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ABSTRACT

Methods for in vitro micropropagation of Wedelia chinensis by indirect organogenesis
via callus were investigated by optimizing the concentrations and combinations of different
phytohormones in MS medium. Callus was induced from the leaf explants in MS medium
containing BAP and NAA. Callus proliferation with development of associated nodular
structures was achieved on subculturing in MS medium fortified with BAP and
L-glutamine. Caulogenesis was recorded after the subculture of the nodular light green friable
calli on MS basal medium in 2 weeks time. Rhizogenesis was observed 7 days after
reinoculation of the shoots in MS basal medium.

No detectable differences were recorded between the donor and in vitro generated
plants with regard to biochemical and cytological parameters.
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Introduction

Wedelia chinensis (Osbeck) Merr. is a
valuable medicinal plant belonging to the
family Asteraceae and distributed in
several wet parts of India including Uttar
Pradesh, Assam and Arunachal Pradesh.
It is also found to grow in Sri Lanka, Japan
and China. The plant is well recognized
in traditional medicine for dyeing grey
hairs and promoting their growth. Wedelia
is reported to contain medicinal principles
which can combat several diseases including
carcinoma and the diseases of central
nervous system. The active principle found
in leaves is wedelactone, a lactone of 5:6
dihydroxybenzofuran -3- carboxylic acid
that is a structural analogue of coumestrol
(Chadha, 1976). Several essential oils

have been obtained from the leaves of
two different species of Wedelia (Cramer
& Bridgen, 1997).

Wedelia chinensis is a procumbent
herb with light camphor like odour and
is propagated mainly by shoot cuttings.
Seed setting is very poor. Besides this, in
dry places and during summer season,
the propagation of this plant is very
difficult. The present investigation was
therefore undertaken to optimize in vitro
conditions for multiplication of this potential
medicinal plant.

Commercial exploitation and elimination
of natural habits consequent to urbanization
has led to gradual extinction of several
rare, endangered and threatened medicinal
plants. In vitro propagation is an effective
approach to conserve such germplasm.
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In recent years, there has been an
increased interest in in vitro culture
techniques which offer a viable tool for
mass multiplication and germplasm
conservation of medicinal plants
(Ajithkumar and Seeni, 1998; Prakash
et al. 1999). Micropropagation has proven
as a potential technology for mass scale
production of medicinal plant species
(Martin, 2003; Faisal et al. 2003; Azad
et al. 2005; Hassan and Roy, 2005).
Tissue culture technique can play an
important role in the clonal propagation of
elite clones and germplasm conservation of
this medicinal herb. There have been no
reports to date on micropropagation of Wedelia
chinensis using leaf explants. The present
study was, therefore, undertaken to develop
a protocol for mass clonal propagation by
using leaf explants of this important
medicinal herb through in vitro culture.

Materials and methods

Leaves of W. chinensis were taken as
explants, these were sectioned (0.5-1 cm)
and surface disinfected with 0.1%
mercuric chloride solution for 8-10
minutes, followed by 6-8 washes in sterile
distilled water. For induction, growth and
maintenance of callus tissues, Murashige
and Skoog's (1962) basal medium (MS)
supplemented with different auxins
(2,4-D, IAA and NAA) at 0.5-2 mgl/l,
cytokinin (BAP) and L-glutamine was
used. The pH of medium was adjusted to
5.6 prior to adding agar (0.7% w/v,
Qualigens) and autoclaved (121°C,
15 minutes). The cultures were incubated
at 24+1°C under 16 hours daily illumination
with fluorescent light (12000 lux). The cultures
were grown either in culture tubes (25X150
mm) containing 20 ml medium or in 100 ml
wide mouth conical flasks with 50 ml culture
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medium. As and when required, cultures were
multiplied by subculturing on fresh medium
every two weeks. For growth and further
development of callus, calli were transferred
to MS medium supplemented with different
concentrations of BAP and L-glutamine.
For induction of shoots, calli were transferred
to MS medium lacking any growth regulators.
The shoots were removed and were further
subcultured in the same medium for root
initiation.

Healthy rooted plantlets were taken
from the rooting medium and washed
several times with sterile distilled water.
Plantlets were potted in sterile sand:loam:
peat (in a ratio of 1:1:1) mixture, covered
with a polythene bags to maintain high
humidity and were kept under controlled
temperature at 22-26°C and light (12000 lux)
conditions in the culture room. The bags were
removed periodically for gradual hardening.
After 4-6 weeks when new leaves emerged
from the plantlets, they were taken out of the
culture room and kept in a shady place
under normal temperature and light.

Isozyme analysis:

Isozyme (Peroxidase) analysis was
performed by macerating 1 gm leaf
material collected from mature and two
months old tissue culture raised plants.
The leaves were excised and kept in
-70°C for some days to avoid chlorophyll
interference and macerated in an ice-cold
mortar and pestle with ice-cold PEB
buffer (the composition of PEB buffer
were 0.1 M Tris-HCI, 0.25 M Sucrose,
1 % Polyvinylpyreledon (PVP), 1 % Ascorbic
acid, 0.1% Cystein HCI, 1 mM EDTA,
0.4 mM MgCl,, 0.4 mM DTT, 1 %
[3-mercaptoethanol. All the chemicals
were dissolved in double distilled water
and the pH was adjusted to 6.8).
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The homogenate was collected and
centrifuged in a RC 5B Sorval Refrigerated
centrifuge for 45 minutes at 12,000 rpm.
The clear supernatant was collected and
again centrifuged in a Beckman L7-55
Ultracentrifuge at 40,000 rpm for 2 hours.
After centrifugation, the pellet was
discarded and the supernatant was
lyophilized for 10-12 hours as required.
SDS-PAGE was performed using 12%
polyacrylamide gels. After polymerization
150 pg of protein samples were loaded
to each well with the help of a micropipette
fitted with multiflex tips (MULTI, USA).

After loading the gel was run at
constant current 60-80 voltage in an
air-conditioned room. Ice bags and cubes
were placed all around the apparatus to
maintain low temperature. When the run was
completed, i.e. as the tracking dye
reached the anodic end, the power supply
was switched off and the glass plates
with the gels were removed from the
apparatus. The stacking gel part was cut
off and the rest was incubated in buffer
and substrate solution of Isozyme.
Guaicol- H,0, method (Hislop and
Stahmann, 1971) was followed for the
visualization of peroxidase isozymes.

For cytological study

The root tips of W. chinensis (from
donor plants and regenerated plants
through callus culture) were collected
and pretreated with saturated solution of
PDB for 4 hours, chromosome preparation
was made using aceto-orcein method.

Results

The surface sterilization protocol
followed in the present investigation
yielded 95% of the explant free of
apparent microbial contamination. Leaf

segments cultured on MS medium
containing plant growth regulators enlarged
and curled within a week (Fig 1).
Subsequently explants showed initiation of
callus after three weeks from all parts, i.e.
cut margin, midrib region and from both
adaxial and abaxial surfaces.The
explants cultured on the MS basal
medium without any plant growth
regulators failed to respond and dried up
within a week. Callus developed all over
the surface of leaf segments within 3-4
weeks of culture initiation in MS medium
containing BAP and NAA in various
combinations. The callusing response varied
depending on the concentrations and
combinations of plant growth regulators
used (Table 1).

The callus appeared light green and
compact in texture (Fig 2). Leaf derived
callus was subcultured on MS medium
supplemented with BAP and NAA at
three weeks intervals to maintain further
growth and proliferation. After four subcul-
tures (14 days interval), entire explants
were seen to be covered with whitish
green and friable callus (Table 1). When
the explants were cultured on MS medium
supplemented with different concentrations
of BAP (0.5-2.5 mg/l) in combination with
2,4-D (0.5-2 mg/l) or IAA (0.5-2 mg/l),
callusing rate was very poor from the
beginning and light
developed. Moreover, callus proliferation
decreased after the first subculture and

brown callus

callus tissue did not survive. In presence
of BAP (0.5-2.5 mg/l) and L-glutamine
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Table—1 Effect of different concentrations of BAP and
NAA on callus formation from leaf explants of
Wedelia cultured on MS medium. Results are the
mean of 6 replicates+SE.

BAP (mg/l) NAA (mg/l) Fresh wt. of callus

after 60 days (gm)
0.5 0.5 4.83+0.2
1.0 0.5 6.90+0.8
15 0.5 6.20+0.8
2.0 0.5 5.50+0.3
25 0.5 4.33+0.1
0.5 1.0 4.80+0.1
1.0 1.0 5.66+0.3
15 1.0 3.83+0.4
2.0 1.0 2.67+0.4
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(50-100 mg/l), white light brown calli were
developed and could be maintained on
the same media by transferring the callus
repeatedly during subculturing. But such
callus could not be maintained after three
passages because callus induced on
such medium stopped proliferation and
did not develop any further. Extensive
callus growth was observed in MS
medium containing 1mg/l BAP and 0.5
mg/l NAA with the development of
whitish green and friable callus (Fig 2).

Figure captions:

In vitro regeneration of plantlets through callus of Wedelia chinensis

Fig.1.
Fig.2.
Fig.3.
Fig.4.
Fig.5. Potted in vitro raised plantlets.
Fig.6. Peroxidase isozyme pattern.
1&1A=donor plants.

2&2A= in vitro raised plants.

Induction of callus from leaf segments on MS+BAP (1.0 mg/l)+NAA (0.5 mg/l).

Proliferative callus on MS+BAP (1.0 mg/l)+NAA (0.5 mg/l) after six weeks of culture.

Regeneration of multiple shoots from callus on growth regulator free MS medium after 15 weeks of culture.
Rhizogenesis from callus on growth regulator free MS medium after 18 weeks of culture.
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Of the two concentrations of NAA (0.5 and
1 mg/l) tested in combination with BAP,
0.5 mg/l NAA was found to be more
effective than 1 mg/l in inducing callus
formation and their further development.
More morphologically distinct callus were
developed from the leaf explants in a
medium containing BAP (1 mg/l) in
combination with NAA (0.5 mg/l) while
those initiated from other concentrations
of BAP and NAA, grew slower (Table 1).
The highest amount (6.90 gm per explant)
of fresh weight callus was produced on
the medium containing BAP (1.0 mg/l)
and NAA (0.5 mg/l) after 60 days of culture.
To further assess the morphogenic
potential the callus pieces (0.5 to 1 cm
in diameter) were subcultured on MS
medium augmented with BAP (0.5-1.5 mg/l)
and L-glutamine (100 mg/l) in various
combinations. However, the callus prolifer-
ated 2-3 times and appeared nodular in
at BAP and L-glutamine containing
medium, but the quantity of callus declined
with increase at BAP levels. The nodular
structures of the light green friable callus
on further subculture on to MS medium
lacking growth regulators individually
differentiated into shoot buds within 12 to
15 days (Fig. 3). These buds grew into long
green healthy shoots after another three
weeks. When the shoots were removed
and further subcultured in growth regulator
free MS medium, root formation was
noticed at the base of the differentiated
shoots after 7 days of subculture (Fig.4).
Four weeks old plantlets with well
developed root system were removed
from the culture medium, hardened and
acclimatized. The in vitro raised shoots
grew vigorously and developed without
any visible deformities. Almost 90%
survival of the transplanted plantlets of

Wedelia chinensis was observed in soil
(Fig 5). Averages of 40 good sized plants
were produced per explant within a period
of three months.

Peroxidase

Only one band was observed in the
upper (+ve) region of the gel with Rf
value 0.34. No band was seen in the lower
region (-ve). There was no difference in
the intensity of bands between donor
plants and regenerated plants of Wedelia
chinensis (Fig 6).

For cytological study

Both the donor plants and regenerated
plants had 2n=50 chromosomes. Difference
in chromosome morphology between donor
plants and tissue culture raised plants of
Wedelia chinensis were not detected.

Discussion

Callus induction was obtained in 90%
of the explants cultured in MS medium
supplemented with 0.5-2.5 mg/l BAP and
0.5-1 mg/l NAA. MS medium fortified with
NAA (0.5 mg/l) and BAP (1.0 mg/l) is the
best medium for the callus initiation and
further growth. The combined activity of
BAP and NAA is likely to be responsible
for accelerating the rate of cell division in
this taxon. BAP alone was not responsible
for callus induction from the explant or
shoot regeneration from the callus. When
the callus were subcultured on MS
medium containing BAP and NAA was
found to inhibit shoot regeneration.
Although for several members of the
Asteraceae, kinetin was found to be the
most effective hormone in shoot
regeneration media (Flick et al. 1983).
BAP which has been used as a source of
cytokinin in the present study has also
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been used successfully to induce somatic
embryogenesis in several plants (Chand &
Singh, 2001;. Anand et al. 2001; Prakash
et al. 2001).

The use of L-glutamine in the embryo
proliferation medium was very critical and
effective at a concentration of 100 mgl/l.
Increase in concentration (more than 100
mg/l) in the medium restricted embryo
proliferation. The nitrogen content of the
culture medium has been reported to
influence the morphogenic effects of
growth substances. L-glutamine that has
been reported critical for embryogenesis
among the amino acids used as a source
of nitrogen (Thorpe, 1994; McKersie &
Brown, 1996; Shetty & McKersie, 1993;
Sinha et al. 2000) was also found to be
effective nitrogen containing molecules
for the development of shoot buds in
this species.
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However, the leaf derived primary callus
did not show any morphogenic response when
they were repeatedly subcultured on the
same medium. Similar effects were reported
by Hutchinson et al. (1994) in connection with
callus induction and plant regeneration from
mature zygotic embryos of tetraploid
Alstroemeria. But when the calli was
transferred to growth regulator free MS
medium, they showed shoot bud initiation
followed by rooting but underlying cause
is not very clear. However, it may be
mentioned that the method followed is
suitable for rapid proliferation and
multiplication.

Isozyme profile showed no variation
between donor and in vitro raised plants
through callus culture. Although, isozymes
have been used extensively for genomic
modification and for identification of
varieties and cultivars (Livneh & Vardi, 1998).
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