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Abstract Iris odaesanensis Y. N. Lee. is an important 
endangered and native plant belonging to the family 
Iridaceae in Korea. This study describes a method for rapid 
micropropagation of this species via from leaf, rhizome and 
root explants derived calli. Leaf, rhizome and root explants 
were cultured on Murashige and Skoog (MS) medium 
supplemented with 2,4-dichlorophenoxy acetic acid (2,4-D) 
for callus induction. Rhizome explants yielded calli at a 
frequency of 72% when cultured at 1.0 mg/l 2,4-D. Calli 
were maintained at 1.0 mg/l 2,4-D. These calli were 
transferred to MS medium supplemented with 0, 0.5, 1.0, 
and 2.0 mg/l 2,4-D in combination with 0, 0.5, 1.0, and 3.0 
mg/l BA for adventitious shoot induction. The highest 
number of adventitious shoot (228.9 per petri-dish) were 
formed at 1.0 mg/l 2,4-D and 1.0 mg/l BA. WPM medium 
was the best to convert calli into plantlets, where up to 98.2% 
of calli were regenerated into plantlets. This in vitro 
propagation protocol should be useful for conservation of 
this endangered plant. 
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Introduction

The genus Iris is a perennial herbaceous plant, which 
includes about 300 species of flowering plants with showy 
flowers. The genus is widely distributed from temperate 
zone to the subarctic zone in the Northern hemisphere 
(Schulze 1988; Shibata 1998). These plants are commonly 
planted in gardens, and widely used in floral arrangement 
for ornamental purposes.
  Iris odaesanensis is native to South Korea, and called 
yellow spot iris or yellow flag. It is firstly collected in Mt. 
Omi, Gyeongsangbuk-do in 1963, and that was described 
as Iris koreana for. albiflora (Lee and Lee, 1964). Lee 
(1974) found the same species in both Mt. Odae and 
Hoenggye-ri in Gangwon province but named it as 'Iris 
odaesanensis Y. N. Lee'. I. odaesanensis is a rare wild 
perennial herbaceous plant which is subjected to strict 
protection as an endemic Iridaceae. The populations size 
declines rapidly. For this reason, the Ministry of Environment 
(MEV) has designated the species as ‘Threatened to extinct: 
the first grade (Ⅱ) for preservation’ (Lee and Choi 2006). 
Also, this species reproduction by seeds is rarely used due 
to poor germination, low seed production, capacity by 
cross-pollination, and long juvenile period in plant development. 
At the same time, similar to vegetative reproduction, as 
long as 4-5 years are required to obtain sufficient quantities 
of planting stock.
  Plant tissue culture is a powerful alternative technique 
for conservation and propagation of plants, especially for 
those that are rare and difficult to propagate by conventional 
methods (Shimazu et al. 1997; Wang et al. 1999a; Shibli and 
Ajlouni 2000) and improves the quality of valuable planting 
stock (Baruch and Quak 1966; Mielke and Anderson 1989). 
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The developed techniques for clonal reproduction are used 
as an alternative way to conserve rare iris species (Radojevic 
and Subotic 1992; Shibli and Ajlouni 2000).
  In vitro propagation of monocotyledons plants is more 
complicated because of their low regenerative capacity 
compared to dicotyledons plants (Kawase et al. 1991; Wang 
and Nguyen 1990). Analysis of the regenerative capacity in 
some ornamental monocotyledons demonstrates that it is 
lower in Iridaceae than in Amaryllidaceae, Araceae, and 
Liliaceae (Hussey 1975). These studies showed that the 
selection of organ or tissue as an explant is important in 
development of plant reproduction through callus cultures.
  Accordingly, tissues of reproductive organs were used 
in most studies of iris regeneration in vitro. For instance, 
flower tissues were used for direct regeneration of Iris 
ensata. (Ichihashi and Kato 1986; Kawase et al. 1991). 
The perianth tube and upper ovary proved to be the most 
convenient for microreproduction of I. ensata cultivars 
(Kawase et al. 1995). The patterns of shoot and 
organogenic callus formation in young stem culture were 
studied in cultivars and wild-type I. ensata (Yabuya et 
al. 1991).
  Numerous studies demonstrated that the hormonal com- 
position of the medium is the most important factor for 
in vitro regeneration of irises (Radojevic et al. 1987; Laublin 
and Cappadocia 1992; Radojevic and Subotic 1992; Gozu 
et al. 1993; Jehan et al. 1994; Shimizu et al. 1996; Wang 
et al. 1999b). Various iris species have been propagated 
through organogenesis or somatic embryogenesis, using 
explants from the leaf base (Gozu et al. 1993; Shibli and 
Ajlouni 2000), mature zygotic embryos (Radojević and 
Subotić 1992; Boltenkov et al. 2004), ovary sections and 
root sections (Laublin and Cappadocia 1992), but, so far, 
no studies have been reported on callus derived organogenesis 
in I. odaesanensis.
  Therefore, in the present study, for the first time, we 
report the establishment of a high frequency plant regeneration 
system via organogenesis in I. odaesanensis.

Materials and Methods

Plant materials and culture conditions

Mature seeds of I. odaesanensis were collected from Mt. 
Odae National Park in Korea, and sown on seed beds 
prepared in a greenhouse at the Kongju National University. 
Mature seeds of I. odaesanensis were scarified by immersion 
in 70% EtOH for 1 min and then sterilized with commercial 

bleach 1% (v/v) (5% of sodium hypochlorite) with a few 
drops of Tween-20 (Sigma, USA) for 30 min. The seeds 
were washed 5 times in sterile water and placed into petri 
dishes containing hormone-free 1/3 MS solid medium 
(Murashige and Skoog 1962) under cool white fluorescent 
lights (30 μmolm-2s-1) on a 16 h photoperiod or in the 
dark at 25℃.

Callus induction

After cutting the leaf, rhizome, and root segments into 10 
mm in sizes, they were cultured on MS medium supplemented 
with 0, 0.5, 1.0, and 3.0 mg/l 2,4-dichlorophenoxy acetic 
acid (2,4-D) and a-naphtalene acetic acid (NAA). All media 
were supplemented with 30 g/l sucrose and solidified 
with 8.0 g/l plant agar, and then adjusted to 5.8 pH 
before autoclaving at 121℃ for 20 min. The culture 
room was maintained at 25 ± 1℃ in darkness. The 
frequency of callus induction was evaluated after 12 
weeks of culture.

Adventitious shoot induction

Calli subcultured on the same medium for two generations 
were used for inducing adventitious shoot. Calli were 
transferred onto MS medium supplemented with sucrose 
(30 g/l) and solidified with agar (8 g/l); pH 5.7; added 
with 0, 0.5, 1.0, and 2.0 mg/l2,4-D and 0, 0.5, 1.0, 3.0 
mg/l BA. Calli were maintained under cool white fluorescent 
lights (30μmolm-2s-1) on a 16 h photoperiod at 25℃. After 
8 weeks, adventitious shoot induction was evaluated and 
expressed as shooting frequency and number of adventitious 
shoot per callus. The experiments were performed on 20 
calli for each callus line, and repeated five time.

Plantlet conversion

Adventitious shoots were transferred to WPM (Lloyd and 
McCown 1980), half-strength WPM, one-third strength 
WPM medium and MS, half-strength MS, and one-third 
strength MS medium for the growth of plantlets. The 
culture room was maintained at 25 ± 1℃ with a 16 h 
photoperiod under 30μmolm-2s-1cool white fluorescent light. 
Plantlet conversion rate was evaluated by counting plantlets 
with well-developed leaves and roots after 4 weeks of 
culture. Plantlet height was evaluated by measuring average 
length of shoots and roots after 4 weeks of culture. A total 
of four germinated embryos were transferred onto each 
plastic square culture vessel (7.2 cm × 7.2 cm × 10 cm). 
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Table 1 Effect of 2,4-D and NAA on callus and adventitious root formation from root, rhizome and leaf explants of I. odaesanensis. 
MS medium containing 30 g/l sucrose was used. Date were collected after 12 weeks of culture

PGR’s (mg/l) Callus formation (%) Length of callus (mm)
2.4-D NAA Leaf Rhizome Root Leaf Rhizome Root

0 0 0 0 0 0 0
0.5 43a 68b 45c 2.2±0.2*b 3.1±0.4bc 2.1±0.4c
1.0 33c 72a 51b 2.8±0.3a 3.4±0.5a 2.5±0.5b
3.0 38ab 61c 56a 2.1±0.4bc 3.2±0.4ab 2.8±0.4a

0 0 0 0 0 0 0
0.5 0 0 0 0 0 0
1.0 0 0 0 0 0 0
3.0 0 0 0 0 0 0

*aData are the means ± SD, of five time experiments. Different alphabetical letters are significantly different according to Duncun's 
multiple range test at P〈 0.05.

Fig. 1 Plant regeneration from callus derived from various explants in I. odaesanensis. A: leaf explants on MS medium supplemented 
with 1.0 mg/l 2,4-D after 12 weeks culture (scale bar indicates 10 mm), B: Root explant at 1.0 mg/l 2,4-D after 12 weeks culture 
(scale bar indicates 10 mm), C: Rhizome explant on at 1.0 mg/l 2,4-D after 12 weeks culture (scale bar indicates 10 mm), D: 
Adventitious root induction from root explant at 1.0 mg/l NAA after 12 weeks of culture (scale bar indicates 15 mm)

Each experiment was performed five times.

Statistical analysis

All data were analyzed using ANOVA and expressed as 
means ± standard error (SE). To examine significant differences 
among the treatments, multiple comparison tests were then 
performed by Duncan’s multiple range test at p ≤ 0.05 
(SAS 2001).

Results and Discussion

Effects of explant type, culture media and growth regulators 
on callus induction

Callus formation varied significantly depending on kind of 
explant of I. odaesanesis (Table 1). Rhizome explant formed 
callus after 4 weeks of culture, but leaves and roots generated 
callus from cut surfaces after 6 weeks of culture. Calli of 
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Fig. 2 Plant regeneration from callus derived from rhizome explants in I. odaesanensis, A: Proliferation of callus on MS medium 
with 1.0 mg/l 2,4-D and 1.0 mg/l BA after 8 weeks of culture (scale bar indicates 0.2 mm), B: Shoot bud initiation on MS medium 
without plant growth regulators after 4 weeks of culture (scale bar indicates 0.8 mm), C: Proliferation of shoots on MS medium after 
4 weeks of culture (scale bar indicates 10 mm), D: Plantlet with well-developed leaves and roots grown on MS medium after 4 weeks 
of culture (scale bar indicates 45 mm)

leaf, root and rhizome (Fig. 1A-C) were compact, globular 
and yellowish on MS medium with 1.0 mg/l 2,4-D. Yellowish 
adventitious root were induced from leaf, rhizome and 
root explant on MS medium with 1.0 mg/l NAA after 12 
weeks of culture (Fig. 1D), but control (non-treated 2,4-D 
or NAA) did not form callus. Rhizome explant showed 
callus formation at a frequency of 72% after 12 weeks of 
culture (Table 1). However, roots and leaves exhibited a 
significantly lower callus induction with 51 and 33% callus 
formation respectively (Table 1). Conversely, I. ensata culture 
was obtained from the globular callus formed after the 
development of the embryos at the stem base induced by 
2 mg/l NAA and 0.5 mg/l BA (Boltenkov et al. 2004). It 
was reported that the induction of callus was difficult and 
the proliferation of initiated callus was very slow and 
somehow difficult to maintain compared to other iris species 
(Zheng et al. 1998; Luciani et al. 2006). The highest 
callus size was achieved when 1.0 mg/L 2,4-D was 

supplemented to MS medium (Table 1). Callus formation 
from plates also varied significantly depending on plant 
growth regulators and their combinations (Table 1). The 
formation of morphogenic callus in a culture of I. pumila 
(Radojevic et al. 1987), I. pseudacorus, and I. virginica 
embryos also required 2,4-D.

Adventitious shoot induction and in vitro plantlet production

For determination of adventitious shoot induction from 
callus, both types (compact and friable ones) were transferred 
to MS medium supplemented with 2,4-D and BA and 
placed under illumination. After 20 to 25 days of culture, 
only the compact calli turned greenish (partially green) 
and several adventitious shoot regenerated on the calli (Fig
. 2A). The differentiated multiple shoots were divided and 
transplanted onto the same medium(Fig. 2B). The highest 
adventitious shoot induction rate was obtained in 1.0 mg/l 
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Table 2 Effect of 2,4-D in combination with BA on adventitious 
shoot production from rhizome derived callus segments of I. 
odaesanensis. MS medium containing 30 g/l sucrose was used. 
Date were collected after 12 weeks of culture

PGR’s (mg/l) Adventitious 
shoot induction 

(%)

No. of 
adventitious 

shoot/explants2,4-D BA

0 0 0 0

0.5
0.5 55 11.6±1.9*h
1.0 56 16.8±2.9d
3.0 51 15.4±1.9e

1.0
0.5 71 18.1±2.1bc
1.0 76 22.8±1.9a
3.0 68 21.0±1.6b

2.0
0.5 53 12.5±1.1g
1.0 59 13.3±1.6f
3.0 47 11.4±1.4i

*aData are the means ± SD, of five time experiments. Different 
alphabetical letters are significantly different according to 
Duncun's multiple range test at P〈 0.05.

Table 3 Effect of various kinds of medium on conversion of 
adventitious shoot of I. odaesanensis into plantlest. Medium 
containing 30 g/l sucrose was used. Data were collected after 4 
weeks of culture

Various kinds of 
medium

Conversion into 
plantlet (%)

Length of 
shoot (cm)

Length of root
(cm)

WPM 91.4 8.9±2.8*d 4.7±1.8*f
1/2WPM 98.2 11.4±0.8c 5.6±2.1e
1/3WPM 94.1 12.2±2.1b 6.2±1.9b

MS 96.6 13.8±3.1a 6.4±1.3a
1/2MS 94.9 12.8±1.4b 5.9±2.3bc
1/3MS 93.6 11.9±4.8c 5.8±4.5cd

*aData are the means ± SD, of five time experiments. Different 
alphabetical letters are significantly different according to Duncun's
multiple range test at P〈 0.05.

2,4-D and 1.0 mg/l BA (Table 2). Proliferated compact 
calli were transferred to 1/2MS medium supplemented with 
different BA and 2,4-D concentrations under light 
conditions to investigate their potential for shoot elongation 
(Table 3). After 4 weeks of culture, most of the compact 
calli started to turn to light green (Fig. 2A). Most of the 
callus at the early stage of shoot development had many 
yellowish green globular structures. Calli formed numerous 
shoots when they were cultured on MS medium supplemented 
with different concentrations of BA and 2,4-D (Table 2) 
(Fig. 2A). Adventitious shoot of I. odaesanensis were 
transferred to various media (WPM, 1/2WPM, 1/3WPM, 

MS, 1/2MS, and 1/3MS) to investigate the conversion into 
plantlets. After 4 weeks of culture, more than 90% of the 
adventitious shoot converted into plantlets with well-developed 
leaves and roots in all media (Fig. 2C, D). However, there 
was a remarkable difference on the growth of plantlets 
among the six media (Table 3). The length of shoots and 
roots of plantlets was the longest on MS medium. Therefore, 
MS medium was the most effective for growth in I. 
odaesanensis. BA plays a key role in shoot regeneration 
in vitro (Ayabe et al. 1995; Ayabe et al. 1998; Guo et al. 
2005; Xu et al. 2008). In the present experiment, BA 
enabled shoot regeneration at a frequency of up to 100% 
when rhizome explants were cultured on medium with 1.0 
or 3.0 mg/l BA, although BA at a level of 3.0 mg/l 
showed a suppressive effect on shoot differentiation (Table 
2). These results agree with the reports of Barandiaran et 
al. (1999) and Luciani et al. (2006), where BA could induce 
shoot regeneration from callus, but were different from the 
observations of Myers and Simon (1999) who found that 
BA alone did not induce shoot regeneration.
  In conclusion, we established a system for high frequency 
plant regeneration via callus induction in I. odaesanensis. 
This protocol can be applied to mass propagation and 
molecular breeding by genetic transformation in this endangered 
endemic species.
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