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Stellingen

Vele aktief delende en embryogene cellen, welke tevens goed bereikbaar zijn voor
transformatie is de belangrijkste voorwaarde om tot het ontwikkelen van een
transformatie-methode te komen bij Alstroemeria (dit proefschrift).

Transformatie van meristemen of andere gedifferentieerde weefsels zullen hooguit in
chimére transgene planten resulteren. Transformatie van een indirect regeneratie-
proces daarentegen zal frequenter in volledig stabiele transgenen resulteren (Sato

et al., 1993. Plant Cell Rep.12: 408-413.) ’

Het marker gen luciferase kan goed dienen voor visuele selectie van transgeen weefsel,
dat na deze assay verder gekweekt kan worden als potentiéle transformant (dit
proefschrift; C.J.J.M. Raemakers et al., 1996. Molecular Breeding 2: 339-349).

Promoter onderzoek van selectie en detectic genen is een belangrijk onderdeel voor het
ontwikkelen van een transformatie methode bij monocotylen (dit proefschrift).

Alstroemeria is een recalcitrant gewas in weefselkweek (dit proefschrift; dr. ir.
R.L M. Pierik, Bloemenkrant, november 1996).

Het werken met recalcitranten planten geeft in de regel minder problemen dan het
werken met recalcitrante mensen.

Ik schaar mij graag achter dr. Chris Sommerville, die de uitspraak deed dat in de
toekomst biotechnologie zal bijdrage aan een schone en duurzame landbouw (WUB
10-12 maart, 1998).

Nu de wetenschap steeds meer te weten komt, blijkt steeds vaker hoe weinig wij
eigenlijk nog maar weten.

Democratie is de wil van het volk. Elke morgen lees ik stomverbaasd in de krant wat
ik nou weer wil (Wim Kan).

Het leven is zo eenvoudig, de mensen hebben het zo vreemd en ingewikkeld gemaakt
(Louis Couperus).

Geniet het leven, benut het leven,
het vliegt voorbij en duurt maar even.

Stellingen, behorende bij het proefschrift "Regencration and transformation of Aistroemeria”
door Carla E. van Schaik, in het openbaar te verdedigen op woensdag 24 juni 1998, te
Wageningen.
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Abbreviations

BAP 6-benzyladeninepurine

BAR phosphinothricin-N-acetyltransferase
CR chlorophenol red

cv cultivar

2.4-D 2,4 di-chlorophenoxyacetic acid
4FPA 4-flucrophenoxyacetic acid
GA; gibberellic acid

GUS B-glucuronidase

IBA indole butyric acid

LUC luciferase

MS Murashige and Skoog medium
NAA oi-naphthaleneacetic acid.

NPT II neomycin phosphotransferase II
OD550 optical density at 550 nm

PCR polymerase chain reaction

PPT L-phosphinothricin

p358 358 promoter

p2x358 double 358 promoter

TIBA triiodobenzoic acid

1358 358 terminator

thos nos terminator

pUbi-1 ubiquitin promoter
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Alstroemeria culture and economical importance

Alstroemeria or Inca Lily is economically an important cut flower in the Netherlands.
Figures from the Association of Dutch Flower Auctions (VBN) show that Alstroemeria cut
flower turnover in 1997 was 91 million Dutch guilders which accounted for about 260 million
flowers. The average price per stem is 0.35 Dutch guilders. Alstroemeria occupies the ninth
place in the top ten of most important cut flowers in the Netherlands. All over the world there
are about 600 hectares of greenhouse acreage in culture from which 120 hectares are situated
in the Netherlands. The production is 160-300 stems per square metre per year depending on
the cultivar. The increasing popularity of Alstroemeria with growers and consumers as a cut
flower can be attributed to its extensive range of large and colourful flowers, its long post
harvest life and its ability to grow at low greenhouse temperatures. The crop Alstroemeria is
mainly cultivated for the production of cut flowers, but there are also Alsfroemeria pot plants

and garden plants on the market (Figure 1).

Figure 1A. A cut flower of Alstroemeria  Figure 1B. A pot type of Alstroemeria

cultivar Rebecca cultivar Zsa Zsa
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History and taxonomy of Alstroemeria

Inca Lily (Alstroemeria) was first described by reverend Father R.P. Feuillet, who travelled
across South America from 1707 to 1712 (Uphof, 1952). He wrote in his journal, that this Inca
Lily or Lily of Lima was cultivated in the Kings gardens of the Incas. Alstroemeria appeared
in Europe in the 18" century. In 1754 Klas von Alstrdmer collected seeds of a plant from Peru
and sent them to Sweden to Linnaeus. Linnaeus identified the received plant as pelegring and
for the memory of Alstrémer he named it Alsiroemeria (Aistroemeria pelegrina). Previously
Alstroemeria was included in the Amaryllidaceae and Liliaceae by Buxbaum (Buxbaum,
1951). Nowadays the genus Alstroemeria belongs to the family of Alstroemeriaceae. The
family of Alstroemeriaceac belongs to the order Liliales, superorder Liliiflorae, division
Monocotyledonae (Dahlgren er @l., 1985; de Hertog et al., 1993). Also the genera Bomarea,
Leontochir and Schickendantzia belong to the family Alstroemeriaceae (Dahlgren and
Clifford, 1982).

The number of Alstroemeria species is not precisely determined, but there are (believed to
be) more then one hundred. The species in Chile are described in a monography by Bayer
(1987). The natural habitat of Alstroemeria is South America, mainly Chile and Brazil, but
some species are found in Argentina, Paraguay, Bolivia, Peru, Ecuador and Venezuela (Aker
and Healy, 1990). The ecological amplitude of the Alstroemeria genus is wide, ranging from
the snowline of the Andes, swampy territories, mountain forests, desert sites, river valleys to
coasts of the Pacific. Several of these Alsiroemeria species, growing in very differentiated
biotopic conditions of South America, constitute a considerable genetic potential, with
significant importance for breeding.

Detailed morphological descriptions of distroemeria plants can be found in several reports
(Healy and Wilkins, 1985 and 1986; Buitendijk, 1998). Aerial shoots arise from the
underground rhizome, which grows sympodially. Each aerial shoot has at its base two axillary
buds. The first axitlary bud develops into a rhizome tip and grows horizontally in the ground.
Later on it grows upwards and forms a new aerial shoot, again with two axillary buds at its
base. The second axillary bud may stay dormant or develops a second rhizome tip (Rees,
1989). The rhizome also produces storage and fibrous roots. A detailed description of the

rhizome from different species and hybrids can be found in Buxbaum (1951} and Buitendijk
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(1998). Figure 2 shows a drawing of a thizome of A, aurea. The shoots can be vegetative or
generative, depending on the previous environmental conditions. Leaves twist 180°, reversing
their surfaces. Inflorescences are simple or compound cymes, each with one to many

sympodially arranged flowers.

Figure 2. A drawing of a rthizome of 4. aurea by R.J. Quené (Buitendijk, 1998).

Convential breeding of Alstroemeria

Breeding of Alstroemeria started in Europe and was carried out by Goemans in England.
The hybrid “Walter Fleming” was a commercial success (Goemans, 1962). This diploid
cultivar was highly sterile, but during vegetative propagation of this hybrid a tetraploid plant
was found, which produced viable 2x gametes. This plant has been used as a parent to breed
the “Parigo hybrids” by manual crossings (De Jeu et ai., 1992). The hybrid “Walter Fleming™
was developed from Chilean species (4. aurea and probably 4. violacea), however cytological
studies showed 4. aurea as a parent, but not 4. violacea (Vonk Noordegraaf, 1981). The
hybrid “Walter Fleming” was also known as “Orchid” or “Orchid flowering”. For this reason
its offspring was known as “Orchid type” cultivars. After 1960 the cultivars of Goemans were
introduced in the Netherlands by the breeding company of Wiilfinghoff. Breeding of
Alstroemeria in the Netherlands was started by the breeding company of van Staaveren from

1963 and later by Wilfinghoff in co-operation with Goemans (Verboom, 1979). The first
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cultivars were interspecific hybrids and consisted of diploids (2n=2x=16), triploids
(2n=3x=24) and tetraploids (2n=4x=32). The polyploid forms have originated through a
gradual process of sexual polyploidisation involving predominantly 2n-gametes as well as
other types of functional gametes produced by the sterile diploid interspecific hybrids and
triploids (Ramanna, 1992). Most of the cultivars of Alstroemeria seem to have originated
from polyploidisation and hybridisation. Mutation breeding is used by breeders to introduce
mutations in already existing cultivars. Actively growing young rhizomes can be treated with
X-ray to induce mutations. Although the buds on the rhizomes most certainly have
multicellular apices, most X-ray mutants show no sign of chimerism (Broertjes and Verboom,
1974). Besides inter-Chilean hybrids, also Chilean-Brazilian hybrids were produced. These
cultivars were referred to as “Butterfly type”, because they looked like butterflies. Nowadays
more and different species are used to breed new cultivars, with the result that more
intermediate cultivars enter the market. Most new cultivars are triploid, tetraploid or even
aneuploid.

Interspecific hybridisation of Alstroemeria is hindered by post fertilisation barriers and
therefore different ovule and embryo rescue cultures were developed (Buitendijk ef ai., 1995;
De Jeu and Jacobsen, 1995; Lu and Bridgen, 1996; Kristiansen, 1995; Ishikawa et al., 1997,
De Jeu and Calderé, 1997). Besides sexual polyploidisation, chromosome doublings were
performed, for instance to overcome fertility problems of the hybrids (Lu and Bridgen, 1997).
It takes approximately 7 years after the original cross has been made, before all the
characteristics of a promising hybrid are evaluated. Important selection criteria for the
breeders are: cut flower production (especially first cut flower quality), flower colour, flower
size and number of flowers on the stem, quality of the leaves and stem, vase life, virus
resistance and year round flowering. Recently a new criterion, the micropropagation ability,
was added (Buitendijk ef al., 1992).

In vitre micropropagation of Liliales
In general regeneration in vifro can occur through already existing meristems (apically or

axillary) or through de nove regeneration. De nove or adventitious plant regeneration can be

accomplished by two different pathways: organogenesis and somatic embryogenesis (or a
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combination of both pathways). In both processes the regenerated structures originate either
directly from the explant or indirectly from callus induced on the explant. Also here a
combination of direct and indirect regeneration is possible. Organogenesis is defined as the
process in which an unipolar structure is formed, mostly of multicellular origin, which is
connected by its vascular system to the parental tissue. Somatic embryogenesis is defined as a
process in which bipolar structures arise. Somatic embryos are structures that resemble
zygotic embryos. Somatic embryos derive from somatic cells and have a root and shoot
meristem with a connecting provascular system (Flick et al., 1983; Terzi and Loschiavo,

1990; Emons, 1994), and a storage organ typical for the species (Emons and De Does, 1993).

The order Liliales consists of many interesting ornamentals and other crops like Ailium,
Asparagus and Yam (Dioscorea). The bulbous ornamentals like Lilium, tulip and Narcissus
are mainly micropropagated through bulblet formation from axillary buds of bulb scale
segments. Sometimes other explants for regeneration are described, e.g., tulip can also be
micropropagated from stem slices (Hulscher and Krijgsheld, 1995). Plant regeneration
through somatic embryogenesis in different genotypes of Lilium hybrids was developed by
Haensch (1996). Bulb scales were cuftured on MS medium supplemented with the auxins
24D or Picloram. Somatic embryos could be obtained and developed into plants, although
only in a low percentage (4 of the 23 genotypes tested). In Lilium and tulip anther or
microspore culture has been investigated. Multicellular structures were observed by van den
Bulk and co-workers after microspore culture of tulip (van den Bulk ef al., 1994).
Regeneration of haploid plants from anther cultures of the Asiatic hybrid lily “Connecticut
King™ and Lilium longiflorum was achieved by the group of DongSheng and the group of
Arzate-Fernandez (DongSheng e al., 1997; Arzate-Fernandez et al, 1997). Successful
protoplast regeneration has not yet been achieved for Lilium.

Gladiolus and Freesia have no bulbs, but corms. Micropropagation of Gladiolus and
Freesia could be accomplished by shoot development of the axillary buds on the coms or
shoot tips. Somatic embryos could be induced directly on cormel tissue explants or indirectly
on callus. Callus could be induced on different explants like peduncle, flower and leaf (Kim
and Kang, 1992).
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Allium could be micropropagated through many different explants, such as the normal
meristems, but also through vegetative and floral buds, (immature) embryos and roots
(Kanazawa et al., 1992). Also plant regeneration through somatic embryogenesis of Allium is
possible (Buiteveld, 1998; Schavemaker and Jacobsen, 1995). This regeneration system is
mostly indirect through callus culture or cell suspensions. Also regeneration of whole plants
from protoplasts isolated from tissue-cultured shoot primordia or cell suspensions is
accomplished (Buiteveld, 1998; Ayabe et al., 1995).

Many explants of Asparagus could be used for the regeneration of plants ir vitro through
meristems or through somatic embryogenesis, like (lateral) bud clusters, shoot tips and young
spears, Callus and cell suspension formation is achieved and from this also protoplast systems
could be derived (Kohmura er al., 1995; May and Sink, 1995).

Yam (Dioscorea spp) is a tropical food crop and in vitre culture could be achieved through
the following explants; shoots, nodal segmenis, roots, leaf and petioles. Somatic
embryogenesis and cell suspensions have been described by Twyford and Mantell (1996).

In conclusion several members of the Liliales could be regenerated through the use of
existing meristems (axillary meristems in bulbs, corms or shoot apex), and also through de
novo regeneration involving either organogenesis or somatic embryogenesis (directly or

indirectly), which are very much dependent on the crop, genotype or the species.

Micropropagation of Alstroemeria

Alstroemeria plants are generally propagated through splitting of rhizomes of greenhouse
grown plants. More recently micropropagation of in vitro grown plants was introduced by
proliferation of rhizome axillary buds. This technique enables plant propagators to produce
plants more rapidly, on a large scale in a relatively small laboratory, and disease free.
Especially the latter aspect is of great importance and an improvement over the conventional
method of multiplication. Meristem culture and virus free multiplication has been described
by various research groups (Hakkaart and Versluis, 1988; Van Zaayen er al, 1992).
Disinfection of axillary buds from underground rhizotnes is very difficult. A procedure for
disinfection of Alstroemeria rhizome tips has been developed, based on trimming of scale

leaves 3 times alternating with short immersions in disinfectants (Pederson and Brandt, 1992).
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A successful application of meristem culture is dependent on a reliable detection method for
viruses. The General Netherlands Inspection Service for Ornamental Crops (NAKB) is able to
certify Alstroemeria plants. However, the development of reliable virus detection tests is still
in progress {(de Blank et al, 1994). The multiplication rate of the micropropagation of
Alstroemeria is still low, due to its recalcitrant nature. To improve the multiplication rate of
Alstroemeria, many factors that influence the culture have been studied, but so far without real
dramatic improvement. For maximum rhizome production in vitro a temperature between 13-
18 °C was found to be optimal. Increasing temperature decreased the number of rhizomes.
Decreases in irradiance from 20 Wm 2 to 5 W m ~ and increases in day length from 8 to 20
hours, had no effect on the number of lateral rhizomes, aerial shoots or roots per explant.
Good multiplication of Alstroemeria requires a temperature of 15 °C, an irradiance of 5 Wm~
? with a daylength of 8 hours. Generally the cytokinin BAP is used for multiplication, the
growth regulators TIBA, thidiazuron, NAA, GAj; and paclobutrazol in the culture medium
(with or without BAP)} did not change the number of lateral rhizomes, shoots or roots
produced. (Pierik et al., 1988; Elliot et ai., 1993; Bond and Alderson, 1993a,b,c). Buitendijk
investigated the genetic variation for rhizome multiplication rate in micropropagation of
Alstroemeria. Heterosis for rhizome multiplication rate was revealed significantly. So, a
genetic base for micropropagation of Alstroemeria was evident in the 23 accessions of five

species and 64 interspecific hybrids (all diploid level) tested (Buitendijk, 1998).

De novo regeneration of Alstroemeria

When the research of this thesis started in 1991, there were only a few references on callus
induction and de #novoe plant regeneration in Alsiroemeria. Ziv et al. (1973) reported non
embryogenic callus formation and direct plantlet regeneration from segments of sub apical
inflorescence stem. Bridgen er al (1989) reported somatic embryogenesis without detailed
information. Gonzalez-Benito and Alderson (1992) described plant regeneration of callus
derived from cultures of mature zygotic embryos of the diploid cultivar "Butterfly". Callus was
induced on MS medium supplemented with 2,4D or Picloram and incubated in the dark. The
maximum regeneration response from this callus, observed in a single treatment, was only 4%.

In the same period, we started our research and tried to develop a mote efficient regeneration
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system of Alstroemeria. More recently Hutchinson et al. (1994) reported callus induction and
plant regeneration, using mature zygotic embryos of a tetraploid Alstroemeria (“Butterfly type™)
as explant. The maximum frequency of regeneration was 40% on medium containing NAA and
kinetin, according to these authors. Regeneration to a complete plant occurred via somatic
embryogenesis in the absence of growth regulators and the plantlets grew to maturity and
flowered in the greenhouse. Very recently Hutchinson and co-workers reported somatic
embryogenesis in liquid cultures of a tetraploid Alstroemeria (Hutchinson ef al., 1997). Again
embryogenic callus was induced from mature zygotic embryos, cultured on MS medium,
supplemented with NAA and kinetin. Pre-culture of the callus on MS medium supplemented
with NAA for two days was essential for cell proliferation in the liquid medium. When the
embryogenic cell aggrepates were transferred to a semi-solid half strength MS medium
supplemented with casein hydrolysate, they successfully differentiated into plantlets.

The regenerative ability of explants from various organs of Alstroemeria plants were
investigated by Gabryszewska {1995). Subapical segments of vegetative stem, segments of
flower petals and parts of ovary did not regenerate into rhizomes or roots, but occasionally
produced callus on medium with NAA and kinetin. Segments excised from vegetative stem
sporadicaily developed roots on medium with NAA or IBA. Rhizome apical and axillary tips
were the best among the tissue tested as initial explants for plant regeneration.

Direct shoot regeneration from excised leaf explants of in vitro grown seedlings of
Alstroemeria was recently described by Lin er al. (1997). For this process a two-step protocol
has been developed. Leaf explants with stem node tissue attached were incubated on shoot
induction medium for 10 days, and then transferred to regeneration medium. The best induction
medium was obtained with MS medium containing thidiazuron and IBA. The regeneration
medium contained BAP. After several subcultures of the leaf explants with induced shoots,
normal plantlets were formed.

So de novo regeneration of Alstroemeria is possible, but the regeneration systems are stili
poor in regeneration frequency and time consuming. The best regeneration frequency for
Alstroemeria so far was around 40% with one or a few reactions per explant. The regeneration
period took 3 to 4 months. So, at the start of the research of this thesis, our aim was to develop

an efficient regeneration system of Alstroemeria, preferably a (cyclic) somatic embryogenesis
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system. The idea was that such a regeneration system could be most useful for genetic

transformation.

Genetic modification of Liliales

Unlike in sexual methods, the gene transfer through genetic transformation is no longer
determined by the crossability of the genotypes and thus offers unlimited potential. This
makes it possible to utilise for plant improvement suitable genes from either related or
unrelated plants, but also from animals, fungi, bacteria or viruses. The Adgrobacterium
tumefaciens DNA delivery system is the most commonly used genetic modification technique
(reviewed by Wordragen and Dons, 1992), together with the naked DNA delivery system,
microprojectile bombardment (reviewed by Christou, 1995). Other alternative methods are
(tissue) electroporation, micro-injection, silicon carbide whiskers and bombardment of pollen.
So far there are verified methods for stable introduction of novel genes into the nuclear
genomes of over 120 diverse plant species (Birch, 1997). The list of successful transfers is
getting longer by the day, and examples of commercially released plants are beginning to
appear. The total approvals world-wide for field experiments of genetically-engineered plants
classified in 1992 was around 1250 (Law, 1995). The type of field release applications
throughout the world refer to herbicide tolerance, discase resistance, virus resistance, insect
resistance, quality traits, flower colour, male sterility, metal tolerance and stress resistance.
Success has been achieved through the introduction of virus coat protein genes to confer viral
resistance (Powell ef al., 1986; Beachy et al., 1990; Jacquet ef al., 1998), the exploitation of
insect toxins by transferring the Bt gene from Bacillus thuringiensis (Barton ef al., 1987,
Jelenkovic et al,, 1998) or the trypsin inhibitor gene from cowpea (Hilder ef al., 1987) to

induce insect resistance.

At the start of the research for this thesis, no research had ever been published about genetic
modification in the family of Alstroemeriaceae. In the order Liliales, for several crops
atternpts have been made to develop transformation techniques. Transformation of the
important bulbous ornamental, tulip, was investigated by Wilmink (1996). Genelic

modification of tulip was applied by means of particle bombardment of the florai stem
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segments. Putative transgenic tulips were analysed at the molecular level, Positive PCR
{polymerase chain reaction) analysis was performed, but GUS expression was very poot in the
transgenic tulip plants. Therefore, it was concluded that the transgenic tulip plants were
chimeric. Histological analysis of the adventitious shoot formation in tulip revealed that the
shoots were formed directly from the explant (young floral stems) without an intermediate
callus phase. Adventitious shoot formation was initiated in the first two subepidermal cell
layers of the explants (Wilmink et al, 1995). Several research groups have Lilium
successfully transformed using the vector Agrobacterium tumefaciens or by particle gun
bombardment (also pollen were used as explant for bombardment, followed by pollination).
So far, no report has described a transformation technique resulting in stable transgenic Lilium
plants (Cohen and Meredith, 1992; Miyoshi ef al., 1995; Langeveld er al., 1995; Tunen et al.,
1995; Tsuchiya er af., 1996). However, at present stable transgenic Lilium has now been
produced by particle bombardment of bulb scale segments of L. longiflorum (Dr. S.
Langeveld, Lisse, personal communication). Particle gun bombardment was performed after
preculture of the bulb scales. A total of 58 transgenic callus lines was found, which resulted
after regeneration in a total of 726 bulblets. Further research is in progress regarding the level
of transgene expression in these plants and their offspring in the greenhouse,

Gladiolus and Asparagus transformation have been investigated both by the Agrobacterium
vector system and microprojectile bombardment (Kamo, 1997; GuangYu et af., 1996; Conner
and Abernethy, 1996). Transgenic (ladiolus was obtained by particle gun bombardment of
embryogenic cell suspensions or embryogenic callus. Asparagus was transformed by
microprojectile bombardment of embryogenic callus of Asparagus, resulting in stably
transformed plants. Putatively transformed calli were identified from the bombarded tissue
after 4 menths of selection. The transgenic nature of the selected material was demonstrated
by GUS expression and Southern blot hybridisation analysis (Cabrera-Ponce et al., 1997).
Also Asparagus embryogenic suspension cultures were successfully used for particle gun
bombardment. Transgenic plants were obtained after bombardment with a plasmid containing
NPTII (kanamycin resistance) and GUS. The combination of 1.1 pm tungsten particles and
1000 psi bombardment pressure was the best. The GUS expression was detected in the stems
and cladodes of the transgenic plants. Southern analysis confirmed the integration of NPT
and GUS into the Asparagus genome (BaoChun and Wolyn, 1997). Also transformation by

12
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direct DNA uptake into protoplasts and Agrobacterium-mediated transformation of Asparagus
has been reported (Delbreil et al., 1993).

Genetic transformation can also be an alternative tool for the improvement of Alsfroemeria.
Introduction of virus resistance by genetic modification may be very attractive for
Alstroemeria, because virus diseases are important problems in Alstroemeria culture.
Alstroemerig has been multiplied vegetatively for a long time so viruses, occurring in the
crop, have also been present for years. Several viruses are described: Alstroemeria mosaic
virus, Alstroemeria carla virus and cucumber mosaic virus (Phillips and Brunt, 1986).
Recently more viruses were detected in Alsiroemeria: Alstroemeria streak virus, impatiens
necrotic spot virus and tomato spotted wilt virus (Van Zaayen er al., 1994). The most
frequently occurring virus is Alstroemeria mosaic virus, the presence of which is correlated
with decrease in quality and number of flower stems (Van Zaayen et al., 1992). Probably
genetic modification of Alstroemeria provides a solution for these virus diseases, like tomato
spotted wilt in transgenic tomato hybrids (Ultzen er al,, 1995). Resistance to the tomato
spotted wilt virus was performed in these tomato plants after transformation. Inhibition of
premature leaf yellowing in Alstroemeria cut flowers would also be an other trait for
improvement by genetic modification (Hicklenton, 1991). Other characters like plant
structure, flower colour, flower shape, flower timing or flower ripening are likely to be targets
for genetic modification in Alstroemeria. The first steps in order to develop a method for

genetic modification of Alstroemeria are carried out in the present thesis.

Aim and outline of the thesis.

The aim of the research described in this thesis was to develop a genetic modification
system for Alsiroemeria. Several steps are necessary in order to develop a transformation
procedure for this crop. At first an efficient regeneration system has to be developed for
Alstroemeria. In Chapter 2 a regeneration system based on somatic embryogenesis, derived
from immature embryos of Alstroemeria, is described. In Chapter 3, the results of optimising
the somatic embryogenesis system are presented together with methods to develop a cyclic

somatic embryogenesis system, solving the restriction of the availability of large amounts of
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flowers. Chapter 4 describes some of the technical prerequisites for transformation; one of
them being the fact that the cells, that are potent to regenerate, need to be targeted successfully
by the transformation method applied. Therefore, histology of the initiation of the somatic
embryogenesis is described together with the histology of the transient GUS expression of the
treated tissue after particle bombardment. Furthermore, results about utilities and
concentrations of selective antibiotics and herbicides in Alstroemeria are presented in Chapter
4. In Chapter 5 it was investigated, which transformation method could be used for obtaining
the best results in Alstroemeria. Agrobacterium-mediated and particle gun-mediated
transformations were performed on callus, somatic embryos and cell suspension cultures. The
evidence for transformation of the cell suspension culture was confirmed by PCR analysis and

luciferase activity. In Chapter 6 the results are generally discussed.
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Plant regeneration

Abstract

The plant regeneration ability of callus obtained from zygotic embryos of the monocot
Alstroemeria was studied. The best explants for somatic embryogenesis were immature zygotic
embryos in half ovules when the endosperm was still soft and white. Embryogenic callus was
induced on callus induction medium with a success rate of 54%. The best callus induction period
was 10 weeks. The morphology of embryogenic callus was nodular. Somatic embryos were
formed after transfer of the callus to regeneration medium. These somatic embryos revealed later
on the typical features of zygotic Aistroemeria embryos. The total duration of the plant
regeneration protocol, from inoculation till rooted plantlets ready for transfer to the greenhouse,

was 28 weeks.

Introduction

The monocotyledonous Alstroemeria (Inca Lily) is an important cut flower crop, having a wide
range of flower colours, long vase life, and a low energy requirement in the greenhouse.
Alstroemeria produces underground rhizomes which branch sympodially. Plants can be
multiplied vegetatively either through splitting of rhizomes or through micropropagation of
rthizome cuttings (Buitendijk er al., 1992; Monette, 1992; Pierik ez al., 1988).

Recent progress in molecular and cell biclogy makes it possible to add genetically well defined
traits to the gene pools in numerous dicot and monocot crops. Genetic transformation of
monocots is possible by direct gene transfer and particle gun bombardment (Christou, 1992;
Potrykus, 1991). Major prerequisites for genetic transformation are a reproducible and efficient
protocol for plant regeneration, an efficient gene transfer system and a good selection system.
The aim of the present study was to develop an efficient in vitro plant regeneration protocol for
Alstroemeria that can be used in genetic modification studies using different gene transfer
systems.

There are only a few reports on callus induction and plant regeneration in Alsiroemeria. Ziv et
al. {1973) reported non embryogenic callus formation and direct plantlet regeneration from
segments of sub apical inflorescence stem. Bridgen er al. (1989) reported somatic embryogenesis

without detailed information. Gonzalez-Benito and Alderson (1992) reported plant regeneration
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of callus derived from cultures of mature zygotic embryos of a diploid cultivar "Butterfly”.
Recently Hutchinson ef al. (1994) reported callus induction and plant regeneration using mature
zZygotic embryos of a tetraploid Alstroemeria as explant.

In this study a general protocol to regenerate plants through somatic embryogenesis from
immature zygotic embryos is developed. Seed germination and germination of zygotic and
somatic embryos in vitro were observed in order to compare these processes. Also the length of
the callus induction period and the developmental stage of the zygotic embryo as explant were
studied to define their influence on the somatic embryogenesis of Alstroemeria.

Material and methods

Material
Flowers of the diploid (2n=2x=16) A. inodora, accession P007, and the tetraploid (2n=4x=32)
cultivar] 18 were self-pollinated.

General somatic embryogenesis protocol.
Dependent on the season, 4 weeks after pollination, the developing ovaries were removed from
the plants and surface sterilised (20 minutes in 1,5% Na-hypochlorite solution). The ovules were
taken out of the ovaries and were cut into halves. The ovule parts containing the embryo were
placed on callus induction medium. This callus induction medium consisted of MS (Murashige
and Skoog, 1961) medium supplemented with 50 g 1" sucrose, 0.4 g I'' casein hydrolysate, 1 mg
I'2,4D, 0.5 mg I BAP and 2 g I'' gelrite. The pH was adjusted to 6.0 prior to sterilisation, Four
weeks after culturing the immature embryo derived callus was removed from the ovule parts and
subcultured on the same callus induction medium for 2 weeks. Then the sucrose concentration of
the callus induction medium was decreased to 30 g I sucrose and these were cultured for
another 4 weeks. So, the immature embryo derived callus was grown in total for 10 weeks on
callus induction medium, followed by 12 weeks on regeneration medium. Regeneration medium
consisted of MS medium supplemented with 30 g I"' sucrose, 0.4 g I' casein hydrolysate, 2 mg
1" BAP, pH 6.0 and 2 g I gelrite.

Callus induction took place in the dark at 21°C and regeneration took place in the light, 12/12
h photoperiod at 18°C. Callus was subcultured bi-weekly. Twenty-two weeks after culturing
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regenerated plants were counted and cultured on rooting medium for 6 weeks. Rooting medium
consisted of MS medium with 45 g I'' sucrose, 0.75 mg 1" NAA, pH 6.0 and 2 g I'! gelrite.

Germination of zygotic embryos.

Mature seeds of cv118 selfings were surface sterilised and imbibed in sterilised water for 48
hours. As a result the seeds became soft and from these the zygotic embryos were excised under
aseptic conditions, Besides these bipolar embryos also complete seeds were placed on MS
medium supplemented with 30 g I" sucrose, pH 6.0 and 2 g I'' in the light at 18°C.

Variation of callus induction period.

Four weeks after selfing the ovule parts of cv118 and PO07 were cultured on callus induction
medium. Total callus induction period was 7, 10, 13 or 16 weeks. The regeneration medium and
culture conditions were according to the somatic embryogenesis protocol. Forty embryo derived
calli per treatment were used. The total amount of regenerated plantlets of 40 calli was scored 22
weeks after culture.

Different developmental stages of the zygotic embryo.

From 1 till 6 weeks after pollination the somatic embryogenesis protocol was started. One till 4
weeks after pollination, half ovules were cultured. Five weeks after pollination the isolated
Zygotic embryos were cultured directly and 6 weeks after pollination the seeds were mature. The
mature seeds were imbibed for 48 hours before the zygotic embryos were excised and cultured.
The ovule parts and the zygotic embryos were used as explants for the general somatic
embryogenesis protocol. The embryo derived calli were taken out of the ovule parts at the size of
0.1 cm. At least 70 embryo derived calli were cultured per treatment. The total callus induction
period was 10 weeks and the total regeneration period 12 weeks. The ovule size, the endosperm
colour and consistency of the explant were observed. The callus morphology and the number of

regenerated plants per embryogenic callus were scored.
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Results

Morphological observations during callus induction and somatic embryogenesis.

At the start of the somatic embryogenesis protocol the immature zygotic embryos in the ovule
parts were not visible to the eye. But after 4 weeks in culture the size increased (0.1 ¢cm) and it
had a globular shape. Part of the callus became nodular four weeks after excision from the ovule
parts (Figure 1A). Besides the embryogenic nodular type of callus, also non embryogenic
compact and rhizogenic callus types were observed. Nodular callus formed bipolar somatic
embryos four weeks after transfer to regeneration medium (Figure 1B). The somatic embryos
germinated on the same regeneration medium (Figure 1C).

Figure 1. Callus induction and somatic embryogenesis of Alstroemeria cv118.

1A. Nodular immature embryo derived callus 10 weeks after culturing on callus induction
medium (real size 1 cm).

1B. Somatic embryo with root(R), shoot apex(S), coming through the germination notch, and a
cotyledon(C) (real size 0.2 cm).

1C. Germinated somatic embryo with root(R), shoot(S) and cotyledon(C) (real size 1.5 cm).
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Morphological observations on germination of zygotic and somatic embryos.

Alstroemeria seed showed hypogeal germination. The cotyledon elongated at its base and
pushed the embryo axis from the seed. Elongation of the root and epicotyl occurred. The epicotyl
broke through the cotyledonary sheath, but the cotyledon remained embedded in the endosperm.
The cotyledon formed a haustorium, a tissue with the function to transport the storage supply
from the endosperm to the root and shoot meristem. When the endosperm was exhausted in the
seed, the haustorium disappeared. The germination of bipolar mature zygotic embryos in vifro
was almost the same as mature seed. The only difference was that the cotyledon in vitro was
green and did not develop a haustorium as seen in seed (Figure 2B). The germination of a
somatic embryo was morphologically similar to mature zygotic embryos i vitro; root, shoot
apex through the cotyledonary sheath and the cotyledon (Figurel). The root development of the
somatic embryo was generally poor, probably because of the presence of BAP in the

regeneration medium.

Figure 2. Germination of a mature zygotic embryo of Aistroemeria cv118 in vitro.
2A. Bipolar mature zygotic embryo (real size 0.2 cm)
2B. Germinated zygotic embryo with root (R), shoot(S) and cotyledon(C) (real size 1.5 cm).
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Effect of the callus induction period on plant regeneration,

A callus induction period of 7, 10, 13 and 16 weeks was studied using the somatic
embryogenesis protocol with P07 and cv118. The total amount of regenerated plantlets of 40
embryo derived calli was scored. The best regeneration capacity was observed after 10 weeks on
callus induction medium. After 16 weeks the regeneration ability was almost decreased until
zero (Table 1). There was a clear difference found in frequency of plant regeneration between
P007 and cv118.

Table 1. The effect of different callus induction periods on the total number of regenerated
plantlets through somatic embryogenesis of 40 embryo derived calli of 4. inodora POO7 and
cv118 after selfing.

POO7 cvl18
period total plants total plants
7 weeks : 9 16
10 weeks 19 32
13 weeks 12 6
16 weeks 1

Zygotic embryos of different developmental stages.

Immature and mature zygotic embryos of different developmental stages were used as explant
for somatic embryogenesis. The immature embryos are too small for visual detection. But the
endosperm consistently developed from liquid through soft to hard and tells something about the
development stages of the embryo. The best results were obtained from immature zygotic
embryos in ovule parts with white soft endosperm. Immature zygotic embryos in ovule parts
with liquid clear endosperm gave less embryogenic callus. But the mature zygotic embryos from
ovules with hard endosperm gave no embryogenic callus at all. All those mature zygotic
embryos germinated directly on callus induction medium (Table 2). Immature zygotic embryos
cultured 3-4 weeks after pollination gave the highest percentage of embryogenic calius.
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Table 2. In vitro responses of cultured zygotic embryos of different developmental stages of A.
inodora POO7 and cv118.

P07
weeks after 1 2 3 4 5 6
pollination
ovule size(mm) 2 3 4 4 4 4
end. consistency l 1 ] s h h
end. colour ¢ c w w W w
dead(%s) 72 80 66 34 0 0
emb. callus(%0) 19 14 21 54 0 ¢
nonemb. callus(%) 7 1 2 10 0 0
direct germ.(%) 2 5 11 2 100 100
pl./emb. callus 0.7 0.9 0.9 1.3 0 0

cvllg8
ovule size(mm) 3 4 5 5 5 5
end. consistency 1 1 ] h h h
end. colour c c w W w w
dead(%) 39 55 36 9 0 0
emb. callus(%) 34 34 41 4 0 0
non emb. callus(%o) 27 11 23 30 0 0
direct germ (%) 0 0 0 57 100 100
pl/emb. callus 0,6 0,6 1,1 2,0 0 0

endosperm consistency Fliquid, s=soft, h=hard
endosperm colour c=clear, w=white

emb=embryogenic germ=germination pl=plants
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Discussion.

In general, explants of monocots that contain immature, meristematic cells develop totipotent
calluys, Plant regeneration can follow two different pathways: organogenesis or somatic
embryogenesis. Extensive evidence is now available on the regencration of plants via somatic
embryogenesis in a wide variety of monocots, including cereals and other monocots (Bhaskaran
and Smith, 1990; Vasil, 1987).

In this report a plant regeneration protocol through somatic embryogenesis of Alstroemeria is
described. The effect of the callus induction period and the developmental stage of zygotic
embryos on the regeneration frequency was investipated. The plant regeneration frequency was
assayed by counting the number of regenerated plants. A caltus induction period of 10 weeks
was optimal for the regeneration frequency of this somatic embryogenesis protocol. Afier a
callus induction period of 16 weeks the callus was no longer embryogenic. It is a known fact that
the embryogenic capacity can be lost during prolonged subculture, especially in cell suspension
cultures (Lorz, 1988). The effect of the developmental stage of the zygotic embryo on the
regeneration frequency of Alstroemeria was clearly observed. Embryogenic callus was only
obtained from immature zygotic embryos. The mature zygotic embryos, excised of hard
endosperm, germinated directly on callus induction medium. Immature zygotic embryos from
different ages formed more or less frequently embryogenic callus. The immature zygotic
embryos in the half ovules with soft white endosperm 3 or 4 weeks after pollination were the
best explants for initiation of somatic embryogenesis. So a strictly defined stage of embryo
development has to be used as explant for the best response in Alstroemeria. Also in some other
monocots only immature zygotic embryos of a strictly defined stage could be used as explant,
like wild barley (Rotem-Abarbanell and Breiman, 1989) and oil palm (Teixeira et al., 1993).
Gonzalez-Benito (1990) and Hutchinson ef al. (1994) reported callus induction and plant
regeneration from mature zygotic Alsiroemeria embryos. Gonzalez-Benito reported 4% plant
regeneration of a diploid cultivar “Butterfly” afler callus induction on a 24D medium.
Hutchinson described 40% plant regeneration of a tetraploid complex hybrid between A
pelegring and A. psittacina after callus induction on a medium containing NAA and kinetin. The
auxin 2,4D was also tried, but caused excessive browning and death of the explants. In our

experiment this problem was overcome by using ovule parts with immature embryos to start the
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callus induction, a method inspired by the half-ovule culture technique for the production of
interspecific hybrids in Alstroemeria (Buitendijk et al., 1995). The best result in our somatic
embryogenesis protocol was given by immature zygotic embryos. Maximum 54 % plant
regeneration from a diploid species A. inodora POO7 and 41% plant regeneration from a
tetraploid ¢v118 were obtained. Genotypic differences for regeneration ability via somatic
embryogenesis is a normal phenomenon (Raemakers ef al, 1993). Mature zygotic embryos
germinated directly on our callus induction medium, probably because of a hormone
concentration, which was too low for callus induction.

Alstroemeria sced showed hypogeal germination like Asparagus (Esau, 1977). The
germination of zygotic and somatic Alstroemeria embryos in vitro is morphologically similar
(Figure 1 and 2). During the gemmination of both embryos in vitro the cotyledon does not
develop a haustorium as it normally develops in the seed. The function of a haustorium in vitro
is probably superfluous, because the embryo is surrounded by medium,

For Alstroemeria this is the first time that immature zygotic embryos in ovule parts are
reported as explant for plant regeneration. Immature zygotic embryos gave a good response, but
the regeneration frequency is stifl low. However, the regeneration frequency of some other
monocot species, like rice (Rueb et al., 1994), durum wheat (Bennini ef al, 1988) and barley
{Goldstein and Kronstad, 1986) is in the same range. Optimisation of this plantlet regeneration

protocol in Alstroemeria is now in progress.
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