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Abstract
Biotechnology has become a necessity, not only in research, but also in the culture and breeding of
lilies. Various methods in tissue culture and molecular breeding have been applied to the production
of commercially important lily species and cultivars. However, scientific research data of such
species and varieties that have potential in the northern climate is scarce.

In this work, different biotechnological methods were developed and used in the production and
culture of a diversity of lily species belonging to different taxonomic groups. The aim was to test and
develop further the existing methods in plant biotechnology for the developmental work and the
production of novel hardy lily cultivars for northern climates.

Most of the plant material was started from seeds, which provided genetic variability and new
material for breeding. Different features in seed structure were studied with light microscopy and
SEM, and different parameters affecting germination were tested. Several tissue culture protocols
were also compared with different species using both solid and liquid media. Molecular biological
methods were used in assessing genetic background of traditionally grown lilies. Somatic
embryogenesis in callus differentiation of callus cultures was studied, and gene expression behind
differentiation processes was analyzed with various molecular biological methods. Particle
bombardment system was used in genetic transformation. In addition, protoplast isolation methods
from various tissues were tested.

The main results indicate that many tissue culture methods can be used in research and in mass
production with all tested species. Especially in a large-scale production, temporary immersion
system is promising. In addition to the conventional bulb scale material, seeds were found to be a
suitable starting material for genetic variability required for production of new cultivars, and in the
preservation of natural populations. RAPD techniques proved a suitable method for revealing
phylogenetic relations of different lily species and cultivars. Methods in DNA and RNA isolation,
cloning and analysis were optimized for lily material. In addition, particle bombardment system was
successfully used for genetic transformation of lily callus.

In the future, more information is needed to understand better the germination and differentiation
processes, focusing especially in the genes, their products and function. In addition, the large and still
mostly unknown lily genome is a challenge for research in the future. However, the currently
presented results provide good opportunities for further developmental work and research of hardy
lily species.

Keywords: differentiation, genetic transformation, germination, molecular biology,
morphology, somatic embryogenesis, tissue culture
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AGP arabinogalactan protein 
BA 6-benzyladenine 
cDNA  complementary DNA 
2,4-D 2,4-dichlorophenoxyacetic acid 
FAA formaldehyde:acetic acid fixative 
GA gibberellic acid 
GUS β−glucuronidase 
HSP heat shock protein 
IAA indole-3-acetic acid 
LEA  late embryogenesis abundant 
LTP lipid transfer protein 
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npt  nopaline synthase gene 
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RAPD  random amplified polymorphic DNA 
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se somatic embryo 
SEM scanning electron microscopy 
SERK  somatic embryogenesis related receptor-like kinase 
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TIBA 2,3,5-triiodobenzoic acid 
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1 Introduction 

Lily species have been used as ornamental plants for centuries. Although the very first 
hybrids originate from the 19th century (Woodcock & Stearn 1950, Jefferson-Brown & 
Howland 1995), the systematic breeding of lily cultivars, the number of which exceeds 
several thousands nowadays, started only in the 1950's by Jan de Graaff.  

Tissue culture has become an important method in research and mass production of 
various plants during the last decades. Combining the benefits of mass production and 
fast regeneration of uniform plant material in tissue culture is a necessity for the future 
breeding and culture of lilies. However, to make tissue culture a commercially relevant 
production system, production protocols need to be developed separately for each plant 
crop and cultivar. 

Bulbous plants, like lilies, have proved to be ideal for tissue culture, as their 
regeneration potential is usually high. Furthermore, the compact structure of the shoot 
makes them easy to handle both in solid and in liquid cultures. Nowadays, lilies are one 
of the most important bulbous crops produced in tissue culture also in an industrial scale 
(Chu & Kurtz 1990). 

1.1  The genus of lilies 

Genuine lilies belong to the Lilium family consisting of approximately 100 species in the 
Eurasia and North American continents (Fig. 1, Table 1). Most lily species originate from 
South-East Asia (China, Korean peninsula and Japan). Another large group of species 
comes from North America. The number of native European and Caucasian (Eurasian) 
species is approximately 10. (Woodcock & Stearn 1950, Baranova 1990.) 
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Fig. 1. The geographical distribution of native lily species. a) Eurasian species range from the 
Atlantic through Mediterranean and Central Europe to the Caucasus and Ural mountains. b) 
Most American species are found in an area ranging from the Atlantic to the Midwest. The 
distribution of the Western species is limited by the Rocky Mountains and the Pacific. c) Most 
native lilies originate from the Eastern Asia. Their distribution ranges from the Pacific to 
Ural and Caucasus mountains, to the Northern India and Burma in the south and Siberia in 
the north. 

Natural habitats of lilies are mostly on high altitudes, reaching up to over 2000 meters 
from the sea level. Their adaptation to extreme annual changes in temperature and 
humidity makes them suitable garden plants in a large climatic area from temperate to 
subarctic latitudes.  

Most lily species have been used as ornamental plants for centuries. Systematic 
breeding of lily cultivars, the number of which exceeding nowadays to several thousands, 
started only in the 1950's by Jan de Graaff. Though, the very first hybrids originate from 
the 19th century. (Woodcock & Stearn 1950, Jefferson-Brown & Howland 1995.) Today 
lilies are important plants that are grown in gardens and cultivated for cut flowers. In 
addition to a few traditionally grown species, dozens of imported species and cultivars 
are grown all over Finland. 

a) b)

c)
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Fig. 2. The reproduction and structure of a lily. a) A cross and longitudinal section of a 
mature seed pod containing seeds. b) The vegetative shoot and inflorescense of lily; arrows 
point to the adventitious or axillary buds (bulbils). c) Epigeal germination, d) hypogeal 
germination. 

1.1.1  The organogenic structure of a lily 

The main organs of an adult lily plant are basal roots, the bulb, which is the underground 
part of the shoot, and the inflorescence or the flowering shoot that emerges above the 
ground and carries the flowers (Fig. 2). The size and form of these organs vary greatly 
within the genus. The bulb is always without any protective tunic or coat, and the growth 
type is sympodial. The bulb scales are morphologically specialised leaves containing 
nutrient and water reservoirs. The apical meristem produces the inflorescence whereas 
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the axillary meristems produce the side bulbs that continue the growth after the main 
shoot perishes. (Woodcock & Stearn 1950, Baranova 1990, McRae 1998.) 

Table 1. Classification of lily species 

Class  Species 
1. Martagon group  LL. distichum, hansonii, martagon, medeoloides, tsingtauense 
2. American group a) LL. bolander, columbianum, kelloggii, humboldtii, rubescens, washingtonianum 
 b) LL. maritimum, nevadense, occidentale, pardalinum, parryi, parvum, roezlii 
 c) LL. canadense, grayi, iridollae, michauxii, michiganense, superbum 
 d) LL. catesbaei, philadelphicum 
3. Candidum group  LL. bulbiferum, candidum, carniolicum, chalcedonicum, monadelphum, polyphyllum, 

pomponium, pyrenaicum 
4. Oriental group  LL. auratum, brownii, japonicum, nobilissimum, rubellum, speciosum 
5. Asiatic group a) LL. davidii, duchartrei, henryi, lancifolium, lankongense, leichtlinii, papilliferum 
 b) LL. amabile, callosum, cernuum, concolor, pumilum 
 c) LL. bakerianum, mackliniae, nepalense, ochraceum, sempervivoideum, taliense, wardii 
6. Trumpet group a) LL. leucanthum, regale, sargentiae, sulphureum 
 b) LL. formosanum, longiflorum, neilgherrense, philippinense, wallichianum 
7. Dauricum group  LL. dauricum, maculatum 

The inflorescence bares the leaves that lie either in whorls or are scattered along the stem. 
The flowers are situated on top of the stem either individually, in racemes or in umbels. 
The flower is the model of the monocotyledon type of structure. It is symmetric 
consisting of two whorls of petals, two whorls of anthers and a single trilobed ovary. The 
flowers are large and showy, and they vary in size and colour. (Woodcock & Stearn 1950, 
McRae 1998.) 

1.1.2  Germination types of lilies 

Lily species are divided into two main groups according to their germination type: 
epigeal and hypogeal. Epigeal seeds germinate usually immediately after sowing without 
showing any signs of dormancy. The cotyledon emerges from the seed at the same time as 
the radicle intrudes into the soil. The growth of the small seedling continues, and a small 
plant is formed without dormancy. Hypogeal germination is usually controlled by 
dormancy which breaks only after the seed has been exposed to cold treatment. During 
germination, the radicle grows out of the seed but the cotyledon stays within the 
endosperm conducting reserve nutrients to the forming primary bulblet (Fig. 2). 
Dormancy is often re-induced after the primary bulblet has formed, and another cold 
period is required for further development of the plant. (Woodcock & Stearn 1950, 
Baranova 1990.) 

The germination type seems to have evolutionary significance since it is species-
specific and thus genetically inherited. Most of the Eurasian and American species 
represent the delayed hypogeal type of germination whereas most East Asian species 
represent the immediate epigeal type (Table 2). 
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Of the several pathogens infecting lilies, such as lily symptomless virus (LSV), tulip 
breaking virus (TBV) or fungal diseases causing basal bulb, scale or root rots (Fusarium, 
Cylindrocarpon), none has proved to be transmitted by seeds. This makes seed 
propagation an invaluable method for disease control in cultivated stocks. (van Aartrijk et 
al. 1990.) 

In this work, the germination of different lily species and the effect of physical factors 
and growth regulators were studied with in vitro germinated seeds (I). 

Table 2. Lily species with different germination type in various taxonomic groups 

Epigeal Hypogeal Group 
Immediate Delayed Immediate Delayed 

Total 

1 - - - 5 5 
2 2 - 1 21 24 
3 1 3 - 8 12 
4 1 - 1 5 7 
5 27 - - - 27 
6 7 2 - - 9 
7 2 - - - 2 
Total 40 5 2 39 86 

1.1.3  Genome organization of lily species 

The genome size of lilies is one of the biggest among all organisms. For example, the 
genomic DNA L. henryi consists of 32 billion base pairs, and with some species the 
number of base pairs can rise up to 100 billion (Bennet & Smith 1976, Sentry & Smyth 
1989). Thus, there are differences in the genome size between species (Siljak-Yakovlev et 
al. 2003).  

The lily genome is organized in large metacentric and subtelocentric chromosomes. 
The haploid number of chromosomes is 12, and it is very constant throughout the whole 
genus. Natural species are mostly diploid (2n = 24), but with some species there are also 
triploid forms (3n = 36) that are sterile. Some naturally occurring tetraploids have also 
been found, and these are usually fertile. It has been assumed that some interference in 
the meiosis of the forming reproducting cells can result in the spontaneous formation of 
polyploidy in lilies. There are also examples of spontaneous inter-specific hybrids that 
show a normal diploid chromosome number. Abnormal chromosome numbers have been 
found in some studies, but in general their existence is very rare. (Abraham 1939, Stewart 
& Bamford 1943, Stewart 1947, Sharma & Bhattacharyya 1957, Siljak-Yakovlev et al. 
2003.) 

As breeding techniques have developed, the production of tetraploid plants has been 
accomplished artificially by treating either seeds or bulb scales of diploid plants with 
colchicine. Tetraploid forms have proved to be more robust in their growth habit having a 
thicker texture of tissues and higher resistance to diseases. When crossed with diploid 
forms they produce triploid offspring. (McRae 1998.) Generally the genome size and 
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organisation is very stabile in the genus, and the normal diploid chromosome number 
predominates both with species and with hybrids or cultivars.  

The immense size of the lily genome is partly due to the substantial amount of 
repetitive sequences in the chromosomes. Considering that the genome organization of 
lilies is very conservative and that the repetitive sequences have remained in the genome 
through millions of years of evolution, their importance to lily species must have 
evolutionary significance. 

1.2  Lilies as garden plants in Northern Europe 

In addition to a few traditionally grown species the diversity of the lilies has increased 
along with the popularity also in Scandinavia. However, the variety of lilies available in 
this area is limited compared to that in Central Europe and North America. Preliminary 
observations on the persistence of a large scale of lily species in Northern Finland are 
promising with regard to further breeding and developmental work. This is the 
prerequisite for the production of hardy lilies of high quality for the culture in the 
demanding climate. 

1.2.1  Traditionally grown lilies 

Lilies have had their place in European gardens for centuries. Various strains of the 
Orange lily (L. bulbiferum s.l.) are found all around the countryside in Nordic countries 
up to Lapland. Originally these lilies came from Central Europe where they have been 
grown in gardens since the 16th century (Bos 1993). The Turk's cap lily (L. martagon L.) 
and the The Tiger lily (L. lancifolium Thunb..) are also old garden plants. Along with 
these more common species there are some examples of other, less known lilies of old 
origin. Some strains of the Caucasian lily (L. monadelphum Bieberstein), and the Marhan 
lily (L. x Marhan Van Tubergen), which is a grex (an inter-specific hybrid) between the 
Turk's cap lily and the Korean lily (L. hansonii Leichtlin), have been found. 

1.2.2  New species and cultivars in Finland 

Although the variety of lilies grown in gardens consists of dozens of natural species and 
cultivars, their number has remained limited in the Nordic countries. Most of the 
imported lily cultivars are Asiatic hybrids. Only a few Oriental and Trumpet hybrids have 
been available, and their persistence has not been very good in the northern climate. Of 
the species, only some strains of the Regal lily (L. regale Wil.) originating from South 
Western China, and the Speciosum lily (L. speciosum Thunb.) originating from Eastern 
Asia, have been provided, but their culture has not proved to be successful in Finland. 
Today, the main areas for commercial lily production are the Netherlands, Japan and the 
United States (van Aartrijk et al. 1990). 
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The Regal lily was selected as one of the new species for this work. It is one of the 
parent species that have been used for the breeding of the Trumpet lily hybrids, and it has 
many advantageous features. It is relatively fast growing and reaches the flowering size 
within approximately 1-2 years after germination. Its development can be accelerated 
further by tissue culture. It reproduces very effectively from seeds and from side-bulbs, 
and has a high ornamental value. Its blooming time in the Oulu region (65˚ N; 25˚ 30’ E) 
is in July. 

The Gold band lily and its white-flowered form virginale have proved hardy also in 
the north. The flowering time of this species is earlier than that of the Speciosum lily, the 
former blooming in the Oulu region at the end of July and the latter in August or 
September. They both belong to the Oriental species group originating from Eastern Asia. 

Of the many American species, the most promising is the Canadian lily. It is hardy, 
and blooms in the Oulu region at the end of June or in the beginning of July. It also 
proliferates very easily both sexually and vegetatively. 

Of the Eurasian species (Candidum group) the Caucasian lily has already been 
introduced to culture in Finland. However, its availability is very scarce and the present 
strains are physiologically old. Its production starting from seeds is easy, and it is 
completely hardy. It blooms quite early in the Oulu region, already in June. 

In addition, there are various other lily species from all taxonomic groups that have 
potential as garden plants in Finland. 

1.3  In vitro propagation methods of lily species 

Tissue culture has been applied to the propagation of lilies since the late 1950's (Robb 
1957). Soon after that, multitude of research articles on the development of tissue culture 
methods for lilies became available (Sheridan 1968, Simmonds & Cumming 1976, 
Stimart & Ascher 1978).  

Lily tissues in general have a high regeneration potential (George 1993). Still, bulb 
scales have the best capacity to regenerate adventitious bulbs (Takayama & Misawa 
1979). Hence, bulb scales are most commonly used as explants for vegetative 
propagation. Unfortunately, being under-ground parts, there is a high contamination risk 
with bulb scales. There are also reports on the use of other tissues. In some cases, 
contamination problems have been overcome by using shoot apices and internodes as a 
starting material (Sheridan 1968, Tanaka et al. 1991, Godo et al. 1996, Nhut 1998). 
Leaves have weaker regeneration capacity than shoots, but still they have also been 
successfully used as starting material (Niimi 1986, 1995). Somatic tissues from flowers, 
like pedicles, styles and stamens' filaments have been used for callus induction 
(Montezuma-de-Carvalho & Guimarãez 1974, Tribulato et al. 1997). 

Basic nutrient concentration does not seem to play any crucial role in the growth and 
differentiation, as far as the below mentioned standard culture media are concerned. 
Although MS (Murashige & Skoog 1962) medium with variations is the most commonly 
used culture medium, also others, like LS (Linsmaier & Skoog 1965) or White's medium 
(White 1963) have successfully been used with lilies (Robb 1957, Sheridan 1968, George 
1993). 
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Generative tissues as starting material are suitable for different purposes. Anther and 
pollen, as well as parts of ovary, can be used for production of haploid or polyploid 
plants. Niimi and co-workers (2001) recently reported the use of anthers in the production 
of virus-free plants. Inter-specific hybrids have successfully been produced by growing 
fertilised ovaries on tissue culture medium (Okazaki et al. 1992). In addition, both intact 
seeds and excised embryos have been cultured in vitro (Maesato et al. 1994). Roots have 
not been reported to have any regeneration potential in lilies. 

1.3.1  Liquid cultures 

Besides on solid medium, tissue culture is also possible in suspension cultures (Sheridan 
1968). Several culture methods and techniques have been applied to the culture of lilies. 
These include, for example, mass production systems for suspension cultures in rotary 
shakers (Takayama & Misawa 1981, Niimi et al. 1997, Nakano et al. 2000). In addition, 
temporary immersion culture system has been developed for the mass production of 
many important crops, including some bulbous plants (Teisson & Alvard 1995). The 
advantage in the immersion system is that it is not necessary to change the medium as 
often as in shake cultures, and the application of fresh medium is also easier (Escalona et 
al. 1999). There is no risk of anoxia, because the tissue is only immersed to the culture 
medium temporarily in contrast to the conventional suspension cultures, where tissue is 
in the medium all the time. In this work, both rotary shaker and an immersion culture 
system were tested in the differentiation and culture of lily callus. 

1.4  Differentiation of in vitro propagated tissues 

The differentiation potential of callus tissue depends on the cultivar or genotype and the 
age of the tissue. It has been demonstrated that juvenile tissues with less degree of 
differentiation, like embryos and meristems, have more organogenic and embryogenic 
potential than more differentiated or aged tissues. (Takayama & Misawa 1980, Tisserat 
1987, Loiseau et al. 1998.) Prolonged culture of the callus results in decline in 
differentiation capacity although the rate of cell divisions may remain on the same level 
(Nakano et al. 2000). 

Organogenesis is, at present, the predominant differentiation process in lilies (III). In 
bulb scale explants, small bulblets are formed on the basal part of the scale. This is the 
case also in ‘scaling’ which is the conventional way of vegetative reproduction. (George 
1993.) Organogenesis takes place also in natural life cycle of certain lily species when 
bulbils are formed in the leaf axils of the stem. Adventitious shoots, or bulblets, are 
usually formed also in the underground part of the stem (Fig. 2). Somatic embryogenesis 
can be induced in tissue culture basically in any tissue, but embryogenic cell masses of 
the callus tissue have mostly been used for this purpose. Juvenile or reproductive tissues, 
like immature embryos, ovaries or young seedlings, are mostly used for inducing callus 
with high embryogenic potential. Primary somatic embryos may develop straight from 
the tissue, and they can be used, in turn, in the production of embryogenic cell masses or 
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secondary somatic embryos. The rate of somatic embryogenesis varies a lot depending on 
the species, genotype or tissue used. Direct somatic embryos are usually formed by 
juvenile or meristematic tissues, e.g., embryos. Somatic embryos typically arise from 
embryogenic cell clusters consisting of a few to several dozens of small cells with 
embryogenic potential. (Williams & Maheswaran 1986, Lo Schiavo 1995.) 

Differentiation processes have been studied with a multitude of plant species from 
conifers to dicotyledons and monocotyledons. There are big differences both in protocols 
used as well as in the differentiation response between different plant species. There are 
also substantial differences in responses between genotypes, or even between different 
tissues or developmental stages within the same genotype. Differentiation is promoted by 
the adjusting phytohormone concentration and ratio, sugar content and quality and certain 
physical factors such as light intensity and temperature. Reducing the hormone 
concentration or reducing the auxin/cytokinin ratio can induce the differentiation of 
callus. Differentiation is also promoted by reducing the sugar concentration and 
increasing light intensity. (Tisserat 1987, Kyte 1990, George 1993.) 

1.4.1  The effect of sugar on differentiation in vitro 

Sucrose concentration varies usually between 2-6% (w/v) depending on the species and 
the tissue used. Higher concentrations are used in callus induction, somatic 
embryogenesis and protoplast cultures whereas lower concentrations are used in the mass 
production of differentiated plants. The sugar content has a clear effect on morphogenesis 
because in higher concentrations the sprouting or formation of leaves decreases and the 
size of the bulb scales increases. The combination of sucrose and mannose has also been 
proved to promote the bulb growth (Yamagishi 1995). This tendency may be due to 
dormancy induction in the shoots caused by elevated osmolality of the medium, which, in 
turn, imposes a water stress on the tissue (Takayama & Misawa 1980, Aguettaz et al. 
1990, Gerrits & De Klerk 1992). 

1.4.2  The effect of growth regulators on differentiation in vitro 

Growth regulators have a very important role in both induction of differentiation and in 
growth. The role of different plant hormones and their concentrations on the 
morphogenesis of differentiating plants has been studied in various respects. Takayama 
and Misawa (1979) showed clearly the interaction of auxin, α-naphtalene acetic acid 
(NAA) and cytokinin (kinetin) in the formation of bulblets and roots; higher 
auxin/cytokinin ratio increased root formation whereas lower ratio increased bulb 
formation. In studies on the effect of auxin/cytokinin ratio on the number and size of 
differentiating bulbs it has been noticed, that at higher cytokinin concentrations the 
number of differentiating bulblets per explant is higher (Takayama & Misawa 1982, 
Niimi 1995). When different cytokinins, such as 6-benzyladenine (BA), kinetin, 2iP and 
zeatin, were tested in combination with NAA, differences in regeneration response in 
general were found (Maesato et al. 1994). Besides NAA, also other auxins have been 
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used in culture of lilies. Caputo and co-workers (1990) reported that a combination of 
indole-3-acetic acid (IAA) and BA gives the best differentiation response. IAA has also 
been used in inducing direct regeneration of shoots from differentiated tissue 
(Montezuma-de-Carvalho & Guimarães 1974). 2,4-dichlorophenoxyacetic acid (2,4-D) 
has been used as an auxin prior to regeneration in callus cultures, and it has also been 
shown to be more effective than other auxins in dedifferentiation and callusing 
(Priyadarshi & Sen 1992). Transfer from hormone-containing propagation medium into 
hormone-free induction medium has proved to be most effective for the regeneration of 
callus (Tribulato et al. 1997). 

The formation of dormancy strongly affects the morphogenesis of differentiating 
shoots in bulbous plants. Dormant plants typically form only bulbscales and no leaves. 
Dormancy can be induced or released by growth regulators. Applied abscissic acid 
(ABA) increases the number of bulb scales and reduces the number of leaves. On the 
other hand, induced dormancy could be overcome by applying the ABA synthesis 
inhibitor 1-methyl-3-phenyl-5-(3-[trifluoromethyl]-4(1H)-pyridone (fluridone) and 
gibberellic acid (GA). (Aguettaz et al. 1990, De Klerk 1992.) 

In addition to the previously mentioned growth regulators, some other compounds, 
such as 24-epibrassinolide, 4-amino-3,5,6-trichloropicolinic adic (picloram or PIC), N-
(1,2,3-thiadiazol-5yl)-N'-phenylurea (thidiazuron or TDZ) and 2,3,5-triiodobenzoic acid 
(TIBA), have proved to have promotional effect on the differentiation of lilies (van 
Aartrijk & Blom-Barnhoorn 1983, Ohkawa et al. 1996, Nakano et al. 2000). TIBA has 
also proved to be active in restoring the regeneration potential of callus after prolonged 
cultures (Nakano et al. 2000). 

1.4.3  The effect of physical factors on differentiation in vitro 

Light is the most important physical factor in promoting differentiation. Differentiation of 
shoots is usually promoted in the light whereas for root formation darkness is often more 
favourable. (Tisserat 1987, Read 1990.) Lily tissue cultures are performed both in the 
dark and in the light depending on the purpose. In general, differentiation is promoted by 
transferring the cultures from dark to light (Montezuma-de-Carvalho & Guimarães 1974). 
For the propagation of callus or bulbs darkness is favoured whereas leafy shoots are 
cultured in the light (Maesato et al. 1994, Niimi et al. 1997). It has been demonstrated 
that in the dark fewer bulbs per explant are formed, but their size is larger than when 
grown in continuous light (Gerrits & De Klerk 1992). Continuous light or photoperiod 
(16 h) are the most common illumination conditions used in tissue culture of lilies 
(Takayama & Misawa 1983, Priyadarshi & Sen 1992). The quality of light has been 
studied with many plant species including some bulbous plants in respect to its affect on 
differentiation in tissue culture (Bach & Swiderski 2000). However, there are no reports 
concerning the effect of light quality on lilies. 

Although temperature affects more on the morphogenesis of differentiating shoots, it 
also seems to have an effect on the differentiation process itself, as the number of 
differentiating shoots has been shown to increase with increasing temperature (van 
Aartrijk & Blom-Barnhoorn 1983). Still, the most important temperature-mediated 
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mechanism in tissue culture is the control of dormancy. As mentioned before, dormancy 
and its release can be observed in the changes in the overall growth habit of bulblets. The 
sprouting or formation of leaves is a sign of a non-dormant state, and is arrested when 
dormancy is induced (Aguettaz et al. 1990). Temperatures over +15 °C have proved to be 
favourable for the formation of dormancy, and respectively temperatures below this 
threshold are effective in breaking it (De Klerk 1992). Furthermore, it has been 
demonstrated that the dormancy-inducing effect is relative to the temperature being 
strongest at +25 °C (Delavallée et al. 1990). Consequently, the average bulb size is 
relative to the incubation temperature. Hence, temperatures between +20 and +25 °C are 
used in the propagation of shoots. (Takayama & Misawa 1979, van Aartrijk & Blom-
Barnhoorn, Gerrits & De Klerk 1992.) It is known that physiological processes related to 
the induction of differentiation have common features and mechanisms of general stress 
responses. 

1.4.4  Changes in gene expression during somatic embryogenesis 

Gene expression in differentiation has been studied with a variety of plants. The 
transition from proembryoic cell masses (PEM) to somatic embryos (SE) requires a high 
auxin concentration followed by hormone-free treatment. After the auxin treatment, a set 
of embryogenesis-related genes are switched on and off during the morphological 
developmental stages (Kawahara & Komamine 1995). Transfer to an auxin-free medium 
induces the polarization of embryogenic cells, which results also cytoskeletal re-
arrangements within the cells (Samaj et al. 2003). In sunflower, somatic embryogenesis 
can be induced by cytokinin application without any exogenous auxin in the medium 
(Thomas et al. 2002). The accumulation of endogenous auxin resembles the response 
achieved with an exogenously applied auxin pulse which is the first signal for the somatic 
embryogenesis (Kitamiya et al. 2000). Many regeneration-related genes are induced by 
various stress conditions or by ABA and ethylene (Rojas-Herrera et al. 2002). Late 
embryogenesis abundant genes (LEA) are induced by drought and they are also expressed 
during the maturation of zygotic or somatic embryos (Zimmerman 1993; Fowler et al. 
1998). Also pathogen-induced genes are expressed during somatic embryogenesis. In 
Norway spruce, the expression of chitinases, related to somatic embryogenesis induction 
and programmed cell death (PCD), is induced after auxin pre-treatment (Wiweger et al. 
2003). In carrot, extracellular endochitinase is expressed during zygotic and somatic 
embryogenesis (van Hengel et al. 1998). In coffee, several chitinases have been isolated 
during the induction of somatic embryogenesis, and their expression is also induced by 
wounding the leaves (Rojas-Herrera & Loyola-Vargas 2002). Peroxidases are assumed to 
have a role in signal transduction and in gene expression activation during somatic 
embryogenesis (Kairong et al. 1999). There is also evidence on their plausible role in the 
control of cell division, lignification of cell walls and in tissue differentiation (Kay & 
Basile 1987). Genes, encoding proteins with characteristic domains, like MADS and 
HOMEO box genes, are also expressed during various stages of differentiation. They 
possibly participate in the regulation of programs active during the early stages of 
embryo development in plants (Perry et al. 1999, Heuer et al. 2001, Blanckaert et al. 
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2002). They are found in various plant species including conifers, as well as 
monocotyledons and dicotyledons (Ingouff et al. 2003). Other sequence-specific DNA-
binding proteins are found in WRKY superfamily which are transcriptional regulators 
involved in senescence and the signal transduction pathway from elicitor perception to 
the activation of pathogenesis-related (PR) genes (Alexandrova & Conger 2002). In 
parsley, WRKY gene is activated in the leaf tissue around fungal infection sites, and 
besides to regulating the transcription of early defence-resoponse genes, it also regulates 
its own transcription (Eulgem et al. 1999). 

Somatic embryogenesis receptor-like kinases (SERK) are another superfamily of 
proteins with specific leucine zipper (ZIP) after the kinase domain (Hecht et al. 2001). 
They are involved in cellular signaling pathways of different organisms (Becraft 1998). 
In maize, SERK gene expression has been found in both embryogenic and non-
embryogenic tissues (Baudino et al. 2001). In Arabidopsis, SERK gene expression 
increases in the early stages of somatic embryogenesis and organogenesis (Thomas et al. 
2004).  

Lipid transfer proteins (LTP) have the ability to facilitate the exchange of lipid 
molecules between membranes. They are involved in membrane biogenesis by importing 
newly synthesized phospholipids to the endoplasmic reticulum. They have been 
suggested to be involved in defence reactions against bacterial and fungal pathogens or in 
the adaptation of plants to various environmental conditions. LTPs have been reported to 
bind precursors of cutin monomers and thus play a key role in cuticle formation (Kader 
1996).  

Calnexin-like proteins are molecular chaperons in quality control in endoplasmic 
reticulum, and they have been found to accumulate during somatic embryogenesis. 
(Fowler et al. 1998). In maize, during the induction stage with 2,4-D, cells secrete 
arabinogalactan proteins (AGP) into outer cell walls of embryogenic cells during the 
induction stage with 2,4-D when switching from non-polar to polar structures in 
embryogenic development. Embryogenic cells have been reported to have loose contacts 
and contain AGPs with putative signalling properties (Samaj et al. 2003). 

Heat shock proteins (HSP) are heat sensitive proteins that are expressed during several 
stresses and differentiation. In carrot, HSPi genes are induced both by 2,4-D and stress, 
and their are possibly involved in the initiation of somatic embryogenesis after the 
initiation of unequal cell divisions (Kitayima et al. 2000). 

1.5  Protoplast isolation and culture 

Protoplasts are a special material in plant biotechnology. They are ideal for investigating 
the plant cell functions or cell wall formation without interference from the cell wall. 
They have also been successfully used as targets of genetic transformation especially to 
study promoter strengths, and in cell fusions to produce somatic hybrids. There exist a 
few reports of successful protoplast isolation and regeneration of the cells in lilies. Pollen 
cells have also been isolated for fusion studies (Tanaka et al. 1987, Ueda et al. 1990). In 
addition, callus cultures and meristematic cells have been used successfully as the 
starting material for protoplasts with some lily species and cultivars (Sugiura 1993, Mii et 
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al. 1994, Godo 1996). There are a few reports on some species of successful cell 
divisions and differentiation of protoplasts through microcallus stage into fully-grown 
plants (Horita et al. 2002, 2003). Leaves are often used as the starting material for 
protoplast isolation with species other than lilies (Nagy & Maliga 1976, Binet et al. 
1991). The regeneration potential of protoplasts from lily leaves is not very high, which 
may explain the lack of interest in using them for this purpose. Therefore, only a few 
reports are available on the successful regeneration of leaf-derived protoplasts in lilies 
(Ishioka & Tanimoto 1994, Tanimoto & Ishioka 1994). However, the advantage of leaf 
tissue is that it is readily available and easy to handle.  

The maintenance and regeneration of isolated protoplasts requires special methods. 
Nurse-cell cultures have been successfully used for regenerating protoplasts derived from 
suspension-cultured callus (Horita et al. 2002). Another method is to use a special gelling 
agent with low melting temperature, such as gellan gum or phytagel, and mount the cells 
inside the medium (Mii et al. 1994). With this protocol, the medium provides physical 
support and oxygen for the cells. 

Different factors have been studied in respect to their significance in the viability and 
regeneration of protoplasts with many lily species. Nutritional composition of the media, 
growth regulators, pH, sugar type, osmotic potential and cell density have proved to be 
crucial for the persistence and cell division capacity of protoplasts. In addition, different 
enzyme combinations have been applied for digesting the cell wall. (Ishioka & Tanimoto 
1994, Tanimoto & Ishioka 1994, Godo et al. 1996.) 

1.6  Genetic transformation 

Genetic transformation has become an important tool in plant breeding for producing 
novel plant cultivars. Genetic transformation methods also serve as an important research 
tool in molecular biology, especially in the investigation of genetic regulation and gene or 
genome structure. (Birch 1997.) So far, genetic transformation of lilies has not been 
applied to molecular breeding of the species. On the other hand, for research purposes 
several methods have been used. Especially in pollen and fertilisation studies, both 
electroporation and chemically-mediated gene transfer have proved to be applicable 
although transformation protocols have not been developed yet for the use in the 
molecular research or breeding of lily species. Thus, somatic and generative tissues have 
been transformed in some species by particle bombardment, but on a larger scale, gene 
transfer methods have not been applied to the research and culture of lilies as yet. 

1.6.1  Gene transfer via electroporation and somatic fusion 

Electroporation usually requires a protoplast isolation method although there are some 
reports on electroporation of intact tissues. With lilies, the most commonly used target 
tissue is pollen cells, or microsporocytes. There are still only a few reports on 
regeneration of electroporated protoplasts of lilies (Tabata et al. 1993). In addition to 
gene constructs, also parts of genome can be transferred to protoplasts fusing 



28 

microprotoplasts, i.e., cells containing only a few intact chromosomes, with normal 
protoplasts using electroporation (Saito & Nakano 2002). 

Apart from genetic material, larger particles, like organelles, can be introduced to the 
cells. (Power & Chapman 1987.) However, the production of genetically modified (GM) 
lilies or other plants via protoplast transformation is difficult due to the problems arising 
from the high fragility of the cells. Without the support of the cell wall, cells are very 
susceptible to the changes in osmolality of the surrounding medium. In addition, their 
viability is not very high, which means that a very high number of cells is required for the 
successful regeneration of protoplast (Buc-Dang-Ha & Mackenzie 1973, Kao & 
Michayluk 1975, Nagy & Maliga 1976). In many cases, the major problems protoplast 
techniques arise from the difficulties in regenerating individual cells into plants. On the 
other hand, regenerated tissues are derived from one transformed cell, which diminishes 
the risk of chimeras. 

Another method for the production of genetically modified plants from protoplasts is 
fusion of protoplast cells of different genetic origins. Recently, there is a report on the 
production of a somatic lily hybrid between two different species groups with the aid of 
electrofusion of protoplasts (Horita et al. 2003). 

1.6.2  Particle bombardment 

Particle bombardment is another method that can be used to produce genetically modified 
plant material ranging from trees to herbaceous plants. Generally this method is used to 
transform non-host Agrobacterium species, such as monocots or conifers, but it is 
applicable also to other species. (Binet et al. 1991, Takumi et al. 1994, Aronen et al. 
1994.) This method can be applied to many different tissues, but as with other 
transformation methods, the competence of the used genotype strongly affects the 
transformation efficiency (Aronen et al. 1995, Häggman & Aronen 1998). Technically, 
gene constructs are introduced to the plant material by shooting with high pressure. After 
transformation, the tissues can be cultured normally in tissue culture media. To improve 
the efficiency of transformation, a suitable selection procedure is needed. As a selective 
marker, antibiotic or herbicide resistance genes are commonly used. In addition, some 
reporter genes, such as β-glucuronidase gene (GUS), can be used to confirm successful 
transformation (Jefferson et al. 1987). This method has also been applied to some lily 
species to achieve transient and stable expression of reporter gene in pollen, bulb scales, 
callus and immature embryos (Nishihara et al. 1993, Tsuchiya et al. 1996, Watad et al. 
1998). 



2 Aims of the research 

The objective of this work was to test and develop biotechnological methods to be 
applied in the production, research and breeding of a variety of lily species. Main aims 
were to develop 

i biotechnological methods for the culture of various lily species,  
ii molecular methods for the analysis of the genetic background of lily strains, 

iii and a genetic transformation method for gene expression studies and for molecular 
breeding. 



3 Materials and methods 

3.1  Plant material 

Seeds from several lily species of different origin were used as the starting material for all 
subsequent cultures. The seeds were obtained through the international seed exchange of 
the Botanical Gardens of Oulu and from seed exchange programmes of the North 
American Lily Society and Royal Horticultural Society. Some seeds were provided also 
by individual lily growers. See Appendix 1 for the complete list of seed lots and origins 
used in different experiments. The seeds were stored refrigerated until use. They were 
surface-sterilised in 1.2% NaOCl for 5-10 minutes before sowing. The sterilisation time 
depended on species. After 3 rinses in sterile, distilled water the seeds were placed on 
Petri dishes containing either N (Nitsch 1969) or MS (Murashige & Skoog 1962) 
germination medium. The media contained macro and micro nutrients and vitamins 
without hormones. The sucrose concentration of the germination medium was 10 g/l in 
all experiments, and 0.8% (w/v) agar (Ph.Eur. TAMRO) was used as the gelling agent. 
The plates were kept in darkness until germination occurred. 

In some experiments, tissue culture and analysis were started from adult plants (III). 
Bulb scales or bulbils were used as the starting material. The explants were washed with 
a detergent and water, rinsed, sterilized in 2.5% NaOCl, and finally rinsed 3 times with 
sterile distilled water. The explants were placed on Petri dishes containing MS macro and 
micro nutrients, vitamins and sucrose 30 g/l. For bulblet differentiation NAA and BA 
were added in concentrations of 3.0 µM and 0.1 µM, respectively. 

3.1.1  Germination  

In germination studies, the seeds were sown on germination media with or without 0.5 or 
5.0 µM gibberellic acid (GA). For the abscisic acid (ABA) antagonist tests, some seeds 
were exposed to 2.4 µM fluridon prior to germination. For some experiments, also 
peeling and embryo rescue were performed after the sterilization. In those cases, the seed 
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coat was removed with a scalpel. The embryo was excised from the endosperm by gently 
squeezing the seed with the aid of a scalpel and forceps. Cultures were kept in the 
darkness or in the light, depending on the experiment. Germination was observed in 
certain time intervals. 

3.1.2  Propagation, callus induction and differentiation 

In callus experiments, germinated small seedlings were placed either on the callus 
induction medium, propagation medium or differentiation medium. (II, III, IV and V). 
The compositon of the medium was MS macro and micro nutrients with vitamins. For 
growth regulators, 2,4-D, indolyl butyric acid (IBA) and naphtalene acetic acid (NAA) 
were used as auxins, benzyle amine (BA) as cytokinin. In the callus induction medium, 
the concentration of auxins was 6.0 µM and in the propagation medium it was 3.0 µM. 
The concentration of BA was 1.0 µM in the callus induction medium and 0.1 µM in the 
propagation medium. In the differentiation medium, no growth regulators were added. In 
the callus induction medium, the sucrose content was 60 g/l. In the propagation and 
differentiation media, the sucrose content was 30 g/l. For differentiation, cultures were 
kept in the light whereas callus induction plates were kept in the dark. Differentiated 
plantlets were grown in the differentiation or propagation medium until the bulblets 
reached the size of approximately 2-5 cm in diameter. In case the plants were planted 
outdoors, the culture vessels were kept in a cool temperature (+5˚C) for 6 weeks prior to 
transplantation into soil. 

In growth experiments, fresh weight of the tissue explants was measured in the 
initiation of the experiment (FW1) and at the end of the experiment (FW2). These 
measurements were used for the calculation of the relative growth as the fresh weight 
growth ratio (FW2/FW1).  

The liquid culture media were the same as the solid media except that no agar was 
added. The cultures were maintained either in a rotary shaker or in RITA® culture vessels 
(Vitropic S.A. CIRAD) in the temporary immersion system (II). 

3.2  Histological and morphological analysis 

Light microscopy and scanning electron microscopy (SEM) samples were fixed in FAA 
fixative (85:5:10; 100% acetic acid: 100% formaldehyde: 96% ethanol). After fixation, 
the samples were ran in an alcohol series for dehydration starting with 70% ethanol and 
ending up with absolute ethanol. After dehydration, the light microscope samples were 
mounted in plastic (Historesin, Leica Instruments GmbH), and cut in sections (ca. 5µM). 
The tissue slices were placed on glass, stained with methylene blue for 5 min and rinsed 
with distilled water. The samples were analysed and photographed with a light 
microscope (I, IV). 

The SEM samples were dehydrated with a critical point drying system (Balzers CPD 
030) and covered with 8 nm of platinum (Polaron E 1500). The samples were analysed 
and photographed with a scanning electron microscope (Jeol JSM-6400) (I). 
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3.3  DNA isolation and RAPD analysis 

For the RAPD analysis, a slightly modified DNA isolation protocol of Doyle and Doyle 
(1990) was used. After ethanol precipitation, the pellet was dried as in the RNA isolation 
protocol, and dissolved in sterile distilled water. The amount and purity of the DNA was 
measured with spectrophotometer. 

For the random amplified polymorphic DNA analysis (RAPD), approximately 50 ng 
of DNA was used for each 50 µl reaction mixture. Commercially provided random and 
semi-specific primers were used (Operon Technologies Inc., Amersham Pharmacia 
Biotech, Sigma-Genosys Ltd.) in the polymerase chain reaction (PCR). The samples were 
run in an agarose gel electrophoresis (1% TBE), and the generated bands were analysed 
using several clustering methods to reveal the phylogenetic relations of the genotypes 
(III). 

3.4  Biolistic transformation experiments 

Callus tissues from different genotypes were selected for particle bombardment 
experiments. The calli were bombarded with a pCGUΔ0 plasmid, consisting of nopaline 
synthase transferase gene (npt) as the selective marker and β-glucuronidase (uidA) as the 
reporter gene under the cauliflower mosaic virus promoter (35 SCaMV). In the 
experiment, constant vacuum of 27 Hg was used, and the effect of 650, 900 and 1100 psi 
bombardment pressures were tested. The expression of the uidA gene was assayed 2, 7, 
14 and 21 days after the bombardment using histochemical X-Gluc assay originally 
described by Jefferson (1987), and further modified by Aronen and co-workers (1994). 
The number of gene expression sites was calculated (V). 

3.5  RNA isolation and gene expression studies (additional data) 

Tissue samples were collected from several stages of differentiating callus, and they were 
immediately frozen in liquid nitrogen and stored in –70 ˚C until use. Frozen samples of 
approximately 100 mg were ground in a mortar with liquid nitrogen. Different methods 
were tested for the isolation, among others several commercially provided kits: RNeasy 
(Qiagen), automatic isolation devise (KingFisher®, Thermo LabSystems) and magnetic 
bead system (Novagen). In addition, different manual procedures and lyse buffers were 
tested. For expression analysis, modified RNA isolation method of Bachem et al. (1998) 
was selected. 

The dried samples were dissolved in sterile distilled water. The purity and the amount 
of RNA was assayed with spectrophotometer, and with agarose gel electrophoresis. 
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3.5.1  cDNA synthesis and PCR analysis (additional data) 

For reverse transcriptase (RT) synthesis, 0.5 µg of isolated RNA was used. 
Complementary DNA (cDNA) was synthesised using a routine protocol. The amount and 
purity of the cDNA was assayed with spectrophotometer, and 1 µg of cDNA was used for 
20 µl reaction volume. Semi-specific primers were constructed using the sequence data 
provided by a gene-bank database (BLAST). In addition, commercial random primers 
were used. Various PCR programmes were used in the synthesis of gene products. After 
PCR, the samples were separated with agarose gel electrophoresis and the gels were 
analysed with an image analyser (Fluor-S MultImager, Bio-Rad). Fragments of interest 
were dissected from the gel and sequenced. The obtained sequences were compared with 
the reference material (BLAST), and new primers were constructed for more precise PCR 
analysis. 

3.6  Protoplast isolation (additional data) 

Protoplasts were isolated using leaf and callus tissues as the starting material. The tissues 
were grown in vitro until the protoplasts were isolated. The tissues were incubated in the 
digestion medium overnight before the addition of the digesting enzymes cellulase (1.2% 
w/v), pectinase (0.4% w/v), driselase (0.5% w/v) and hemicellulase (0.5% w/v). The 
composition of the digestion medium varied in its sugar content; in addition to sucrose, 
glucose, mannose and xylose were used. The tissues were incubated overnight 
(approximately 8 hours) in the enzyme solution before isolation. The protoplast 
suspensions were either plated onto a solid growing medium with sucrose or mixed with 
gelrite. Before plating, the cell density was measured with a hemocytometer. The viability 
and growth of the plated cells was observed during several weeks. 

3.7  Statistical analysis 

Variance analysis (ANOVA) was applied to the germination and growth results wherever 
indicated. Population size varied between experiments, and the size is indicated together 
with the experiment results. 



4 Results 

4.1  Germination in vitro 

Seed germination was accelerated in tissue culture in all tested species. However, there 
were differences between species of different germination types. Delayed hypogeal type 
species germinated slower than immediate epigeal type species. In addition, some species 
did not germinate at all in the course of several weeks although they remained alive. This 
could be demonstrated when the rescued embryos of these seeds started to grow 
immediately after excision. Germination was slowest or non-existing from certain seed 
lots of American and Candidum species (Table 1, I). The average seed weight did not 
correlate with the germination type (Table 3). 

Cotyledons followed the same kind of development pattern as in normal germination. 
With epigeal species, the cotyledon emerged from the seed and the empty seed coat 
detached soon after germination. In contrast, with hypogeal species, the distal part of the 
cotyledon stayed inside the seed for a prolonged time and small bulblet was formed on 
the basal part of the small seedling. In some cases, further development of the seedling 
was arrested soon after the germination indicating the induction of shoot dormancy in the 
shoot (I). 

4.1.1  Seed coat and endosperm 

An inhibiting effect of the seed coat and endosperm on germination was clearly 
demonstrated. Especially with hypogeal germination, both removing the seed coat and 
excising the embryo out of the seed significantly accelerated the germination. It can be 
assumed that, besides as a physical barrier, these seed structures may possess a 
physiological control system that maintains dormancy in the seeds (I). The average seed 
weight differed greatly between species and it was dependant on the taxonomic species 
group. However, it did not have any correlation on the germination rate or type (Table 4). 
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Table 3. Germination rates of in vitro grown lily species after 2 months incubation. 
(n=10-150 seeds) 

Group Species Germination % 
Martagon L. martagon 66 
 L. martagon album 67 
 L. medeoloides 13 
American L. canadense 60 
 L. columbianum 70 
 L. humboldtii 90 
 L. pardalinum 67 
 L. parvum 100 
 L. philadelphicum 75 
Candidum L. candidum var. salonikae 41 
 L. carniolicum 9 
 L. monadelphum 48 
Oriental L. japonicum 76 
 L. nobilissimum 39 
 L. rubellum 16 
Asiatic L. amabile var. luteum 93 
 L. callosum 80 
 L. cernuum 83 
 L. concolor 100 
 L. davidii var. willmottiae 93 
 L. duchartrei 100 
 L. henryi 52 
 L. leichtlinii var. maximowiczii 94 
 L. mackliniae 100 
 L. nanum 71 
 L. pumilum 78 
Trumpet L. formosanum 12 
 L. regale 100 

4.1.2  The effect of light and temperature 

Germination was faster in the dark, and after two weeks the difference became 
significant. Furthermore, the final germination rate after four weeks was almost 95% in 
the dark and 87% in the light. Also, the temperature had a significant effect on 
germination. Within the four weeks' period, no germination was observed in the cold-
incubated seeds (+5 °C), whereas seeds kept in +20 °C started to germinate after one 
week, and reached a final germination rate of 95% (I). 
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Table 4. Seed weights and germination types of various lily species. 

Species Type Weight (g) of 1000 seeds 
L. tsingtauense dh 14.2 
L. canadense dh 5.3 
L. columbianum dh 3.4 
L. humboldtii dh 5.6 
L. michiganense dh 2.8 
L. pardalinum dh 7.7 
L. parryi ih 3.5 
L. parvum dh 5.8 
L. kelloggii dh 3.6 
L. kelleyanum dh 9.5 
L. superbum dh 4.2 
L. vollmeri dh 3.9 
L. bulbiferum ih 4.7 
L. monadelphum dh 12.2 
L. pyrenaicum de 7.4 
L. szovitsianum dh 3.7 
L. japonicum dh 6.4 
L. cernuum ie 5.7 
L. duchartrei ie 4.4 
L. henryi ie 4.2 
L. lancifolium ie 4.5 
L. nanum ie 1.3 
L. formosanum ie 7.7 
L. regale ie 6.6 
L. sargentiae ie 1.9 
d = delayed, i = immediate, h = hypogeal, e = epigeal. 

4.1.3  The effect of GA, ABA and fluridon 

The results clearly showed that GA does not have any effect on the germination of lilies. 
The germination rate in GA-treated seeds remained slightly lower than in control 
treatments, although the difference was not significant. The final germination rate in GA 
treatment was 70%, whereas in control treatments it was 87%. On the contrary, ABA-
treated seeds germinated slower than those in other treatments, and the final germination 
rate was 63%. When fluridon - an ABA antagonist - was added, the germination rate was 
significantly higher than with other treatments during the whole experiment. Germination 
took place almost immediately and the germination percentage reached 100% after two 
weeks (I). 



37 

4.2  Induction and growth of callus 

High auxin concentration combined with an elevated cytokinin concentration proved 
effective in inducing callus formation. After transplanting on callus induction media, 
small seedlings and excised embryos started to form callus within a few weeks. Callus 
was formed practically on any part of the small seedlings, but mostly on the basal parts. 
Similarly, when leaves were used as explants, pedicles and the basal parts of the leaf 
blades were most likely to form callus. In some tissues, shoots and roots started to 
regenerate simultaneously with callus induction, but some calli did not form any 
differentiated shoots. The sugar content also affected callus formation. It was promoted 
when the sucrose concentration was increased up to 60 g/l. Induction and growth of 
callus was fastest in the dark (Table 5, Fig.3). 

Table 5. Callus induction in certain lily species with different phytohormone contents. 
(n=10 explants/treatment). 

Species Explant Auxin , µM Cytokinin, µM Sucrose (g/l) Callus formation (%) 
L. regale bulb scale NAA or IBA 5.0 BA or K 0.5 30 100 
 pedicle 2,4-D 5.0 BA 0.5 30 43 
 leaf blade 2,4-D or IBA 5.0 K or BA 0.5 30 69 
L. martagon bulb scale IBA 5.0 K 0.5 30 66 
 pedicle IBA 5.0 K 0.5 30 30 
 leaf blade IBA 5.0 K 0.5 30 26 
L. bulbiferum bulb scale 2,4-D or NAA 100 BA 10 100 10-20 

Fig. 3. The effect of sugar on callus growth in lily (Lilium regale Wil.) measured as FW2-
FW1. Mannit. refers to mannitol control, where sucrose was replaced with 0.15 M mannitol. 
FW1 – fresh weight in the initiation, FW2 – fresh weight in the end of culture. The bars 
indicate the standard deviation. (n=15 explants / treatment). 

Callus proliferated readily in the propagation medium. The composition and 
phytohormone content of the medium were suitable for all species. NAA proved more 
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suitable for callus culture than 2,4-D because the calli tended to get brownish and 
necrotic in prolonged culture when 2,4-D was present. In addition, calli cultured on 2,4-D 
containing medium produced malformed shoots whereas calli cultured with NAA 
produced mostly normally formed shoots (IV). When IBA and NAA were compared with 
various concentrations of BA (0, 0.1 or 1.0 µM), the best growth rate of callus was 
achieved either with 3.0 µM NAA or 0.3 µM IBA with 0.1 µM BA, or 3.0 µM IBA with 
1.0 µM BA (Fig. 4). 

Fig. 4. The effect of the auxin type and concentration on the relative fresh weight (FW) 
growth ratio in lily (Lilium regale Wil.) callus. FW1 – the initial FW of the callus explants, 
FW2 – the final FW of the callus explants after eight weeks in culture. The bars indicate the 
standard error of the mean. (n=15 explants / treatment). 

4.2.1  Suspension and liquid cultures 

The culture method clearly affected the growth rate and differentiation of all tested 
species. With the Regal lily, callus proliferation was faster in suspensions than on solid 
medium. Cultures either four or eight weeks in RITA® system were compared with the 
solid cultures. Differences in growth rate and differentiation were greatest after eight 
weeks in culture, whereas differences after four weeks were not as profound between 
liquid and solid cultures. The dry weight was higher in RITA® cultures than in solid 
cultures. The contamination risk was higher in liquid cultures than in solid cultures (II). 
In shake cultures, the growth rate of callus increased as the culture period increased being 
at its highest after three weeks in culture (Fig. 5). 
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Fig. 5. Callus growth in shake cultures measured as number of cells per ml (±SD). The 
culture medium consisted of MS salts, 3.0 µM NAA and 40 g/l sucrose. The bars indicate the 
standard deviation. (n= 5 sampels / treatment). 

4.3  Bulb regeneration and culture 

The regeneration of shoots could be induced by transplanting the callus onto a 
differentiation medium without any hormones. Also, transfer from dark to light increased 
the number of differentiating shoots. 

The regenerated bulblets were transferred onto a propagation medium when they 
reached the minimum size of approximately 2-3 mm in diameter. The growth rate varied 
between different species. The culture of bulblets was carried out in the light. When the 
effect of different growth regulators on the growth of bulb-scale explants was tested, 
slight differences in the dormancy and leaf emergence, as well as in the number of 
differentiating bulb scales was observed (Table 6). 

Table 6. The effect of GA and paclobutrazol on the organogenesis and dormancy 
induction of bulb-scale explants in different lily species grown on MS medium. The 
figures show the average number of leaves, roots and bulblets formed per bulb-scale 
explant. (n = 5 explants /treatment). 

Leaves formed Roots formed Bulblets formed Species 
0 GA Paclob. 0 GA Paclob. 0 GA Paclob. 

L. regale 4.8 6.1 0.3 1.2 1.5 0.9 3.4 3.8 1.0 
L. martagon 1.1 0.5 0.4 0.9 1.1 1.6 1.7 1.0 1.3 
L. bulbiferum 5.0 6.0 0 4.1 4.5 0.9 3.0 4.0 1.0 
L. canadense 2.8 2.1 0 1.8 0.6 0.5 1.8 1.2 0.8 
L. philadelphicum 90.5 87.3 11.0 90.1 86.8 3.9 4.7 4.6 3.4 

There were differences in the growth rate of differentiated bulblets between treatments. 
Of the tested species, L. regale had the fastest growth rate as the fresh weight increased 
approx. 7-fold compared with that of the starting material. L. martagon and L. bulbiferum 
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had the slowest growth rates as their fresh weights increased only to approximately 2.5-
fold compared with that of the starting material (Fig. 6). 

Fig. 6. The growth ratio of the bulb in various lily species grown in vitro. FW1 – the initial 
fresh weight of the bulbs, FW2 – the fresh weight of the bulbs after 12 weeks in culture. The 
bars indicate the standard deviation. (n= 15 explants / treatment). 

4.4  Organogenesis and somatic embryogenesis in callus tissue 

Organogenesis was the most common differentiation process in the callus of the Regal 
lily calli, but somatic embryogenesis was also involved to some extent (Fig. 7). 
Embryogenic callus formed proembryoic cell masses (PEM) on the tissue surface which 
in auxin free medium developed into shoot primordia or somatic embryos. In the 
developing somatic embryos, cotyledon-like structure was observed although it was 
significantly shorter than in zygotic embryos (Fig. 7 c). In suspension cultures, small 
embryoic cell masses could be revealed in the light microscopy samples. These cell 
clumps contained cell clusters with a cell organisation resembling a typical proembryo 
formation (IV). Furthermore, in differentiating calli, shoots derived from somatic 
embryos had a clear simultaneous formation of a root and shoot system without any clear 
attachment of the tissue to the callus tissue. However, in most cases the shoots developed 
first and the adventitious or secondary roots differentiated later. These shoots were 
defined as organogenic. The final proportion of embryogenic shoots of all shoots formed 
was estimated to be 8-10% (IV). 

Differentiation occurred in both callus proliferation and differentiation media, but was 
slightly higher in the latter. Light was also shown to promote shoot differentiation (II, 
IV).  
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Fig. 7. Embryogenic callus in various differentiation stages. a) Callus in the proliferation 
medium with auxin (5 µM NAA). Callus after one week in the differentiation induction 
medium without auxin b) in the dark and c) in the light. The arrows point to the proembryoic 
cell masses (pem) and somatic proembryos (se). Differentiating callus after two weeks in the 
induction medium withoug auxin d) in the dark and e) in the light. Proembryoic cell masses 
have developed into shoot primordia (sp) or shoots (s). Callus after three weeks in the 
induction medium without auxin f) in the dark and g) in the light. Some PEMs are still 
forming simultaneously with differentiating somatic embryos and shoots, especially in the 
dark grown. In the light, some shoots are fully developed and the callus is substantially more 
pigmented than in the dark-grown callus. However, antocyanins (red pigment) and 
chlorophyll are formed also in the dark. Bar 1 mm. 

4.5  Protoplast isolation and maintenance (additional data) 

Viable protoplasts could be isolated from various tissues, but leaf material gave the best 
result in terms of number of cells (Fig. 8). Callus tissue and bulb scales were more 
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problematic because the substantial amount of starch released from the cells during the 
isolation procedure (Fig. 9 b and c). 

Fig. 8. Protoplasts isolated from different species and tissues. a) L. regale, b) L. martagon and 
c) L. lancifolium leaves, d) leaf blade and e) leaf pedicle protoplasts from L. regale. 

Fig. 9. Protoplasts from L. regale a) leaves, b) callus and c) bulb scales. 

Although alive, the divisions and subsequent growth of the plated protoplasts were 
scarce. The type of sugar used did not have any significant effect on the plating efficiency 
or cell growth (Figures 8 and 9). The best plating efficiency was achieved with a 
digestion medium containing cellulase (1.4%) and pectinase (0.4%) as the only enzymes. 
The number of cells ranged between 200-300 x 103 in ml/mg tissue fresh weight. The 
basal medium consisted of MS salts, and its osmolality was adjusted to approximately 0.6 
osmol/kg with sucrose. When other sugar combinations in the digestion and growth 
medium were tested, the cells seemed to be more fragile, and isolation resulted in almost 
merely broken cell debris (data not shown).  
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4.6  Expression of differentiation related genes (additional data) 

When different isolation methods were tested, manual protocols proved to give better 
results in RNA analysis. High DNA content interfered with the purification of RNA, 
which could be overcome with DNAase treatment. The removal of excess RNA was 
necessary for the reverse transcriptase synthesis of cDNA (Fig. 10). In genomic DNA 
isolation, automated KingFisher® system gave slightly better PCR fragments than the 
manual system. However, with the both protocols, PCR was successful with some 
specific housekeeping genes (Fig. 11). 

Fig. 10. Manually isolated and purified total RNA before and after DNAase treatment. The 
substantial amount of DNA interferes with the agarose gel run resulting smear and obscure 
bands (a). DNAase treatment of the same RNA samples as in a) was necessary for distinct 
RNA bands in the gel (b). 

The semi-specific primers did not generate any fragments in PCR of cDNA. This may 
have been caused by their insufficient homology with lily's genes or they were not 
expressed in the tissue. Random primers generated clear fragments, with differences 
between different genotypes and different treatments (Fig. 12). After isolation and 
sequencing these specific fragments, some homology with known gene sequences was 
found. Similarities with maize specific peroxidase and zinc-finger protein were found 
when the nucleotide sequences were compared with the corresponding polypeptide 
sequences of known genes. However, the results of gene expression need further analysis 
to specify more accurately the differentiation related gene activity in lilies. 

4.7  Gene transfer via particle bombardment 

Biolistic transformation proved an effective method for the genetic transformation of lily 
callus. Of the different pressures tested, 900 psi was shown to be most efficient both in 
terms of the number of transformed cell clusters and the persistence of the transgene 
expression. Although the preliminary tests on the kanamycin resistance of different callus 
strains indicated that the best concentration of antibiotic would be 50 mg/l, after 
transformation it did not prove efficient enough for the selection of transgenic cell lines. 
After increasing the antibiotic concentration in the selective media to 100 mg/l, the 
selection became more efficient. Transgenic cell lines were cultured, and transgenic 
bulblets could be regenerated from the callus (V). 
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Fig. 11. PCR of cDNA with specific primers of ribosomal gene (Rib) and with random 

primers (OPU1, 2, 10 and 20). The samples for random PCR represented a single lily 
genotype collected at different time points. a) day 0, b) day 3, c) day 7, d) day 14 and e) day 21 
after the transfer to hormone free medium for differentiation induction. 

Fig. 12. PCR of genomic DNA isolated either manually (a) or with automated KingFisher® 
ystem (b) with specific phytocrome (Phy), rubisco (Rub) and actin (Akt) primers. Samples 
from left to right: genotype 1 leaf and bulb, genotype 2 leaf and bulb. 

4.8  Phylogenetic analysis of the Orange lily 

The phylogenetic tree based on the RAPD analysis of traditional cultivars and genuine 
species of the Orange lily clearly indicated that there is a genetic relation between these 
populations. The cultivars fell into two subgroups that, in turn, were closely situated in 
the two subgroups of the genuine species and its variety croceum. The reference species 
used were clearly distinct from each other and from the Orange lily populations, which 
indicated that variation between cultivars remained normal within a given species. Thus, 
the results did not provide any evidence of genetic crossing between the Orange lily and 
the reference species (III). 



5 Discussion 

5.1  Tissue culture of bulbous plants 

Since the early work of Robb (1957), there has been substantial development in tissue 
culture methods for Lilium and other bulbous plants. Mass production and conservation 
of endangered and endemic lily species using biotechnological applications has also 
become reality during the last decade (Priyadarshi & Sen 1992, Wickremesinhe et al. 
1994, Wawrosch et al. 2001, Mao et al. 2002). Several parameters and culture conditions 
have been studied with a great variety of species and cultivars, and commercially 
adoptable mass-production protocols have been developed (Aguettaz et al. 1990, Maesato 
et al. 1992, Yamagishi 1995).  

For the culture medium in the present work, MS medium (Murashige & Skoog 1962) 
was selected. In early works, also LS medium (Linsmaier & Skoog 1965) was used in lily 
cultures (Sheridan 1968). Although, according to the published data, the different tissue 
culture media have not been compared in terms of growth of lilies, the MS medium is 
mostly used. In some cases, Nitsch's (Nitsch & Nitsch 1969), White's (1963) and Kao's 
(Kao & Michayluk 1975) media have been used for germination, embryo and protoplast 
cultures due to their low ammonium concentration, which may be harmful for susceptiple 
tissues or cells. Also the strengths of the media have been altered for these purposes. 
Increasing the medium strength has been proved to have a enhancing effect on bulblet 
formation (Takayama & Misawa 1979). Similar results were achieved with higher 
sucrose concentration (Gerrits & de Klerk 1992). Sucrose is mainly used in tissue culture 
of lilies as a carbon source, although the structural and reserve carbon hydrates in lilies 
are starch and glucomannan consisting of glucose and mannose (Langens-Gerrits et al. 
2003). In some cases, monosaccharides, like fructose or mannose, have been used in 
combination with sucrose. Surcrose was used also in the present work in varying 
concentrations depending on the purpose. Higher sucrose concentration clearly improved 
callus induction with all the tested species. It also had a positive correlation with the 
increment of the tissue dry weight, which indicates that besides in metabolic energy 
resource, sucrose is readily metabolised and used for the biosynthesis of new compounds. 
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Growth regulators in the initiation of culture, callus induction, differentiation and 
proliferation has been tested with a variety of lily species. In addition to the commonly 
used growth regulators, some special compounds have also been tested in the culture of 
lilies (Ohkawa et al. 1996). 

In the culture of bulbous plants, different developmental and physiological stages are 
distinguished by their morphological traits. The growth habit changes during dormancy 
induction and the leaf primordia differentiate into bulb scales instead of leaves (Delvallée 
et al. 1990). Both culture conditions and growth regulators affect the dormancy status.  

The significance of the starting material in successful tissue culture has been 
demonstrated. Bulb scale explants are superior in their availability, handling and 
regeneration capacity (Takayama & Misawa 1979). However, alternative explants may be 
needed, e.g., for the propagation of new genotypes and for such special techniques as 
protoplasts and transformation protocols. Pathogens may also hamper the successful use 
of bulb material. Therefore, the use of floral parts, like ovaries, pistils and anthers, is 
many times preferred (Arzate-Fernández et al. 1997). Juvenile parts, e.g., young 
seedlings, have the best differentiation potential. Also younger parts of the shoots, like 
apical meristems and axillary buds, have been used (Tanaka et al. 1991, Nhut 1998). In 
contrast, the more differentiated parts, such as leaves, are weaker in callus production and 
differentiation. However, also in leaves the basal parts like pedicels have more 
differentiation capacity than the distal parts like leaf blades (Niimi 1986). In general, all 
the species used in current work produced callus, proliferated efficiently and 
differentiated into fully formed plants. The profound differences in initiation and 
differentiation between different lily species confirmed the significance of the genotype 
when selecting the explant and method for tissue culture. Furthermore, the differences 
between species were evident throughout the developmental stages from germination 
until the flowering stage of development. 

5.2  Genetic diversity 

Classification of the genus Lilium has been well established during the last few decades. 
DNA techniques have brought more accuracy to the earlier taxonomic definitions and 
have, for its part, untangled the confusion of diverse species and varieties (Persson et al. 
1998, Wen & Hsiao 2001, Horning et al. 2003). Approximately 100 species in the lily 
family possess a great genetic diversity that is manifested in forms, sizes, growth habits 
and persistence. Seedlings of genuine species obtained by inbreeding or backcrossing 
with the same species are usually very uniform in phenotype. Species provide an 
invaluable material for breeding, and they have been used for centuries as ornamentals 
(McRae 1998). In addition to new species, also traditionally cultivated strains and 
genotypes that have adapted to demanding climatic conditions, provide a precious genetic 
source for the production of hardy and healthy cultivars. The availability of these lily 
types has been limited although their popularity has increased especially in the north. 

Traditionally grown old cultivars have been challenging for taxonomists because of 
their heterogeneous inheritance. The genetic background and origin of the traditionally 
grown Orange lily strains have not been studied before. It has been assumed that they 
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have been imported from Central Europe through Sweden or Russia, and they have since 
spread with people all over Finland. The RAPD fingerprint analysis has been applied to 
assess the genetic background of a great variety of cultivated plants (Galderisi et al. 1999, 
Palombi & Damiano 2002, Al-Khalifah & Askari 2003). In this work, this technique was 
selected as a simple analysis method to avoid the possible problems arising from the 
substantial size of lily genome. On the other hand, as there is no previous genomic map 
information concerning lilies, the RAPD method can still be applied because known 
sequence data is not required for this method. The present RAPD results indicate that, 
according to their genetic background, the traditional Orange lily strains are closer to the 
native species from Central Europe than to the reference species from other taxonomic 
groups (III). 

5.3  Pathogen control and purification 

Spreading of pathogens, in particular viruses, is a constant problem when somatic tissues 
are used as the starting material. The use of heat treatments and antibiotics are time 
consuming, costly and laborious methods to overcome the problem. Seeds have not been 
used in tissue culture of lilies before. One reason is that with most applications, a certain 
cultivar or hybrid, i.e., selected, specific elite genotype with known features, need to be 
mass-produced. In these cases, somatic tissues, especially bulb scales are ideal starting 
material.  

To reveal the processes in seed dormancy, a well-controlled germination system is 
required. In vitro germination provides an excellent tool for testing different parameters 
and the role of different compartments in seeds in germination without any interference 
of microbes or other unwanted agents. In the present work, the seed coat tissues and 
endosperm had a significant role in arrested, especially delayed type germination. For 
production of pathogen free plants, seeds make an ideal material, as they have not been 
reported to carry any viruses or endophytes in lilies. According to the present results, in 
vitro techniques can be used to accelerate the germination of any lily species. 
Furthermore, induced dormancy of the seedling, or epicotyl dormancy, can be overcome 
by in vitro germination (I). 

5.4  Gene expression during differentiation  

In addition to seed dormancy and germination, the physiological control of differentiation 
is another key event in tissue culture. To understand the processes and the genetic 
machinery involved in the whole concept need to be investigated further. It has been 
demonstrated with many plant species that the induction of somatic embryogenesis 
triggers the expression of a variety of genes (Hjortswang et al. 2002, Baldan et al. 2003). 
Whether the specifically expressing gene groups have relevance in the physiological 
processes themselves or are merely a consequence of the inductive stimuli, like stress, is 
a case-specific issue. Some genes are induced in general stress responses, and thus may 
coincidently be activated simultaneously with the essential genes for somatic 
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embryogenesis (Schrader et al. 1997, Kairong et al. 1999, Duncan et al. 2003). However, 
there is strong evidence of the significance of certain gene families in differentiation 
processes. Certain genes are involved in signal transduction during the initiation stage 
whereas others have a role in physiological processes such as altered cell divisions, 
desiccation and determination of the fate of undifferentiated cells into differentiated 
tissues (Hecht et al. 2001, Mogami et al. 2002, Footitt et al. 2003). The role of 
pathogene-induced gene expression in the differentiation processes is an interesting issue. 
The role of chitinases, for instance, in control of the cell cycle and apoptosis suggests that 
they are required both in embryo and organ maturation, and for defense mechanisms (van 
Hengel et al. 1998). It is known that apoptosis plays a role both as a defense mechanism 
in lesions around pathogene infection site and in massive programmed cell death (PCD) 
that takes place simultaneously with the transition phase from proembryoic cell masses to 
somatic embryos (Wiweger et al. 2003). Interestingly, in coffee, salicylic acid, which is a 
systemic defense mechanism inducer, has a promotive effect on both cell proliferation 
and somatic embryogenesis (Quiroz-Figueroa et al. 2002).  

The role of gene expression during the induction of differentiation is currently not 
very well known, and with lilies, the whole process has not been studied so far. Many 
specifically activated genes produce specific transcription factors that, in turn, activate 
other structural genes needed for the differentiation processes. The MADS domain 
functions as a dimerisation domain. Homeobox genes encoding homeodomain (HD) 
transcription regulators are found in all eukaryotics (Münster et al. 1997). The 
availability of deoxyribonucleotides is a prerequisite for active DNA synthesis during 
growth and development of embryos. Conversion of nucloetides into nucleic acids has 
been found to be very active at all stages of embryo development (Stasolla et al. 2003). 
DNA methylation has been found to be more abundant in non-embryogenic than 
embryogenic tissues, which may indicate that the expression of genes related to somatic 
embryogenesis is controlled by silencing in non-embryogenic tissues (Chakrabarty et al. 
2003). In addition to growth regulators, such as ABA and ethylene, and stress-inducing 
treatments, such as drought or low temperature, light has proved to be one key stimulus 
that triggers signal transduction in differentiation related physiological processes down to 
the gene expression level (D'Onofrio et al. 1998, Bach & Swiderski 2000). In 
Arabidopsis, an embryo-specific gene required for the transition from the globular to the 
heart stage is expressed in embryos, and its function is related to embryonic 
photomorphogenesis (Li & Thomas 1998). In the present work, it was found that 
differentiation in general is promoted when callus cultures are transferred from dark to 
light (I). However, the route of the signal transduction is still poorly known. 

Expression analysis with a variety of methods gives tools to uncover the genetic 
control behind the physiological processes gene by gene. Still, the final sequence data 
does not give any information of the functions of the genes per se in different tissues or 
cells. Genetic transformation with sense or anti-sense sequences and in situ techniques 
provide more precise data on the function of the genetic machinery. 
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5.5  New methods for breeding from biotechnology 

Although there are a few examples of adapting gene transfer methods to plant breeding, 
its use in the production of new, transgenic lily cultivars has not be introduced, yet. 
However, biotechnology enables the use of special methods to overcome problems that 
arise from the incompatibility or decreased viability of inter-specific crossings. Instead, 
special techniques in sexual reproduction, like cut-style pollination, ovary slice culture 
and embryo rescue systems, combined with tissue culture have been used, especially in 
the production of inter-specific and inter-sectional hybrids (Okazaki et al. 1992, 
Buitendijk et al. 1995, Obata et al. 2000). In addition, polyploidy and aneuploidy have 
been proved to give new perspectives also into lily breeding for the future. 

Protoplast isolation and culture methods have been developed for a great variety of 
plants. However, the use of this special material in plant production or research is still not 
always possible. In pollen biology and fertilization studies, protoplasts are routinely used 
but not for the production of transgenic or polyploid plants. Using protoplast in the 
research of plasma membranes, vacuole and other vesicle dynamics, as well as organelle 
dynamics and cell wall build-up and structure is a promising option also with lilies 
(Fowke & Wang 1992). Besides electroporation of protoplasts, various other gene 
transfer methods are available also for lilies. In the current work, the successful use of 
particle bombardment of lily callus was reported (V). This method has been applied in the 
transformation of lily microsporocytes (Tabata et al. 1993), bulb scales (Tsuchiya et al. 
1996) and callus (Watad et al. 1998). Also, an Agrobacterium-mediated system has 
successfully been used with lilies (Hoshi et al. 2004). 

Molecular biology and gene technology provide new prospects for breeding and 
selection of genotypes. To improve the efficiency of selection of desired characteristics, 
more specific marker genes with known transcription products are better than 
‘anonymous’ marker genes. To identify and characterize of these gene candidates, a 
functional gene transfer system is necessary for any given species. Northern blot analysis, 
in situ hybridisation and quantitative PCR are powerful methods for the identification and 
characterization of unknown genes. To understand their role in different processes, the 
‘final expression’, i.e., protein structure and activity, has to be revealed by various protein 
analysis methods. 



6 Conclusions 

The positive results in induction, growth and different analysis methods, tested with a 
great variety of lily species, in this work, indicate that there are no obstacles in applying 
these methods in the culture, breeding and research of lilies possessing horticultural 
potential for the culture also in the northern climate. In vitro methods, starting from 
germination, are excellent in biotechnology, and they are becoming more essential also in 
the commercial mass production of plant crops. Of the different methods used in this 
work, in vitro germination, expression studies, phylogenetic analysis and particle 
bombardment have been used only with none or only a few lily species so far. Also, 
different regeneration processes in callus and the proportion of somatic embryogenesis in 
differentiating callus were reported in this work. The results showed the significance of 
the starting material, as well as the growth medium and the physical factors in the 
regeneration in general and in somatic embryogenesis in particular. In vitro germination 
results indicated that seed coat and endosperm are the main structural obstacles for 
germination. In addition, some physiological germination inhibition system, like ABA, is 
involved in the delayed germination type.  

Information concerning the control of differentiation is invaluable for the development 
of optimal procedure for mass production of lilies. In this work, somatic embryogenesis 
could be induced in lily callus cultures by a high auxin pretreatment prior to the culture in 
an auxin-free medium. Along with somatic embryogenesis, organogenesis was also 
induced, and it predominated in every treatment. In addition to the quantitative 
production of bulblets, the culture method either in liquid or solid medium has also a 
great importance for the quality and the applicability of the method in large-scale plant 
production. In the current work, the temporary immersion culture system proved a 
potential alternative culture system for the propagation of lily callus. 

Transformation methods have not been applied in large scale to the production of 
novel lily cultivars. In this work, a functional gene transfer system with particle 
bombardment was introduced, and efficient transformation of a transgene was assessed. 
In addition to the genome and expression studies, genetic transformation has potential to 
become another method in the breeding of new lily cultivars with special new 
characteristics. These include, for instance, the introduction of new colour forms, 
improved climatic hardiness and pest or pathogen resistance. The desired features can be 
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screened from the wild populations when there is adequately information about the genes 
involved in these traits. For this purpose, candidate genes for selection with known 
expression products have to be characterized from the vast genome of lily.  

With the ever-increasing production of new cultivars, the importance of accurate tools 
for assessing the genetic background and species or cultivar genuineness has become 
more important. In this work, RAPD analysis combined with the construction of 
phylogenetic tree according to the DNA fragment lengths was used to reveal the genetic 
relationships between the traditionally grown Orange lily cultivars and certain natural lily 
populations. The results showed a closer relationship between native and cultured strains 
when compared to the other reference species. The various DNA fingerprinting 
techniques, including RAPD analysis, are easily adopted to the basic research work, as 
well as routine commercial testing. 
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 Appendix 1. The origins of the plant material 

Table 1. The origins of the plant material 

Species Donor Experiments 

Lilium amabile Palibin Mr. B. Strohman 

The Lily Nook, Manitoba, Canada 

ig, ic, Fc 

Lilium auratum Lindley Tohoku Botanical Garden 

Tohoku University, Sendai, Japan 

ig, ic, Fc 

 Jardin Alpin Meyrin, Switzerland ig, ic, Fc 

 Botanical Garden, University of Oulu, Finland  

Lilium auratum var. platyphyllum 

Baker 

Mr. P. Howard, San Fransisco, California, USA ig, ic, Fc 

Lilium bulbiferum  Mr. P. Hanhela, Kempele, Finland Fc III 

Linnaeus Mrs. T. Anttila, Liminka, Finland  

 Mrs. L. Mononen, Puukari, Finland  

 Mrs. P. Makkonen, Hukkala, Finland  

 Mrs. S. Tanskanen, Puukari, Finland  

 Mrs. A. Degerman-Fyrstén, Oulu, Finland  

 Mrs. T. Tuorila, Puutteenkylän Puutarha, Kuusamo, Finland  

 Mrs. A. Peltoniemi, Haukipudas, Finland  

 Giardino Alpino 'Rezia', Bormio, Italy ig, ic, Fc, III 

 Botanischer Garten, Tübingen, Germany  

Lilium bulbiferum var.  Valdisotto, Verres, Italy ig, ic, Fc III 

croceum (Chaix) Persson Instituto de Orto Botanico 'Hanbury', Genova, Italy ig, ic, Fc III 

 Giardino Alpino 'Rezia', Bormio, Italy ig, ic, Fc III 

 Jardin Botanique de la Ville, parc de la Tête-d'Or, Lyon, 

France 

 

Lilium callosum  

Siebold & Zuccarini 

Mr. D.W. Humphrey, Falls Church, Virginia, USA ig, ic 

Lilium canadense Linnaeus Mr. G. Hughes, Overland, St. Lois, USA ig, ic, Fc, III 

Lilium candidum Linnaeus Mr. P. Waister, Invergowrie, Dundee, Scotland ig, ic, Fc 
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Species Donor Experiments 

Lilium candidum var. salonikae 

Stoker 

University of Marie-Curie Sklodowska, Lublin, Poland ig, ic, Fc 

Lilium carniolicum Bernhardi ex 

Koch  

(syn. L. pyrenaicum subsp. 

carniolicum Koch) 

Botaniska Trädgården, Göteborg, Sweden ig, ic, Fc 

Lilium carniolicum var. albanicum 

(Griesb.) Baker (syn. L. pyrenaicum 

var. albanicum Hayek) 

Mrs. D. Fiserova, Prague, Czech Republic 

Botaniska Trädgården, Göteborg, Sweden 

ig, ic, Fc 

Lilium cernuum Komarov Mr. B. Strohman, The Lily Nook, Manitoba, Canada ig, ic, Fc 

 Mrs. J.C. Ericksen, Wauchope, Saskatchewan, Canada  

 Mr. P. Waister, Invergowrie, Dundee, Scotland  

Lilium columbianum Hanson ex 

Baker 

Mr. L. Riddle, Easter Lily Research Foundation, Brookings, 

Oregon, USA 

ig, ic, Fc 

 Botaniska Trädgården, Göteborg, Sweden  

 Vancouver Botanic Garden, University of British Columbia, 

Vancouver, Canada 

 

 University of Oslo, Norway  

Lilium concolor var. coridion Baker Mrs. J.C. Ericksen, Wauchope, Saskatchewan, Canada ig, ic, Fc 

 University of Oslo, Norway  

Lilium concolor var. pulchellum 

Skinner 

Mrs. J.C. Ericksen, Wauchope, Saskatchewan, Canada ig, ic, Fc 

Lilium concolor var. stictum Hooker Mr. S. Bertrand, Ionia, Iowa, USA ig, ic, Fc 

Lilium dauricum  

Ker-Gawler 

Mrs. J.C. Ericksen, Wauchope, Saskatchewan, Canada ig, ic, Fc, III 

Lilium davidii var. willmottiae 

(Wilson) Raffill 

Mr. D. Meijles, Alphen, Rijn, the Netherlands 

Jardin Alpin Commune de Meyrin, Switzerland 

ig, ic, Fc 

Lilium disthicum Nakai Botanicheskij Institut V.L. Komarova, St. Peterburg, Russia ig, ic, Fc 

Lilium duchartrei Franchet Mr. F. Tarlton, Edmonton, Alberta, Canada 

University of Oslo, Norway 

ig, ic, Fc 

Lilium formosanum Wallace Mr. J. Hafer, Blackwood, South Australia, Australia ig, ic, Fc 

 Royal Horticultural Society, London, England  

Lilium grayi Watson Mrs. D. Bishop, England ig, ic, Fc 

 Mr. D.C. Wilson, England  

Lilium hansonii D.T.Moore Botaniska Trädgården, Göteborg, Sweden ig, ic, Fc 

Lilium henryi Baker Dr. S. Kiss, Debreceni, Hungary ig, ic, Fc 

 Botanischer Garten der Justus-Liebig Universität, Germany  

 Jardin Alpin Meyrin, Commune de Meyrin, Switzerland  

Lilium humboldtii Duchartre Mr. R. Livingston, Placerville, California, USA ig, ic 

 Royal Horticultural Society, London, England  

Lilium kelleyanum Lemmon Mr. C. Hughes, Overland, St. Louis, USA ig, ic 

Lilium kelloggii Purdy Mr. C. Hughes, Overland, St. Louis, USA ig, ic 

Lilium lancifolium Thunberg Mr. O. Tarvainen, Viherlandia, Jyväskylä, Finland Fc 

 Mrs. T. Anttila, Liminka, Finland Fc 
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Species Donor Experiments 

 Mrs. L. Mononen, Puukari, Finland Fc 

 Bratislava Hortus Plantarum Medicarum, Bratislava, 

Slovakia 

ig, ic, Fc 

 Department of Medicinal Plant, Ogrod ig, ic, Fc 

 Botaniczny Uniwersytety A. Mickiewicza, Poznan, Poland  

Lilium lankongense Franchet Mr. D.C. Wilson, England ig, ic 

Lilium leichtlinii var.  Mr. J. Zeabart, Terre Haute, Indiana, USA ig, ic, Fc 

maximowiczii (Regel) 

Baker 

Botanischer Garten und Botanische Museum Berlin-Dahlem, 

Berlin, Germany 

ig, ic, Fc 

Lilium mackliniae Sealy Mr. C. Hughes, Overland, St. Louis, USA ig, ic, Fc 

Lilium maculatum  Mr. K. Arakawa, Japan ig, ic, Fc 

Thunberg Metropolitan Medicinal Plants Garden, Tokyo, Japan ig, ic, Fc 

Lilium martagon Linnaeus Botanical Garden, University of Oulu, Finland ig, ic, Fc, I 

 Hortus Botanicus Arcto-Alpinus, Kirovsk, Russia ig, ic, Fc, I 

 Botanischer Garten und Arboretum der Stadt Linz, Austria ig, ic, Fc, I 

 Botanischer Garten der Universität Zürich, Switzerland ig, ic, Fc 

 Giardino Alpino 'Rezia', Bormio, Italy ig, ic, Fc 

 Botanischer Garten der Universität Innsbruck, Austria ig, ic, Fc 

 Hortus Botanicus Forminianus, Kiev, Ukraine ig, ic, Fc 

 Hortus Botanicus Centralis, Minsk, Belarus ig, ic, Fc 

 Botanischer Garten der Johan-Wolfgang-Goethe, Frankfurt, 

Germany 

ig, ic, Fc, I 

 Instituto de orto botanico 'Hanbury', Genova, Italy ig, ic, Fc 

 Conservatoire et Jardin Botaniques, Geneva, Switzerland ig, ic, Fc 

 Jardin Alpin Florealpe, Fondation J.-M. Aubert, Champex, 

Valais, Switzerland 

ig, ic, Fc, I 

Lilium martagon var. album Weston Mrs. E. Majoinen, Tohmajärvi, Finland Fc 

 Botanical Garden, University of Oulu, Finland Fc 

 Botanicheskij Institut V.L. Komorova, St. Peterburg, Russia ig, ic 

Lilium medeoloides  

A. Gray 

Mr. K. Arakawa, Japan ig, ic, Fc 

Lilium michiganense Farwell Mr. D. Drews, Elk River, Minnesota, USA ig, ic 

Lilium monadelphum  Mrs. A. Balode, Riga, Latvia ig, ic, Fc 

Bieberstein Mrs. I. Hirvonen, Rääkkylä, Finland Fc 

Lilium nanum  Mr. J. Lee, England ig, ic 

Klotzsch & Garcke Mr. D.B. Nilsen, Norway ig, ic 

 Mrs. D. Smith, England ig, ic 

Lilium nobilissimum T.  Dr. I. Watanabe, Kanum, Tochigi, Japan ig, ic 

Makino Mr. K. Arakawa, Japan  

Lilium oxypetalum Baker University of Oslo, Norway ig, ic 

Lilium pardalinum Kellogg Mr. I.A. Aird, England ig, ic, Fc 

 Mr. B. Baumer, USA ig, ic, Fc 

 Mr. N. Martschnike, Germany ig, ic, Fc 

 Mrs. B. Small, Fair Oaks, California, USA ig, ic, Fc 
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Species Donor Experiments 

Lilium parryi S. Watson Mr. C. Hughes, Overland, St. Louis, USA ig, ic, Fc 

 Royal Horticultural Society, London, England ig, ic, Fc 

Lilium parvum Kellogg Mr. K. Arakawa, Japan ig, ic 

 Mr. D. Wilson, England  

Lilium philadelphicum Linnaeus Mr. B. Strohman, The Lily Nook, Manitoba, Canada ig, ic, Fc 

 Mr. C. Hughes, Overland, St. Louis, USA ig, ic, Fc 

 Golden Rocky Mountain Seed Service, Canada ig, ic, Fc 

Lilium pomponium Linnaeus Instituto de orto botanico 'Hanbury', Genova, Italy ig, ic 

 Botaniska Trädgården, Göteborg, Sweden ig, ic 

Lilium pumilum  

de Candolle 

Mrs. J.C. Ericksen, Wauchope, Saskatchewan, Canada ig, ic, Fc 

 Mr. B. Strohman, The Lily Nook, Neepawa, Manitoba, 

Canada 

ig, ic, Fc  

 Csapödy Növenybarat Kör, Vörös Zoltan, Budapest, 

Hungary 

ig, ic, Fc 

 Mr. D. Sierzega, Vancouver, British Columbia, Canada ig, ic, Fc 

 Botanical Garden of the Polish Academy of Science, 

Warsaw, Poland 

ig, ic, Fc 

Lilium pyrenaicum Gouan Botanischer Garten der Justus-Liebig Universität, Giessen, 

Germany 

ig, ic, Fc 

 Botanischer Garten der Universität Regensburg, Germany ig, ic, Fc 

 Jardin Botanique de la Ville Lyon, France ig, ic, Fc 

 University of Marie-Curie Sklodowska, Lublin, Poland ig, ic, Fc 

 Jardins Botaniques Villers-des-Nancy, France ig, ic, Fc 

 Jardin Alpin Florealpe, Fondation J.-M. Aubert, Champex, 

Valais, Switzerland 

ig, ic, Fc 

Lilium regale Wilson Botanischer Garten der Universität Düsseldorf, Germany ig, ic, Fc, I, IV 

 Botanischer Garten der Technische Universität, Duisburg, 

Germany 

ig, ic, Fc 

 University of Marie-Curie Sklodowska, Lublin, Poland ig, ic, Fc 

 Department of Medicinal Plant, Ogrod Botaniczny 

Uniwersytety A. Mickiewicza, Poznan, Poland 

ig, ic, Fc 

 Jardin Alpin Meyrin 

Commune de Meyrin, Switzerland 

ig, ic, Fc 

Lilium sargentiae Wilson Mr. K. Arakawa, Japan ig, ic, Fc 

 Mr. H. Skeen, England  

Lilium speciosum Thunberg Mr. R. Brown, Papa Toe Toe, New Zealand ig, ic, Fc 

Lilium superbum Linaeus Mr. L. Lutz, Boalsburg, Pennsylvania, USA ig, ic, Fc 

 Northampton, Massachusetts, USA ig, ic 

 University of Oslo, Norway ig, ic 

Lilium szovitsianum Mr. J. Vasarietis, Bauskas Raj, Latvia ig, ic, Fc 

Fischer & Avé-Lallemant Mrs. D.A. Martyn Simmons, England ig, ic 

(syn. L. monadelphum var. armenum 

Eremin) 

Mr. J.W.M. Graham, England ig, ic 
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Species Donor Experiments 

 St. Andrews University Botanic Garden, Scotland ig, ic 

 Stavanger Botanic Garden, Norway ig, ic 

Lilium tsingtauense Gilg Royal Horticultural Society, London, England ig, ic, Fc 

Lilium wallichianum var. 

neilgherrense Wight 

Mr. Visaraghaven, India ig 

Lilium washingtonianum Kellogg Mr. J. Robinett, Sebastopol, California, USA ig 

Lilium washingtonianum var. 

purpurascens Stearn 

Mr. C. Hughes, Overland, St. Louis, USA ig, ic, Fc 

Lilium vollmeri Eastwood Mr. I.A. Aird, England ig, ic 

 Stavanger Botanic Garden, Norway  

Lilium x 'Marhan'  Mrs. I. Hirvonen, Rääkkylä, Finland ic, Fc 

van Tubergen Runnin Terveyskylpylä, Runni, Finland  

ig - in vitro germination; ic - in vitro culture 

Fc - field culture 

Roman numbers refer to the original papers. 
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