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Abstract - In vitro high-frequency plant regeneration of Muscari comosum var. plumosum through somatic embryogenesis was ob-
tainzd via two developmental pathways: direct embryos and multiple shoots regenerated from embi yogenic callus. Flower bud with
ped .cel, receptacle, petal and ovary wall, floral stalk and leaf as explants were cultured in MS mecium supplemented with various
planit growth regulators. Embryos formed directly from pedicel, receptacle and floral stalk. Depending on explant sources, the opti-
mal medium was MS medium supplemented with 0.2 mg/L IBA and 0.3 mg/L BA, 3.0 mg/L IBA and 3.0 mg/L BA, and MS-free
meclium for pedicel, receptacle, and floral stalk, respectively. Multiple shoots regenerated from embryogenic calli which was ini-
tiated from petal, ovary and leaf were observed in MS medium with different concentrations and combinations of hormone. The
most suitable medium for each type of explant was 3.0 mg/L IBA and 3.0 mg/L. BA (petal and ovary, and 5.0 mg/LL.IBA and 5.0 mg/LL
BA (leaf). Furthermore, the combination of 0.1 mg/L 2,4-D and 1.0 mg/L BA was also good for all sources of explants not only for
direct embryo formation, but also, for embryogenic callus induction.
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Introduction

Muscari comosum var. plumosum belongs to the family Liliaceae,
and is generally called 'muscari' or 'grape hyacinth'. It is a kind of dis-
tinctive:, widespread ornamental plant and cultivated for pot and garden
uses. Muscari is easily recognized by its purple or cobalt-blue 'tassel’
consistzd of small flowers with long stalks. Because of the different
habitat and climate, it takes a long time to produce plantlets through
seed germination, and the production is very low. Vegetative prop-
agatior. by bulbils can also be used in Muscari comosum var. plumo-
sum, but only three to four bulbils are formed from the mother bulbs.

Recently, in vitro rapid and mass propagation system of several
species has already been established (Swamy et al., 1992; Xiao and
Branchard, 1995; Han et al., 2004). But like other bulbous plants (Liu
and Xv, 2001; Wang et al., 2004), the underground bulbs of Muscari
are still easily contaminated by fungi after being transferred to me-
dium if 'using routine sterilization method in tissue culture. In order to

solve this serious problem, previous studies used other plant parts as
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explants for mass propagation, such as pedicel of Hippeastrum hy-
bridum Hort. (Ko et al., 2005, receptacle of Lilium longiflorum
(Nhut et al., 2001), petal of asiatic lily (Yang et al., 2004), ovary of
Lilium (Chen et al., 1997), anthe:: of Lilium asiatic hybrid (Ko, 1996),
flower stalk nodes of Scilla violacea Hutch. (Lee et al., 2004) and leaf
of oriental lity hybrids (Zhang et al., 2004). The development of pro-
tocols aiming to establish in vitr» propagation by using more readily
available material explants and plant growth regulators could alle-
viate many problems associated ‘with underground bulb with plentiful
fungi. In this study, various explants and plant growth regulators were
used to establish a simple and high-frequency somatic embryogenesis

system of Muscari comosum vat. plumosum.

Materials and Methods

Plant material
Young leaves, floral stalks and flower buds of Muscari comosum var.

plumosum were used as explants :'or shoot or callus formation. Healthy
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Fig. 1. Effect of explant sources and plant growth regulators on embryogenic callus and shoot regeneraticn in Muscari comosum var. plumosum

after 30 days of culture.

flower buds before 5-10 days of anthesis containing pedicel, receptacle, cut transversely into segments 5-7 mm and 1 cm long, respectively. Two

petal and ovary wall were chosen. The explants were sterilized in- longitudinal edges of leaves were also cut off for the purpose.

dividually by dipping in 70% EtOH for 1 minute, followed by soaking in

7% calcium hypochlorite added 1 or 2 drops tween-20 for 15 minutes ~ Culture condition

and rinsed five times with distilled water. Leaves and floral stalks were
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The three kinds of explants were cultured continuously on MS me-



dium containing either 0.1 mg/L to 5.0 mg/L. IBA and BA, or NAA,
2.4-D and BA in 9-cm petri-dishes with six to eight explants per dish.
All media used in this study were supplemented with 30 mg/L sucrose
and 3.% mg/L phytagel, and adjusted to pH 5.8 before autoclaving at
121°C for 15 minutes. All cultures were incubated at 25+2°C, 50u

mokm™-5”, 16/8 hour photoperiod per day in a growth chamber.

Results

Direct embryos emerged from pedicel, receptacle and floral
stalk

In most of the plant growth regulator combinations tested, the dif-
ferent y ositions of flower buds showed the ability to induce direct em-
bryos after 30 days of cualture. The flower buds initially expanded en-
tirely, then from pedicel and receptacle. Embryos grew and then elon-
gated 01 MS medium with various plant growth regulators (Fig. 2A-C
and D-7, Fig. 1). Especially on MS medium with 0.3 mg/L IBA and
0.2 mg'L BA or with 0.1 mg/L 2,4-D and 1.0 mg/L BA, 100% pro-
duction of direct embryos could be achieved from pedicel without
callus. But from receptacle, the best medium for embryo formation
was 3.0 mg/L IBA and 3.0 mg/L BA wherein the production could
reach 100%. The combination of 0.1 mg/L 2,4-D and 1.0 mg/L BA
was also good for shoot regeneration from receptacle with production
reaching 96.7%. High concentration of 5.0 mg/I. IBA and 5.0 mg/L
BA caused the low frequency (8.6%) of multiple shoots. There was al-
so no callus, but a few roots formed from receptacle (Fig. 2F).
Enlarged bulbs from embryos could be induced from floral stalks in
MS medium without any auxin and cytokinin (Fig. 2M and O).
However, embryogenic calli with regenerated shoots were observed
from floral stalks in MS medium with 0.1 mg/L 2,4-D and 1.0 mg/L
BA (Fig. 2N).

Multiple shoot regenerated from embryogenic callus

Yellowish and compact embryogenic calli were induced from the
epiderniis of petals, ovary walls and leaf after 30 days of culture (Fig.
1). Varisus types of embryo produced from visible embryogenic cal-
lus were obtained from MS medium containing 0.1 mg/L 2,4-D and
1.0 mg/L BA (Fig. 2G-I) wherein the embryogenic callus production
was 10(%, and multiple shoots could form from all these calli on each
explant. Furthermore, the same case was observed on MS medium
containing 3.0 mg/I. IBA and 3.0 mg/L. BA (Fig. 1). The difference
betweern these two combinations was that the number of shoots per
explant in 3.0 mg/L IBA and 3.0 mg/L BA was higher than those in
0.1 mg/L 2,4-D and 1.0 mg/L. BA.

Somatic Embryogenesis from Various Parts of Muscari comosum var. plumosum

Figure 1 showed that in MS medium containing 0.1 mg/L 2,4-D
and 1.0 mg/L BA or 3.0 mg/L. IBA and 3.0 ing/l BA, the percentage
of embryogenic callus formaticn from ovary wall (Fig. 2J-L) was
the same (100%), but the production of shoot regeneration from
embryogenic callus in MS med: a with 3.0 mg/L IBA and 3.0 mg/L
BA was slightly higher (87.8%) than in 0.1 mg/L 2,4-D and 1.0
mg/L BA (80%). Similar as petal, more shoots per explant could be
obtained in MS media with 3.0 mg/L IBA and 3.0 mg/L. BA from
ovary wall. The combination with high concentration of IBA (5.0
mg/L) and BA (5.0 mg/L) inhibited shoot formation with frequency
of only 2.9%.

The earliest visible signs of enibryogenic callus from leaf were no-
ticeable within 30 days of cultur:. Before inoculation, the surface of
leaf was green and smooth. After culture in MS medium with various
auxin and cytokinin, the explants expanded gradually. Subsequently,
embryogenic callus initiation was seen developing from the cut
edges of leaf (Fig. 2P-R) in all treatments with a large number of
concentrations and combinatior:s of hormone (Fig. 1). The highest
production of embryogenic callus could reach 100% in MS media
with each 3.0 or 5.0 mg/L BA 01 0.1 mg/L. 2,4-D and 1.0 mg/L. BA.
However, only in MS medium supplemented with 5.0 mg/L IBA
and 5.0 mg/L BA all these emb yogenic calli could form multiple
shoots. No response occurred in MS-free medium with flower buds

and leaf.

Fig. 2. Somatic embryogenesis induced from various parts of Muscari
comosum var. plumosum after 30 days of culture. A-C: shoot elon-
gated directly from pedicel in MS medium with 0.2 mg/L TBA+0.3
mg/L. BA; D-F: multiple shoots znd roots formed from receptacle in
MS medium with 3.0 mg/L IBA+3.0 mg/L BA, G-L: embryogenic
callus and various embryos prodiced from petal in MS medium with
0.1 mg/L. 2,4-D+1.0 mg/L BA (G-I) and from ovary wall in MS me-
dium with 3.0 mg/L IBA+3.0 mg/L BA (J-L); M-O: bulbs produced
directly from floral stalks in MS-feee medium (M and O) and embryo-
genic callus induced in MS medium with 0.1 mg/L 2,4-D+1.0 mg/L
BA (N), and P-R: embryogenic callus produced from the cut edge of
leaves and multiple shoots elongzted in MS medium with each of 5.0
mg/L IBA and BA after 30 days of culture.
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Discussion

Bulbous plants are always the object for plant regeneration and
propagation from bulb scales like lilies (Li et al., 2004; Wang ez al.,
2005) and lycorises (Zhu ef al., 2002; Wang et al., 2005). However,
contamination is a serious problem in mass production of tissue cul-
ture from bulb scales, even with rare bulbous plants like muscari.
Recently, explants from various parts of inflorescence have been rec-
ognized as suitable sources for micropropagation of Liliaceous plant
species. Ko et al. (2005) reported that in Hippeastrum hybridum
Hort., pedicel at 15 days before anthesis was the best explant for in vi-
tro propagation compared with anther, styles and ovaries by means of
organogenesis, and the optimal medium was MS medium with
0.5mg/L NAA and 1.0 mg/L BA. In the present study, 0.2 mg/L IBA
and 0.3 mg/L BA was good for direct embryo formation from pedicel.
In Lilium longiflorum, receptacle sections from flower buds cultured
in one-half MS medium plus 5.4 uM NAA or 4.9 UM IBA and 2.2
mM BAP, produced an average of 41 shoots per explant without pass-
ing through a callus phase (Nhut et al., 2001). Similar to this study,
the combination of 3.0 mg/LIBA and 3.0 mg/L BA was the most suit-
able for direct embryos induction. Lee et al. (2004) reported that the
floral stalk attached with pedicel seven days before anthesis of Scilla
violacea Hutch. was effective to induce shoot in MS medium supple-
mented with 0.5 mg/LL NAA and 1.0 mg/L BA. In contrast with Scilla
violacea Hutch., the floral stalk of Muscari comosum var. plumosum
could form embryo directly and elongate in MS-free medium after 20
days of culture. It is believed that near the node of the stalk there is a
meristem which has the ability to produce direct embryo without any
addition of auxin and cytokinin. Petal, ovary and anther of some lily
species also had been reported for plant regeneration and mass prop-
agation (Ko, 1996; Chen et al., 1997; Yang et al., 2004).

In another muscari species, Muscari armeniacum Leicht]. Ex Bak.,
Suzuki and Nakano (2001) obtained two kinds of callus in leaf cul-
ture: fast-growing, yellowish nodular callus and white friable callus.
The yellowish nodular callus vigorously produced shoot buds after
being transferred to media containing 0.44+44 1M BA, while the
white friable callus produced numerous somatic embryos upon trans-
fer to plant growth with MS-free medium. In the present study, yel-
lowish and compact embryogenic callus were observed from all the
combinations of IBA or 2,4-D and BA, and shoots emerged from
these calli on the same media after 2 weeks of culture. Even in MS
medium with 5.0 mg/LIBA and 5.0 mg/L BA, shoot production could
reach 100%.

Thus, an effective, simple and high-frequency somatic embryo-

genesis system of Muscari comosum var. plumosum has been
established. Depending on the sources of explants, the optimal me-
dium containing IBA and BA may vary. However, the combination of
0.1 mg/L 2,4-D and 1.0 mg/L. BA was good for all types of explants,
not only for direct embryo formation, but also, for embryogenic cal-

lus induction.
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