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Organogenesis from the cultures of Nothapodytes foetida (Wight) Sleumer
raised on TDZ supplemented media
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Mature embryos of Nothapodytes foetida (Wight) Sleumer were inoculated on Murashige and Skoog (MS), modified MS
(MMS) and Phillips and Collins (L2) media supplemented with TDZ either alone or with BAP and L-glutamine. Both shoot
proliferation from the apical region of shoots and differentiation of shoots from the callus were observed from the cultures
depending on the type of medium and the hormone combination. Proliferation of shoots from the apical region of shoots and
also organogenesis from the callus, formed at the transition zone of primary root and hypocotyl of the young seedling, was
obtained on L2+TDZ (0.44 µM)+BAP (2.22 µM)+L-glutamine (0.03 mM). Regeneration from the callus cultures was
reported for the first time. The dual role of TDZ in promoting proliferation of shoots and shoot differentiation from the
callus, along with beneficial effects of cytokinin and L-glutamine on the morphogenesis, was discussed.
Keywords: Auxin-cytokinin like activity, callus cultures, camptothecin, Nothapodytes foetida, thidiazuron

Introduction
Nothapodytes foetida (Wight) Sleumer belongs to
the family Icacinaceae and grows wildly in the forests
of North-east India and Western Ghats of Deccan
Peninsula. The plant is an Indian source of
camptothecin (CPT), an expensive anticancer drug
costing about US $ 170 to 250 per mg. Accumulation
of CPT was reported in young leaves, roots, stem,
bark and also seeds1. Chemical profiling of the taxon
revealed the natural variability in CPT content among
the individuals across a wide geographical range2.
Because of the deforestation and unscientific collection
of the material, the taxon has been categorized under
threatened status3. Hower, micropropagation has been
proved to be an efficient in vitro method for
multiplication and conservation of elite germplasms.
Thidiazuron (TDZ) is a urea derivative, which
contains no purine ring but found more effective than
purine type cytokinins4. Since 1980’s TDZ is being
used in in vitro culture and has been reported to
induce adventitious shoot formation in a number of
species, especially woody plants. Both cytokinin and
auxin-cytokinin activity has been attributed to TDZ4,5.
Perusal of literature shows that regeneration from
the callus cultures has not been reported in N. foetida,
——————
*Author for correspondence:
Tel: +91-80-22961314; Mobile: +91-9448924734
E-mail: tejavathi_hanu@yahoo.com

though an adventitious shoot regeneration from the
culture of hypocotyl, leaf and cotyledon has been
achieved6,7. Regeneration from the callus is a
prerequisite for the selection of variants (somaclones)
and to employ biotechnological approaches for the
genetic improvement. Hence, the present study is an
attempt to induce callus from embryo explants of four
populations collected from different locations of
western Ghats and differentiation of shoot buds from
the callus cultures.
Material and Methods
Seeds were collected from four different
geographical areas, such as, Mahabaleshwar (North
Western Ghats), Bisle ghat (Central Western Ghats),
B R Hills and Ooty (South Western Ghats), keeping
in view of earlier reports on variations in CPT
contents among different populations1,8. The seeds
were soaked for overnight in GA3 (100 mg/L), since
GA3 is known to be effective in overcoming
dormancy9. The seeds were decorticated before
thorough washing in running water for 30 min. They
were then surface sterilized in saturated chlorine
water for 10 min and treated with mercuric chloride
(0.1%) for 1 min. Mature-embryos were dissected in a
laminar flow hood and used as explants. They were
inoculated onto culture media supplemented with
TDZ either alone or with various growth regulators.
Three different media, such as, Marashige and
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Skoog (MS)10, Phillips and Collins leguminous
medium (L2)11 and modified MS medium (MMS),
containing salts of MS and vitamins of L2 medium,
were used to raise the cultures. The media
were autoclaved at 108 kpa and pH was maintained at
5.6. The cultures were maintained at 16:8 h light and
dark regime under the illumination of about 50 µmol
m-2 s-1 provided by white fluorescent tubes. For
histological studies, the organogenic callus segments
were fixed in FAA (formalin:acetic acid:ethyl
alcohol) for 48 h. Customary paraffin technique was
followed. Sections were cut at 15 µm thick and
stained with Haidenhains haematoxylin and counter
stained with Orange-G/Eosin. Photomicrographs
were taken with Canon camera using a Nikon
binocular microscope.

shoots from the shoot apical region was observed
on L2 medium supplemented with TDZ (0.44 µM)
(Fig. 1a; Table 1). However, on MS+TDZ (0.44 µM),
callus formation was observed at the transition zone
of the primary root and the hypocotyl without
the proliferation of shoot apex. When these cultures
were left on the same media for 4 to 5 wk, numerous
shoot buds started differentiating from the callus
(Figs 1b & 2a). Though the regenerated shoots
from both direct and indirect organogenesis on TDZ
supplemented media appear healthy, the leaves were
narrow and light green in colour. However, presence

Data Analysis

All the experiments were repeated at least thrice.
The data thus obtained were subjected to statistical
analysis—one way ANOVA. Significant ‘F’ ratios
between group means were further subjected to
least significance difference (LSD). Probability (P)
values <0.05 were considered significant12.
Results and Discussion
Among the media used, L2 medium was found to
be the best in terms of per cent response for callus
formation, followed by MMS and MS (data not
shown). L2 medium was first formulated by Phillips
and Collins11 to initiate callus and suspension cultures
of red clovers. Subsequently, it is being used for most
legume cultures. The morphogenetic response of the
explants from different geographical locations was
similar but varied in percentage. The explants from
Ooty accessions showed highest percentage of
response to culture conditions compared to others
(data not shown). Creamish coloured embryos turned
green within 4-5 d of culture on both basal media and
hormone(s) supplemented media. However, further
growth was arrested on basal and IAA/IBA/Kin/2-ip
supplemented media. Whereas on 2,4-D/zeatin
supplemented media, the green embryos callused but
no morphogenesis occurred even after many
subcultures. When the medium was supplemented
with TDZ at various concentrations, the response of
the explants varied with the media and the other
supplemented growth hormones. On all the TDZ
supplemented media, the embryo developed into a
seedling. When the seedling grew about 4-5 cm length
with well developed primary root, proliferation of

Fig. 1 (a-f)—In vitro propagation of N. foetida: a. Shoot
proliferation from the apical region on L2+TDZ (0.44 µM);
b. Multiple shoots induction from the callus derived from
the transition zone of primary root and hypocotyls on MS+TDZ
(0.44 µM); c. Both shoot proliferation from shoot apical region
and shoot differentiation from the callus on MMS+TDZ
(0.44 µM); d. Well developed shoots on L2+BAP (2.22 µM)+TDZ
(0.44 µM); e. Initiation of roots from the basal region of
the regenerated shoots on MMS+IBA (2.46 µM); f. Regenerated
plant in pot containing soil, sand and manure in 1:1:1 ratio.
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Table 1—Effect of TDZ and other growth regulators on induction of multiple shoots from embryo cultures of N. foetida (Wight) Sleumer
No.

Medium+growth regulators (µM)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

L2+TDZ (0.44)***
L2+TDZ (0.44)+BAP (2.22)*
L2+TDZ ( 0.44)+BAP (2.22)+L-glutamine (0.03 mM)*
L2+IAA (2.85)+BAP (2.22)+L-glutamine (0.03 mM)**
L2+IBA (2.46)+BAP (2.22)+L-glutamine (0.03 mM)**
MS+TDZ (0.44)**
MS+TDZ (0.44)+BAP (2.22)**
MS+TDZ (0.44)+BAP (2.22)+L-glutamine (0.03 mM) **
MS+IAA (2.85)+BAP (4.44)+L-glutamine(0.03 mM)*
MS+IBA (2.46)+BAP (4.44)+L-glutamine (0.03mM)*
MMS+TDZ (0.44)*
MMS+TDZ (0.44)+ BAP (2.22)*
MMS+TDZ (0.44)+BAP (2.22)+L-glutamine (0.03 mM)*
MMS+IAA (2.85)+BAP (2.22)+L-glutamine (0.03 mM)*
MMS+IBA (2.46)+BAP (2.22)+L-glutamine (0.03 mM)*

% response

No. of shoots/culture (mean±SE)

48.6
63.3
85.0
66.0
72.3
35.3
64.0
76.0
51.3
68.6
36.6
75.0
76.0
74.6
70.0

15 ± 0.58 c
19 ± 0.51 c
26 ± 0.39 a
20 ± 0.29 b
22 ± 0.46 a
11 ± 0.31 c
19 ± 0.52 a
23 ± 0.42 b
15 ± 0.47 c
21 ± 0.31 b
11 ± 0.51 c
15 ± 0.44 c
23 ± 0.42 b
22 ± 0.44 a
21 ± 0.39 c

In each treatment total no. of cultures were 30.
*Both direct and indirect regeneration, **only indirect regeneration, ***only direct regeneration. The mean values within the column
having different letters are significantly different (p ≤ 0.05) by Duncan multiple range test.

Fig. 2 (a & b)—Sections of the organogenic callus raised on
MS+TDZ (0.44 µM) (a) and MMS+TDZ(0.44 µM) (b) showing
differentiation of shoot buds from the callus

of TDZ (0.44 µM) in MMS medium, which contains
salts of MS and vitamins of L2 medium, promoted
both the proliferation of shoot apex in the beginning
and differentiation of shoot buds from the callus
derived from the transition zone of the hypocotyl and
primary root in later period of the culture on the same
medium (Figs 1c & 2a). Thengane et al6 reported high
percentage of adventitious shoot regeneration from
leaf explants of N. foetida at lower concentrations of
TDZ in the MS medium, while higher concentrations
favoured direct shoot induction from cotylendon and
hypocotyl explants. This was later confirmed by Rai7
in hypocotyl explants where high concentrations of
TDZ supplemented to MS favoured large number
of adventitious shoots from the cut surfaces of
hypocotyl segments.
Since Briggs et al13 had observed better quality
shoots in the culture of azaleas on TDZ and purine
cytokinin supplemented media, BAP was added along
with TDZ to the media to know the synergistic effect
of TDZ and BAP on the morphology of the
regenerated shoots. On L2+TDZ (0.44 µM)+BAP
(2.22 µM), along with the proliferation of shoots at
the apical region of the seedling, as was recorded on
L2 + TDZ (0. 44 µM), the basal callus induction at the
transition zone of the root and hypocotyls was
obtained. Subsequently, differentiation of shoots was
noticed after 4-5 wk of culture. However, addition of
BAP (2.22 µM) to MMS/MS+TDZ (0.44 µM) could
not make any difference in the response of the
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explants from the earlier observations made on TDZ
(0.44 µM) alone supplemented media. Though, BAP
enhanced the rate of callus formation and subsequent
shoot bud differentiation with TDZ in MS/MMS
media along with multiple shoot induction. In
addition, presence of BAP in L2/MS/MMS media
fortified with TDZ improved the quality of shoots in
terms of leaf morphology and enhanced the growth of
the seedlings (Fig. 1d).
L-glutamine (0.03 mM) was added to
MMS/MS/L2+TDZ (0.44 µM)+BAP (2.22 µM),
since L-glutamine is a potent amino acid used
extensively in several systems to improve the
morphogenetic potential of the cultures14. Presence
of L-glutamine further improved the morphology of
the shoots as well as the per cent induction of
multiple shoots from the callus. The shoots, thus,
developed were dark green in colour and were also
elongated compared to the shoots raised on only
TDZ supplemented medium.
In both the previous reports on adventitious shoot
proliferation in N. foetida6,7, MS medium was
used to raise the cultures along with TDZ. In the
present studies, three different media along with TDZ
either alone or with BAP and L-glutamine were used.
L2 medium contains less ammonium salts but
increased levels of Ca and Mg as compared to MS
medium. But the organic composition of the MS
includes nicotinic acid, which is absent in L2
medium. Presence of nicotinic acid in the medium
was reported to have a promotory effect on the callus
formation10. Hence, TDZ alone in L2 medium could
only promote the adventitious shoot formation but
not the callus formation, whereas it stimulated
the formation of callus and subsequent shoot
differentiation in MS medium. Dual effect of TDZ
involving proliferation of shoots and differentiation of
shoot buds from the callus was observed when it was
supplemented to MMS. However, along with BAP,
which is known for its ability to stimulate cell
division, TDZ favoured the callus formation even in
L2 medium. Thus, MS/MMS/L2 media supplemented
with TDZ+BAP+L-glutamine were found to be best
for direct regeneration in the beginning and indirect
regeneration through the callus formation in the later
period of the cultures, indicating the dual nature of the
TDZ depending on the media composition and other
supplements (Table 1). Singh et al5 has also observed
dual nature of the TDZ in the differentiation of
somatic embryos in the intact seedlings of pigeon pea.

TDZ exhibited a cytokinin like activity that promoted
cell division and differentiation and an auxin like
activity that was crucial for induction of embryogenic
competence. However, Mundhara and Rashid15
attributed triple role to TDZ in the cultures of Linum,
where it was involved in the inhibition of root
elongation, shortening and swelling of hypocotyls and
tightening of cotyledons towards apex. The
morphogenetic effect of TDZ is highly debatable.
Though it is not having a purine ring common to
adenine, it stimulates the synthesis of endogenous
cytokinins or inhibits their degradation leading to
accumulation16. Further, Capelle et al17 are of the
opinion that TDZ promotes the conversion of
cytokinin ribonucleotides to the biologically more
active ribonucleosides. However, further studies are
needed to understand the role of TDZ.
The generated shoots from the above cultures were
excised and inoculated onto MMS+IBA (2.46 µM) for
rooting. Initiation of roots was started at the basal part
of the shoots after 4-5 wk of culture on rooting
medium (Fig. 1e). However, Thengane et al6 used ½
and ¼ strength MS medium for better induction of
roots from the basal parts of the adventitious shoots.
Both IAA and IBA in ¼ and full MS were both used
to induce the roots from the adventitious shoots
obtained through hypocotyl cultures of N. foetida7.
The complete plantlets were then transferred to small
plastic cups containing soilrite and fed with sterile
distilled water. They were covered with perforated
polythene bags for 4-5 wk before transferring them
into pots containing soil:sand:manure in 1:1:1 ratio.
Nearly 40% of survival was recorded (Fig. 1f). Thus,
the regeneration from the callus cultures and
subsequent successful transfer to the pots with
significant survival percentage of regenerated plantlets
was achieved and reported for the first time in this
taxon. Accumulation of secondary metabolites is found
to be more in specific differentiating tissues rather than
undifferentiated callus tissues18. Hence, the present
study not only helps in the conservation of the taxon by
micropropagation but also paves the way for studies on
extraction of CPT from the differentiating cultures of
four populations growing at various geographical
regions and to identify elite populations.
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