in combination did not
produce any significant results. Cytokinins are
often regarded as inhibitory to somatic
embryogenesis %%,

However, there have been several reports which
indicate that this opinion cannot be generalized. In
several plant species somatic embryogenesis is
induced in the presence of auxin alone or in
combination with cytokinins * % %27 and in a few
systems cytokinins alone were found to be effective
in somatic embryogenesis *® . In this study it was

found that the young shoot buds induced direct
somatic embryogenesis at high BAP concentration
(5 mg L-) while its lower conc. (BAP 0.5 mg L-%)
led to more prominent somatic embryo
proliferation (Figs. 3-6). This finding is in harmony
with the results of a similar study in
Phosphocarpus tetragonolobus *° Arachis hypogea
31 and Zingiber officinale ®. Cytokinins are known
for their role in shoot formation. It also stimulates
the shoot pole development but the plantlets are
found to exhibit stagnation in growth, also the roots
remain short and slowly degenerate **. Similar
pattern has been observed with the plant in
question. In the present study, consequently during
the span of fifteen subculture passages of direct
somatic embryos on MS supplemented with 0.5 mg
L-' of BAP the rooting ceased to occur after the
fifth subculture passage (Fig. 1).

TABLE 2: EFFECT OF BAP AND KN ALONE AND IN COMBINATION ON MULTIPLICATION AND PROLIFERATION OF
DIRECT SOMATIC EMBRYOS OF CHLOROPHYTUM BORIVILIANUM

PGRs Conc. mg L™ FSE MSE
Basal Medium (BM) 86.08+2.26" 7.80+0.65%
KN 0.1 49.96+3.96° 1.47+0.14°
0.5 55.53+2.27" 2.16+0.2%®
1.0 61.06+2.27 4.77+0.19%«
5.0 66.60+0°% 5.22 +1.50°
BAP 0.1 63.83+2.27° 7.47+0.61%
0.5 91.64+3.93¢ 19.45+2.15'
1.0 69.40+2.30% 11.0+1.87™
5.0 94.40+2.20° 13.36+0.91¢
BAP+KN 0.1+0.1 27.76+2.26° 1.80+0.19°
0.1+0.5 30.53+2.26° 2.30+0.13%®
0.1+1.0 91.63+4.10¢ 11.41+1.05"
0.145.0 61.10+6.0°* 10.72+0.93™
0.5+0.1 72.21+6.01%" 3.75+0.37%¢
0.5+0.5 69.44+8.18% 9.11+0.67¢
0.5+1.0 63.87+8.19°™ 6.61+0.39%%
0.5+5.0 80.55+2.27¢1 6.61+0.61°%
1.0+0.1 61.06+2.26 3.25+0.14%®
1.0+0.5 72.20+2.28%f 7.94+0.54%

The values represent the means (xSE) of three
independent experiments. At least 12 cultures were
raised for each experiment. Mean values within a

column followed by the same letter are not
significantly different by Duncan’s multiple range
test (P=0.05%)
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The basal medium (BM) was also found to enhance
the conversion of the direct somatic embryos into
mature plantlets with well- developed shoot and
root system and supported tuber formation (Table

E-ISSN: 0975-8232; P-ISSN: 2320-5148

and rooting in Oryza sativa embryos after
subculturing to BM (Fig.7-9). Similarily, in
Epipremnum aureum, shoots and roots developed
on MS medium with no growth regulators *.

2). Suprasanna et al.** also reported good shooting
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FIG. 1: EFFECT OF SM AND BM ON MEAN NUMBER OF SOMATIC EMBRYOS (MNSE) IN THE SOMATIC EMBRYOS OF
CHLOROPHYTUM BORIVILIANUM TILL FIFTEEN SUB-CULTURE PASSAGES

€

FIG. 3: SWELLING IN THE YOUNG SHOOT BUDS OF CHLOROPHYTUM BORIVILIANUM ON BAP (5 mg L™
SUPPLEMENTED MSM

FIG. 4: FORMATION OF NUMEROUS OFF-SHOOTS ON THE MOTHER EXPLANT ON BAP (5 mg L™) (2-3 weeks).

FIGS 5& 6:FORMATION OF HAIRY ROOTS UPON FIRST SUB-CULTURE ON BAP (5 mg L) (A WEEK AFTER 157 SUB-
CULTURE).

FIGS7& 8: GROWTH AND MULTIPLICATION OF SOMATIC EMBRYOS ON BASAL MEDIUN (BM).

FIG .9: PROLIFERATING ROOTS OF SOMATIC EMBRYOS UPON FIRST SUB-CULTURE ON BM (2 WEEKS).

FIG. 10: FORMATION OF SOMATIC EMBRYOS (ARROWS) DIRECTLY ON THE EXPLANT SURFACE.

FIGS. 11 & 12 : SEPARATED SOMATIC EMBRYOS ARRANGED IN ASCENDING ORDER.
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Synthetic seed study:

Encapsulation of somatic embryos (<5 mm) of C.
borivilianum resulted in the formation of well-
formed synthetic seeds (Fig.27-29). To study and
optimize their germination, the somatic embryos
were gelled in matrices of different composition
viz. distilled water (DW), basal medium (BM) and
selected medium (SM) and inoculated on to the
basal medium (BM). During germination, the
synthetic seeds turned light green within a week of
inoculation. Seed coat breakage and germination of
synthetic seeds were initiated with the emergence
of the tap roots which were visible within 1-2
weeks of culture on basal medium (Fig. 30-32).
Out of the three types of gel matrices used, the SM
produced highest frequency of germination (86.1%)
when inoculated fresh onto the BM.

In the present study synthetic seed formation was
aimed at mass production with a potential of long
term storage. Sodium alginate (4%) was used for
encapsulation, since, it is considered to be a
superior matrix for encapsulation compared to agar.
It can be attributed to the difference in permeability
of alginate and agar, the former proving better as a
protector of the explant than the latter. Sodium
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alginate has an advantage of being soluble at room
temperature and readily forming a gel with CaCl,
% Purohit and Joshi *" had reported in vitro
propagation using encapsulated shoot buds. Similar
results have also been obtained in mulberry where
4 % sodium alginate formed a clear, uniform
capsule during encapsulation and 4% sodium
alginate in tea (Camellia sinensis) produced
artificial seeds having smooth texture appropriate
for sprouting *®. After their storage for 15 days at
4°C, synthetic seeds formed using distilled water as
matrix failed to germinate. While those prepared
using the basal medium and selected medium
showed a germination frequency of 55 % and 70 %
respectively (Fig. 2).

100.00%
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z

§ 80.00% —

g ’_—___//.

S 60.00%

g /

'E 40.00% / —4—Day 1
£ 2000% —#=Day15
17}

o

0.00% l/

Distilled water

Basal medium Selected medium

Gel matrices

FIG 2: GERMINATION RATE OF SYNTHETIC SEEDS ON
BASAL MEDIUM.

FIG. 13 & 14: PLANTLETS READY FOR HARDENING.

FIG. 15: PLANTLETS TRANSFERRED TO SAND: SOIL: FYM (1:1:1) MIXTURE AND COVERED WITH PERFORATED

POLYTHENES. (15 DAYS).

FIG. 16: INTERMITTENT REMOVAL OF POLYTHENE COVERS (15-22 DAYS).

FIG. 17: COMPLETE REMOVAL OF POLYTHENE COVERS AFTER SUCCESSFUL HARDENING (15-22 DAYS).
FIG.18: ATHREE MONTH OLD HARDENED PLANT BEARING A WELL-DEVELOPED TUBER.

FIG.19 - HARVESTED TUBERS FROM THE HARDENED PLANTS OF C. BORIVILIANUM.
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Hardening and acclimatization:

Hardening and acclimatization of the in vitro
grown plantlets is of prime importance for their
survival and field establishment. Micropropagated
plants often do not survive acclimatization or they
resume growth only a few days after soil transfer
due to sub-optimal conditions during the
preceeding stages of multiplication, rooting and
acclimatization 3 ¢ * The plantlets undergo
morphological and physiological adaptations
enabling them to survive in the natural environment
° Tissue culture-based propagation techniques in
C. borivilianum using various explants in solid and
liquid media “* *® reported so far have met with
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limited success because of high mortality at
transplantation stage due low establishment in soil,
cytological instability and early loss of regeneration
potential of the in vitro cultures.

Contrary to these reports the regenerated plantlets
of C. borivilianum in the present case were
successfully established in soil with 85% survival
rate. The plants regenerated in vitro exhibited
morphology similar to the naturally propagated
ones. Besides, the plantlets developed tubers

comparable to the ones obtained in nature (Fig. 18
&19).

i

FIG 20 — 24 : GLOBULAR SOMATIC EMBRYOS OF CHLOROPHYTUM BORIVILIANUM SHOWING DENSELY STAINED
MERISTEMATIC CELLS JOINED TO THE MATERNAL TISSUE THROUGH SUSPENSOR CELL (ARROWS) (400X).

FIG. 25: DETACHED GLOBULAR SOMATIC EMBRYOS OF CHLOROPHYTUM BORIVILIANUM (400X).

FIG.26: PROTRUBERANCES ON THE SUB-EPIDERMAL LAYER LEADING TO THE FORMATION OF GLOBULAR

SOMATIC EMBRYOS (100X).

FIG. 27:ENCAPSULATED SOMATIC EMBRYOS BEFORE COMPLETE COMPLEXATION WITH CaCl, (100MM).
FIGS. 28 & 29: ENCAPSULATED SOMATIC EMBRYOS AFTER COMPLETE COMPLEXATION WITH CaCl, (100MM).
FIG. 30 : GERMINATION OF SYNTHETIC SEED ON BM WITH SM AS GEL MATRIX (5 DAYS).

FIG. 31: ELONGATION OF SYNTHETIC SEED.

FIG. 32: ROOT FORMATION IN THE SYNTHETIC SEED ON BM (8-9 DAYS).
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Histological study: Histology of the embryogenic
tissue of Chlorophytum borivilianum in the present
study confirmed that the induction of the
development process was embryogenic and not
organogenic in nature. The presence of suspensor
like stalk could be seen in the early stages similar
to those found in zygotic embryos. Embryogenic
regions arised from the mitotically more active sub-
epidermal layer through the proliferation of fast
dividing cells (Fig. 20-24).

Additional evidence of the acquisition of
embryogenic competence by somatic cells was the
formation of a typical meristematic zone in the
somatic embryos of the plant under study. Late-
globular stage somatic embryos without vascular
connection with the parental tissue were also
observed in the histological sections culture (Fig.
25 & 26). The presence of these globular embryo
clusters suggests the occurrence of secondary
embryogenesis in C. borivilianum. Rapid mitotic
division, small size, dense cytoplasm, a large
nucleus with prominent nucleolus, small vacuoles
and abundant starch deposits are common attributes
of embryogenic cells . These embryogenic
characteristics were also reported for Coffea
arabica %, Cocos nucifera %, Araucaria
angustifolia *’, Bactris gasipaes .

CONCLUSIONS: The present paper therefore
reports a high frequency of direct somatic
embryogenesis from the young shoot buds of
Chlorophytum borivilianum. Regeneration through
direct somatic embryogenesis occurred from the
young shoot bud explants with BAP (5.0 mg L™).
Once induced much lower concentration of BAP
(0.5 mg L™) was required for further growth. The
conversion of somatic embryos with high MRN
and MRL was favoured on BM. It took aound 3-4
months of culture to obtain a complete plantlet
from the direct somatic embryos.

The production and encapsulation of somatic
embryos allows mass propagation as well as having
a potential for automation of the whole production
process for elite genotypes of C. borivilianum by in
vitro techniques. Out of the synthetic seeds
prepared from the somatic embryos (direct) using
three types of gel matrices viz. DW, BM and SM,
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the ones formed using SM resulted in the highest
frequency of germination (86.1%).

C. borivilianum is used as a chief ingredient in over
a hundred Ayurvedic formulations, as a
rejuvenator, vitalizer and health-tonic, a curative
for pre-natal and post-natal problems, a restorative
for immunity-improvement and as a remedy for
diabetes and arthritis and as a potent aphrodisiac.
Extensive research on this plant will thus provide
new avenues to the pharmaceutical industries
involved in manufacture of herbal products.
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