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An efficient, genetically stable and rapid regeneration system via multiple shoot formation was
developed for an endangered medicinal herb Solanum surattense. Leaves were cultured on MS medium
supplemented with different concentration of cytokinins; 6-benzylaminopurine (BAP), kinetin (Kn),
thiadiazuron (TDZ), zeatin and inorganic phosphate (iP) alone or in combinations. Among five
cytokinins used, TDZ (0.1 mg/l) gave the maximum regeneration response (35 shoot buds per explant),
with 100% regeneration efficiency. Comparative regeneration efficiency of cytokinins was in the
following order: TDZ > zeatin > iP > BAP > Kn and the comparative ratio was 6:4:3:2:1. Highest
frequency of adventitious shoot bud induction (54 shoot buds per explant) was achieved on
combination of TDZ (0.1 mg/l) and BAP (1 mg/l). Combinations of cytokinins were more effective for
shoot bud regeneration as compared to cytokinin alone. Best root formation was observed on
Murashige and Skoog (MS) medium supplemented with 1 mg/l indole-3-acetic acid (IBA). The rooted
plantlets were hardened gradually and resulted in a production of more than 80% plantlets. The
efficiency of auxins for root organogenesis was in the following order: IBA > IAA > NAA > PAA. Genetic
stability of regenerated plants was analyzed using random amplified polymorphic DNA (RAPD) markers.

Key words: Solanum surattense, adventitious shoot buds, genetic fidelity, random amplified polymorphic DNA,

thiadiazuron.

INTRODUCTION

Solanum surattense Burm.f. is a medicinal herb
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Abbreviations: TDZ, Thiadiazuron; RAPD, random amplified
polymorphic DNA; EtOH, ethanol; MS, Murashige and Skoog;
BAP, 6-benzylaminopurine; Kn, kinetin; IAA, indole-3-acetic
acid; IBA, indole-3-butyric acid; NAA, naphthalene acetic acid;
PAA, phenylacetic acid; CTAB, cetyl trimethyl ammonium
bromide; EDTA, ethylenediaminetetraacetic acid; iP, inorganic
phosphate; GAs, gibberelin; RFLP, restriction fragment length
polymorphism.

belonging to family Solanaceae distributed in arid and
semiarid regions of the world, especially in Southeast
Asia, Malay, tropical Australia and India. The plant is
used as digestive, diuretic and astringent agent, and in
bronchial asthma (Govindan et al., 2004). It is also valued
for antispasmodic, antitumor, cardiotonic, hypotensive
and anaphylactic activity. S. surattense produces glycol-
alkaloids in all parts of the plant body which on hydrolysis
and removal of sugar residues yield steroidal alkaloids
solanine, solamargine and solasodine. Solasodine is
considered as a potential alternative to diosgenin for
commercial steroid drug synthesis like progesterone and
cortisone (Galanes et al., 1984).

S. surattense is propagated only by seeds, but this
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method is beset with difficulties such as: (i) The seeds
show a low level of germination under normal conditions
(ilthe seeds lose their viability on storage and (iii)) seed
derived progenies are not true-to-type due to cross-
pollination. Due to over exploitation for high medicinal
values and destruction of the habitat, this plant is
becoming endan-gered (Khan and Frost, 2001), hence
there is need for ex situ conservation through tissue
culture technique. Sinha et al. (1979), Saxena et al.
(1982) and Borgato et al. (2007) have attempted to
regenerate S. surattense using leaf protoplast and
anthers by callus cultures with limited success. In this
study, we evaluated the use of thiadiazuron (TDZ) along
with other cytokinins for plant regeneration. The genetic
stability of the regenerated plants was also assayed using
random amplified polymorphic DNA (RAPD) markers. We
developed a high frequency plant regene-ration protocol
via adventitious shoot bud induction which is cost
effective and produces large number of clonal plantlets
within a short period of time.

MATERIALS AND METHODS
Plant material

Seeds of S. suraftense collected from plants growing in the
University Campus, Jaipur were used. The seeds were first washed
with running tap water, then surface sterilized as follows: (i) Seeds
were submerged in 70% (v/v) ethanol (EtOH) for 30 s, (ii) rinsed
with sterile distilled water (iii) dipped in sodium hypochlorite (5%
w/v) solution for 15 min, finally rinsed with sterile distilled water for
three times. The seeds were then germinated on 2 strength
Murashige and Skoog (1962) medium containing 1% (w/v) sucrose
and 0.8% agar. For shoot regeneration, leaf (1 to 2 cm) excised
from 4 week old sterile in vitro grown seedling were inoculated onto
nutrient medium dispensed in 100 ml Erlenmeyer flasks. Leaves
were cultured on MS medium containing different concentrations of
cytokinins: 6-Benzylaminopurine (BAP), kinetin (Kn), TDZ, zeatin, 2-
isopentenyl amino purine (0.001 to 3 mg/l) alone or in combination
with other cytokinins incorporated with 3% sucrose.

Culture media and culture conditions

The pH of MS media used was adjusted to 5.8 using 1 N HCL or I N
NaCH, before autoclaving at 120°C with 1.5 kgem™ pressure for 20
min. The cultures were incubated in a growth chamber at 25 + 1°C
under 16/8 (light/dark) photoperiod with 25 pmol m?s™ illumination
from cool fluorescent tubes (Philips, India).

Shoot bud regenerating cultures were kept on the regeneration
medium for 5 weeks. The number of shoot buds was counted under
a Nikon stereo microscope and number of elongated shoot buds
was visually counted. Shoot buds were placed on the medium with
different concentration of gibberellic acid (GAs; 0.1 to 3 mg/l) for
elongation.

Rooting and hardening

Elongated shoots (3 to 7 cm) were excised and placed on MS
medium fortified with different concentration of indole-3-acetic acid
(IAA) (0.1 to 2 mg/l), indole-3-butyric acid (IBA) (0.1 to 2 mg/l),
naphthalene acetic acid (NAA) (0.1 to 2 mg/l), phenylacetic acid

(PAA) (0.1 to 2 mg/l) alone for root induction. The plantlets (5to 7
cm length) were washed with sterile water to remove traces of agar.
For handening, he plantlets with fully developed root system were
transferred to earthen pots containing soil and manure in 1:1 ratio.

Shoot regeneration experiments were arranged in a completely
randomized design and repeated twice, each repeat using 3 explants
in a flask (each repeat used 15 explants and a total of 30 explants
per treatment for the whole experiment). Elongation and rooting
experiments were also repeated twice, each rooting experiment
was conducted in 80 ml tubes (Borosil) with one explant.

DNA isolation

DNA was extracted from fresh leaves by the cetyl trimethyl
ammonium bromide (CTAB) method (Doyle and Doyle, 1990) from
eight randomly selected in vitro raised plantlets. The mother plant
from which leaf explants were taken was selected as control.
Approximately, 2 g of fresh leaves were ground to powder in liquid
nitrogen using a mortar and pestle. The ground powder was
transferred to a 25 cm® tube with 5 cm® of CTAB buffer: 10% (w/v)
CTAB, 5 M NaCl, 50 mM ethylenediaminetetraacetic acid (EDTA),
1M sTris-HCL pH 8.0 and 0.2% (v/v) B-mercaptoethanol. The
homogenate was incubated at 60°C for 2 h, extracted with an equal
volume of chloroform: iso-amyl alcohol (24:1). DNA concentration
was estimated by using nanodrop spectrophotometer (ND 1000,
Nano Drop Technologies, USA).

Polymerase chain reaction (PCR) amplification

Twenty seven arbitrary 10-base primers (Operon Technologies Inc.,
Alameda, California) were used for PCR. Amplification reactions
were performed in 25 pul reaction volume containing 2.0 ul of 1.25
mM each of dNTP’s, 20 pmol of the primer, 1x Taq polymerase
buffer, 0.5 U of Tag DNA polymerase (Genei, India) and 40 ng of
genomic DNA. DNA amplification was performed in a DNA
thermocycler (Corbett Research, Australia) programmed for 40
cycles: 1st cycle of 5 min at 95°C, 1 min at 37°C and 2 min at 72°C;
then 39 cycles each of 1 min at 95°C, 1 min at 37°C, 2 min at 72°C
followed by one final extension cycle of 7 min at 72°C. Amplified
products were electrophoresed in a 1.2% (w/v) agarose (Sigma,
USA) gels with 1x TBE buffer, stained with ethidium bromide and
photographed under ultraviolet (UV) light. The size of the
amplification products was estimated for a 1 kb ladder (M.B 1.
Fermentas Inc.). All the reactions were repeated at least thrice.

Amplified DNA markers were scored as present or absent both in
the regenerated and the mother plants. Electrophoretic DNA bands
of low visual intensity that could not be readily distinguished as
present or absent were considered ambiguous markers and not
scored.

Statistical analysis

Data were subjected to one-way analysis of variance (ANOVA) by
Fischer's least significant difference at P = 0.05 (Gomez and
Gomez, 1984).

RESULTS

Effect of cytokinins used alone and with

combinations

Leaves inoculated on media with different types of



Yadav et al. 8993

Table 1. Effect of cytokinins on shoot bud induction from cultured leaf explants taken from in vitro

seedling of S. surattense.

Cytokinin Percentage No. of shoot buds/explant Shoot bud length
(mg/l) response (%) mean = S.D range (cm)
BAP
1.0 86 7.6+0.5° 0.7-0.9
4.0 93 11.8+0.9° 09-1.3
5.0 86 9.640.7° 0.5-0.7
Kn
1.0 66 4.2+0.8° 0.8-1.0
3.0 93 6.9+9.9° 12-15
5.0 86 4.8+0.6' 0.8-1.0
TDZ
0.001 93 12.2+0.8° 0.3-0.5
0.01 100 20.5+1.2" 0.4-0.6
0.1 100 36.5+1.1' 0.8-1.0
Zeatin
0.01 80 6.2+0.8 0.2-0.4
0.1 86 13.3+0.9% 0.2-0.4
1.0 93 27.1+1.4' 0.5-0.7
iP
0.01 73 5.9+0.8" 0.3-05
0.1 86 10.4+0.8" 0.4-0.6
1.0 94 18.3+1.1° 0.5-0.8

Culture period: 5 weeks. Means in the same column followed by different letters are significantly different at P =

0.05.

cytokinins responded to form shoot buds at varied inten-
sity. Among the different concentrations of Kn used, best
shoot bud induction was observed along petiolar end of
explant on 3.0 mg/l Kn in the medium. BAP in
comparison with Kn responded better but the shoot bud
length was less (Table 1). MS medium with inorganic
phosphate (iP) (1 mg/l) was more effective than BAP.
Zeatin (1 mg/l) could induce higher number of shoot buds
(Table 1). Low concentration of TDZ (0.001 mg/l) was
effective and could also produce shoot buds along whole
surface of explant and increase in the concentration of
TDZ increased shoot bud number. Highest number of
shoot bud induction was achieved on MS medium with
TDZ (0.1 mg/l) without any formation of callus. Increase
of TDZ beyond this level led to decrease in number of
shoot buds and any further increase enhanced only
green dense callus in large amount from the whole
surface of leaf. Effectiveness of the cytokinin tested for
shoot buds regeneration was TDZ > zeatin > iP > BAP >
Kn (Table 1) and the ratio of shoot bud induction was
6:4:3:2:1 (Table 1).

In a second set of experiment, the effect of combi-
nations of cytokinins BAP, Kn (0.1 to 5 mg/l), iP, zeatin
(0.01 to 2 mg/l) and TDZ (0.001 to 3 mg/l) was tested.
High frequency shoot bud induction was achieved on all
the combinations tried (Table 2) but a remarkable

increase in number of shoot buds was seen on MS me-
dium and a combination of TDZ (0.1 mg/l) + BAP (1 mg/l)
with up to 54 shoot buds per explants were produced
(Figure 1). Shoot buds were separated and cultured on
medium with gibberelin (GA3) for elongation.

All the shoot buds inoculated on MS medium containing
different concentration of GA; (0.1 to 3 mg/l) showed
significant improvement in elongation. Maximum elonga-
tion of shoot (6.8 cm) was observed on MS medium with
0.5 mg/l of GA; (Table 3, Figure 1). It was also observed
that the increased concentration of GAz (above 1.0 mg/l)
reduced the shoot bud proliferation and elongation.

Effect of auxins in root induction

Elongated shoots were cultured on MS medium contain-
ing different concentration (0.1 to 3 mg/l) of IAA, IBA,
NAA and PAA for rooting. In terms of rooting percentage,
IBA was the more effective auxin. This treatment was
also effective in terms of the mean number of roots per
shoot (14.1 roots) and the mean number of length of
growing roots (12.6 cm) compared with other auxins
(Table 4) (Figure 1). Increasing concentration of IBA,
however, resulted in steady decrease in all the
parameters recorded. Of all the auxins tried for rooting,
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Table 2. Effect of combination of cytokinins on shoot bud induction from cultured leaf explants taken from

in vitro derived seedling of S. surattense.

- Percentage No. of shoot buds/explants  Shoot bud length
Cytokinin (mg/l) response ?%) mean = S.D. i range (cm)
TDZ  Zeatin
0.05 0.5 86 26.4 +0.9° 0.2-04
0.05 1.0 80 21.4+1.1° 0.2-04
0.1 0.1 73 13.6 £1.3° 0.1-0.3
0.1 1.0 66 11.8 £1.1¢ 0.1-03
TDZ BAP
0.05 1 100 38.0 +1.2° 0.5-09
0.05 4 100 40.8+0.9' 1.0-1.6
0.1 1 100 542 +1.1° 1.2-22
0.1 4 100 472+1.3" 06-1.4
TDZ Kn
005 1.0 73 21.2+1.3 0.4-0.8
0.05 3.0 80 26.8+1.2 0.6-1.0
0.1 1.0 93 30.8+0.8 09-1.5
0.1 3.0 86 25.2+1.6 0.7-1.3
TDZ iP
0.05 0.5 86 20.2+1.8" 0.1-0.3
0.05 1.0 73 24.2 +1.19 0.2-04
0.1 0.5 66 20.2+1.5" 0.3-0.5
0.1 1.0 66 13.4 +0.8" 0.2-04
Zeatin BAP
0.5 1.0 86 17.6 +1.3° 0.2-04
0.5 4.0 93 30.2+0.9° 0.3-0.7
1.0 1.0 80 24.4 +0.81 0.3-0.5
1.0 4.0 73 222+1.1" 0.1-0.3
Zeatin Kn
0.5 1.0 53 16.0 +1.3° 0.3-0.5
0.5 3.0 53 17.0+1.8' 0.5-0.9
1.0 1.0 46 19.4 +1.9" 0.2-04
1.0 3.0 46 13.8 +1.4" 0.2-04

Culture period: 5 weeks. Means in the column followed by different letters are significantly different at P = 0.05.

Table 3. Elongation response of shoot buds obtained from leaf explants (taken from in vitro
derived seedlings) of S. surattense on MS medium supplemented with various

concentrations of GAs.

GA; (mg/l) Percentage response (%) Shoot length (cm) mean + S.D.
0.1 33 2.4 +05%
0.3 53 42+0.8°
0.5 86 6.9+0.9°
1 73 6.1+1.1°
2 66 5.9 +0.8°

Culture period: 4 weeks. Means in the column followed by different letters are significantly

different at P = 0.05.

PAA was less effective in terms of percentage root
responds per shoot, number of roots per shoot and mean
number of root length per shoot. Effectiveness of the
auxins tested for root induction was IBA > IAA > NAA

> PAA (Table 4). Rooted shoots were finally transferred
to pots containing soil and manure in 1:1 ratio and kept
under growth room conditions for two weeks before
moving to room conditions at low humidity.
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Table 4. Effect of various auxins on rooting of shoots obtained from leaf explants (taken from

in vitro derived seedling) of S. surattense.

Auxin’s Percentage No. of Roots length (cm)
(mg/1) response (%) roots/explants mean + S.D.
IAA
0.5 73 8.4+1.1° 6.3 +0.97
1.0 86 11.0+0.8° 10.1£0.7°
2.0 66 9.2+13° 6.8+0.8°
IBA
0.5 80 11.8 +0.8° 10.8 £ 0.9°
1.0 93 141 £1.1° 12.9+1.2°
2.0 66 12.6+0.9' 9.8+0.7%
NAA
0.5 53 4.8+1.3° 4.2+0.8°
1.0 66 8.2+1.1° 6.1 +0.8%
2.0 60 56+0.7" 5.0+0.9"
PAA
0.5 40 2.2+0.9" 2.2+0.8"
1.0 46 40+0.5 3.8+0.7
2.0 46 2.5+0.8" 2.3+ 0.6""

Culture period: 4 weeks. Means in the column followed by different letters are significantly different

at P = 0.05.

Approximately 80% of the shoots survived.

RAPD analysis

Genetic stability of regenerated plants was evaluated to
ascertain their true clonal status utilizing RAPD markers.
In all, 27 primers were used. 14 out of 27 primers showed
reproducible patterns. The size range of bands was 300 —
1400 bp across the mother plant and its 9 randomly
selected tissue culture progenies. Primer OPR-02, OPK-
19, OPA-09, OPA-13, OPA-16, OPA-08, OPA-10 to OPA-
15, OPB-04 and OPP-12 generated monomorphic banding
patters in selected tissue culture progenies. The results
confirmed that micropropagated plant were genetically
stable (Figure 1).

DISCUSSION

An efficient and rapid in vitro plant regeneration system
through adventitious shoot bud formation has been deve-
loped in S. surattense. The present protocol made it
possible to reduce the time span required to regenerate
S. surattense plants to as short as 5 weeks of culture,
with a 100% of leaf explants producing as many as 54
shoot buds per leaf explants when cultured on medium
containing combination of lower TDZ (0.1 mg/l) with BAP
(1.0 mg/l). This frequency of in vitro regeneration is
remarkably higher than those reported for S. surattense
(Gupta and Chandra, 1982). To our knowledge, the effect

of TDZ on in vitro plant regeneration of S. surattense and
genetic uniformity in regenerated shoot was tested for the
first time. We were able to regenerate shoot buds at very
high frequencies, so that up to 260 - 310 shoots were
obtained from a single leaf explants within a period of 12
weeks through subcultures. Park and Lim (1999) also
found that leaf were more productive for shoot formation
for both callus and shoot development than other exp-
lants. This system therefore, can provide not only a rapid
propagation method but also an excellent platform for
gene transformation studies.

In the first set of experiment where effectiveness of
cytokinins on shoot bud induction on leaf culture of S.
Surattense was studied, it indicated that BAP was nearly
twice more effective than Kn in number of shoot bud per
explants. Many workers have observed superiority of
BAP over Kn (Kothari and Chandra, 1984; Dhaka and
Kothari, 2005) although Kn supported increase in length
of shoots rather than BAP (Table 1). It was also observed
that the shoot length reduced with increase in BAP
concentration and similar results were observed by
Ramage and Williams (2004). Results indicated that iP
was more effective than BAP for shoot bud induction and
zeatin was more effective than iP. Remarkable improve-
ment in results was observed when TDZ was utilized for
shoot initiation. TDZ which is a substituted phenyl urea
compound was developed for mechanized harvesting of
cotton bolls and has now emerged as a highly efficacious
bioregulant of morphogenesis in the tissue culture of
many plant species (Peddaboina et al., 2006; Yucesan et
al., 2007). TDZ is relatively stable in regeneration systems
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Figure 1. Morphogenetic response of leaf explants of S. surattense on MS medium supplemented with various plant
growth regulators. (a) Induction of shoot buds on MS + TDZ (0.1mg/l) + BAP (1 mg/l); (b) proliferation of shoot buds on
MS + BAP (1 mg/l); (c) elongation of shoot on MS + GAs (0.5 mg/l); (d) in vitro regenerated plantlet; (e) field transferred
plant after 2 months; (f and g) agarose gel electrophoresis of RAPD fragments obtained from primer OPK-19, OPA — 09; (f
) primer OPK-19 showing monomorphic bands; Lane 1 shows bands from a field grown mother plant of S. surattense
(Sm); Lane 2 to 11 shows bands from tissue culture raised plantlets; (g) Primer OPA-09 showing monomorphic bands;
Lane 1 shows the molecular marker (M); Lane 2 shows bands from a field grown mother plant of S. surattense (Sm); Lane
3 to 11 shows bands from tissue culture raised plantlets.



and induced a wide array of response with a high degree
of efficacy.

In the second set of experiment, we observed that
synergistic effect of combination of cytokinins was more
efficient for shoot buds regeneration than cytokinins used
alone. Cytokinin combinations enhanced multiple shoots
in several plant species (Franklin et al., 2004; Baskaran
and Jayabalan, 2008). Among all the cytokinins used in
the study, MS medium with BAP (1 mg/l) allowed best
proliferation of shoot buds. Shoot buds when treated for
elongation on MS medium containing different concen-
tration of GA; (0.1-3 mg/l), showed increase in length, but
significant elongation of shoot was observed on GA; (0.5
mg/l).

IBA was found to be more effective for root induction
when compared to IAA, NAA and PAA; similar obser-
vation was reported in Echinacea purpure (Choffe et al.,
2000). The efficiency of auxins for root organogenesis
was in the following order: IBA > [AA > NAA > PAA.

A great number of observations have demonstrated the
occurrence of genetic variation in cultured cells and plants
originated in vitro (Larkin and Scowcroft, 1981; Isabel et
al., 1996). These variations are often heritable and
unwanted in somatic clones. It is important to detect
these variations early in the life of a plant to avoid
economic disasters later. Molecular markers, restriction
fragment length polymorphism (RFLP) (Atchison et al.,
1976; Vedel et al., 1976), RAPD (Williams et al., 1990)
and amplified fragment length polymorphism (AFLP) (Vos
et al., 1995) are powerful tools in genetic identification.
However, RAPD markers are more advantageous than
RFLP and AFLP markers, as these are easy to perform
and large number of sample can be analyzed quickly and
economically (William et al., 1990). There are many
reports on molecular characterization of micropropagated
plants by the RAPD technique, e.g. Populus deltoides
(Rani et al., 1995), Prunus dulcis (Martins et al., 2004),
Gypsophila paniculata (Rady, 2006), Withania somnifera
(Sinha et al., 2010) and Capparis decidua (Tyagi et al.,
2010).
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