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Summary An efficient and rapid protocol has been reported for the first time for plant regeneration
through somatic embryogenesis from corm and young corm buds of Iphigenia indica Kunth et
Benth, an important colchicine yielding threatened medicinal plant of Colchicaceae. Soft, friable and
well proliferating callus was initiated in Murashige and Skoog’s modified basal medium (MS) supplemented with 3% (w/v) sucrose, 0.05 mg/l (w/v) each of nicotinic acid, thiamine-HCl, pyridoxineHCl, ascorbic acid, 0.1 mg/l (w/v) glutamine, 0.25% (w/v) Gelrite® and a combination of a -naphthaleneacetic acid (NAA) and 6-benzylaminopurine (BAP) (2.0/0.5 mg/l). Such callus became nodular and embryonic in nature after transferring to the same MS modified medium containing 2,4dichlorophenoxyacetic acid (2,4-D) (1.0 mg/l). The globular embryos were observed in this medium
after 4 weeks in culture. The transition of globular stage occurred when embryonic callus mass was
shifted to half strength of MS medium containing 0.1 mg/l kinetin with production of maximum percentage of embryos showing distinct epicotyl and hypocotyl differentiation (65.40.46). These
growing embryos developed into complete plants with well-formed root and shoot systems in the
same medium containing 1% (w/v) sucrose. All the regenerates showed stability in chromosome
number (2n22) with 87.4% survival rate after 2–3 weeks of hardening. High Pressure Liquid Chromatography (HPLC) analysis revealed higher amount of colchicine in the regenerated corm-like bulbous structures than in vivo corms. However, both regenerated and in vivo shoots contained negligible amount of colchicine.
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Iphigenia indica Kunth et Benth, of the family Colchicaceae, a threatened medicinal herb with
globose rootstock or corm is known as an anti-tumor herb in Chinese medicine and is often used
against different types of cancers namely, thyroid, skin, cervix, nasopharynx and esophagus, colon
and lymphosarcoma (Leung 1990, Alexandrova et al. 2000, Li and Juan 2006). This valuable herb,
a native of the tropical and terrestrial belt at south and western ghat region in India is of seasonal
occurrence. Over the last few years, this plant has been over-exploited by rural people against skin
infections, scrofula, snake bite, rheumatism, as a laxative and various diseases of liver due to the
presence of colchicine in the corms (Wealth of India 1959) and as a result slow but gradually
shrinking restricted natural habitat of the plant has endangered its survival.
Iphigenia indica along with other five species in India has been reported to possess colchicine,
the alkaloid well known for its anti-mitotic and anti-proliferating properties as well as a promising
anticancer agent, in their corms and seeds (0.6–0.8 g/100 g dry wt.) (Kapadia et al. 1972, Ansari
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and Rao 1973, Nayar et al. 1989).
Successful application of plant propagation technology in modern times assured conservation
of endangered plant species as long as the clonal propagation preserves the genetic stability of the
progeny. Although clonal propagation seemed to be the only attempt to conserve this rare species of
Colchicaceae, no serious attempts has been adopted till now for conservation. We already reported
an efficient micropropagation protocol in I. indica using direct multiplication method for the first
time (Mukhopadhyay et al. 2002).
Plant regeneration via somatic embryogenesis has long been used as experimental model for
further biotechnological approaches including genetic transformation as it has been found to be the
best recipient tissue for transfer of macromolecules, particularly in monocotyledonous plants. Also,
somatic embryogenesis system has the advantage over the shoot bud multiplication of producing
large number of genetically stable plants within a very short period of time, though it is difficult to
standardize this system in many plant species. However, plant regeneration through somatic embryo
development has not yet been reported in species of Iphigenia. In this present study, development of
an efficient and simple protocol for plant propagation through somatic embryogenesis is described
along with a quantitative account of colchicine content in the regenerated plants of Iphigenia indica
for the first time.
Material and methods
The plants of I. indica were collected from Yercoud, Salem, Tamil Nadu, India during AugustSeptember from about an elevation ranging from 1200–1600 m and were established in the experimental garden for future use.
The underground corms were used as explants and were surface sterilized by rinsing them for
10–12 min in an aqueous liquid detergent solution (Tween 20, SRL; 2 drops in 100 ml) at room temperature and rinsed thrice with distilled water. These were then treated with an aqueous solution of
0.15% (w/v) HgCl2 for surface sterilization for 10 min followed by 5–6 rinses in sterile distilled
water under aseptic condition. The corm buds along with young corms were carefully dissected out
and were finally cultured on MS modified basal medium (Murashige and Skoog 1962) supplemented with 3% (w/v) sucrose, 0.05 mg/l (w/v) each of nicotinic acid, thiamine-HCl, pyridoxine-HCl,
ascorbic acid, 0.1 mg/l (w/v) glutamine and 0.25% (w/v) Gelrite® and different concentrations and
combinations of different growth regulators including BAP and NAA.
The pH of the medium was adjusted to 5.8 before gelling with Gelrite® (0.25% w/v). All the
cultures were maintained in a culture room at 241°C, under 16 h photoperiod provided by cool
white fluorescent tubes, giving 48 m mol m s1 photosynthetic photon flux.
The corm explants were found to swell after 4–6 d in culture and callus initiation was observed
round the surface of the explant within 15–20 d of culture. After 30 d in culture, profuse friable callus tissue formation of well proliferating embryonic in nature was found from MS medium containing different concentrations of NAA and BAP with a combination of 3% sucrose.
After about 3 weeks in culture on MS medium supplemented with 2.0 mg/l NAA and 0.5 mg/l
BAP, the soft, friable and well proliferating callus tissues were transferred to MS medium with a
varied concentrations of 2,4-D. Cultures were kept at normal cultural condition as previously described and within 4–5 weeks embryonic structures were observed to appear from the callus tissues.
These embryonic structures were subsequently transferred to embryo maturation medium with
half strength of MS media along with varying concentrations of kinetin. The somatic embryos, at
different stages of development including torpedo and bipolar structures with well-developed
shoots and elongated hypocotyls showing axial polarity were recorded within 4 weeks of culture.
Germination of those somatic embryos was observed in the same half strength of MS medium
and newly developed plantlets were allowed to grow in the half strength of Gelrite® solidified MS

2008

Colchicine content of micropropagated Iphigenia indica

Fig. 1. Iphigenia indica Kunth et Benth. a. Callus induction in modified MSNAA/BAP (10.74/2.22 m M)
medium after 2 weeks in culture (bar6 mm); b. Embryo maturation in MSkinetin (0.46 m M)
containing medium after 4 weeks (bar44 mm); c. Germinating embryos in MSkinetin (0.46 m M)
medium after 8 weeks (bar40 mm); d. Complete regenerated plants in 1% sucrose containing MS
medium (bar5 mm); e. A regenerated plant after establishing in soil (bar3 mm); f. Somatic
metaphase plate from root tip cell of a regenerate showing 2n22 chromosomes (bar7 m m).
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medium with 3% sucrose level before hardening. In this medium, these plants developed thick roots
as well as small corm-like bulbous structures.
The newly regenerated plants were subsequently transferred to magenta boxes containing sterile Soilrite® : sand (1 : 1) mixture and maintained in the controlled environment for 15–20 d before
shifting them to the field conditions.
Chromosome analysis of the callus tissue and the regenerates were determined through aceticorcein staining squash technique (Mukhopadhyay and Sharma 1990). Ten root tips from each regenerate were stained and 25 well-scattered metaphase plates from each preparation were analyzed.
Colchicine extraction was carried out from sliced, dried and powdered in vitro grown shoots
and corm-like bulbous structures as well as in vivo corms and shoots. 10–20 g of powdered material
was taken in a conical flask along with HPLC graded Carbinol and fitted to a reflux condenser with
a magnetic stirrer for 6–8 h on a hot plate. The temperature was set at 70–80°C. The extract was filtered under suction using a Nylon membrane filter with a 0.45 m m pore size, diluted with distilled
water, partitioned against petroleum ether and finally the aqueous phase (containing colchicine) was
extracted with chloroform. The chloroform extract was then evaporated to dryness and kept in dark
till quantification.
Determination of colchicine content was performed using a LC-10 AT Shimadzu class VP
HPLC system equipped with isocratic pump and UV detector set at 243 nm. C18 reverse phase column with particle size 10 m m and 2504.6 mm in dimension was used. Mobile phase system consisted of a mixture of acetonitrile and water (70 : 30). The flow was adjusted to 0.5 ml/min.
The statistical analysis was carried out by ANOVA with Duncan’s multiple range test to determine the least significant difference among different growth regulator treatments in the formation of
various stages of somatic embryos and their germination at 5% level and data were presented as
meanstandard error (Sokal and Rohlf 1987)
Results and discussion
The corm explants in modified MS medium swelled in presence of different concentrations of
NAA and BAP after 4–6 d and callus initiation was observed round the surface of the explant within
15–20 d of culture. A combination of NAA and BAP (2.0 and 0.5 mg/l) induced soft, friable, yellow
white and well proliferating callus formation (Fig. 1a) after 30 d in culture whereas the other
NAA/BAP combinations (2.0/1.0 mg/l or 2.0/0.25 mg/l) showed either hard compact or soft, greenish, less proliferating callus formation. The efficacy of NAA in shoot multiplication is well known
in case of many monocotyledonous plants (Ghosh and Sen 1991, Mukhopadhyay et al. 2002). In
addition, NAA has also been found to be more effective than 2,4-D in both induction and proliferation of callus tissue in Lilium regale (Pelkonen and Kauppi 1999). Similarly, the present study has
revealed initiation of a well-proliferated, friable callus in presence of NAA and BAP in this particular genus of Colchicaceae. There are also reports of production of profuse callus tissue in Gloriosa,
another genus under Colchicaceae, in a medium containing NAA in association with tryptophan
(Shivkumar et al. 2004). However, concentrations of NAA over 2.0 mg/l could only induce a very
low frequency of embryo (data not shown). The friable callus grew profusely after transferring to
embryo initiation medium (Table 1).
The soft, friable proliferating callus on transfer to 2,4-D supplemented MS medium became
embryonic in nature with nodular appearances. The response was found to be the best with 1.0 mg/l
of 2,4-D. The use of the synthetic auxin, 2,4-D for induction of somatic embryos can be traced back
as early as 1964 (Halperin and Wetherell 1964). Afterwards, 2,4-D has been used as somatic embryo inducer in a broad range of species (Yu et al. 2000, Puchooa 2004, Raghavan 2004). In Liliaceae, 2,4-D was reported to favor somatic embryogenesis in culture as an embryo inducer (Kim et
al. 2000, Mukhopadhyay et al. 2004). In Iphigenia too, formation of friable, nodular and soft em-
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Table 1. Effects of various concentrations of growth regulators on number of somatic embryos per corm
bud explant of Iphigenia indica Kunth
NAA level (mg/l)

BAP level (mg/l)

2,4-D level (mg/l) after
callus induction

2.0
2.0
2.0

1.0
0.5
0.25

1.0
1.0
1.0

No. of somatic embryos
—
74.80.22a
11.21.36b

* Values followed by same letter are not significantly different (p0.05) as per Duncan’s multiple range tests. Values represent the meanSE.

Table 2. Effects of different strengths of media and concentrations of kinetin on maturation of somatic embryos in Iphigenia indica Kunth

Medium

Full MS

1/2 MS

Conc. of
kinetin (mg/l)

Frequency of
Globular somatic
embryos

Frequency of
Bipolar
embryos

Embryos
with radicle
formation

Embryos
developed into
plantlets

0.1
0.05
0.2
0.1
0.05
0.2

5.51.06
3.10.86
2.91.22
28.20.42
71.00.23
11.90.47

2.41.82
—
—
65.40.46
22.40.44
8.60.82

—
—
—
6.00.82a
6.60.46a
79.61.20b

—
—
—
63.70.22a
12.10.98b
2.21.21c

* Values followed by same letter are not significantly different (p0.01) as per Duncan’s multiple range tests. Values
represent the meanSE.

Table 3. Colchicine concentrations of in vivo corms and regenerated basal bulbous bodies of I. indica
Kunth following HPLC study
Dry weight taken for extraction
Area (from HPLC)
Colchicine concentration (mg/g d wt.)

130 mg/ml
(in vivo corms)

130 mg/ml
(in vitro bulbous bodies)

91.840.22
0.8710.42

176.900.64
1.7950.14

Values represent the meanSE.

bryonic callus occurred only in presence of 2,4-D in the medium (Table 2). On observation under a
stereomicroscope, the presence of numerous proliferating embryos was recorded. Each treatment
had at least three replicates and the experiments were repeated three times. The number of explants
producing embryos was recorded at the end of 5th week.
Well proliferating embryos of different sizes and shapes were found within 5–6 weeks after
transferring the embryogenic callus to the embryo maturation medium. In many of the plant species
where exogenous application of auxin appears to be as most effective treatment to induce somatic
embryogenesis, further development of the existing somatic embryos has been achieved by reducing the level or by completely eliminating auxin from the culture media. It is generally believed that
continuous presence of auxin leads to a differential changes in gene expression probably by increasing demethylation of DNA (Lo Schiavo et al. 1989, Litz and Gray 1995) that in turn helps to synthesize all the gene products necessary to complete the globular stage of embryogenesis. As the
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proembryonic mass or callus tissue in this stage contains many other mRNAs and proteins whose
continued presence generally inhibit the continuation of the embryonic program, the removal of
auxin from the medium is needed to inactivate a number of genes for continuation of embryogenesis process. The new gene products needed for the transition of the globular embryos to the heart
shaped stage can be synthesized only when exogenous auxin is removed (Zimmermann 1993). It is
also assumed that removal of exogenous auxin from the medium helps to establish a bilateral symmetry in polar auxin transport, an essential phenomenon for embryogenesis (Zimenez 2001). In the
current study, half strength of MS medium containing 0.1 mg/l kinetin showed production of maximum percentage of embryos with distinct epicotyl and hypocotyl formation (Figs. 1b, 1c). Efficient
development and germination of somatic embryos of Bunium persicum was reported by Wakhlu et
al. (1990) using MS basal medium supplemented with kinetin. Somatic embryo germination was
also achieved in Melia and in chickpea by using cytokinin (Kiran et al. 2005, Sharry et al. 2006). In
plants of Liliaceae also, regeneration was achieved by using kinetin in the medium (Dasgupta Nag
et al. 2003, Mukhopadhyay et al. 2005). Plantlets with well defined shoots and roots were transferred to basal medium of half strength MS with 1% sucrose (Fig. 1d).
The newly regenerated plants were subsequently transferred to magenta boxes containing sterile Soilrite® : sand (1 : 1) mixture in the controlled environment for 15–20 d before shifting them to
the normal field conditions (Fig. 1e) where 87.4% showed survival with normal growth.
Chromosome analysis from root tip cells of the regenerates through acetic-orcein squash technique confirmed stability in somatic chromosome number (2n22) (Fig. 1f) with absence of any
aneuploid cell.
The results obtained from the HPLC analysis of the extract from in vivo corms and shoots as
well as in vitro regenerated corm-like bulbous bodies and shoots showed presence of colchicine in
all the cases (Table 3). However, colchicine content of the shoots was very poor as compared to the
in vivo corms and in vitro grown bulbous bodies (data not shown) and the colchicine content difference between shoots in vivo and in vitro was negligible. Colchicine content of in vitro regenerated
bulbous structures showed a little higher colchicine concentration than the in vivo corms, though
the difference was not statistically significant. The isolated bulbous structures grown in vitro
showed presence of maximum colchicine content in comparison to other plant parts studied both in
vivo and in vitro.
In conclusion, this first report of micropropagation of Iphigenia through callus culture offers
itself as a highly efficient method for mass clonal propagation as well as the conservation of an endangered medicinal plant. This is also the first document, showing presence of colchicine in the regenerated plants from somatic embryos that may lead to increased availability of this plant for its
commercial use.
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