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Abstract

A micropropagation method for Hibiscus radiatus- a medicinal herb of Malvaceae has been
developed. This study provides an efficient micropropagation protocol for multiplication of
H. radiatus from nodal explants. Surface sterilized nodal segments were cultured on Murashige
and Skoog medium supplemented with various concentrations (0.00, 0.50, 1.00, 1.50, 2.00 and
2.50 mg/1) of BAP and KN, and gelled with 0.8% w/v agar. After four weeks these were
subcultured on fresh medium of the same composition. MS medium supplemented 1.50mg/1
of BAP showed maximum of 3.50 £ 0.52 shoots per node, whete as MS medium supplemented
with 2.0 mg/1 KN produced 2,91 * 0.54 shoots per node. Shoots were rooted in /2 MS medium
supplemented with 0.50 mg/I NAA.

Keywords: KN, BA, NAA, Hibiscus radiatus, axillary shoot proliferation.
Abbreviations:BA: 6- benzyl adenine, D/W: Distilled water, IBA: Indol-3 butyric acid, KN:

Kinetin, MS: Murashige and Skoog (1962) medium, NAA: Naphthalene acetic acid, PGRs:
Plant growth regulators

Introduction

Hibiscus radiatus, is native to southern and southeast Asia. This plant is very similar to
H. cannabinus except that its leaves lack glands found in the latter species. It has yellow
flowers that have a purple center. Leaves are dentate, with upper leaves lobed into
three or five parts. Itis frequently used as a vegetable and medicine (Lawton 2004).

This plant is reputed as cure for fever and as a blood purifier all plant parts are cut and
boiled, and the liquid is used (Anonymous, 1914). The stem is an important source of
good quality of fiber (Maity, 1997). Sexually propagated plants (through generation
of seeds) demonstrate a high amount of heterogeneity since their seed progenies are
not true to type whereas asexual reproduction (by multiplication of vegetative parts)
gives rise to genetically identical copies of parent plant. (Malueg ¢za/. 1994).

To date, genetic improvement of H. radiatns has been mainly achieved by conventional
plant breeding methods (Manzel and Wilson, 1961, 1966), but more recent techniques
in plant genetic engineering have advanced and opened a new avenue for plant
improvement. The availability of an effective iz witro regeneration system is pre
requisite for the genetic transformation of most plants (Thiruvengadam ez @/, 2010),
and plant regeneration protocol from explantis essential for the application of genetic
engineering in H. radiatus.

In the present research, work was carried out to develop a protocol for
micropropagation of H. radiatus using node as a source of explant. Iz vitro methods
have been reported for some related species of H. radiatus such as H. rosa sinensis,
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Chmsaensen o al, 2008; Bhalla ez al, 2009) H. cannabinus ( Srivatanakul et al, 2000;

Semah o o, 2004; Chen e al, 2010) | H. sabdariffa (Sié et al, 2010), H. acetosella and H.
e J..-.'...mul\hn and Kelley, 2009), Kosteletzkya pentacarpos (Piovan et al., 2010),
Cesnpeam Sicksr (Yang ef al, 2010). The objective of this study was, therefore, to

Sesisn an erficient reproducible protocol for high frequency regeneration from
s explants. We believe that our findings may facilitate iz vitro propagation of this
gmpwrsant plant species and may be also qppllcqblf. to other related plant species of

Wi
Marerials and Methods

ollecuon of explant and surface sterilization

T es e fourth nodes were taken as explants from healthy H. zadiatns plant from BRD
Senoe of Biosciences Campus, Sardar Patel University during December, 2010 to
Sl 211 The collected explants were washed thoroughly in running tap water for
N == Then explants were washed with 3% Neutral Rankleen detergent (RFCL-
S s 5- 10 min, followed by 30 minutes washing in running tap water. The explants
weme snerized with 0.1% mercuric chloride (w/v) solution for 2-3 minutes. They were
s properly with sterile D /W, 3-4 times inside the laminar air flow to remove all
smees of mercuric chloride. All the experimental manipulations were carried out under

e ssennic conditons in laminar air flow bench fitted with bactericidal U.V. tubes (25
W The foorof the chamber was thoroughly wiped with spirit. The surface of all the
Sesses and other accessories such as sprit lamps, lighter, were cleaned with spirit.
Somsems. scalpels, needles, and spatula were autoclaved before inoculation. All the
BETESSODCS .l’ld media were kept in the chamber and then sterilized with U.V. rays
s esly for 30 minutes. Forceps and scalpels were flame sterilized in the chamber.
Sermiirec :xpi‘.mts were excised from both ends, using fine sterile forceps and scalpel
W ocuiated Into respective media in culture tubes. The culture tubes were closed
W oon absorbent cotton plugs wrapped with muslin cloth to prevent microbial

SEEERETITIET000.
o rure media and conditions

e Musashige and Skoog (1962) medium supplemented with 3% (w/v) sucrose and
~ % = v plant tissue culture grade agar (SRL, India) was used throughout the
sspemments. The pH of the medium was adjusted to 5.8 using IN NaOH or 1IN HCI
s o autoclaving at 121°C and 104 kPa pressure for 20 min. All the cultures were
sssened ar 25 £ 2°Cunder 16 hours photoperiod with a photosynthetic photon flux
Lemem PPED) of 40-50 umol m-"s-' provided by cool white florescent tubes (40 W,
Plies India) and with 50-60% relative humidity.

S breaking and multiple shoot induction: To study the effect of PGRs on bud
Seeaene. nodal explants were cultured on MS medium with different concentrations
¢ B8 000,0.50,1.00,1.50, 2.00 and 2.50 mg/1) or KN (0.00, 0.50, 1.00, 1.50, 2.00 and
5 =2 . For shoot multiplication, explants along with regenerated shoots were
sassterred 1o MS medium supplemented with1.5 mg/1 of BA. The cultures were
Surer mulaplied by newly formed shoots and were transferred to optimized shoot

(19)



muluplicaton medium (MS medium containing 1.50 mg/1 BA) up to five passages to
study the effect of successive transfer of the mother cultures on shoot multiplication.,
Subculturing of initial cultures was done after 4 weeks of each passage.

Rooting of regenerated shoots

For the root induction under iz vtro condition, shoots (2-5 cm in length) were excised
from mother explants and transferred to half-strength MS medium supplemented
with different concentrations of NAA or IBA alone (0,0.5, 1, 1.5,2 and 2.5 mg/1).

Statistical analysis

All the experiments were conducted with twelve replicates per treatment and repeated
three times. Each replicate represents one explant per culture tube. The data were
analyzed statistically through one-way ANOVA using GraphPad PRISM ver.3.00
(GraphPad Software, USA). The significance of difference among means was carried
out by Dunnet test and the results are expressed as mean + SD of three repeated
experiments.

Results and Discussion

As the mechanism of apical dominance has been demonstrated to be under the
control of various growth regulators, the proportion of these regulators in the media
can be manipulated to induce the regeneration of each meristem into viable shoots
(Varghese ¢/ al,, 1992, 1993). In this study, growth regulator type, concentrations were
assessed to determine optimal culture conditions to regenerate shoots of H. radiatus in
vitro.

Effect of cytokinin on multiple shoot induction

The response of nodal explants cultured on MS medium supplemented with various
concentrations of BAP and KN is presented in (Table 1). Nodal explants showed
minimal response in terms of: percentage response (PR), number of shoot (NS) and
shoot length (SL), in PGR free medium, where as medium supplemented with
cytokinin showed bud breaking within 2-3 weeks of inoculation. Among the two
cytokinins tried, BA proved to be more effective than KN, in terms of PR, NS and SL
(Table-1). The maximum numbers of shoots were obtained in MS medium
supplemented with 1.50 mg/1 BA, 100 percent of the cultures responded and average
3.50 £ 0.52 numbers of shoots were formed with shoot length of 2.53 £ 0.31
centimetres within four weeks (figure 1A). As the concentration of BA increases the
number of shoots increases significantly as compared to control (p < 0.01),
contrastingly medium supplemented with KN showed nonsignificant increase then
control (p > 0.01), but shoot length was increased significantly (p < 0.01) in all the
concentrations of both BAP and Kinetin. In medium supplemented with 2.00 mg/1 of
kinetin, best response was seen among all the kinetin concentrations, where 91.67%
cultures were having average number of shoot 2.91 £ 0.54 with shoot length of
around 2.34 + (.59 centimetres. Therefore, BAP is the best and suitable cytokinin over
Kinetin for zz vifro propagation of H. radiatus using nodal explant.

(20)



vere capable of inducing shoot formation, BA was found to

ective than KN in these studies. Similar observations have
abinns (Herath ef al, 2004), Hibisens acetosella (Sakhanokho
s (Bhalla ¢z al, 2009), Gossypinm bickii (Yang et al., 2009),

o5 of shoots grown on MS medium supplemented with 1.50 mg/] BA

rour weeks on the same medium (Figure 1-B). The shoot

nuth inereased signiticantly during second and third subcultures

it decreases. The increase in shoot number may be due to

| dominance during subculture that induced basal meristematic

hoots (Tripathi and Kumari, 2010). Similar effect of subculturing on
nwas reported by (Siddique and Anis, 2009) in Balanites aegyptica.

© cvrokinins (BAP or KN) on bud breaking and shoot growth from

t H. radiates
B __l: i—IT Response | Number _\\'L‘l';lll_:t.'_
(Vo) ot shoots shootlength
per explant (centimetre)
(mean £ SD (mean = SD)
0,00 25.00 1.33£0.58 0.60 = 0.10
- 66.67 .75 (0.46* 1.3020.30%**
75.00 2.00 £0.50%* 173 & 0.25%*
91.67 2.36T0,67*** 2.05 + 0.46%*x*
- 91.67 2.91 10, 54%** 2.34 +().50%%*
- 81.33 2.2010,4 2%+ 1.93 4 (0.43%%%
(.50 66.67 | 1.88%0.35 1.39 & 0, 25%*+
1.00 75.00 | 2.33+0.50%%* | 1.84+ (.25
1.50 1 00,0 3507310 BawF 2.53 1 0.31**
2.00 91.67 2.8210.40%+*+ 209 T2
2.50 81.33 2.3010.48%** 1.84 + 0.21**

IA

nd *** indicates level of significant at *p> (.05 i.e. non significant, **p S

L0 significant.



Table 2 Effect of auxins in half strength MS medium supplemented with (IBA or
NAA) onm-vifrorootinduction and growth from isolated in vitro shoots of H. radiatus

IBA NAA | Response | Average Average
(mg/1) (mg/l)| (%) number of root length
roots (centimetre)
(mean * SD) (mean  SD)
0.0 0.0 41.67 2.80%0.84 5221052
0.5 - 83.33 4.0020.94%%* | 347+ 0.63*
1.0 - 75.00 00.&0.71* 2.87+047*
1.5 - 50.00 a0 (0557 2.5310.44%*+*
- 0.5 100.0 6.50£0.90*%* | 3581 0.64*
- 1.0 91.67 51810,75#%% | 3920 54
- 1.5 91.67 4.27+0.65*%** |  2.58 £ 0.40**

Note: *, ¥ and *** indicates level of significant at *p 20.05 i.e. non significant, **¥p <
0.05, %% p £0.01 significant.

Rooting of regenerated shoot

For any micropropagation protocol, successful rooting of microshoots is a pre-
requisite to facilitate their establishmentin soil. Regenerated shoots of about 2-3 cm.

long were excised and transferred to half strength MS medium supplemented with
different concentrations of auxins to investigate the effect of auxins on rootinduction

(Table-2).

Reduced strength of basal medium is commonly used for rooting of adventitious
shoot (Sivanesan and Jeong, 2007) and so was employed in this study. Roots started to
emerge from the cut end of the shoots within 12 days of transfer to rooting medium.
The MS medium devoid of plant growth regulators is also capable of root formation
in vitro (figure 1-D). Around 41.67 % of cultures responded to form 2.80 £ 0.84 roots
per shoot with average length 3.22 + 0.52 centimeters. Data was recorded after 45 days
(Table 2).

(22)



Figuse L Micropropagation of H. radiatus from nodal explants of field grown plant.

© S seesiong from nodal explants on MS medium supplemented with 1.50 mg/1 of
S05 8 Shoor muloplication on MS medium supplemented with 1.50 mg/1 of BAP
s twed subculture. C) In witro rooted shoots on half strength MS medium
semiemented with mg/l IBA, arrow indicates callusing along with root. D).

Suemuson of microshoots (MSH) at the base along with root on hqlt strength basal
2 vitro rooted shoots on half strength MS medium supplemented with
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Figure 2: Effect of successive transfer of mother cultures on shoot multiplication of

H. radiatus
* *
T 2 3 4 5

Subculture

Number of shoot
[an] = N (V5] Fe [} a

Note: *, ** and *** indicates level of significant at *p 20.05 i.c. non significant, *p <

0.05, % p £0.01 significant.

One interesting result found in basal medium without auxin, is the formation of
microshoots along with root in this medium (Figure 1- D). This may be because of the
accumulation of some amount of cytokinin which helps in shoot formation from
preexisting meristem or cells are committed to form shoots due to extensive
subculture in cytokinin rich medium. The best response with 100 % root induction and
an average 6.50 = 0.90 roots per shoot after 45 days of culture was achieved on a Y2
strength MS basal medium supplemented with 0.50 mg/l NAA (figure 1-E).
Concentration of 0.50 mg/ 1 IBA also yielded a significant number of roots with
callusing at the cutend (Figure 1-C).

Figure 3 : Effect of successive transfer of mother culture on shoot length of H.
radiatus

Shoot length (cm.)
o ol 2] w =9

Subculture

Note: *, ** and *** indicates level of significant at *p 20.05 i.c. non significant, **p <

0.05,*** p £0.01 significant.
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¢ first time protocol for a rapid and efficient method
‘us. Considering the medicinal importance of this
n protocol developed and described here offers a potential
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