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In vitro flowering, somatic embryogenesis and
regeneration in Boerhaavia diffusa Linn. - A medicinal plant
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Abstract: In vitro callogenesis was achieved from leaf explants of Boerhaavia diffusa Linn. on basal medium
supplemented with different concentrations of BAP, NAA, Kn and TAA. Regeneration of shoot buds were
observed on MS medium supplemented with BAP and NAA at different concentrations. In some of the
replicates the shoot buds were elongated and terminated in flower buds. In vitro flowering occurred within two
weeks of subculture. The highest percentage of flowering was obtained on medium supplemented with BAP
(2 mg 17"). Excised shoots after transferring to rooting liquid medium (0.5-2.0 mg 17" IAA or NAA) roots were
initiated. The regenerated plantlets have been successfully established in vermiculite soil. Subsequently, they
were shifted to the field conditions. Regenerated plantlets resemble the parent plants morphologically and
cytologically. Histological study of the cultures showed the presence of meristemoids, somatic embryos and

embryoids.
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INTRODUCTION

Boerhaavia diffusa (Nyctaginaceae) commonly
known as punarnava is a medicinal herb. The root of the
plant is considered laxative and diuretic [1]. It is used to
cure jaundice, ascites, anasarca, asthma and in scanty
urine. The active constituent of the drug is the alkaloid,
punarnavine, the total alkaloid content of the roots being
about 0.04%.

In recent years much interest has been evinced in the
propagation of medicinal plants by tissue culture [2, 3].
There are only a few reports in the members of
Nyctaginaceae [4] and less in those members which are
medicinal [5]. As the regenerative potentiality is maximum
in the leaf explants [6], this was used as the explant
material to determine the efficacy of the various media to
induce callus and organogenesis. Plant tissue cultures
have rapidly made progress to obtain somaclonal variants
and for producing a novel secondary product of genetic
variability [7].

Initiation of flowering may become a valuable
research tool to conduct in vitro hybridization and to cut
short the long period for flowering and seed formation.
Flowering in vitro has been promoted by cytokinins at
optimum concentrations.

As there are no reports with respect to the
regeneration of this plant the present study was
undertaken to standardize a protocol for in vitro
regeneration, embryogenesis and flowering from leaf
explants besides carrying out histology of the callus
cultures.

MATERIAL AND METHODS

Plant Material: Healthy leaves of B. diffusa were
collected from 5-6- week old plants growing in
Manasagangotri campus, University of Mysore, Mysore.
Leaves were made into segments of 1.0 sq.cm and
thoroughly washed under running tap water for 30 mins.
Explants were disinfected with 1% solution (v/v) teepol
for 10min followed by surface sterilization using 0.1%
HgCl2 for three minutes and rinsed thrice in sterile
distilled water to remove traces of HgCI2.

Culture Medium: Surface sterilized explants were placed
on solid media like WM [8], MS [9] and B-5 [10]
containing various concentrations and combinations of
auxins and cytokinins. Sucrose (3%) is used as the carbon
source. The pH was adjusted to 5.8 before autoclaving.
The cultures were maintained at 22+1°C under a 16 h
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photoperiod. Cool-white fluorescent tubes provided a
light intensity of 80p mol m—*s~". Callus induction was
observed within 10 days and the callus was subcultured
once in 2 weeks. Shoots were differentiated in 5 weeks
and some of the elongated shoots terminated in flower
buds. The shoots were excised and transferred to liquid
medium for rooting. The rooted plantlets were removed
from cultures and hardened in plastic cups containing
vermiculite soil and kept in the green house for further
acclimatization and finally transferred to the field.

For histological studies embryogenic callus was
fixed in FAA (Formalin acetic alcohol; 5:5:90). Sections
were taken at 9-11p thickness using a rotary microtome.
The Ref. slides were processed and stained in
Heidenhain’s haematoxylin following customary methods
and mounted in canada balsam [11].

RESULTS

MS medium was found to be the most suitable for
both callus induction and regeneration in B.diffusa. Of the
growth regulators tried to initiate callus, 2, 4-D elicited
better response (Table 1). Nearly in all the growth
regulators the explants proliferated callus within 15 days
(Fig. a). Series of subcultures were carried out and the
effects of growth regulators on the callus that derived on
MS medium are mentioned in Table 2. Shoot buds (Fig. b)
and roots were differentiated after 5 weeks of callus
initiation. Maximum percentage of shoot proliferation was
occurred on a medium containing BAP (3.0 mg 1) and
NAA (1.0 mg 1.

The callus after 3-4 subcultures loses its potentiality
to produce shoot buds but root formation was evident
even after 5-6 subcultures. The regenerated shoots were
excised and transferred to the MS liquid medium
supplemented with different concentrations of IAA, IBA
and NAA. At low concentrations (0.5 mg 17") of IAA
maximum proliferation of roots was observed.

In vitro Flowering: In vitro flowering was observed
within 15 days after subculture on BAP (2 mg 17"
supplemented medium (Fig. c). High frequency of
flowering per explant was more on MS medium
supplemented with 2 mg 1"'BAP compared to other
concentrations of BAP or NAA tested. In vitro flowers
are small when compared to in vivo flowers.

Histology: Serial sections of 3-day-old incubated leaf
segment showed the division of spongy and vein cells to
form a compact mass of cells (Fig. d). The leaf section
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Table 1: Percentage of leaf explants showing callus initiation in B.diffusa

2,4-D 1AA BAP Kn
MS 78.0 15.2 69.0 452
B-5 70.6 12.0 55.3 38.4
WM 30.3 53 18.7 20.0

Table 2: Response of leaf segments of B. diffusa to various growth
hormones on MS medium

Culture with No. of shoots (mg 1)

Growth

regulators (%) Shoots Culture£S.D.
BAP (1.0) 15 1.4+2.80
BAP (2.0) 31 0.9+2.90
BAP (0.5) +NAA (0.5) 35 1.7£2.70
BAP (1.0) +NAA (0.5) 65 2.1£1.99
BAP (3.0) +NAA (1.0) 85 2.6+1.44

Kn (2.0) +NAA (0.5) 35 1.0£2.4

Kn (3.0) + NAA (1.0) 30 0.8+1.8

of the 5" day revealed the initiation of root primordia from
the vascular traces.

The callus that subcultured on the medium
supplemented with BAP (2 mg 17") and NAA (1 mg 17")
was found to contain embryogenic cells. The subcultured
callus proliferated on MS medium having BAP (3 mg 17"
and NAA (1 mg 17") showed different types of embryoids
interspersed with a shoot bud (Fig. e). A six-week-old
callus showed shoot buds each with a pair of primordial
leaves (Fig. f) enclosing the shoot apex.

Morphology of in vitro Plants: A preliminary screening of
the regenerated plants did not show any variation with
the donor plants. The cytological analysis of the root tips
of the regenerated plants were diploid.

DISCUSSION

The present investigation has clearly demonstrated
that, MS medium is the most suitable medium for callus
induction as well as for plant regeneration in B. diffiisa.
The most effective auxin for callus induction was 2, 4-D,
followed by BAP, Kn and IAA. There are several reports
[12, 13] which suggest that the leaves are the best sources
of explants for the induction of multiple shoots. The data
presented in Table 2 shows that, high frequency and
maximum number (85%) of multiple shoots were elicited on
MS medium containing 3.0 mg I"'BAP + 1.0 mg I7'NAA
followed by 1.0 mg 17'BAP + 0.5 mg I|"'NAA. A significant
observation was that after fourth subculture it loses its
potency to regenerate. It is due to the loss of endogenous
factors at critical stages of growth during serial
subcultures [14].
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Fig. a: Leaf callus proliferation

Fig. b: Differentiation of shoot buds

Fig. c: In vitro flowering

Fig. d: Callus proliferation from the spongy and vein cells
Fig. e: Embryoids with a shoot bud

Fig. f: A shoot bud with a pair of leaf primordia
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In some subcultures containing 2 mg 1~' BAP the
shoot buds after elongation terminated in flowers
indicating BAP as cytokinin supported flowering similar
to the work of Ralph and Jules [15] in Passiflora suberosa
where cytokinin is an absolute requirement for flowering.
The medium supplemented with TAA (0.5-1.0 mg 17")
induced maximum rooting contrary to the work of

Rout et al. [16] where in the excised shoots of
Plumbago rosea induced poor rooting with an
intervening callus.

Histologically, a dome of meristematic tissue

developing at the periphery of cell aggregates was
noticed from which different types of embryoids
developed. Similar reports has been observed in carrot
[17] where in the embryoids arise by the activity of groups
of cells. Present work is also supported by Tisserat et al.
[18] who pointed out that a single cell origin had not been
demonstrated in many cases where apparently normal
bipolar embryoids were formed from aggregate of cells.
This is in contrary to the report of Konar et al. [19]
wherein the somatic embryoids in Rananculus sceleratus
were developed from individual epidermal cells.

The ability to regenerate plants from leaf explants of
B.diffusa has interesting and medicinal applications. The
results show that B. diffusa can be propagated by somatic
embryogenesis besides organogenesis. It is also possible
that regenerated plants represent an enriched source of
totipotent cells.

REFERENCES

1. Chopra, R.N., S. Ghosh and De, 1923. Ind. Med. Gaz.,
58:203.

Tiwari, V., B.D. Singh and K.N. Tiwari, 1998. Shoot
regeneration and somatic embryogenesis from
different explants of Brahmi (Bacopa monniera (L)
Wettst.) Plant Cell Rep., 17: 538-543.

3. Laparra, H., P. Stoeva and I.P. Ivano, 1977. Plant
regeneration from different explants in Helianthes
smithii Heiser. Plant Cell Rep., 16: 692-695.
Michele Zaccai, Guixia Jia, Xinlu Chen, Oksana Genis,
Danit Feibin and Revital Gesua, 2007. Regeneration
and transformation system in Mirabilis jalapa.
Scientia Horticulturae, 111: 3, 304-309.

5. Siddiqui, S.A., Naushaba Baig and Anwar Shahzad,
2004. In vitro clonal propagation of Boerhaavia
diffusa L.- a potential medicinal herb. Advances in
Plant Sci., 17: 7, 5-10.

Prasad, R.H. and H.V. Chaturvedi, 1978. In vitro
induction of shoots and formation of plantlets from
segments of leaf, stem and root of Solanum
xanthocarpum. Schrad & Wendl. Indian J. Exp. Biol.,
16: 1121-1122.

86

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

MS

Benavides, M.P. and O.H. Caso, 1993. Plant
regeneration and thiophene formation in tissue
cultures of Tagetes mendocina. Plant cell Tiss. Org.
Cul., 36:211-213.

White, P.R., 1943. A handbook of Plant Tissue
cultures Jacques cattell Press Lancaster, P.A.
Murashige, T. and F. Skoog, 1962. A revised medium
for rapid growh and bioassays with tobacco tissue
cultures Physiol Plant., 15: 473-479.

Gamborg, O.L., R.A. Miller and K. Ojima, 1968.
Nutrient requirements of suspension cultures of
soyabean root cells. Exp. Cell Res., 50: 151.
Johansen, D.A., 1940. Plant Microtechnique.
McGraw-hill Book Company Inc. New York.
Shrivastava and M. Rajani, 1999. Multiple shoot
regeneration and tissue culture studies on Bacopa
monnieri (L) peanell. Plant Cell Rep., 18: 918-923.
Nirmal, B.K., A.B. Anu Ramashree and K. Praveen,
2000. Micropropagation of curry leaf trees. Plant cell
Tiss. Org. Cult., 61: 199-203.

Narayanaswamy, S., 1977. Regeneration of plants
from tissue cultures In: Applied and fundamental
aspects of plant cell, tissue and organ culture. Eds.
Reinert, J. and Y.P.S. Bajaj, Springer-Verlag, Berlin.,
pp: 179-206.

Rout, G.R., M.N. Rashmi and G. Das, 2001. In vitro
clonal propagation of Plumbago rosea L. Potential
medicinal plant. Plant Cell Biotech. Mol. Biol,
2 (3 and 4): 105-112.

Ralph Scorza and Jules Janick. 1980. In vitro
flowering of Passiflora suberosa L. J. Amer, Soc.
Hort. Sci., 105(6): 892-897.

Mcwilliam, A.A., S.W. Smith and H.E. Street, 1974.
The origin and development of embryoids in
suspension cultures of carrot (Daucus carota).
Ann. Bot., 38: 248-250.

Tisserat, B., E.B. Esan and T. Murashige, 1979.
Somatic embryogenesis in angiosperms. Hort. Rev.,
1: 1-78.

Konar, R.N., Thomas and H. Street, 1972. The
diversity of morphogenesis in suspension cultures of
Atropa belladonna L. Ann. Bot., 36: 249-258.

ABBREVIATIONS

= Murashige and skoog’s,

WM = White’s medium,

B-5

= Gamborg’s,

BAP = Benzyl Amino purine,

Kn

= Kinetin,

IAA =Indole Acetic Acid,
NAA = Naphthalene Acetic Acid.



