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1 General introduction

Origin of lily cultivars

Lily, belonging to the genus Lium (Liliaceae), is one of the most important cut

flowers worldwide. The Netherlands is the main bulb producer with the acreage of

around 4500 ha for lily cultivation. Lily is in the fourth position of the top ten cut
flowers in the Netherlands (www.vbn.nl). L#um consists of about 80 species which
are distributed over the mountainous regions of the northern hemisphere, mainly
in Asia, North America and Europe (Comber 1949, De Jong 1974). Taxonomically,
the species of Lium are classified into seven sections, i.e., Lilium, Martagon,

Pseudolirium, Archelirion, Sinomartagon, Leucolirion and Oxypetala (De Jong

1974). The wild species (2n=2x=24) within each section are more or less

crossable and the hybrids are fertile (McRae 1990, Van Tuyl et al. 2002a, b).

Among the four important lily cultivar groups, viz., Longiflorum, Asiatic, Oriental,

and Longiflorum x Asiatic hybrids, the former three groups originated from

hybridization within Leucolirion, Sinomartagon and Archelirion respectively (Table

1-1).

a) The Longiflorum hybrids originate from intra- or interspecific hybridization of
L. longiflorum Thunb. and L. formosanum Wallace of the Leucolirion section.
About 150 cultivars were selected from these hybrids (Leslie 1982-2005).
The Longiflorum cultivars possess white trumpet-shaped flowers with
distinctive fragrance. They are easily cultivated year-round (McRae 1990).

b) The Asiatic hybrids are obtained from intra- or interspecific crosses among
at least 12 species of the Sinomartagon section. Their cultivation can be
traced to the early 1800s in Japan (Shimizu 1987). The Mid-Century hybrids,
which were produced during the 1930s and early 1940s at Oregon Bulb
Farms, the United States, were a great milestone in Asiatic hybrids (McRae
1998). About 4000 cultivars were selected from these hybrids (Leslie 1982-
2005). They possess a wide range of colors (orange, yellow, white, pink, red,

purple and salmon) with early to late flowering (Woodcock & Stern, 1950). An
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important feature is that some of the species of this section possess

resistance to Fusarium and viruses (McRae 1998).

c) The Oriental hybrids are derived from the hybridization of five species of

Archelirion. They have been used since the early 1950s in lily breeding (McRae
1990). Around 2000 cultivars have been registered since 1990 (Leslie 1982-

2005). Oriental cultivars possess pink, white or yellow flowers with a sweet

fragrance, and most of them are resistant to Botrytis (McRae 1998).

Table 1-1. An overview of the wild species involved in the origins of their groups of cultivars,
together with their main characteristics.

Cultivars Sections Species Description of main traits
= — L. longiflorum White trumpet-shaped flower, very fragrant; year-round forcing cultivation
§ % L. formosanum  Short stem; deliciously fragrant, red-purple trumpet flower
E; é L. regale Horizontal white trumpet flower with a golden heart
L. nepalense Down-facing, flared and scented, pea-green flower with dark purple throat
L. amabile Bright orange down-facing flower
L. bulbiferum Orange upright-facing flower
L. cernuum Early flowering; small, sugar-pink, Turk's-cap flower
- L. concolor Small upright-facing, intense lacquer-red flower; thick and waxy tepals
o % L. dauricum Gold and vermilion, upright flowers; Fusarium resistant
§ g L. davidii Orange flower with spots; virus tolerance
= UE) L. tigrinum Vigorous, strong stem; dark-purple-spotted orange Turk's-cap flower

L. lankongense
L. leichtlinii
L. maculatum

L. pumilum

Spicily fragrant, pink to violet with spots of violet-rose flower
Red-orange Turk's cap flower
Upfacing, maroon spotted apricot flowers

Sweetly scented, shiny-red, pendent, small Turk's-cap flowers.

L. alexandrae

White-green horizontal trumpet flower

< L.auratum Large flower, waxy leaves and tepals with few or no spot,sweet fragrance
% % L. nobilissimum  Scented, pure white, and upright flowers, late flowering
8 § L. rubellum Deliciously fragrant, wild-rose pink and slightly recurved trumpet flower
h L. speciosum Recurved, spicily fragrant, pale pink to cerise with darker spots flower
L. henryi Orange spotted Turk's cap flower with dark red/black sports; virus resistance
Terminology

Usually, any hybrid between two species is called an “interspecific hybrid”. In this

thesis, it is necessary to re-definite the terminology “interspecific hybrids” so as to
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distinguish the hybrids between the species within one section from those
between the species of different sections. The Longiflorum, Asiatic or Oriental
hybrids are not regarded as “interspecific hybrids” in this thesis, because these
hybrids are fertile and their parental genome can not be discriminated with
genomic in situ hybridization (GISH). Only the hybrids between species of different
taxonomic sections or between the cultivars of the three different hybrid groups
are called “interspecific hybrids”, because these hybrids are highly sterile and
their parental genomes can be distinguished with genomic in situ hybridization.

The genomes of Leucolirion (Longiflorum hybrids or cultivars), Sinomartagon
(Asiatic hybrids or cultivars) and Archelirion (Oriental hybrids or cultivars) are
generally recognized as L (Longiflorum), A (Asiatic) and O (Oriental) genomes
respectively. Therefore, the crosses between different genomes are usually
expressed in an abbreviated way. For example, Longiflorum x Asiatic is written as
“LL x AA” and the F1 progeny are indicated with “F1 LA hybrid”. Interploid crosses
are also expressed in a similar way. For example, a cross between triploid and
diploid is expressed with “3x-2x". In any formula, the female parent is always at

the left and the male parent on the right.

Introgression breeding

Introgression is the process in which some alien specific traits are transferred into
cultivated crops. It plays an important role in the improvement of some of the
major crops, such as wheat (Jiang et al. 1994, Wang et al. 1996), rice (Multani et
al. 1994, Khush 2005), potato (Garriga-Caldere et al. 1999, Tek et al. 2004),
Alstroemeria (Kamstra et al. 1999a, b, 2004), sugarcane (Ram et al 2001) and
others (reviews, Van Tuyl et al. 2002a, Ramanna and Jacobsen 2003). The
introgression of rye chromosome segments into wheat has revolutionized wheat
production in some countries. In Li/um, because the species or cultivars,
especially those of different sections, possess more valuable traits (Table 1-1), the
main goals of modern lily breeding are to combine the three distinctive groups

and realize introgression breeding. In order to combine some valuable horticultural
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traits from different alien species into a cultivar, interspecific hybridization and

recurrent backcrossing are required.

Interspecific hybrids

Production of interspecific hybrids is the first step for accomplishing
introgression. Due to pre- and postfertilization barriers that exist among Liium
species, usually, interspecific hybridization is difficult. Therefore, some special
methods, such as cut-style pollination, embryo rescue and ovule culture
techniques, are needed (Van Tuyl et al. 1991). Using these methods, many lily
interspecific hybrids have successfully been made. For example, L. /longiflorum
(Leucolirion) x L. monadejphum (Lilium section), L. longiflorum x L. martagon
(Martagon), L. longiflorum x Asiatic hybrids (Sinomartagon), L. longiflorum x L.
rubellurn (Archelirion), L. longiflorum x L. canadense (Pseudolirium) and Oriental
hybrid x L. pardalinum (Pseudolirium) (Van Tuyl et al. 2000). Similar to other
interspecific hybrids, lily interspecific hybrids are highly sterile (review, Van Tuyl et
al. 2002a, Van Tuyl & Lim 2003). Chromosome doubling and Zn gametes have
been used to restore the fertility of interspecific hybrids in many plant species
(review, Van Tuyl et al. 2002a).

Chromosome doubling of F1 interspecific hybrids

Somatic chromosome doubling is also called “mitotic doubling” or “somatic
doubling”. The method has been used for over 60 years since colchicine was first
used to induce chromosome doubling (Blakeslee & Avery 1937). Currently,
besides colchicine, oryzalin is also used for chromosome doubling to restore F1
hybrid fertility (Asano 1982b, Yabuya 1985, Eikelboom & Van Eijk 1990, Ishizaka
1994, Van Tuyl et al. 1992, Takamura et al. 2002). However, this technique
contributes little to introgression breeding because it is hard to accomplish
intergenomic recombination in the allopolyploids due to autosyndetic chromosome
pairing during meiosis in somatically doubled allotetraploids (Ramanna & Jacobsen
2003). On the contrary, when sexual polyploidization is used for inducing

polyploids, intergenomic recombination could occur during Zn gamete formation.
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2n gametes formed in F1 interspecific hybrids

Zn gametes, i.e. “unreduced” gametes, possess the same chromosome numbers
as somatic cells. The direct consequence of Zn gamete formation is sexual
polyploidization. This was recognized 70 years ago by Mintzing (1932). However,
the importance of such polyploids was underestimated, because of the
assumption that the occurrence of Zn gametes in plants is rare and sporadic
(Stebbins 1950). On the contrary, Harlan & De Wet (1975) proposed that nearly all
plant species produce Zn gametes and all natural polyploids of plant species have
originated through Zn gametes. This view has been widely accepted (Thompson &
Lumaret 1992, Bretagnolle & Thompson 1995, Ramsey & Schemske 1998).
Cytological analyses of meiosis in those plants that produce Zn gametes have
shown that various types of meiotic abnormalities can lead to the formation of Zn
pollen or Zn eggs (review, Ramanna & Jacobsen 2003). Generally, based on the
particular meiotic stages at which nuclear restitution occurs, two main
mechanisms of Zn gamete formation are recognized. These are the first division
restitution (FDR) and the second division restitution (SDR) (Mok & Peloquin 19753,
1975b, Ramanna 1979). During normal process of meiosis, the homoeologous
chromosomes are paired at metaphase | and disjoined normally at anaphase |.
Following this, cytokinesis (CK 1) occurs at telophase | and the second meiotic
division proceeds in two separate cells—which is nothing but mitotic divisions. After
a second cytokinesis (CK Il) four haploid spores (n) are formed (Figure 1-1).
Deviations can occur at any of these stages. For example, if meiosis proceeds
normally up to telophase | (CK I) and does not complete the second division, the
products of disjunction can restitute and give rise to SDR (Figure 1-1). On the
other hand, if the homologous chromosomes do not pair, or partially pair and
divide equationally before telophase | stage and give rise to a dyad, it can lead to
FDR (Figure 1-1). Unlike the above mentioned abnormalities, i.e., SDR and FDR,
some bivalents that are formed might disjoin normally, at the same time some
univalents divide equationally leading to nuclear restitution. This is called IMR (Lim
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