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Abstract

An efficient protocol was standardized for successful regeneration of Cissampelos pareira
(L.) through indirect organogenesis. Nodal explants were cultured on MS fortified with
0.5 + 1.0 mg/l BAP, Kn either single or in combination with NAA 0.5 mg/l. The
combinations induced profuse, compact, light green to greenish coloured calli. Some
differences in the morphology of callus such as change in the colour and texture was also
observed with increasing the concentration of BAP 0.5 + 2.0 mg/l + NAA 0.5 mg/l.
Maximum callus induction was observed on 1.0 mg/l BAP and 0.5 mg/l NAA showed
greenish, friable and granular lush colour. The calli were subcultured on fresh MS that
contained BAP and Kn single or in combination with NAA (BAP 0.5 + 2.0 mg/l, Kn 0.5
2.0 mg/l, NAA 0.5 mg/l). The maximum regeneration frequency of shoot organogenesis
was recorded on BAP (2.0 mg/l) + NAA (0.5 mg/l). Healthy microshoots were separated
and transferred to the rooting medium. Here, MS augmented with IBA 1.0 mg/l showed
maximum rooting. Well rooted plantlets were transferred to the field and maximum
survival frequency was recorded when BAP (1.0 mg/l) + NAA (0.5 mg/l) for callus
induction, for shooting BAP (2.0 mg/l) + NAA (0.5 mg/l) and for rooting IBA (1.0 mg/l)
was used. The regenerated whole plants were subjected for hardening where the
maximum survival frequency was found to be 80%. This reproducible protocol can be
used for regeneration and genetic transformation studies.

Introduction

Menispermaceae is one of the most important families contains more than 70 genera and
500 species with medicinal values. It is also called as moon seed family (Ortiz et al. 2007).
Cissampelos pareira L. is one of the important medicinal plants for industrial and other
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economic values (Mridula et al. 2017). In Ayurveda and Siddha medicines, C. pareira is
called as "Lagu patta" and "Malaith thaangki". It is commonly known as Patha, velvet
leaf, ice vine, patindu and abuta (Vaidya 1988).

In telugu it is known as "Adavi banka theega". It has been distributed throughout the
tropical, sub-tropical and hilly regions of India such as Andhra Pradesh, Himachal
Pradesh, Karnataka, Tamilnadu, Kerala etc. up to 1500 m elevation (Shad and Deepa
2015). Various reports on its multiple medicinal use attracted attention for commercial
exploitation of the plant to meet the requirements of the growing pharmaceutical
industry. Cissampelos pareira natural stands are now fast disappearing and are threatened
due to indiscriminate collection and over-exploitation. Conventional vegetative
propagation of this plant has limited potential for large scale cultivation. In vitro
micropropagation technique can be most useful for its mass propagation as well as for its
conservation.

In in vitro conditions, plant regeneration occurs through direct and indirect
organogenesis. Previously, direct organogenesis was reported in one of the
Menispermaceae member, Tinospora cardifolia through nodal explants (Kumar et al. 2003,
Raghu et al. 2006, Gururaj et al. 2007, Sharma and Vashistha 2014). Some of the in vitro
studies were made on Agrobacterium rhizogenes-mediated transformation of C. pareira
(Shad and Deepa 2015). Due to poor seed viability, in naturally grown plants, low
germination and high susceptibility of infections the plant growth is hampered. In short
span of time large number of healthy plantlets can be produced through direct and callus
mediated shoot induction method. Moreover, the standardization of callus production
and cell culture protocols could be an effective alternative for the bioactive compound
production and minimize the pressure on the wild population. The present study was
aimed at developing efficient mass multiplication of C. pareira via indirect organogenesis.

Materials and Methods

The axillary buds of Cissampelos pareira (L.) was collected from the Herbal garden,
Department of Biotechnology, Dravidian University, Kuppam, Andhra Pradesh, India.
As explants nodes were collected from field grown disease free healthy plants.

The explants were washed in running tap water for 10 min and then washed with
liquid detergent solution 5% (v/v) Tween-20 or Teepol for 20 min followed by continuous
washing with distilled water until all the traces of detergent was removed. Then the
explants were surface sterilized with 0.4% (w/v) bavistin a systematic fungicide (BASF
India Ltd.) for about 15 to 20 min. After fungicide sterilizing, the explants were surface
sterilized with 70% ethanol for 90 sec. Then the explants were surface sterilized with
0.1% mercuric chloride (Merck, India) for 1 - 3 min under laminar air flow cabinet and
thoroughly washed with double distilled water for 5 - 6 times. Finally the sterilized
explants were slightly trimmed by cutting into small pieces of size 1.0 - 1.5 cm and
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wounded slightly. All explants were placed and cultured horizontally by placing the
wounds in contact with the medium.

MS supplemented with auxins and cytokinins at different concentrations either
single or in combination for callus and shoot proliferation. Nodal explants were cultured
on MS supplemented with different concentrations and combinations of BAP, Kn 0.5 £
2.0 mg/l and NAA at 0.5 mg/I for callus initiation and proliferation. The medium without
plant growth regulators served as control and 100 mg/l of ascorbic acid added to the
medium to reduce tissue browning. In vitro calli were sub-cultured repeatedly for every
20 days for respective medium. In vitro induced callus on the cultures have been
transferred in to the shoot induction medium containing BAP 0.5 £ 2.0 mg/l and NAA 0.5
mg/l. Nodal explants were simultaneously cultured on the same medium for shoot bud
induction and multiplication.

The shoot bud callus was transferred in to the shoot elongation MS supplemented
with BAP at 0.5 - 2.0 mg/l and NAA 0.5 mg/l. The elongated shoots were then transferred
to the root induced half strength MS fortified with 0.2 - 1.0 mg/l NAA and IBA. Well
developed rooted plantlets were separated from the culture tubes, thoroughly washed
and transferred in to the polybags containing sterile red soil and vermiculite at 1 : 1
(w/w) for hardening. The potted plantlets were maintained under in vitro condition for
six weeks and then finally transferred to the field condition.

All the experiments were conducted in randomly designed and each contains 10
explants per treatment and the experiment was repeated at least three times. The data on
callus induction, shoot bud differentiation, root initiation and number of shoot and root
were recorded at regular intervals. All the data were analyzed by ANOVA using SPSS
software version 16.0 (IBM SPSS, IL). Mean was compared using DMRT at 5%
significance.

Results and Discussion

The data revealed that different auxins and cytokinins at various concentrations showed
potential effect on callus induction. Then the medium boosted with BAP (0.5 - 2.0 mg/l),
NAA (0.5 mg/l) and Kn (0.5 - 2.0 mg/l). Induction of callus was observed after 3 weeks of
inoculation. The addition of either BAP (1.0 mg/l) or Kn (1.0 mg/l) had less effect in
promoting callus formation when compared with combination of BAP + NAA (1.0 mg/l +
0.5 mg/l) (Fig. 1a, b). The callus formation was initiated differently from the centre
portion of the explants and cut end of nodule buds. The frequency of callus induction
(80%) was observed in 1.0 mg/l BAP and it was reduced from 1.5 to 2.0 mg/l of BAP
(Fig. 1b). Further, by the increase of BAP concentration the callus induction frequency
decreased. Surprisingly when the explants were cultured on MS containing both BAP
(1.0 mg/l) and NAA (0.5 mg/l) induced maximum callus induction frequency (95%)
compared to BAP and Kn single usages (Fig. 1c). The callus induction frequency (90%)
was highly effective with the combination of Kn + NAA (1.0 mg/l + 0.5 mg/l) and single
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usages of Kn (1.0 mg/l) is found to be less effective in callus induced frequency (80%).
The color and texture of the callus differed depending upon the type of auxin used. The
morphology of regenerated callus in terms of colour and texture was light green to
creamish colour. The combination of BAP and NAA exhibited high quality colour and
profuse organic in texture (Fig. 1c).

Fig. 1(a-f): Callus induction from nodal explants and regeneration from the calli. (&) Nodal explants cultured on
1.0 mg/l BAP medium. (b) Callus induction after 3 weeks old culture. (c) Induction of greenish colour, high
quality texture and profuse callus of 6 weeks old culture. (d) Indirect shoot regeneration from BAP (2.0
mg/l). (e) Indirect shoot proliferation. (f) BAP (2.0 mg/l) and NAA (0.5 mg/l) resulted maximum frequency
of adventitious shoot regeneration after 8 weeks of sub-culturing.

There are several reports on 2,4-D which has positive effective on callus induction
(Chandra et al. 2014 and Das et al. 2017 ) but in the present study , it was found that 2,4-D
had least effect on callus induction in C. pareira. It was tested on 5 weeks old culture on
MS containing 2,4-D (2.0 mg/I) along with BAP (0.5 mg/l) and found to have less effective
for callus induction. Similarly MS containing IAA along with BAP was also found to be
less effective on callus induction of C. pareira. (Data not shown).
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Table 1. Effect of different concentrations of auxins and cytokinins on callus induction from
nodal explants.

Plant growth regulators  callus Frequency of -
(mg/1) proliferation  callus induction Callus characteristics on the
AP NAA K rate %) basis of colour and texture
0.5 - - C+ 60 Yellowish green
1.0 - - Cr+ 80 Greenish white fragile
15 - - Cc+ 70 Brown compact
2.0 - - C+ 70 Brown compact, fragile
0.5 0.5 - CH 75 Brown, fragile
1.0 0.5 - Crtt 95 Greenish, fragile, granular lush
1.5 0.5 - Cr+ 85 Yellow greenish, fragile
2.0 0.5 - Crt 90 Greenish, fragile, granular
- 0.5 05 Ct 60 Yellows green, fragile
- 0.5 1.0 C++ 90 Greenish white, fragile
- 0.5 15 C 85 Greenish fragile
- 0.5 20 Cw 87 Light brown, fragile
- - 0.5 Ct 55 Green, fragile
- - 1.0 C 80 Light brown, fragile
- - 15 C*+ 70 Light green
- - 20 C 60 Dark green, compact

Sd values are mean + of 20 independent determinations, C* = Poor callus (60%); C* = Moderate
callus (70%); C++* = High callus (80%) and C*++ = Very high callus (95%). Each and every experiment
was conducted with minimum of 10 explants and experiments were repeated Three times.

The callus induction frequency was calculated by using the following formula:

No. of nodal explants produced calli

Callus induction frequency (%) = No. of nodal explants cultured x 100

Well-developed calli were separated and transferred to test tubes and sub-cultured
on fresh MS for indirect shoot induction and proliferation. Calli were cultured on BAP
(0.5 - 2.0 mg/l), NAA (0.5 mg/l) and Kn (0.5 - 2.0 mg/l). The callus which was produced in
maximum in presence of BAP (1.0 mg/l) and NAA (0.5 mg/l) was sub-cultured to fresh
medium fortified with different concentrations of BAP (2.0 mg/l) and NAA (0.5 mg/l) for
shoot induction changed from light green to dark green colour within 25-30 days of
incubation. Shoot induction followed gradual elongation observed after 3 weeks old
culture.
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Callus cultured on BAP (2.0 mg/l) alone showed maximum shoot regeneration (80%),
number of shoots (4.4 £ 0.05) and length of shoots (3.8 £ 0.05 cm) (Fig. 1d). Kn 1.5 mg/I
produced least regeneration (55%) and decreased number of shoots (3.5 £ 0.05) and
length (2.8 £ 0.05 cm) (Table 2). Data collection was performed after 4 weeks of
inoculation. In all the combinations maximum shoot regeneration was found (95%) in
BAP (2.0 mg/l) along with NAA (0.5 mg/l) produced mean shoot number (9.8 + 0.11) and
shoot length (8.3 £ 0.11 cm) (Fig. 1e,f, Table 2). It was observed that use of BAP singly was
not sufficient to produce maximum shoot regeneration.

Table 2. Effect of different concentrations of cytokinins and auxins on indirect shoot organo-
genesis of in vitro derived callus of C. pareira.

Plant growth regulators

(mg/l) Shooting frequency Mean values on Mean values on
from the callus (%) shoots/callus shoot length (cm)
BAP Kn NAA

0.5 - - 59 2.310.05 1.6 £ 0.1520
1.0 - - 65 3.2+0.11° 2.7+0.11d
15 - - 74 3.8+0.05¢ 3.4 +£0.05
2.0 - - 80 4.4 +0.054 3.8+ 0.05¢
- 0.5 - 70 2.2+ 0.05 1.5+0.052
- 1.0 - 70 3.1+0.05> 2.4+0.05
- 15 - 65 3.5+0.05 2.8+ 0.05d
0.5 - 0.5 50 5.2 £ 0.05 3.7+0.119
1.0 - 0.5 70 6.7 £ 0.05h 4.1+0.15"
15 - 0.5 75 8.2+£0.05 5.5+£0.05
2.0 - 0.5 95 9.8+ 0.11i 8.3+0.11k
- 0.5 0.5 60 4.2 +0.054 2.4+ 0.05°
- 1.0 0.5 70 46+0.3° 3.8+ 0.05¢
- 15 0.5 65 5.7 £0.05¢ 4.3+0.15
- 2.0 0.5 55 5.6 £ 0.11f 3.2+0.05¢

Data represent treatment means + Sd followed by different letters within column indicate
significant differences according to ANOVA and DMRT showed (p < 0.05).

In vitro derived shoots (3.0 - 6.0 cm) were removed from culture tubes and separated
from shoot clumps and sub-cultured on the half strength MS supplemented with NAA
and IBA (0.2 - 1.0 mg/l). Among all concentrations tested, the optimum root induction
rate (95%) was observed on half strength MS with IBA (1.0 mg/l) with maximum mean
number of roots (10.4 + 0.05) and mean root length (6.3 £ 0.15) (Table 3). The medium
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containing NAA (1.0 mg/l) was reported to produce least mean number of roots (9.8 +
0.05) and mean root length (5.3 £ 0.11) when compared to IBA containing rooting
medium (Fig. 2a,b).

Table 3. Effect of different concentrations of auxins on rooting of in vitro derived micro-shoots
of C. pareira on half strength MS after 20 days.

Auxins (mg/l) Frequency of root Mean values on Root
NAA IBA (%) roots length (cm)
0.2 - 70 6.4 + 0.05 2.5+ 0.05
0.4 - 72 7.6+0.11b 3.3+0.11°
0.6 - 75 8.3+0.15 3.7 £0.05
0.8 - 80 9.2+0.05¢ 4.3 +0.054
1.0 - 85 9.8+ 0.05f 5.3+0.11e
- 0.2 78 6.3 0.05 3.3+0.15°
- 0.4 85 7.7+0.05° 3.8+£0.05
- 0.6 90 8.6 +0.11d 4.2 +0.054
- 0.8 94 9.7+0.11f 5.2+ 0.05¢
- 1.0 95 10.4 + 0.05¢ 6.3 0.159

Data represent treatment means + SE followed by different letter(s) within column indicate
significant differences according to ANOVA and DMRT (p < 0.05).

Healthy rooted plants were carefully removed from the culture tubes and the roots
were washed with sterile distilled water to remove the residues of agar (Fig. 2b). Nearly
80% survivability was recorded (Fig. 2c). There was no variation in morphology and
growth characteristics of the acclimatized plants compared to the donor plants.

Plant biotechnology is well thought-out in wide sense comprises the various culture
methods of plant organs and explants (Dodds and Roberts 1982). In order to establish the
callus induction, it is important to optimize the condition for formation of greenish, well
textured calli. Present authors reported a few concentrations of growth hormones such as
the combination of BAP and NAA for the optimization of callus induction. This
combination was found to be inducing maximum callus induction frequency as
compared to any other treatments. Our results are accordance with the finding of
Tinospora cordifolia in which maximum callus formation was observed from nodal
explants when cultured on MS medium supplemented with different concentration of
BAP and NAA (Singh et al. 2009). There was positive interaction result of BAP and NAA
relatively in production of fast grown calli than 2,4-D alone or in combination with BAP.
Callus production efficiency of BAP and NAA combination on Solanum nigrum (Sridhar
and Naidu 2011) and Orthosiphon aristatus (Reshi et al. 2013) were reported. Light green
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and creamish colour calli were induced in combination of auxin and cytokinin. Such
activity due to the effect of auxin on chlorophyll pigment development (Vigas et al. 2007).
The nodal explants of Cyclea peltata inoculated on MS supplemented with NAA + BAP
and NAA + Kn maximum callus induction was observed (Manasa et al. 2017). The
increase in the auxin concentration resulted in the change of colour of callus from
greenish to dark brownish, compact and hard. This is in conformity with prior report in
Ipomea aqualtica (Prasad et al. 2006). If the phenolic compounds increases that leads to
accumulation in the cytoplasm of cell, it undergoes oxidation and polymerization and
oxidized products appear brownish/black colour ( Lukas et al. 2000).

Fig. 2(a-c). In vitro rooting of regenerated shoots and hardening of Cissampelos pareira. (a) Elongation of roots
from shoots. (b) Adventitious shoot with elongated rooting system. (c) Hardening of a tissue cultured
plant in earthen pot containing soil and vermiculate mixture (1:1) under greenhouse condition.

In the present study in vitro regeneration of microshoots was achieved via callus.
BAP 2.0 mg/l and NAA 0.5 mg/l was favourable for effective induction of multiple shoots
and proliferation from calli. In general, BAP is the most efficient growth regulator for
stimulation and shoot proliferation. BAP is considered to be one of the effective
cytokinins for induction of organogenesis and there by effective micropropagation of
plants (Sharma et al. 2003) and a combination of BAP and NAA is most often used for
shoot organogenesis (Tripepi 1997). BAP alone inducing maximum number of shoots had
been reported earlier in other plant like Banana (Dangi et al. 2009) and Chlorophytum
borivilianum (Zahid et al. 2007). There are several reports on the positive effect of BAP
and NAA on shoot regeneration. More number of shoots was obtained in Alstroemeria cv.
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by supplementing the medium with BAP (1.5 mg/l) and NAA (0.2 mg/l) (Seyyedyousefi
et al. 2013). Similarly BAP and NAA enhanced multiple shoots in grapes by
supplementing the medium with BAP (3.0 mg/l) and NAA (0.2 mg/l) (Khan et al. 2015).
According to Butiuc-Keul et al. (2009) and Craciunas et al. (2009), cytokinins have
positive effect on shoot multiplication in case of grape plant. This is due to stimulation of
cytokinins on cell division which promotes axillary shoot growth (Gray 2005). If the
concentration of BAP is increased that results in decreasing the shoot length due to
suppression of apical dominance. At the same time decreasing the NAA concentration in
the medium is important for shoot regeneration. In the present study, it is found that IBA
facilitates rooting efficiently. The rooting experiment results coincided with other
observation that NAA and IAA were less effective when compared to IBA in Talinum
cuneifolium (Savithramma et al. 2011). Early rooting was observed in C. pareira with IBA
by Gaurav and Billore (2004). Effectiveness of IBA in rooting has been reported in
medicinal plants Gymnema sylvestre (Komali and Rao 2000), Hemidesmus (Sreekumar et al.
2000) and Vigna mungo (Srilatha 2014). The effectiveness of NAA in rooting has been
reported for a few plant species like Decalepis hamiltonni (Reddy et al. 2001). NAA or IBA
alone induced rooting reported in Cassia alata (Ramurthy 2002) and Albizzia amara
(Savithramma 2003). The slow movement and slow degradation of IBA facilitates its
localization near the site of application and thus it functions better in inducing roots
(Nickel 1982).
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