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IN CALLUS CULTURE

MAGDALENA KEDRA! AND ANNA BACH?

‘Department of Plant Physiology and Biochemistry, Jagiellonian University
ul. Gronostajowa 7, 30-387 Cracow, Poland
’Department of Ornamental Plants, Agricultural University
al. 29 Listopada 54, 31-425 Cracow, Poland

Received July 30, 2004; revision accepted March 25, 2005

The effect of two plant growth regulators on the initiation of callus and regeneration of L. martagon was studied on
modified MS medium. The cultures were initiated using seeds. The explants were isolated from different parts of
seedlings (hypocotyls, seedling bulb, root) and adventitious bulblets. The growth regulators stimulated various types
of callus. 4-amino-3,5,6-trichloropyridine-2-carboxylic acid (Picloram) induced a yellow, friable, granular callus,
whereas benzyladenine (BA) alone induced a cream-white, compact callus. MS medium containing Picloram plus BA
stimulated a yellow, compact, granular callus. The most useful explants for callus initiation were seedling bulbs and
adventitious bulblet scales. The most efficient embryogenic callus was obtained on MS medium containing 5 pM
Picloram and 5 pM BA. Histological studies showed that the embryogenic callus was formed at the epidermal cells
and near vascular bundles of explants. Somatic embryos were solitary, whereas adventitious bulblets were closely
connected with vascular tissue. No differences in the amount of DNA between scale tissue and callus were observed.
Lilium martagon L. is an endangered species in Poland. In vitro culture techniques can play an important role in the
future protection of this rare plant species.
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INTRODUCTION

The Turk’scap lily (Liliummartagon L.), which belongs
to the Martagon section of the large Liliaceae family
(McRae, 1998), is known as an endangered and pro-
tected species growing wild in Eurasia (Madalski,
1975; Meusel et al., 1965; Kolon et al., 1994).
Organogenesis and somatic embryogenesis have
been studied in culture of L. auratum, L. bulbiferum,
L. japonicum, L. longiflorum, L. regale, L. rubellum, L.
speciosum, Lilium xformolongi, and Asiatic and Orien-
tal hybrids (Simmonds and Cumming, 1976; Ta-
kayama and Misawa, 1982/83; Nimii, 1984;
Priyadarshi and Sen, 1992; Maesato et al., 1994; Mii et
al., 1994; Wickremesinhe et al., 1994; Famelaer et al.,
1997; Tribulato et al., 1997a; Watad et al., 1998; Pel-
konen and Kauppi, 1999). However, there are only a
few reports on the role of cytokinins in early stages of
bulblet formation and on induction of callus under the
influence of NAA and BA in bulb scales and leaf ex-
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plants of L. martagon. Pelkonen (1997) achieved callus
induction of L. regale and L. martagon on media con-
taining NAA plus BA. Rybczyhski and Gomolihska
(1989) described the influence of BA at low concentra-
tion on bulblet formation in L. martagon. In this study
we investigated the optimum in vitro conditions for
seed germination as initial pathogen-free explants. We
examined the induction of embryogenic callus and
organ regeneration in L. martagon. The goal of our work
was to study its morphogenesis under the influence of
plant growth regulators in callus cultures derived from
either seedlings or adventitious bulblet scales.

MATERIALS AND METHODS
PLANT MATERIAL

Lilium martagon seeds were collected from 12 plants
(15 seed capsules, ~100 seeds each) in Biskupice (Po-
gorze Wielickie, southern Poland, 260-290 m a.s.l.).
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TABLE 1. Effect of different media on in vitro seed germina-
tion of L. martagon; seeds stored at +20°C; n=50

TABLE 2. Effect of media and culture conditions on seed
germination of L. martagon; seeds stored at +4°C; n=50

Germination efficiency

Medium [%]
MS, 30 g/l sucrose 44 a
1/2 MS, 15 g/l sucrose 72b
MS+0.27 uM NAA, 30g/l sucrose 72b
1/2 MS+0.27 uM NAA, 15 g/l sucrose 72b

a, b... — values followed by the same letters do not significantly differ

Seeds before cold treatment (3 months at 20°C) and
after cold treatment (at least 3 months at 4°C) were
used. The seeds were surface-disinfected with 70%
ethanol for 1 min followed by 7% Chloramine B solution
plus a few drops of Tween 20 for 20 min. Then they
were washed three times with sterile distilled water
and soaked for a few sec in 0.7% Chloramine B solution.
Sterilized seeds were aseptically plated on MS medium
(Murashige and Skoog, 1962) with 30 g/l sucrose or on
1/2 MS with 15 g/l sucrose, with or without 0.27 pM
a-naphthalene acetic acid (NAA), solidified with 0.7%
Difco Bacto-Agar. The pH was adjusted to 5.8 before
autoclaving (121°C for 20 min). Each seed was placed
individually in a tube containing 10 ml medium. The
response was observed during 12 weeks. The cultures
were kept at 20°C or 25°C under illumination with
daylight fluorescent lamps (30 mol m?s™) under a 16 h
photoperiod or in darkness.

CALLUS INDUCTION

Callus was induced on explants isolated from differ-
ent seedling parts or from adventitious bulblet
scales. In the initial experiment, 4-5-week-old seed-
lings were separated into explants (hypocotyl, 2
lengthwise bulb cuttings and root) which were placed
in Petri dishes. The MS medium contained different
growth regulators: 0.5-25 pM 4-amino-3,5,6-trichlo-
ropyridine—2-carboxylic acid (Picloram) and/or 0.5-25
UM benzyladenine (BA). The Petri dishes were kept at
20°C in darkness. The morphogenic response was ob-
served after ~8 weeks. The percentage of explants
forming callus and the number of bulbs and roots per
explant were counted. The characteristics of the callus
and the number of somatic embryos (at least ~200 pm
long) were determined with a light microscope (Leica,
Germany).

In the next experiment, scales from regenerated
adventitious bulblets were used for callus induction
under the same conditions as described above for
seedling culture. Scale segments (apical and basal)
were placed abaxial side down on the medium. After
8 weeks, embryogenic callus formation and the fre-
quency of somatic embryos, bulblets and roots were
assessed.

Disinfection Germination
Culture

Medium o efficiency efficiency
conditions [%] [%]
MS, 30 g/l sucrose 25°C/L* 90 10a
25°C/ID 100 10a
1/2 MS, 15 g/l sucrose 25°C/L 95 15a
25°C/ID 95 45b
MS, 30 g/l sucrose 20°C/L 100 70 bed
20°C/D 90 50 bc
1/2 MS, 15 g/l sucrose 20°C/L 85 85d
20°C/D 85 75cd

a, b... — values followed by the same letters do not significantly differ
*L —16 h photoperiod; D — darkness

HISTOLOGICAL AND CYTOLOGICAL OBSERVATIONS

For histological study, tissue samples were fixed in
formalin-acetic acid-ethanol (FAA) for 72 h. The tissue
was dehydrated in an ethanol series (70%, 90%, 100%)
for 10 min at each concentration and embedded in
paraffin (56°C). Serial sections 8—10 um thick were cut
with a rotary microtome (RM 2145, Leica, Germany),
stained with 1% safranin and 1% fast green (Jensen,
1962), and photographed under a light microscope.

FLOW CYTOMETRY

Cytometric analysis was performed with a PARTEC
CA 1l flow cytometer (Minster, Germany) to deter-
mine the relative DNA content in scale and callus
tissues. Tissue samples were prepared by a two-step
procedure, using Partec solution for isolation of cell
nuclei and DAPI (fluorochrome 4'6-diamidyno—2-phe-
nylindole) for staining. DNA content was estimated
from a minimum 5000 cells per specimen. Ten plant
tissue samples were tested.

STATISTICS

The results were subjected to ANOVA, and the sig-
nificance of differences between means was tested by
Duncan’s multiple range test (a = 0.05) using Stat
(Skierniewice). There were five replicates of every
combination of medium, each with 10 seeds or seed-
lings or scale explants, and each experiment was
done twice.

RESULTS
SEED GERMINATION AND SEEDLING DEVELOPMENT

Seed germination in vitro depended on the concentra-
tion of MS medium and the presence of auxin. Seeds
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Fig. 1. Callus induction and plant regeneration in seedling culture (a—g) and bulb scale culture (h—j) of L. martagon: (a)
Seedling obtained in vitro from a seed (half-strength MS medium, 20°C, 16 h photoperiod), (b) Bulblet initiation from seedling
bulb (MS hormone-free medium), (c) Yellow, granular, friable callus, bulblets and hairy roots on bulb of seedling (MS medium
+0.5 uM Picloram), (d) Cream-white compact callus and bulblet on seedling bulb (MS medium +5uM BA), (e) Yellow, granular,
friable callus on bulb of seedling (MS medium + 5 uM Picloram), (f) Yellow, granular, compact callus on bulb of seedling (MS
medium + 5 uM Picloram + 5 uM BA), (g) Yellow compact callus on root of seedling (MS medium + 5 uM Picloram + 5 uM BA),
(h) Yellow, granular, compact callus on bulblet explants (MS medium + 5 uM Picloram + 5 uM BA), (i) Cream-white compact
callus and bulblets on bulblet explants (MS medium + 5 uM BA), (j) Yellow, granular, friable callus and somatic embryos on

bulblet explants (MS medium + 5 puM Picloram).

that had been stored at 20°C germinated within 4-12
weeks and formed seedlings with a single bulb, root and
hypocotyl (Fig. 1a). The highest rate of germination
(72%) was on MS or 1/2 MS in the presence of NAA or
in 1/2 MS alone. MS medium without auxin yielded
only 44% germination (Tab. 1).

In another series of experiments, seeds that had
been cold-treated at 4°C for 3 months germinated at a
higher rate at 20°C (50-85%) than at 25°C (10-45%) on
both MS and 1/2 MS (Tab. 2).

The percentage of disinfected seeds was signifi-
cantly high in all cases (85-100%) (Tab. 2).

CALLUS INDUCTION IN SEEDLING CULTURE

The callus formation response varied considerably be-
tween explant types. Explants started swelling after a
week of culture. After 3—4 weeks, callus induction was
observed on hypocotyls, bulbs and roots. The highest
rate of callus development was on seedling bulb ex-
plants (80-100%) (Fig. 2a). Callus induction was
achieved in 80—100% of the hypocotyl explants cultured
on 0.5-5 pM Picloram and 5 pM Picloram plus 5 uM
BA. Callusing occurred on seedling root explants in
media containing Picloram (0.5-25 pM) alone or in
combination with 5 uM Picloram and 5 uM BA. It did
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Fig. 2. Effects of various concentrations of Picloram and BA on percentage of callusing explants in seedling culture (a) and
bulblet scale culture (b) of L. martagon (*bulbs I; bulbs Il — 2 lengthwise bulb cuttings).

not occur in the absence of growth regulators or when
only cytokinin was present (Fig. 2a).

Picloram induced yellow, friable, granular callus,
whereas media containing BA resulted in the develop-
ment of cream-white and compact callus. Callus tissue
obtained in the presence of both Picloram and BA was
yellow, compact and granular.

A considerable number of globular somatic embryos
were observed on callus grown on medium with the
addition of Picloram or Picloram with BA. Embryos
grown on callus obtained in the presence of Picloram
were white, whereas those obtained on media contain-
ing BA were transparent. A large number of elongated
somatic embryos were observed on seedling bulb ex-
plants, but no embryos were found on root explants
(Figs. 1b—g, 3a,b).

Besides somatic embryos, a great number of ad-
ventitious bulblets were observed on seedling bulb
explants, especially on hormone-free MS medium or in
the presence of 0.5 uM BA (Fig. 3c). Bulblets on media
with BA were grew actively, whereas those on media
containing Picloram or Picloram with BA were mostly
dormant. No adventitious bulblets were observed on
media containing high concentrations of Picloram (5—
25 uM). The best rhizogenesis was observed on stand-

ard MS medium or MS with BA . Media with a low
concentration of Picloram (0.5 uM) also favored the
formation of thick and hairy roots from callus tissue
(Fig. 3d).

CALLUS INDUCTION IN ADVENTITIOUS BULBLET
SCALE CULTURE

Initiation of callus in adventitious bulblet scale culture
was equally frequent on apical (79%) and basal parts
(85%) of scales. Callus developed from the bulblet scale
surface after ~2 months of culture in darkness (Fig.
1h-j). Higher concentrations of Picloram (10-25 uM)
reduced the number of callusing explants from 85% to
25-65%. The highest amount of callus was obtained
with 5 uM Picloram (95-100%; data not shown). BA
stimulated the induction of callus through the entire
concentration range. Hormone-free MS medium also
induced callusing explants, at a lower frequency (Fig.
2b).

Different types of morphogenetic response were
observed: globular and elongated embryos, adventitious
bulblets and roots, depending on the concentration of
growth regulators. A considerable number of globular
embryos were obtained from the apical part of the
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Fig. 3. Number of regenerated (a) globular and (b) elongated embryos, (c) bulblets and (d) roots of L. martagon in seedling
culture at different concentrations of Picloram and/or BA (*bulbs I; bulbs 11 — 2 lengthwise bulb cuttings).

scale bulbs on medium containing Picloram combined
with BA. However, high concentrations of Picloram and
BA added separately reduced the number of globular
and elongated embryos (Fig. 4a,b).

The best media for adventitious bulblet formation
were those including BA, especially at 0.5 uM concen-
tration. Media with Picloram (5—-25 uM) did not induce

the formation of bulblets. Basal segments of bulbs
produced more roots than apical segments did. Short
roots covered with dense hairy roots formed on medium
with 0.5 uM Picloram. Roots that developed at the base
of the bulb were longer than those formed directly from
callus (Fig. 4c,d).
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Fig. 4. Number of regenerated (a) globular and (b) elongated embryos, (c) bulblets and (d) roots of L. martagon in bulblet

scale culture at different concentrations of Picloram and/or BA.

HISTOLOGICAL AND CYTOLOGICAL
ANALYSES

Cytological analyses of single scales (control material)
revealed the occurrence of epidermis and mesophyll
with vascular bundles in the middle (Fig. 5a). The cells
of the epidermal layer were smaller and more compact

than parenchyma cells. The dividing cells were located
at the epidermal layer and around the vascular bund-
les. They were smaller than mesophyll cells, contained
starch granules, and formed meristematic structures
(Fig. 5b,c). Their morphology showed differences be-
tween somatic embryos and bulblets. Somatic em-
bryos were solitary and loosely attached to the callus.
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Fig. 5. Histological analysis of callus induction in L. martagon: (a) Cross-section of bulblet scale grown in vitro on MS medium
(control material), (b) Cell proliferation at epidermal cells (MS medium + 5 pM Picloram), (c) Cell proliferation near vascular
bundles (MS medium + 5 uM Picloram), (d) Longitudinal section of bulblet connected with tissue scale (MS hormone-free
medium), (e) Longitudinal section of somatic embryo (MS medium + 5 uM Picloram), (f) Cell proliferation in callus tissue and

starch accumulation in meristematic center.

Bulblets formed at the base of the explants and were
closely connected by tissue (Fig. 5d,e). Cells with large
nuclei, frequently in mitotic stage, and dense cyto-
plasm with great amounts of starch were observed on
the surface of the callus. The inner cells were larger
and loosely connected (Fig. 5f).

FLOW CYTOMETRY

Flow cytometry was used to assess ploidy stability
during micropropagation. The measurements showed
no differences in the amount of DNA between the
tissues of plants regenerated from callus and scale (Fig.
6). No haploids were found in the investigated samples.

DISCUSSION

The study presented here was focused on the initial
stages of in vitro propagation of Lilium martagon, an
endangered species legally protected in Poland. Despite
strict protection, the population of L. martagon has

decreased over recent decades under the impact of
human activity (Kolon et al., 1994). The use of tissue
culture techniques can help in its restoration.

In vitro cultures of Lilium sp. are most frequently
started from bulb scales. However, seeds are usually
recommended for the production of pathogen-free
plants (Pelkonen, 1997; McRae, 1998). We attempted
to optimize the conditions for the germination of L.
martagon seeds. In our experiments, germination was
most efficient at lower temperature on 1/2 MS medium
containing 15 g/l sucrose. The preference for lower
temperature is characteristic of the germination pro-
cess (Beattie and White, 1993). In earlier studies, seeds
were used as explants by Mii et al. (1994) for L. x
formolongi and by Pelkonen (1997) for L. regale,
L. martagon and L. bulbiferum with germination rates
similar to ours. Lower concentrations of macro- and
micro-nutrients and sucrose stimulated seed germina-
tion in Pelkonen’s (1997) work. Low concentrations of
sucrose in medium have been suggested to stimulate
the uptake of nutrients and decrease the level of ab-
scisic acid required for the induction of dormancy in
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Fig. 6. Flow cytometric analysis: (a) Bulblet scales (control
material), (b) Callus tissue.

seeds (Stavarek and Rains, 1984; Vreugdenhil and
Helder, 1992). Our work confirmed this suggestion.

In an attempt to increase the efficiency of micro-
propagation through somatic embryogenesis, we inves-
tigated various factors influencing callus formation. In
our experiments, callus induction was carried out on
seedlings and adventitious bulblet scales using Piclo-
ram and/or BA at different concentrations. Callus in-
duction was observed on each medium, but the best
results were achieved on media with lower concentra-
tions of Picloram and/or BA (0.5-5 uM). Hormone-free
medium also stimulated the formation of callus on the
explants, albeit less frequently. The highest percent-
age of callusing explants was obtained on bulb frag-
ments from seedling culture and adventitious bulb
scales.

We observed the formation of three types of callus
tissue. The type of callus formed depended on the kind
and concentration of growth regulators. Hormone-free
media or MS medium containing BA induced cream-
white, compact callus. Yellow, granular and friable
callus appeared on media with Picloram, whereas the
presence of both Picloram and BA resulted in callus

that was yellow, granular and compact. Yellow granu-
lar callus consists of cell aggregates with dense, easily
dividing cytoplasm, most useful for cell culture in sus-
pension. The embryogenic callus contains a large
amount of starch, which is an important factor in
embryogenic tissue. Starch grains appear when the
cells become embryogenic, and also in meristematic
cells of embryos (Thomas, 1972; Schwendiman et al.,
1988).

The positive effect of Picloram on callus induction
has been reported before for monocotyledons (Beyl and
Sharma, 1983; Sellés et al., 1999). A low concentration
of Picloram stimulated cream-white granular callus in
seedling culture of L. x formolongi (Mii et al., 1994) and
L. longiflorum ‘Snow Queen’ and the Oriental hybrid
‘Star Gazer’ (Tribulato et al., 1997a,b). Tribulato et al.
(1997a) reported that they obtained friable callus only
on media with a low concentration of Picloram (2 uM)
on styles, pistils and flower pedicels of L. longiflorum
‘Snow Queen’ and the Oriental hybrid ‘Star Gazer.’ Our
results demonstrate that callusing can also be induced
in seedlings and adventitious bulblet scales of Lilium
martagon when Picloram is used at concentrations in
the range of 0.5-25 pM. The addition of BA to the
medium with Picloram stimulates the formation of a
more compact callus.

Treatment with growth regulators during callus
induction can result in genetic modification of the plant
material, most often chromosome number aberrations
(Pierik, 1987). Although such variation can be used as
a tool when creating new ornamental varieties, it is
important to ensure that no changes are introduced
when, as is the case here, species conservation is the
ultimate goal. To test for chromosome stability, flow
cytometry was used as a rapid method of determining
DNA content in the individual cells in culture. In our
experiments, the ploidy of the callus and regenerated
plants was stable. Somaclonal variation is very rare in
the genus Lilium. Cytological methods and observa-
tions by Sheridan (1974), Simmonds and Cumming
(1976), Mii et al. (1994) and Wickremesinhe et al.
(1994) confirmed chromosome stability at the diploid
level in lilies. Van Harmelen et al. (1997) also found
only slight variation in regenerants obtained from 3-
year-old callus of L. longiflorum ‘Gelria.’

Seeds of L. martagon are good material for obtain-
ing virus-free plants. Different growth regulators
stimulate different callus types. The results of this
study suggest that Picloram or Picloram plus BA are
favorable for embryogenic callus induction. The effi-
ciency of morphogenesis (percentage of callusing ex-
plants, number of adventitious bulblets per explant) of
L. martagon depends on the kind of explant, and is
highest in bulb seedlings and adventitious bulblet
scales. Initiation of callus in lily culture without the
loss of morphogenic potency is important to achieve in
transformation techniques. The presented procedure
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could be applied to multiplication of this endangered
species or to its genetic manipulation.
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