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Abstract

An efficient in vitro plant regeneration protocol was developed for Trichosanthes
cucumerina L. from leaf and shoot tip explant. Explants were cultured on MS medium
supplemented with 6-benzyl amino-purine (BAP) thidiazuron (TDZ) and kinetin (Kin)
ranging from 0.5-3.0 mg/L alone and in combination with gibberellic acid (GA3) ranging
from 0.2-1.0 mg/L and produced multiple shoots. The highest percentage of response 96.3
percentage of response in leaf and 39.33 percentage of response in shoot tip explant were
noticed on 0.6 mg/L GAj; in combination with 2.5 mg/L BA. The 84.38 and 24.96
percentage of response were noticed in leaf and shoot tip explants respectively in 2.5
mg/L. The regenerated shoots were then transferred to MS medium fortified with different
concentrations of indole acetic acid (IAA), 1-naphthalene acetic acid (NAA) and indole
butyric acid (IBA) (0.5-3.0mg/L) alone for root induction. The maximum percentage of
response 96.63 with 9.66 cm root length per shoot was obtained from 1.5 mg/L NAA. The
rooted plantlets were successfully acclimatized in red soil, farmyard manure and sand
mixture and subsequently established in the field with 90% survival.
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Introduction bitter in taste which may be supposed to contain
medicinal properties (Pillai et al., 2008).

A complete understanding of medicinal plants

involves a number of factors like botany, chemistry,
genetics, quality control and pharmacology. In
addition there is a large wealth of knowledge in the
medicinal and other properties of plants from
generation to generation by the tribal societies.
Trichosanthes cucumerina L. var. cucumerina belongs
to Cucurbitaceae and is distributed in throughout
India, Bangladesh, Sri Lanka, Burma, Malaysia, and
Australia. It is a well known plant, the fruit of which
is mainly consumed as a vegetable. It is a perennial
climber with an attractive white flower. It is highly

The seed posses anthelmintic and antifibrile properties.
The seeds are haemoagglutinating (Chakravarty, 2010)
Trichosanthin is an antiviral protein purified from the
root of T. kirilowii Maxim. It is an active component of
Chinese medicine and is still being used in midterm
abortion and to treat carcinoma. Karasurin is another
new abortificient protein isolated from root of T.
kirilowii (Toyokawa et al., 1991) and it is appetizer,
laxative, aphrodisiac, blood purifier (Shivarajan and
Indira, 1994) and anti-inflammatory (Kolte et al., 1997).
Trichosanthin shows inhibition of human immuno
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deficiency virus (HIV) because of its ribosome
inactivating activity (Jian-Hua Wang et al., 2003). Seed
is a good source of nutrients (Adebooye, 2008). Root is
used to cure bronchitis, headache and boils. Leaves, for
biliousness, emetic, externally applied over bald patches
of alopecia to reduce congestion on congestive cardiac
failure (Pullaih, 2006). Isolation and characterization of
galactose specific lactin from the seed. It is used as one
of the important ingredients in 16 commercially
available herbal products in India.

Biotechnology has opened up new vistas for crop
improvement. Biotechnological tools like in vitro
propagation, genetic engineering and molecular biology
has helped over coming constraints of conventional
breeding, and identification and introduction of useful
genes that confer resistance to pests and diseases, and
tolerance to abiotic stresses in snake gourd. Although
some developments in the field of biotechnological
applications have taken place, the full potential is yet to
be exploited for improvement of snake gourd.

Plant regeneration studies have contributed much to the
crop, as there are extensive studies on regeneration via
organogenesis and somatic embryogenesis. The
understanding of specific metabolic pathways directly or
indirectly involved in plant morphogenesis has helped in
understanding and improving the regeneration potential
of snake gourd genotypes. Improvement of
organogenesis and somatic embryogenesis by
manipulating the polyamines metabolism has opened
new vistas not only in snake gourd tissue culture but
also tissue culture of other crops.

Materials and methods
Collection of seeds

The snake gourd seeds (Co-1) were procured from
Tamil Nadu Agriculture University, Coimbatore
District, Tamil Nadu, India. The seeds were grown on
the field, in the Department of Plant Science,
Bharathidasan University for the collection of explants.

In vitro seed germination

The seeds were washed in running tap water to remove
dust particles and the chemical reagents used for storage
of seeds, rinsed with four drops of commercial soap
solution (Teepol) for 5 mins and then kept under running
tap water for one hour. The seeds were 0.1 % Mercuric

chloride (HgCl,) for 3 mins aseptically to remove the
microbes adhered on the surface of the seeds followed
by five times rinse with sterile distilled water to remove
the sterilant and used for inoculation. The sterilized
seeds were kept on moistened cotton and half strength
MS medium containing 0.8 g/L Agar as gelling agent
and 15 g/L Sucrose as carbon source in MS medium
without hormones for germination. This setup kept to 16
h L/D photoperiod with low light intensity (1,000 Lux).
Seeds germinated after two weeks, and the germinated
seedlings produced leaves and shoot tips after three
weeks which served as explant source. The main reason
for opting In vitro seed germination is to avoid the
contamination.

Culture media and conditions

Explants were cultured in Borosil tubes (130 mm height
and 6.5 mm) containing MS medium (Murashige and
Skoog, 1962) fortified with 3% sucrose, 0.8 % (w/v)
agar and different concentrations of cytokinins and
auxins for shoot induction and multiplication. The pH of
the media were adjusted to pH 5.8 before and autoclaved
at 121°C and 125 kPa for 15 min. All the cultures were
maintained at 25+2°C under 16h of light at an intensity
of 2,000-3,000 lux provided by cool white fluorescent
tubes (Philips, India).

Shoot induction and multiplication

Sterilized leaf and shoot tip segments were cultured on
MS medium supplemented with various concentration of
(BA) 6-benzyladenine, Thidiazuron (TDZ) and Kinetin
(Kin) alone at 0.5 — 3.0 mg/L for shoot induction. The
shoot buds were further sub-cultured on the same
medium for shoot multiplication.

Shoot elongation

The developed shoots were excised from the explant and
immediately shifted to elongation medium for shoot
elongation, and elongation medium were supplemented
with Gibberellic acid (GA;) (0.2 - 1.0 mg/L) and
cytokinins like BA, TDZ and kin (2.5) on MS medium
with agar and sucrose.

Rooting
In vitro raised shoots were excised from shoot cluster

and transferred to half-strength MS  medium
supplemented with indole-3- acetic acid (IAA) and
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indole butyric acid (IBA) 1-naphthalene acetic acid
(NAA) at 0.5-3.0 mg/L either alone or in combination
for root induction.

Hardening and acclimatization

The rooted plantlets were carefully taken out from the
cultures tube and washed thoroughly with distilled
water to remove the culture medium. Subsequently,
they were transferred to paper cups containing sterile
red soil, farmyard manure and sand in the ratio of
2:1:1. Initially the plantlets were maintained at
25+2°C with 16h of light at an intensity of 2,000-
3,000 lux provided by cool white fluorescent tubes in
an artificial plant growth chamber (Sanyo, Japan).
After about one month, the hardened plants were
transferred to polybags containing sand, soil and
vermiculite (2:1:1). Then it was transferred in to
green house finally to experiment field.

Statistical analysis

The analysis of variance (ANOVA) appropriate for the
design was carried out to detect the significance of
differences among the treatment means were compared
using Duncan’s Multiple Range Test (DMRT) at 5%
level of significance (Gomez and Gomez, 1976). For
multiple shoot induction from the shoot tip and shoot tip
explants, 50 explants tested with 5 replicates and each
experiment was repeated three times. During root
induction 30 elongated shoots were tested for each
experiment was repeated 3 times with 5 replicates.

Results and discussion
In vitro seedlings

The primary establishment of in vitro cultures from field
grown plants is difficult because of profuse surface
contamination attached to explants. To overcome this
problem, surface sterilized seeds were sown in test tube
on moistened cotton and this germinated seeds were
used as explant sources for further study. Surface
sterilization procedure was very effective with 97%
culture proved clean and only 3% of the total initiated
plants were contaminated by fungus. The 90% seeds
germination was noted after 7 days on sterile moistened
cotton. A high percentage of seed germination (90%)
has been reported on sterile moistened filter paper or
cotton in Petri dishes or test tubes in various crop
species, including snake gourd (Pillai et al., 2008;

Devendra et al., 2008 and 2015); Brassica oleracea
(Finch-Savage et al., 2006) and Triticum aestivum
(Lehner et al., 2006) Ophiorrhiza mungos (Namdeo
et al.,, 2012), Ipomoea sepiaria (Cheruvathur et al.,
2015). In the present study, the higher regeneration
efficiency was observed in leaf explants excised from 7-
10 day-old seedlings (Gogoi et al., 2017), whereas in
earlier reports cotyledon explants used were older than
3-4 days (Prem Kumar et al., 2015). Therefore, seeds
were germinated on sterile moistened cotton and used
for all the experiments in the present study.

Shoot multiplication from leaf and shoot tip explants

The shoot tip explants were collected from 7-10 day old
in vitro grown seedlings. All healthy explants were
cultured on MS medium supplemented with BA (2.5
mg/L) for effective shoot induction. Medium without
plant growth regulators was used as the control. The leaf
and shoot tip explants were cultured on MS medium
supplemented with different concentration of (0.5-3.0
mg/L) BA, TDZ and Kin in alone. The maximum
numbers of shoots were obtained in MS medium
supplemented with BA (2.5 mg/L), with a mean of 84.38
shoots per leaf explant and 24.96 shoots from shoot tip
explant (Table 1; Figs. 1 and 2).

The highest number of shoots were obtained in Ms
medium supplemented with GA; (0.6 mg/L) in
combination with BA (2.5mg/L) with mean
percentage of 96.3 shoots per leaf explant and 39.33
shoots were obtained from shoot tip explant (Table 2).
TDZ and Kin treatments showed moderate response
and they produced lower number of shoots when
compared to BA (Table 2). Higher concentrations of
BA were noticed to inhibit the formation of shoots
and the shoots so formed were short and thick.
Similar findings have also been reported in Amomum
subulatum (Purohit et al., 2017).

Other workers have also reported similar thick rosette
types of shoots formation in higher concentrations of
BA in case of Gossypium hirsutum (Prem Kumar
et al.,, 2015; Commiphora wightii (Mohan et al.,
2017). The shoot multiplication significantly varied
according to the explant type. A similar phenomenon
was also reported in Gymnema sylvestre (Komalavalli
and Rao, 2000), Fagopyrum esculentum (Lee et al.,
2003) Swertia lawii (Kshirsagar et al., 2015),
Amomum  subulatum  (Purohit et al., 2017),
Strobilanthes tonkinensis (Srikun, 2017).
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Table 1. Effect of different concentration of cytokinin on multiple shoot induction Trichosanthes cucumerina cultured on MS

medium.

Concentrations of PGR (mg/L)

Percentage of response (Mean + SE) leaf

Percentage of response

(Mean + SE) shoot tip
Control* 34.06 + 0.93' 7.55 +0.41°
BA
0.5 75.64 + 0.54° 16.35 + 0.29"
1.0 76.95 + 0.19% 17.67 + 0.48°
15 79.05 + 0.32¢ 20.90 + 0.23°
2.0 81.37 +0.28™ 22.33+0.38™
2.5 84.38 + 0.67° 24.96 + 0.33°
3.0 82.63 + 0.65" 23.02+0.57"
TDZ
0.5 69.65 + 0.33" 12.36 + 0.414
1.0 72.32+0.28° 14.69 + 0.29"
15 78.62 + 0.19° 18.09 + 0.37"
2.0 80.98 + 0.47° 20.34+0.31%
2.5 82.69 + 0.62% 22.04 +0.51°
3.0 72.61+0.54" 19.39 + 0.54°
Kin
0.5 65.34 + 0.46' 10.30 £ 0.22™
1.0 68.68 + 0.52" 12.69 + 0.38%
15 70.64 + 0.56%" 15.39 + 0.41'
2.0 72.34+0.61M 17.30 + 0.64%"
2.5 75.02 + 0.60°f 18.39 £ 0.66'
3.0 62.68 + 0.46% 10.03 + 0.45™

*Control - Treatment without PGR’s; Data recorded after 4 weeks of culture; Values are mean 30 explants per treatment and

repeated three times.

Mean values within a column followed by different letters are significantly different from each other at 5% level comparison by

Duncan’s Multiple Range Test (DMRT).

Table 2. Effect of GAzin combination with BA, Kin and TDZ on elongation of shoots in Trichosanthes cucumerina L. cultured on

MS medium.

Concentrations of plant growth

Percentage of response

Percentage of response

regulators (mg/L) (Mean = SE) leaf (Mean £ SE) shoot tip

Control* 35.69 + 0.55¢ 14.09 + 0.22%
GA; + BA

02425 90.93 + 0.66° 17.08 + 0.47°
04+25 94.66 + 0.39% 28.34 + 0.55°
06+25 96.30 + 0.23° 39.33+0.32°
0.8+25 88.60 + 0.20™ 26.92 + 0.19°
1.0+25 87.04 + 0.55° 16.68 + 0.60%
GA; + Kin

02+25 63.33 + 0.45' 15.96 + 0.33"
04+25 67.60 + 0.179" 25.69 + 0.67¢
06+25 68.93 + 0.30 36.03 + 0.43"
0.8+25 61.30 + 0.51" 25.39 + 0.70%"
1.0+25 59.09 + 0.69’ 14.63 + 0.54)
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Concentrations of plant growth

Percentage of response

Percentage of response

regulators (mg/L) (Mean = SE) leaf (Mean £ SE) shoot tip
GA; + TDZ
02+25 75.62 + 0.44° 15.03 + 0.24'
04+25 83.36 + 0.29° 26.60 + 0.35°
06+25 86.09 + 0.25% 36.93 + 0.69%
08+25 70.93 +0.31° 25.30 + 0.33"
1.0+25 68.33 + 0.54¢ 15.09 + 0.51"

*Control - Treatment without PGR’s; Data recorded after 2 weeks of culture;

Values are mean 30 explants per treatment and repeated three times. Mean values within a column followed by different letters
are significantly different from each other at 5 % level comparison by Duncan’s Multiple Range Test (DMRT).

Fig. 1: Micropropagation of Trichosanthes cucumerina L. usin
proliferation, c¢. multiple shoot initiation, d. shoot elongation, e. plantlet on rooting medium, f. hardened plant

g leaf explant. a. Leaf explant, b. shoot bud

under plant growth chamber, g. potted plant under natural conditions. Bar = 10 mm.
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Table 3. Effect of different concentrations of auxins on root induction from elongated shoots obtained from leaf explants cultured

on the MS medium.

Concentrations of Auxins (mg/L)

Percentage of Response

Number of roots per plantlet

(Mean £ SE) (Means + SE)
Control* 27.33+0.60" 3.61+0.54
IBA
0.5 65.07 + 0.30% 4.65 + 0.44™
1.0 66.94 + 0.69" 5.30 + 0.58*
15 69.06 + 0.50" 4.96 + 0.344
2.0 67.33 + 0.45' 3.60 + 0.36™
25 66.68 + 0.22/ 5.33 + 0.60'
3.0 67.94 +0.19" 5.03 + 0.39"
NAA
0.5 85.05 + 0.66° 8.30 + 0.55°
1.0 92.65 + 0.70° 8.66 + 0.21°
15 96.63 + 0.38° 9.66 + 0.48°
2.0 92.36 + 0.43" 8.09 +0.17%
25 84.98 + 0.20% 7.93 + 0.59¢
3.0 82.38 + 0.52° 7.03+0.67¢
IAA
0.5 54.91 + 0.49™ 4.30 + 0.55°
1.0 73.02 + 0.28° 5.96 + 0.69"
15 79.30 + 0.30°f 6.64 + 0.29'
2.0 69.63 + 0.19%" 6.39 +0.70"
25 60.97 + 0.60' 6.09 + 0.19"
3.0 58.04 + 0.47™ 4.61+0.38™

*Control - Treatment without PGR’s; Data recorded after 2 weeks of culture.
Values are mean 30 explants per treatment and repeated three times. Mean values within a column followed by different letters
are significantly different from each other at 5 % level comparison by Duncan’s Multiple Range Test (DMRT).

In vitro rooting of shoots

Well-developed shoots were transferred to MS medium
with different concentration of NAA, IBA and IAA in
the range of 0.5-3.0 mg/L individually for root
induction. Auxins (IAA, IBA and NAA) supplemented
media significantly increased the rooting frequency
when compared to the auxin free MS medium (Table 3).
First single root emerged after a week in the presence of
NAA that continued its linear growth with further
production of lateral roots. Of the three auxins tested,
NAA was found to be the most effective than the IAA
and IBA supplemented medium (Table 3). Similarly,
Purohit et al. (2017) reported that NAA was effective for
root induction in Amomum subulatum. In contrast, IBA
was more effective than IAA and NAA for root
induction in other plant species, Swertia lawii,
Strobilanthes tonkinensis (Parthraj et al., 2015; Srikun,

2017). Among the auxins, NAA at 1.5 mg/L showed
maximum response (96.63%) with 9.66 roots per
shoot and attained 5.93 cm root length. However, IBA
(1.5 mg/L) showed the lowest response (69.06%) and
4.96 roots per shoot. The frequency and the number
of roots varied depending upon the concentration and
type of auxins (Table 3). High concentration (> 2.5
mg/L) of NAA, IAA and IBA produced simultaneous
rooting and callusing at the thick end root base.
Similar observation has been reported in Ophiorrhiza
mungos (Namdeo et al., 2012). The callus was highly
friable, it could be easily removed from shoots before
transferring to field. Rooting was declined vigorously
when increasing (> 2.0 mg/L) concentrations of NAA.
Similar results were also noticed in Sesamum indicum
(Raja and Jayabalan, 2011), Solanum surattense
(Rahman et al., 2011) and Gossypium hirsutum (Prem
Kumar et al., 2015).
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4
Fig. 2: Micropropagation of Trichosanthes cucumerina L. using shoot tip explant. a and b. Shoot explant; ¢ and
d. shoot bud proliferation; e and f multiple shoot initiation; g. shoot elongation; h. plantlet on rooting medium; i.

Potted plant under natural conditions. Bar = 10 mm.
Hardening and acclimatization

The plantlets were successfully acclimatised inside the
versatile plant growth chamber (Sanyo, Japan) than, the
hardened plants were transferred to polybags containing
sand, soil and vermiculite (2:1:1). Then it was

transferred in to green house finally to experiment field
with 90% survival.

Conclusion

The present study provides an efficient protocol for
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mass propagation of T. cucumerina direct organogenesis
through leaf and shoot tip explant. The highest number
of shoot bud induction was obtained from the leaf
explants. BA in combination with GA; responded
maximum shoot induction and multiplication, and the
shoots were effectively rooted on NAA in alone. Well-
developed plantlets were successfully transferred to the
field condition with maximum survival.
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