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Abstract

This is the first report of both establishment of micropropagation protocol as well as cytological studies of Bacopa chamaedryoides
(Kunth) Wettst., an important Indian ethno-medicinal herb. Shoot-tips and nodal segments explants were inoculated on Murashige
and Skoog basal medium containing 0.7% agar, 3.0% sucrose and different concentrations and combinations of cytokinins and auxins.
Optimum multiplication was achieved on medium containing 6-benzyl-aminopurine (2.0 mg L™) and indole-3-acetic acid (0.2 mg L™).
Shoot-tips proved to be a better explant in having a high rate of shoot multiplication (18.7 £ 0.17) in comparison to nodal segments
(15.1 + 0.18) in the same medium. In vitro rooting of multiplied individual shoots was achieved on half strength Murashige and Skoog
medium supplemented with 50% of ‘Aloe vera gel, with a maximum of 18.3 + 0.17 roots. Up to 66.7% of these multiplied shoots induced
healthy flowers in vitro on Murashige and Skoog medium containing low concentration of 6-benzyl-aminopurine (0.2 mg L). In
vitro produced flowers contained 96.54 % viable pollen, more or less same as the field grown mother plants. Micropropagated plants
have shown normal diploid 2n = 22 chromosomes, same as that of the mother plant. These micropropagated plants were successfully
established in soil after hardening them in submerged condition, with an 84% survival rate. In total, 88.9% of the survived plants
flowered and fruited normally after 50 days of field transfer. More than 85% field-grown regenerated plants developed normal fruits and
viable seeds. This work presents an efficient micropropagation method from node and shoot-tip culture for mass propagation and in

vitro flowering of B. chamaedryoides.
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Abbreviations: AvG, Aloe vera gel; BAP, 6-benzyl-aminopurine; KIN, kinetin; NAA, a-naphthaleneacetic acid; IAA, indole-3-acetic acid;
IBA, indole-3-butyric acid; MS, Murashige and Skoog; PGRs, plant growth regulators.

Introduction

The genus Bacopa is a well known member of the family
Scrophulariaceae. Bacopa monnieri L. has use as a natural
brain stimulant. Bacopa chamaedryoides (Kunth) Wettst.
(Syn. Herpestis chamaedryoides Kunth) also has this use
and is considered as an important medicinal plant in
India (Prain 1903; Kirtikar, Basu 1975). Historically, tribal
people and modern communities, the common people of
India, have been using this traditional medicinal herb as a
neuro-stimulant and for other purposes. Due to increasing
demand of this plant species, it has now been depleted
from its primary habitat. This species (B. chamaedryoides)
propagates typically through seeds, but seed germination
rate is poor and plants of high quality are not readily
available due to seed heterozygosity. Micropropagation
methods are now being used for the clonal propagation
of many medicinal and other economically important
plants in large scale for stable supply round the year. In
vitro flowering provides (i) an ideal experimental system
for studying phase transition from vegetative to floral
development (Huang et al. 2009), and (ii) early in vitro

flowering of micropropagated plantlets can shorten the
breeding cycle to generate better quality of plant varieties
that can meet the market demand (Sivanesan, Jeong 2007;
Kietkowska, Havey 2012; Haque, Ghosh 2013).

Knowledge of chromosome structure has played a
crucial role in the improvement of medicinally important
plant species and has far-reaching implications (Samaddar
et al. 2012). The results of chromosomal studies may be
also useful in plant taxonomy and phylogenetic analysis.
However, there are only a few reports of chromosome
studies in the family Scrophulariaceae (Sinha 1984;
Chandran, Bhavanandan 1986; Chandran, Bhavanandan
1987) probably due to small chromosomes. Recently,
a chromosome study of B. monnieri was published by
Samaddar et al. (2012), but there is no report on B.
chamaedryoides.

B. monnieri is the only species of Bacopa that has been
studied by many groups for more than four decades in
different aspects, including micropropagation as well as
genetic transformation (Thakur et al. 1976; Tiwari et al.
2006; Ceasar et al. 2010; Joshi et al. 2010; Ramesh et al. 2011;
Majumdar et al. 2011). So far, to our present knowledge,
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there is no report of cytological studies as well as in vitro
culture including micropropagation of B. chamaedryoides.
In the present paper, we present a simple and efficient
method for in vitro micropropagation through shoot-
tip and node culture as well as in vitro flowering of B.
chamaedryoides.

Materials and methods

Plant material and tissue culture

Plants of Bacopa chamaedryoides (Kunth) Wettst. were
collected from North Pargana(s) district of West Bengal,
India and maintained in a controlled environment in
the experimental garden of RKMVC College, Rahara,
Kolkata. Shoot-tips (0.5 to 0.9 cm) and nodal segments
(0.8 to 1.0 cm) containing axillary buds were excised
from young aerial parts of healthy source plants and were
used as initial explants. The explants were washed with
5 % liquid detergent (Tween 20 solution) for 5 min and
then surface-sterilized with freshly prepared 0.1 % (w/v)
aqueous solution of HgCl, for 6 min and rinsed three times
with sterile distilled water to remove traces of HgCl,. The
explants were implanted vertically and cultured singly in
culture tubes (150 x 25 mm) containing Murashige and
Skoog (1962; MS) basal medium supplemented with 0.7 %
agar, 3 % sucrose and different concentrations of 6-benzyl-
aminopurine (BAP) and kinetin (KIN) alone or in
combination with a-naphthaleneacetic acid (NAA), indole-
3-acetic acid (IAA) or indole-3-butyric acid (IBA; Table 1).
The pH of each medium was adjusted to 5.6 + 0.2 using
0.1 N KOH or 0.1 N HCI before adding the gelling agent
(agar or phytagel) and the media were autoclaved at 121 °C
in 1.08 kg cm™ pressure for 18 min. Phytagel was used as
the gelling agent in pollen germinating medium, and agar
was used in all the other experiments. Phytagel, vitamins
and plant growth regulators (PGRs) were purchased
from “Sigma-Aldrich” and all the micro nutrients, macro
nutrients and agar were purchased from “Merck India Pvt.
Ltd”

All the cultures were incubated inside a growth chamber
maintained at 23 + 2 °C under a 16 h photoperiod with
a photosynthetic photon flux density of approximately 50
pumol m=2s™! emitted from cool fluorescent tubes (Philips
India Ltd.). At 30-day-intervals, the cultures were sub-
cultured in their respective fresh media, but, in the case
of the flowering experiment, sub-culturing was conducted
after every 60 days.

In vitro flowering

For the in vitro flowering experiment, 60-day-old individual
shoots of about 2.5 cm without roots from proliferated
shoot culture were used and cultured on MS medium
supplemented with low concentration of BAP or KIN alone
and sub-cultured at 60-day-intervals (Table 2).
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In vitro rooting

For root induction, multiplied shoots (about 2.0 cm)
developed from both of the explants (shoot-tips and
nodes) were separated into single ones and cultured on
half strength and full strength MS media without any PGRs
as well as in only distilled water solidified with agar. Aloe
vera gel (AvG) was used as a supplementary source of
organic and inorganic ingredients for better growth as well
as alternative of PGRs for root induction of regenerated
shoots. AvG is the odourless, colourless mucilaginous gel,
obtained from parenchymatous cells of the fresh leaves
of Aloe vera, which contains over 75 active ingredients
(Habeeb et al. 2007). Aloe gel contains 5.43% (w/w) total
sugar, 36% of which was quantified as glucose, 18% as
fructose and the remainder as maltose and sucrose (Botes
et al. 2008). In addition to the different carbohydrates, the
AvG has been shown to contain proteins, lipids, amino
acids, vitamins, enzymes, inorganic compounds and small
organic compounds (Hamman 2008), which serve as a
source of functional food and as an ingredient in other
food products of in vitro grown plants.

Mature, healthy and fresh leaves of Aloe vera were cut
longitudinally into two pieces. The colourless mucilaginous
gel in the centre of the leaf was scraped with spoon and
thick epidermis was discarded. The gel was homogenized
in an electric blender. The homogenized liquid (i.e. AvG)
sample was stored at —20 °C until further use. The effects
of 50% (v/v) AvG only, without any basal nutrients and
sucrose, as well as combinations of full or half strength MS
media on in vitro rooting were also tested (Table 3).

Hardening, field transfer and field performance
Two different types of hardening environment were
tested. In Setup I, rooted plantlets (about 3.0 cm) were
transferred to small earthen pots containing ‘Soilrite’
(Keltech Energies Ltd., Bangalore, India) and covered with
transparent polythene bags to maintain 90 to 99% relative
humidity and were kept in 25 + 2 °C temperature and 16-h
photoperiod for 15 to 20 days. In Setup II, rooted plantlets
were transferred into plastic buckets containing a ‘mixture
of soil and organic manure’ (2:1 volume ratio). The soil was
submerged in water like submerged aquatic vegetation. The
distance between the soil-bed and the water surface was
1.0 to 1.5 cm. The setups were cultivated in a hardening
chamber (27 + 2 °C temperature, 16 h photoperiod
and relative humidity of 90 to 99% maintained with a
misting device) for 15 to 20 days. Thereafter, the hardened
plants were transplanted into earthen tubs containing a
mixture of soil and vermicompost (3:1 volume ratio) and
maintained inside the greenhouse (30 + 2 °C temperature,
14 h photoperiod and relative humidity of 60 to 65%).
Field performance variables, like survival rate of
micropropagated plants, ex vitro flowering, fruit and seed
setting as well as seed germination potentiality of the
regenerated plants were evaluated for up to 6 months.



Pollen viability test

Pollen viability was estimated by two different methods: (i)
staining of pollen with dyes and (ii) in vitro germination
assays (Lyra etal.2011).In the first method, fresh pollen was
stained with 2% acetio-carmine dye and observed under a
light microscope. Dark purple coloured pollen grains were
scored as viable and the rest of the grains were scored as
non-viable. In the second method, pollen grains were
germinated in Petri dishes (60 mm diameter) containing
6 mL of medium. The nutrient medium consisted of 15%
(w/v) sucrose, 300 mg L' calcium nitrate [Ca(NO,), 4H,0],
200 mg L' magnesium sulphate (MgSO, 7H,0), 100 mg
L™ potassium nitrate (KNO,) and 100 mg L' boric acid
(H,BO,),at pH 7.0 (Rajasekharan et al. 1994) and solidified
with 0.2% (w/v) Phytagel. Pollen grains were strewn in a
fine layer over the surface of the medium, incubated at 25
°C for 12 h in a dark chamber and then observed under
light microscope. For photography, they were stained with
2% acetic carmine dye (Sawidis 2008). Observations were
made on 10 flowers from each of the in vivo, in vitro and
ex vitro plants and a minimum of 500 pollen grains from
each flower.

Seed viability test

Viability of the seeds produced by field-grown regenerated
plants and mother plants was tested through in vitro
germination assay. A total of 1000 seeds from 30 randomly
selected fruits of regenerated plants as well as 1000 seeds
from 30 randomly selected fruits of mother plants were
inoculated on half strength MS medium and the cultures
were incubated at 23 + 2 °C in dark.

Cytological observations

For mitotic chromosome study, root tips of mother plants
and 20 randomly selected micropropagated plants were
pre-treated with 0.002 M 8-hydroxyquinoline for 5 h at
8 to 10 °C and fixed in Carnoy’s solution (6:3:1, absolute
ethanol: chloroform: acetic acid) for overnight and stained
with 2% aceto-orcein : 1 N HCI (9:1 v/v) mixture (Ghosh,
Sen 1996). In total, 6 to 8 root tips from each plant and a
minimum of five metaphase plates from each root tip were
analyzed.

Statistical analysis

Each treatment contained three replicates with 10 explants
per replicate. The data pertaining to the number of shoots
or roots per explant, shoot and root length, number of
flowers per shoot were subjected to a one-way analysis of
variance (ANOVA). The differences among the means were
compared by high-range statistical domain using Tukey’s
test with the standard software SPSS 16.0 version.

Results

Shoot multiplication from nodal explants
The effect of different concentrations ranging from 0.5 mg
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L to 5.0 mg L' of BAP and KIN alone on in vitro shoot
multiplication from node cultures was investigated. It was
found that initially two to four shoot buds induced from
each node after 12 to 15 days of implantation, followed by
swelling at the base of the node, and gradually the number
increased. A maximum of 9.5 + 0.17 shoots were induced
in MS basal medium containing 2.0 mg L' BAP, whereas
in presence of 1.0 and 5.0 mg L' BAP only 6.3 + 0.13 and
2.7 £ 0.16 shoots were induced after 60 days of culture,
respectively (Table 1). On the other hand, maximum 6.8 +
0.20 shoots from each node were induced in the presence of
2.0mg L' KIN.In the present study, BAP alone was sufficient
for formation of multiple shoots from nodal segments of B.
chamaedryoides. But at higher concentrations, it not only
reduced the number of shoots induced but also resulted
in stunted growth of the multiplied shoots. All the three
auxins (NAA, IAA, IBA) in low concentration, along with
optimum concentration of BAP (2.0 mg L), significantly
increased the multiplication rate as well as the elongation of
multiplied shoots from nodal explants. MS basal medium
supplemented with 2.0 mg L' BAP + 0.2 mg L' JAA was
found to be the most suitable with maximum 15.1 + 0.18
shoots per node induced after 60 days of culture, whereas
2.0 mg L' BAP with 0.2 mg L' NAA and with 0.2 mg L
IBA induced maximum 12.9 * 0.17 and 12.7 + 0.18 shoots
per node after 60 days of culture, respectively (Table 1).
Although all three auxins increased the multiplication rate,
IAA gave a significantly better result, but the difference
between IBA and NAA was insignificant. Maximum shoot
length of 3.0 + 0.04 cm was observed with 2.0 mg L' BAP
+ 0.5 mg L' TAA after 60 days of culture.

Shoot multiplication from shoot-tip explants

From shoot-tip explants, a maximum of 12.2 + 0.28 shoots
were induced in MS basal medium containing 2.0 mg L™!
BAP after 60 days of culture (Fig. 1A), while 8.7 + 0.20
shoots were induced in the presence of 2.0 mg L KIN;
this proved BAP to be more efficient than KIN for shoot
proliferation from shoot-tip explants (Table 1).

Similar to nodal explants, all three auxins (NAA,
IAA, IBA) in low concentration along with optimum
concentration of BAP (2.0 mg L) had beneficial effect on
multiplication rate and elongation of multiplied shoots from
shoot-tip explants of B. chamaedryoides. Maximum 18.7 +
0.17 shoots from each shoot-tip explant were induced in
MS basal medium supplemented with 2.0 mg L' BAP with
0.2 mg L' TAA after 60 days of culture (Fig. 1B). Of the
three auxins used, IAA was most effective followed by NAA
and IBA (Table 1, Fig. 2). MS basal medium supplemented
with 2.0 mg L' BAP + 0.2 mg L' NAA and 2.0 mg L'
BAP + 0.2 mg L' IBA induced 16.3 + 0.19 and 14.2 £ 0.21
shoots from each shoot-tip explant after 60 days of culture,
respectively. Maximum elongation of shoots reaching 3.1 +
0.04 cm was recorded on 2.0 mg L' BAP + 0.5 mg L' [AA
after 60 days of culture (Table 1).
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Table 1. Effect of growth regulators on number of shoots, length of the longest shoot in B. chamaedroides (after 60 days of cultivation).
Each value represents the mean + SE, n = 30. Mean followed by the same letters in each column are not significantly different at P < 0.05
according to Tukey’s multiple range tests

Control = 0 86.7 1.8 £0.08* 6.2 £0.06* 90.0 2.2+0.12° 6.8 £ 0.07%
Cytokinin BAP 0.5 83.3 4.1 +0.20¢ 1.2 +£0.03¢ 83.3 6.9 +0.19¢ 1.2 +0.06%
1.0 76.7 6.3 +0.13f 1.0 +£0.04< 833 9.2 +£0.18f 1.1 £ 0.05%¢

2.0 80.0 9.5+0.17¢ 0.8 +0.03° 76.7 12.2 £0.28¢8 0.9 +0.03>

5.0 70.0 2.7 £0.16° 0.5+0.03* 733 41+017° 0.6 £0.03*

KIN 0.5 80.0 3.7+£0.21¢ 1.2 +£0.04¢ 83.3 5.2+0.14° 1.3 £0.04¢

1.0 83.3 52+0.13¢ 1.0 £ 0.04¢ 83.3 7.8 +£0.15° 1.2 + 0.04%

2.0 76.7 6.8 +0.20° 0.8 £0.03>  80.0 8.7 £ 0.20°¢ 1.0 £ 0.03<

5.0 63.3 3.3+0.17* 0.6 +0.03* 70.0 4.3 +0.15° 0.7 £ 0.03®

Cytokinin + auxin BAP + NAA 2+0.2 76.7 129+0.17" 2.6+0.048 767 16.3 £0.19 2.7 £0.04"
2+0.5 76.7 12.6 £ 0.15" 2.9 +0.031 80.0 15.5 + 0.22) 2.9 +£0.04'

2+1.0 66.7 10.3 £ 0.168 2.0 £0.04¢ 76.7 13.9+0.17' 2.4 +0.03¢

BAP +IAA 2+0.2 80.0 15.1 £0.18 2.7 £0.048  86.7 18.7 £ 0.17! 2.9 +£0.047

2+0.5 76.7 14.5 £ 0.15' 3.0+ 0.04 80.0 17.3 £ 0.15 3.1 +0.04

2+1.0 73.3 12.0 £ 0.16" 2.4 +0.04 70.0 15.8 £ 0.28 2.4 +0.03¢

BAP +IBA 2+0.2 76.7 12.7+0.18" 2.6 +0.04¢ 80.0 142 £0.21° 2.7 £0.04"

2+0.5 70.0 12.3 £0.16" 2.8 £0.03" 66.7 13.3 £ 0.24" 2.8 £0.04"

2+1.0 63.3 10.0 £ 0.188 1.9 £ 0.04¢ 63.3 129 +0.17¢ 2.2 +0.04

In vitro flowering
Both BAP and KIN alone, in low concentration, induced in
vitro flowering of B. chamaedryoides, and BAP was found
to be more effective than KIN (Table 2). Maximum number
of explants with induced flowering (66.7%) was observed
in 0.2 mg L' BAP-containing MS medium and maximum
number of flowers per plant (4.2 + 0.24) was maintained in
the same medium without any subculturing after 60 days
of culture. In total, 43.3 % of explants produced flowers and
the highest number of flowers per plant (2.9 + 0.21) was
recorded in 0.2 mg L' KIN-containing medium after the
same period of culture. In the present study, in vitro rooting
was first observed within 15 days of culture. Thereafter, the
first flower appeared at the nodal region during 30 to 32
days of culture in the flower inducing media and later, one
to five more flowers per plant developed within the next 28
days. Within 60 days of culture, individual shoot formed
roots as well as flowers without need for subcultivation.
These in vitro induced flowers were yellow and had normal
petals and sepals. Few nodes developed a single flower (Fig.
1D, E) and a few developed two flowers from the axil of
two opposite decussate leaves (Fig. 1F). It was noted that
in vitro induced flowers exhibited the same morphology as
the mother plant. The calyx of these flowers persisted for
more than eight weeks in in vitro conditions. However, no
fruits developed due to lack of pollination.

It was found also that B. chamaedryoides produced
flowers spontaneously in MS medium without any PGRs,
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but the percentage of explants forming flowers (23.3%)
and the number of flowers per plant (1.4 + 0.20) was low,
compared to PGRs-containing medium (Table 2). The
subculturing time for flower induction can substantially
affect in vitro flowering. A period of 60 days in flower
induction medium without subculture yielded the highest
percentage of plantlets forming flowers (66.7%), but when
subculturing time was decreased to 30 days on flower-
induction medium, the frequency of flowering decreased
significantly (data not shown).

Root induction

The excised shoots showed 100% rooting with no
callusing at the cut ends within 10 days of subculture in
all treatments. In vitro rooting from the basal end of the
shoots occurred only on distilled water (without MS
nutrients, sucrose) solidified with agar without any PGRs,
but growth of these plantlets was stunted (only 2.8 + 0.02
cm after 15 days from initial height of 2.5 cm). However, in
half-strength MS medium, plantlets grew to 3.6 + 0.02 cm
height within 15 days (Table 3). It was noted that inclusion
of 50% (v/v) AvG as an organic supplement along with half-
strength MS nutrients, triggered rapid growth of plantlets
and they attained 4.9 + 0.02 cm plant height along with
maximum number of roots (18.3 + 0.17). Also, 2.3 + 0.02
cm root length was achieved in the same media within 15
days of culture (Table 3, Fig. 1C). In our study, only 50%
AvG without any MS nutrient and sucrose was found to be
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Fig. 1. Micropropagation and in vitro flowering of Bacopa chamaedryoides. A, shoot multiplication from node explant after 30 days of
implantation on 2.0 mg L' BAP + 0.2 mg L' TAA in MS medium. B, elongated multiple shoots from shoot-tip explant after 60 days of
culture on 2.0 mg L' BAP + 0.2 mg L' IAA in MS medium. C, root induction on half strength MS medium supplemented with 50% AvG
after 12 days of implantation. D, E, in vitro flowering. F, two flower buds developed in vitro from the axil of two opposite decussate leaves.
G, complete plantlet ready for hardening. H, I, metaphase plates showing 2n = 22 chromosomes of the donor plant and micropropagated
plant, respectively. ], viable and non-viable (arrow) pollen grains of in vitro growing flower stained with 2% aceto-orcein. K, in vitro
germinated pollens with healthy pollen tubes. L, M, hardening of micropropagated plants through Setup I and Setup II, respectively. N,
regenerated plant bearing flowers (yellow arrow) and fruits (white arrows). N*, close-up on flower of regenerated plant. N2, close-up of
fruits on regenerated plant. O, in vitro germination of seeds from field-grown micropropagated plants.
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Fig. 2. Effect of plant growth regulatorss (PGRs) on shoot
multiplication from node and shoot-tip culture of Bacopa
chamaedryoides after 60 days of culture.

enough for in vitro rooting of B. chamaedryoides. However,
with respect to the growth rate and health of the plantlets
(plant height, number of root, number and size of leaf;
i.e. overall visual appearance), 50% AvG along with half-
strength MS medium was found to be the best. We also
found that the number of roots dramatically increased
along with 100% response on AvG-containing media (Table
3). According to our findings, > 1.0 mg L' of IBA inhibited
root induction, while < 0.5 mg L™ of IBA induced large
numbers (up to 29) of roots, further growth of these roots
was inhibited by IBA and stopped after reaching 3 to 5 mm.

Hardening and field transfer

A total of 150 in vitro rooted plantlets (Fig. 1G), 75
plantlets each on Setup I (Fig. 1L) and Setup II (Fig. 1M)
were hardened for 15 to 20 days. Rooted plantlets were
successfully hardened with 53.3 % survival rate on Setup

Table 2. Effect of BAP and KIN in MS medium on in vitro flower
induction of B. chamaedroides (after 60 days of cultivation). Each
value represents the mean + SE, n = 30. Mean followed by the
same letters in each column are not significantly different at P <
0.05 according to Tukey’s multiple range tests

Concentration of Plants producing  Number of
PGRs (mgL™) flowers (%) flowers plant!
KIN BAP
0 0 23.3 1.6 £0.20°
0.1 0 30.0 2.3 +£0.37®
0.2 0 43.3 2.9 £0.21%
0.5 0 26.7 1.4+0.18
1.0 0 0.0 0.0
0 0.1 53.3 3.6 £ 0.24<
0 0.2 66.7 4.2 +0.24¢
0 0.5 30.0 2.1 +£0.26%
0 1.0 0.0 0.0

I and 84% survival rate on Setup II. Hardened plants were
then transferred to earthen tubs filled with mixture of soil
and vermicompost at 3:1 ratio and ultimately established in
soil. After 40 to 50 days of field transfer, 85.4 to 88.9 % (Fig.
3) of the survived plants flowered and fruited normally
(Fig. IN).

Pollen viability

The pollen grains of in vitro, ex vitro and in vivo plants
showed 96.54, 94.82 and 97.20% viability, respectively
by aceto-carmine staining method (Fig. 1]). In vitro
germination assay showed 92.06, 89.28 and 91.52%
germination of pollen grains of in vitro, ex vitro and in vivo
plants, respectively (Fig. 1K). These results showed that the
viability of pollen grains from all the three sources of flowers
ranged between 94.82 to 97.20% and the germination rate
between 89.28 to 92.06% (Fig. 4). The results did not not
significantly differ. In conclusion, all field-grown as well
as in vitro-grown plants bore more or less equally viable
pollen grains.

Seed viability
A total of 78.3% seeds of field-grown regenerated plants

Table 3. Effect of media strength and Aloe vera gel (AvG) on in vitro rooting of B. chamaedroides (after 15 days of cultivation). Each value
represents the mean + SE, n = 30. Mean followed by the same letters in each column are not significantly different at P < 0.05 according

to Tukey’s multiple range tests

Medium Response (%) Height of individual shoot (cm)  Health of Root number  Root length (cm)
Day 0 Day 15 plantlets (explant™)
Water + agar 100 2.5 2.8 £ 0.02* <k 9.7+0.17* 1.3 £0.03*
1/2 MS 100 2.5 3.6 £0.02° + 4+ + 11.6 £0.17° 1.6 +£0.02°
Full MS 100 2.5 3.9 +0.03° AF 4F 4 45 9.1 £0.15* 2.4 +0.03°
50% AvG 100 2.5 4.1+0.03¢ + 4+ + 13.2 £ 0.20¢ 1.7 +£0.02°
1/2 MS + 50% AvG 100 2.5 4.9 +0.02f +++++ 18.3 £ 0.17¢ 2.3 £0.02¢
Full MS + 50% AvG 100 2.5 4.3 £0.04¢ +4++++ 16.8 + 0.14¢ 1.4 +£0.03*
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Fig. 3. Comparison of two different types of environment
conditions used (Setup I and Setup II, see Materials and methods
for details) for hardening of Bacopa chamaedryoides.

and 75.1% seeds of mother plants germinated in half-
strength MS medium in in vitro conditions after 10 days
of inoculation (Fig. 10). This result indicates that there
was no significant difference between the viability of seeds
produced by regenerated plants and the mother plant.
Hence all the regenerated plants were as genetically fertile
as the mother plants.

Cytological obseervations

Cytological analysis was conducted for the evaluation
of the cytogenetic uniformity among donor and in vitro
derived regenerated plants. The chromosome numbers
of the donor plants were found to be 2n = 22 (Fig. 1H). A
total of randomly selected 15 micropropagated plants were
analysed and all of them revealed diploid nature showing
2n = 22 number of chromosomes (Fig. 1I), the same as
in donor plants. Thus, all the regenerated plants were
cytologically stable and no abnormality was found.

Discussion

In the present study, an attempt had been made to
determine most favourable set of physical environment,
nutritional composition and PGRs conditions for optimum
micropropagation and in vitro flower induction in B.
chamaedryoides.

BAP alone was sufficient for formation of multiple
shoots from nodal segments and from shoot-tips of B.
chamaedryoides. Higher BAP concentrations not only
reduced the number of shoot induction but also resulted
in stunted growth of the multiplied shoots, a finding
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Fig. 4. Comparison of pollen viability and germinating
pollen numbers of in vitro, ex vitro, in vivo flowers of Bacopa
chamaedryoides.

similar to that noted in Gossypium hirsutum (Hazra et al.
2001). BAP was found to be more effective than KIN for
shoot proliferation of B. chamaedryoides. Similar results
were reported in Salix (Khan et al. 2011), Andrographis
(Purkayastha et al. 2008) and Calophyllum (Nair, Seeni
2003), where BAP proved to be the most effective amongst
KIN and various other cytokinins tested for node culture
(Nair, Seeni 2003; Purkayastha et al. 2008; Khan et al. 2011)
and shoot-tip culture (Nair, Seeni 2003).

Our results are similar to those of previous studies,
where BAP in combination with auxins proved to be
advantageous for shoot-tip culture. Addition of low
concentrations of auxin along with optimum concentration
of BAP has proven beneficial in increasing shoot length
and multiplication rate. Although all three auxins (NAA,
IAA, IBA) increased the multiplication rate, BAP in
combination with low concentration of IAA was found
to be most effective for axillary shoot multiplication from
nodal as well as shoot-tip explants of B. chamaedryoides.
Similar observations have been found in Scrophularia
takesimensis, another species of Scrophulariaceae
(Sivanesan et al. 2008), Momordica dioica (Shekhawat et
al. 2011) and Cassia angustifolia (Siddique, Anis 2007).
Similarly, BAP in combination with NAA has proved to
be beneficial in node culture of Vitex (Balaraju et al. 2008),
Asparagus (Ghosh, Sen 1994) and shoot-tip culture of Beta
vulgaris (Rady 1997) and Coleus blumei (Rani et al. 2006).
On the other hand, BAP in combination with IBA proved
to be beneficial for multiplication from shoot-tip culture of
Liquidambar styraciflua (Durkovi¢, Lux 2010). According
to our findings, increasing auxin concentration resulted in
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decreased multiplication rate for both nodal and shoot-tip
explants, and optimal concentration of cytokinin along
with low concentration of auxin proved to be better.

Our findings in B. chamaedryoides are similar to that
of Coleus (Rani et al. 2006), where shoot-tips proved to be
better explants in producing higher number of shoots, as
compared to nodal segments, on all type of media tested
(Table 1, Fig. 2).

In vitro flowering has been reported to occur
spontaneously or deliberately in several plant species in
MS basal medium (Ghosh et al. 1994; Kietkowska, Havey
2012). The transition from vegetative phase to flowering
phase depends on the developmental genetic program,
which is triggered and modulated by environmental
stimuli (Huijser, Schmid 2011). Flowering was considered
to be a complex process regulated by both endogenous and
exogenous factors (Galoch et al. 2002). In many plants, in
vitro flowering has been induced in high frequency by the
application of exogenous PGRs in culture media (Peeters
et al. 1991; Kietkowska, Havey 2012). Cytokinin has been
mentioned as a probable component of a multi-factored
flowering stimulus (Bernier 1988) and recognized as an
important signal in flowering (Bonhomme et al. 2000;
Lindsay et al. 2006). BAP has been reported to be effective
in floral induction of a number of plant species, such as
orchids (Naor et al. 2004), bitter melon (Wang et al. 2001),
Perilla frutescens (Zhang 2007), Dioscorea zingiberensis
(Huang et al. 2009), Ipomoea quamoclit (Haque, Ghosh
2013) and many others.However, KIN proved to be more
effective than other cytokinins for in vitro flowering of
Fagopyrum esculentum (Kachonpadungkitti et al. 2001)
and Cucumis sativus (Kielkowska, Havey 2012). According
to Vadawale et al. (2006), both BAP and KIN induce flower
buds in Vitex negundo, but KIN-induced flower buds did
not develop into functional flowers. In Scoparia dulcis,
another species of the family Scrophulariaceae, BAP or
KIN alone does not induce flowers, but combination of
both BAP and KIN induces flowers (Premkumar et al.
2011). However, in the present study, we found that both
BAP and KIN alone, in very low concentration, enhanced
in vitro flower bud induction and all flower buds ultimately
developed into functional flowers. In addition, BAP proved
to be much effective than KIN. Similar results were reported
for Ipomoea (Haque, Ghosh 2013).

Our findings in B. chamaedryoides corroborate those
of Wang et al. (2002), who reported that both decreased as
well as increased subculturing time is responsible for the
fall of flower bud induction frequency.

In tissue culture, rooting and flowering are known to
be antagonistic (Dennin, McDaniel 1985; Kostenyuk et al.
1999; Taylor et al. 2005). This might be attributed to the
presence of endogenous phytohormones or compounds in
roots inhibitory to flowering. However, we found rooting
and flowering to occur together, without inhibiting each
other. Although auxin-like IBA favours rooting in many
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plants (Rani and Grover 1999; Sreekumar et al. 2000), in
our study we found that IBA inhibited root induction of
B. chamaedryoides. Like many other plants, in vitro rooting
was achieved on half strength MS medium without any
PGRs. According to the findings of Das et al. (2010), AvG
without sucrose has the potential to induce rooting in Aloe
vera plants. We found that the number of roots dramatically
increased along with 100% response on AvG containing
media (Table 3). With respect to the growth rate and health
of the plantlets, 50% AvG along with half-strength MS
medium was found to be the best.

Pollen viability was estimated by two different methods:
staining of fresh pollen with dye (2% aceto-carmine)
and in vitro germination assay. Staining technique aims
to determine pollen enzymatic activity and membrane
integrity of pollen, whereas in vitro germination assay
estimates the actual germination ability of pollen under
suitable conditions (Tuinstra, Wedel 2000; Lyra et al. 2011).

The majority of micropropagation protocols do not
refer to the acclimatization process or they only mention
that the acclimatization was tested with success. In our
study, particular attention was given on acclimatization
of regenerated plantlets. Two different environments
i.e. ‘terrestrial’ (Fig. 1L) as well as ‘submerged’ (Fig. 1M)
were tested and second one was found most suitable for
successful acclimatization of B. chamaedryoides.

Very few reports are available on the cytology of
the family Scrophulariaceae (Sinha 1984; Chandran,
Bhavanandan 1986; Chandran, Bhavanandan 1987). The
chromosome behaviour of B. monnieri was previously
reported by Srivastava et al. (2002) and recently karyotypic
analysis was reported by Samaddar et al. (2012). However,
the present paper is probably the first report on chromosome
counts of B. chamaedryoides.

In conclusion, this work presents the chromosome
number of B. chamaedryoides as well as an efficient
micropropagation method to produce apparently stable
diploids using shoot-tips and nodal segments for mass
propagation of this species, where shoot-tips were found
to be better explants producing higher number of shoots
as compared to the nodal segments. BAP (2.0 mg L™!) with
IAA (0.2 mg L) was found to be optimal for multiplication
of this plant, while BAP alone in low concentration (0.2
mg L) was found to be optimal for in vitro flowering,
and these in vitro flowers contained 96.54% viable pollen
grains. The key component in our experiments was AvG,
which not only increased the number of induced roots but
also the health of the plantlets. The regenerated plants were
genetically fertile and produced fertile seeds. This is the first
report of micropropagation as well as in vitro flowering of
this important medicinal plant. Further experiments should
lead to better understanding of the physiological and
molecular events underlying the shift from the vegetative
state to flowering state and the specific role of cytokinin on
inducing flowers.
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