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Bibliographic Abstract: This thesis describes the establishment of two plant regeneration 
systems in Alstroemeria. The first one used leaf explants as starting material, and the second 
one used stem segments. Leaf expiants were induced to form adventitious shoots via the 
organogenesis pathway, which developed into plants. The stem segments were induced to form 
calli, which developed into plants via the embryogenesis pathway. Both systems were 
developed for plant propagation as well as for genetic transformation purpose. Leaf-explant 
culture method is an alternative way of micropropagation, that can enhance the propagation 
efficiency. Callus culture system was successfully used in particle gun-mediated transformation, 
and many transgenic plants were obtained. Two plasmids were investigated, one containing a 
firefly luciferase gene, and another one containing a phosphinotricin acetyl transferase gene 
(PAT, a herbicide resistance gene) together with a ß-glucuronidase gene (GUS). Selection based 
on either the luciferase activity, or phosphinotricin resistance proved to be effective. Luciferase 
gene, PAT gene, and GUS gene were transformed into the Alstroemeria plants with high 
efficiency. 
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Propositions 

1. The leaf-explant based regeneration system is not appropriate for the development of genetic 
transformation with particle gun (this thesis). 

2. Combination of the leaf expiant regeneration system with that of the rhizome multiplication 
system, is enhancing the multiplication efficiency of Alstroemeria (this thesis). 

3. In Alstroemeria the percentage of responding leaf expiants with rhizome formation is more 
important than the amount of shoots regenerated per leaf expiant, because rhizome formation 
is the most important factor for micropropagation (this thesis). 

4. A plant regeneration system, based on granular callus with dividing cells near the surface, is a 
prerequisite for genetic transformation (this thesis). 

5. This thesis contains basic information for successful transformation of existing varieties of 
Alstroemeria. 

6. Successful plant breeding is always a mixture of art and science, and invariably based on 
genetic principles. 

7. Things are going well when they are managed leisurely (Chinese proverb). 

8. Inadequate knowledge of the Dutch language has the advantage, in that it prevents you from 
being influenced by all kinds of public media, and lets you concentrate your mind on your 
own job. The disadvantage is, you never exactly know what your colleagues were talking 
about in the canteen. 

9. The public debate about food products obtained from genetic engineering will also be an 
issue in Taiwan. 

10. Scientists are always forced to face the 'impossible' challenge. 

11. A ripe rice-plant has a bent neck (Taiwanese proverb). 

These propositions are attached to the thesis "Development of two in vitro regeneration systems 
through leaf expiant and callus culture and the application for genetic transformation in 
Alstroemeria" by Hsueh-Shih Lin, for the public defence held on Wednesday, September 9, 
1998, in Wageningen. 
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General introduction 

The Alstroemeria plant 

Alstroemeria, also known as Inca lily, Peruvian lily, or even called 'Narcissus lily' in Taiwan, is 

a South America endemic monocotyledonous plant species mainly found in Chile and Brazil 

(Aker and Healy 1990). It belongs to the family Alstroemeriaceae according to Dahlgren and 

Clifford (1982) and is commonly called by its genus name. Over the last two decades 

Alstroemeria has become a popular greenhouse-grown cut flower in The Netherlands, due to its 

low-energy requirement, long vase-life, and wide range of flower colors. 

An Alstroemeria plant consists of fleshy rhizomes, aerial shoots, and thick tuberous 

roots. Rhizome is an underground-grown organ with many stem-like nodes, and at each node 

one aerial shoot and some roots originate. The rhizome has a sympodial growth habit (Bayer 

1987; Buxbaum 1951). Morphological research demonstrated that the rhizome is actually the 

first axillary shoot of the aerial sprout (Buxbaum 1951). The aerial shoot is either a vegetative 

stem with leaves only or a generative stem with flowers in its apex. The leaf usually rotates 

180° at its base, so that the adaxial surface faces down. 

Chromosome studies reveal that the Alstroemeria species are mostly diploid with 16 

chromosomes (2n=2x=16), and the commercial cultivars are not only diploid, but also triploid 

(2n=3x=24), tetraploid (2n=2x=32), or even aneuploid (with chromosome number of 25, 31, 33 

etc.; Hang and Tsuchyia 1988; Tsuchyia et al. 1987; Tsuchyia and Hang 1987,1989). The 

spontaneous polyploidy induction observed in breeding cultivars is probably due to the 

production of unreduced gametes during meiosis (Ramanna 1991). 

Plant regeneration and in vitro propagation of Alstroemeria 

Conventionally, Alstroemeria is propagated by rhizome division, but the multiplication rate is 

rather low, so that tissue culture techniques were developed (Bond and Alderson 1993; Pierik et 

al. 1988; Van Zaayen et al. 1992; Ziv et al. 1973). However, the multiplication efficiency is still 

rather low, especially for the so called 'Butterfly type' cultivars. Therefore, Alstroemeria was 

classified as an in vitro recalcitrant plant species due to its low multiplication rate and its limited 

number of regenerable tissues. An overview of the successful plant regeneration events reveals 

that the initial plant material used in Alstroemeria is limited to the rhizome, and to the zygotic 
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embryo/ovule (Table 1). The other plant organs tested rarely gave a response or no response at 

all. Since true-to-type is the most important requirement for commercial plant propagation, the 

rhizome is still the major propagation unit. In addition, the development of alternative in vitro 

multiplication systems based on other tissues is desirable. 

The ovule culture system was developed for plant breeding purpose in order to 

overcome interspecific crossing barriers. The callus culture system, that was initiated from 

zygotic embryos, is not useful for multiplication of the existing cultivars. Moreover, the 

potential somaclonal variation should be taken into account too. Therefore those two methods, 

based on zygotic embryos, are not further useful for micropropagation purpose. However, the 

callus culture system may play an important role in genetic modification. 

Table 1. Successful in vitro plant regeneration systems in Alstroemeria. 

Initial material Type of regeneration Reference 

Rhizome Organogenesis 
meristem 

Rhizome segment Organogenesis 

Rhizome tip Organogenesis 

Zygotic embryo Embryogenesis 

Zygotic ovule Embryogenesis 

Hakkaart and Versluijs, 1988 
Van Zaayen et al., 1992 
Gabryszewska, 1995 
Gabryszewska and Hempel, 1985 
Bond and Alderson, 1993 
Bond and Alderson, 1993 
Buitendijk, 1998 
Lin and Monette, 1987 
Pieriketal., 1988 

Gonzalez-Benito and Alderson, 1992 
Hutchinson et al., 1994 
Hutchinson et al., 1997 
Van Schaik et al., 1996 

Buitendijketal., 1995 
De Jeu and Jacobsen, 1995 
Lu and Bridgen, 1996 
Ishikawa et al., 1997 

Genetic transformation in monocots 

Traditional breeding objectives of Alstroemeria were mainly focused on the improvement of 

horticultural important characteristics. The mutation breeding techniques, successfully 
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developed in 1970-1980 (Broertjes and Van Harten 1988), gave a tremendous contribution. 

Moreover, embryo rescue techniques developed in recent years, which have overcome the 

interspecific crossing barriers (Buitendijk et al. 1995; De Jeu and Jacobsen 1995), are useful for 

the introduction of genes from wild species into cultivars. However, some diseases and post-

harvest problems could not easily be solved with these tools, because the resistance or tolerance 

factors involved were not localized yet in the wild species. Gene transformation, mediated by 

the Agrobacterium vector system or particle delivery systems developed in recent years, is 

considered to be another promising tool for plant improvement. By these techniques the 

resistance/tolerance genes from other plant species or even from animals could be introduced 

into the target plants without crossing. 

To accomplish successfully gene transformation, four important parameters are 

required: a) an efficient DNA delivery system, b) appropriate target cells competent for 

transformation and regeneration, c) adequate promoter systems for stable gene expression, and 

d) a good selection system (Christou 1995, 1997; Hiei et al. 1997. Jahne et al. 1995; Smith and 

Hood 1995). 

a. an efficient DNA delivery system 

Although monocotyledonous plants were not standing outside the host range of 

Agrobacterium tumefaciens, the transformation efficiency mediated by this vector was still low 

and many parameters should be improved before it becomes a routine used technology in 

monocots (Hiei et al. 1997; Smith and Hood 1995). On the other hand, particle bombardment 

has become a popular choice in monocots, because there is no host range limitation with this 

method and the transformation efficiency is relatively high in combination with an efficient 

selection method (Christou 1995, 1997; Jahne et al. 1995). Many successful results reported in 

recent years in monocots are listed in Table 2. 

b. The appropriate target cells competent for transformation and regeneration 

The development of a system that may provide appropriate target cells with competence 

for both transformation and regeneration is a prerequisite for transformation (Christou 1995; 



Chapter 1 5 

Raemakers et al. 1997; Taylor et al 1996). Compared to dicotyledonous plants, the kind of 

tissue capable of regeneration is rarely found in monocots. Therefore, tissues of zygotic 

embryos and their derivative callus are usually used (Table 2). 

Table 2. Successful particle bombardment-mediated 
monocotyledonous crops. 

gene transformations in important 

Species 

Avena 

Asparagus 

Gladiolus 

Hordeum 

Lilium 

Oryza 

Saccharum 

Sorghum 

Triticum 

Zea 

Target tissue 

Callus, from embryo 

Suspension callus 
Callus, from seed 

Callus, from corm 

Microspore 
Embryo scutellum 

Callus, from bulblet scale 

Callus, from embryo 

Callus, from immature inflorescence 

Inflorescence 

Embryo scutellum 
Embryo 

Embryo scutellum 
Embryo 

Reference 

Torbert et al., 1998 

LiandWolyn, 1997 
Cabrera-Ponce et al., 1997 

Kamoetal., 1995 

Jähneetal., 1994 
Kopreketal., 1996 

Watadetal., 1998 

Abedinia et al. 1997 

Gallo-Meagher and Irvine, 
1996 

Casas et al. 1997 

Takumi and Shimada, 1997 
Wangetal., 1996 

Brettschneider et al., 1997 
Kemper et al., 1996 

c. an adequate promoter for gene expression 

Gene expression efficiency is closely related to the promoter. Nowadays, many 

promoters are found to be useful for transformation of monocots, including Actl 

(actin)(McElroy et al. 1991; Zhang et al. 1991) from rice, Adhl (alcohol dehydrogenase) 

(Dennis et al. 1984) from maize, CaMV 35S from cauliflower mosaic virus (Odell et al. 1985), 

and Ubil (ubiquitin) (Christensen et al. 1992) from maize. The widely used CaMV 35S 

promoter has proved to be effective in dicots, as well as in the monocot gladiolus (Kamo et al. 

1995) and onion (Eady et al. 1996). It was less effective in cereal/grass (Taylor et al. 1993), 

maize (Christensen et al. 1992), oil palm (Chowdhury et al. 1997), rice (Li et al. 1997), and 



General introduction 

wheat (Ortiz et al. 1997). All of the above mentioned promoters gave rise to transformants in 

different monocots suggesting that the appropriate promoter has to coordinate with the 

appropriate plant species. 

d. a good selection system 

Wilmink and Dons (1993) concluded that the choice of a good selection system is also 

an important factor for transformation, because even the most successful transformation systems 

for monocotyledonous plants showed a low efficiency. The selection system is mainly based on 

two groups of agent: antibiotics and herbicides. The widely used antibiotic 'kanamycin' was 

considered to be less effective in monocots, because cells and tissues of monocots are relatively 

insensitive to this antibiotic (Wilmink and Dons 1993). However, some successful events did 

not agree with that, for example in asparagus (Li and Wolyn, 1997) and in Dendrobium 

(Kuehnle and Sugii 1992). Another commonly used antibiotic is 'hygromycin' successful in 

transformation of creeping bentgrass (Xiao and Ha 1997) and in rice (Abedinia et al. 1997). 

The herbicide phosphinotricin (PPT), and the tri-peptide PPT compound 'bialaphos' are 

widely used as selection agent in the transformation of monocots. PPT was successfully used in 

barley (Jahne et al. 1994), gladiolus (Kamo et al. 1995), lily (Watad et al. 1998), and 

orchardgrass (Denchev et al. 1997). Bialaphos was successfully applied in barley (Koprek et al. 

1996), maize (Brettschneider et al. 1997), sorghum (Casas et al. 1997), sugarcane (Gallo-

Meagher and Irvine 1996), and wheat (Takumi and Shimada 1997). Many more transformation 

events reported in recent years reveals that the herbicide selection method is very useful for 

monocots. 

Both antibiotics and herbicides are destructive selection agents, because in young 

developmental stages, even the resistant cells can be killed if the applied concentration is too 

high. Therefore, the choice of a nondestructive selection method can be a good help. The firefly 

(Photinus pyralis) luciferase gene is the most useful nondestructive selectable gene, which 

catalyzes the emission of luminescent light with the presence of luciferin (Ow et al. 1986). The 

luciferase activity can be checked periodically through all developmental stages without 

damaging the assayed samples. 
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In conclusion, all the modern genetic modification tools can be applied to Alstroemeria, 

but up to now there is no report about a successful Alstroemeria transformation protocol. 

Outline of the thesis 

In this thesis several investigations have been made to develop a good regeneration system 

applicable for micropropagation and for genetic transformation in Alstroemeria. There were two 

plant regeneration systems involved in this study. One based on organogenesis and the other 

one on somatic embryogenesis. The transformation studies were mainly focused on particle 

bombardment. In Chapter 2 to 4 plant regeneration based on organogenesis via leaf expiant 

culture is described, and in Chapter 5 somatic embryogenesis procedures using callus culture 

initially induced on stem segments are described. Chapter 2 reveals the development of a two-

step regeneration system by using excised leaf explants as initial plant material. The culture 

conditions, the efficiency of shoot induction from leaf expiants, and the subsequent 

development of shoots into complete plants with rhizomes are investigated. Chapter 3 reports 

the origin of the regenerating shoots on the leaf expiants by using histological methods. Also the 

regeneration capability of leaf expiants from different stem positions is compared. In Chapter 4, 

the multiplication efficiency of leaf culture and the traditional rhizome culture is compared. The 

flowering plants derived from the different propagation methods are grown in the greenhouse 

for comparison. The application of leaf culture protocol to existing cultivars is discussed. 

Chapter 5 describes the development of a plant regeneration system based on callus culture. The 

whole regeneration system from callus induction, proliferation, maintenance, somatic 

embryogenesis, and plant formation is given in this chapter. In chapter 6, the recovery of 

transgenic plants via particle bombardment is described. Two plasmids containing destructive 

and nondestructive selection genes respectively, are used, and the selection efficiency is 

discussed. Chapter 7 is a general discussion, the advantages and disadvantages of the two plant 

regeneration systems, leaf expiant culture and callus culture, are compared, and the possibilities 

and restrictions of the application of particle bombardment mediated transformation in future 

Alstroemeria breeding is discussed. 
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Abstract. A two-step protocol for the induction of shoots from Alstroemeria leaf expiants 

has been developed. Leaf expiants with stem node tissue attached were incubated on shoot 

induction medium for 10 days, and then transferred to regeneration medium. Shoots from the 

area adjacent to the region between leaf base and node tissue regenerated within three weeks 

after transfer to the regeneration medium, without a callus phase. The best induction was 

obtained with Murashige and Skoog (MS) medium containing 10 |aM thidiazuron (TDZ) and 

0.5 uM indole butyric acid (IBA). The regeneration medium contained 2.2 uM 6-

benzylaminopurine (BAP). After several subcultures of the leaf expiants with induced shoots, 

normal plantlets with rhizome were formed. In Alstroemeria the percentage of responding leaf 

expiants is more important than the number of shoots regenerated per leaf expiant, because 

rhizome formation is the most important factor for micropropagation. The effect of other 

compounds in the induction medium, including glucose, sucrose, silver nitrate, and ancymidol, 

on regeneration was also investigated. 

Key words: Alstroemeria, Regeneration, Thidiazuron(TDZ), Silver nitrate, Ancymidol 

Abbreviations: BAP -6-Benzylaminopurine, IBA -Indole butyric acid, MS Murashige and 

Skoog, TDZ Thidiazuron (N-phenyl-N'-l,2,3-thidiazol-5-yl urea) 

Introduction 

Alstroemeria, an endemic Latin American monocot cutivated for its flowers, has become 

increasingly popular in recent years. Important reasons are the diversity of colours, low energy 

requirement and long vase life, which allow competition with other greenhouse-grown cut 

flowers. Generally, Alstroemeria is propagated vegetatively by rhizome division, but the 

propagation rate is rather low. Therefore micropropagation based on rhizome cuttings or 

rhizome meristem culture has been developed to accelerate the multiplication efficiency 

(Gabryszewska and Hempel 1985, Hakkaart and Versluijs 1988, Pierik et al. 1988, Van Zaayen 

et al. 1992, Bond and Alderson 1993). Flower pedicels, subapical segments from the vegetative 
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stem, and rhizome tips of Alstroemeria were tested by Lin et al. (1987) as initial expiants for 

tissue culture, of which rhizome tips gave the best response. Recently, plant regeneration via 

somatic embryogenesis has been reported following the induction of callus from mature 

(Gonzalez-Benito and Alderson 1992, Hutchinson et al. 1994) or immature (Van Schaik et al. 

1996) zygotic embryos of Alstroemeria. Other plant tissues of Alstroemeria, however, have not 

yet been reported as initial expiants for in vitro culture. In this report, a new protocol for 

Alstroemeria micropropagation via leaf expiant culture is presented after investigation of the 

influences of thidiazuron (TDZ), sucrose, glucose, silver nitrate and ancymidol in the shoot 

induction medium. 

Material and methods 

Plant material 

Selfed seeds of the Alstroemeria genotype VV024 (a tetraploid breeding line from van 

Staaveren BV, The Netherlands), were surface sterilized in 70% ethanol (1 min), 3% sodium 

hypochlorite solution (20 min) and then rinsed three times with sterilized water (10 min each). 

The seeds were incubated in test tubes with half strength Murashige and Skoog medium (1962) 

(MS), 1% sucrose and 0.7% micro agar (0.5MS10 medium, pH 5.8). After germination, the 

seedlings were subcultured four times in 0.5MS10 medium every four weeks for the production 

of erect shoots, and finally the plants were maintained on MS medium containing 2.2 uM 6-

benzylamnopurine (BAP). Cultures were placed under 18°C, and 12 h light. 

General Protocol for leaf expiant culture 

Fully developed leaves with attached stem nodes were cut from the in vitro-grovm erect shoots 

and used as expiants. After cutting off the upper part of the leaf blade, the expiants were placed 

on culture medium with the abaxial side touching the medium. In each experiment the five top 

leaves were used. All experiments were carried out by two-step procedures. First, the leaf 
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explants were cultured on shoot induction medium for 10 days, and then they were transferred 

to regeneration medium. Based on pilot studies the period of 10 days for induction was optimal. 

MS medium was used as basal medium in all experiments, and the pH was adjusted to 

5.8 before autoclaving. The standard shoot induction medium contained 6.9 uM TDZ, 0.5 uM 

indol butyric acid (IBA), 3% glucose, and was solidified with 0.74% Daishin agar. The standard 

regeneration medium contained 2.2 uM BAP and was solidified with 0.7% micro agar. 

Our experiments were concentrated on improving the leaf culture by testing different 

cutting methods and by varying the composition of the standard induction medium. Ten leaf 

expiants were cultured in each petri dish and five replicates were prepared for each treatment. 

The cultures were incubated at 18°C in the dark in both induction and regeneration medium. 

Cutting methods for leaf expiants 

To compare the effect of the size of the attached stem tissue, two cutting methods were tested. 

(Fig. 1; the arrows indicate the direction of cutting). The leaf expiant prepared by the CI 

method carried a larger amount of stem tissue than that prepared by the C2 method. When 

prepared according to the C2 method across the nodal portion, the lower part of the stem tissue 

was not involved. 

Fig. 1. Cutting methods for leaf expiants of Alstroemeria. 
Arrows indicate the direction and place of cutting. 
S:stem, L:leaf, N:node. 

Concentrations of thidiazuron (TDZ) in combination with glucose or sucrose in induction 

medium 

Based on pilot studies, TDZ seemed to stimulate shoot induction: medium without TDZ had no 

effect, 16 uM had a toxic. Therefore, the basal medium supplemented with TDZ (2, 4, 8, 10 
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|xM), IBA(0.5 uM) in combination with glucose (3%) or sucrose (3%) was tested as an 

induction medium. Leaf expiants following the C2 cutting method were incubated on induction 

medium for 10 days and then transferred to the standard regeneration medium. 

Silver nitrate and ancymidol in the induction medium 

Silver nitrate (0,30, 60, and 120 uM) and ancymidol (0,0.1,1, and 10 uM) were supplied to the 

induction medium (MS+10 uM TDZ+0.5 uM IBA+3% sucrose) to investigate their influence 

on regeneration. The C2 method and the standard regeneration medium were used in this 

experiment. The percentage of regenerating shoots and the number of shoots per regenerating 

expiant were recorded 4 and 8 weeks after transfer to the regeneration medium. Analysis of 

variance was performed on data collected using the LSD test at the 5% level. 

Results 

Shoot formation on the leaf expiant and the influence of the cutting method 

After 10 days incubation on the shoot induction medium, the leaf expiants remained green and 

two types of response were found: (1) the leaves turned dark green without a further growth 

response and did not form shoots after subculture in regeneration medium; (2) the leaf expiants 

showed elongation of the petiole and enlargement of the nodal section, which were able to form 

shoots after subculture onto regeneration medium. 

Direct shoot formation was observed in the area adjacent to the region between leaf and 

stem, and no callus was formed. Buds accompanied by leaf primodia (Fig. 2a) were found 

inbetween leaf blade and stem node after 3 weeks of subculture in regeneration medium. Two 

weeks later the first leaf expanded and the main shoot elongated (Fig. 2b). 

The complete leaf expiants with all the newly formed shoots were subcultured in the 

standard regeneration medium for about 2 months, and the shoots developed into normal 

plantlets with rhizome tips and roots (Fig. 2c). Subculturing the shoots alone after excising them 



Direct shoot regeneration from excised leaf explants 

from the leaf expiants was not successful; only shoots with rhizome tips were able to survive 

after separation and subculture. 

Fig. 2. Shoot induction and regeneration at the leaf expiant of Alstroemeria. a. Buds regenerated 
from adjacent area between leaf base and stem node after 3 weeks of subculture on regeneration 
medium. (Bar=l mm) b. Shoot cluster developed on a leaf expiant after 5 weeks of subculture 
on regeneration medium. (Bar=2.5 mm) c. Plantlets regenerated after two months of 
subculture. (Bar=5 mm) B:bud, LB:leaf base, P:plantlet R:root, RH:rhizome, S:stem, SH:shoot. 

Table 1 presents the effect of two cutting methods. After 4 weeks of subculture on 

regeneration medium, the leaf expiants cut by the C2 method showed 18% of shoot regenera

tion, higher than that of the Cl method (8%). There was no difference between Cl and C2 

methods in the number of shoots per expiant. 

Table 1. Effect of different cutting methods on shoot regeneration of Alstroemeria leaf expiants. 
The cutting methos is illustrated in Fig.l. 

Treatment 

Cl 

C2 

Total number of 
leaf expiants 

50 

50 

Explants with shoot 
formation 

4 (8%) 

9(18%) 

Number of shoots per 
regenerating expiant 

2.0±0.7 

1.6±0.7 
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The influence ofTDZ concentration and different kinds of sugar 

The concentration of TDZ in the shoot induction medium significantly influenced the response 

of the leaf expiants. The percentage of shoot formation progressively increased with increasing 

concentrations of TDZ from 2 uM to 10 uM; 10 uM showing the highest response (Table 2). 

TDZ at lOuM induced threefold more regeneration than 2 uM. Comparing the results of 4 

weeks with those of 8 weeks, higher concentrations of TDZ not only induced a higher 

percentage of shoot, but also resulted in earlier development of shoot formation. However, there 

was no significant difference between sucrose or glucose treatment (Table 2). For all treatments 

the mean number of shoots per regenerating expiant ranged from 1.9 to 3.9, and no prominent 

differences were found between the treatments. 

The effect of silver nitrate and ancymidol on shoot regeneration 

The addition of silver nitrate, 30-120 uM, in the induction medium did not increase the shoot 

regeneration rate. There was no significant difference between 30 pM silver nitrate and control 

treatment, while higher concentrations (60 uM and 120uM) significantly reduced the 

percentage of shoot regeneration (Table 3). The average number of shoots induced on 

regenerating expiants ranged from 2.5 to 3.7 (Table 3). There were no differences among the 

treatments. 

The effect of ancymidol in the induction medium on shoot regeneration is also presented in 

Table 3. Ancymidol had no positive effect on the percentage of shoot regeneration. However, 

the average number of shoots per expiant, was increased slightly with an increasing ancymidol 

concentration. 
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Table 2. Effect of TDZ concentration and sugar composition in the induction medium on shoot 
regeneration of Alstroemeria. Leaf expiants were incubated on shoot induction medium for 10 
days, then subcultured on regeneration medium. Each value was recorded 4 and 8 weeks after 
subculture. Values followed by different letters are significantly different at the 5% level as 
determined by LSD (NS not significalt). 

TDZ 4 week-culturesa 

(uM) Shoot 

regeneration 

(%) 

Sugar=3% sucrose 

2 4 b 

4 4 b 

8 28 a 

10 36 a 

Sugar=3% glucose 

2 8b 

4 24 a 

8 20 a 

10 36 a 

Number of shoots 

per regenerating 

expiant 

1.3±0.5 

1.0±0 

2.0±0.6 

1.8±0.8 

3.5±2.5 

3.6±2.0 

4.3±0.6 

1.9±0.7 

Factor (% of shoot regeneration) 

Sugar 

TDZ concentration 

Sugar x TDZ 

p<0.003 

8 week-cultures 

Shoot 

regeneration 

(%) 

18c 

28 be 

40 b 

56 a 

12 b 

32 a 

36 a 

40 a 

Significant level 

4 week-culture 

NS 

p<0 

NS 

002 

Number of shoots 

per regenerating 

expiant 

2.8±1.8 

2.0±1.1 

1.9±0.6 

1.8±0.7 

3.5±2.5 

3.9±1.9 

3.0±2.0 

1.9±0.8 

8 week-culture 

NS 

NS 
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Table 3. The effect of silver nitrate (AgN03) and ancymidol in induction medium on shoot 
regeneration from leaf expiants of Alstroemeria. Leaf expiants were incubated on shoot 
induction medium for 10 days, then subcultured on regeneration medium. Each value was 
recorded 4 and 8 weeks after subculture. 

Treatment" 

(UM) 

AgN03 

0 
30 
60 
120 

ancymidol 
0 
0.1 
1.0 
10.0 

4 week-cultures 

Shoot 
regeneration 

(%) 

38.0 a 
27.5 a 
12.0 b 
12.0 b 

22.0 a 
20.0 a 
30.0 a 
24.0 a 

b 

No. of shoots 
per regenerating 
expiant 

2.4±0.5 
3.0±0.9 
2.0±0.8 
2.2±1.2 

2.4±0.4 
2.0±0.4 
3.3±0.5 
3.8±1.7 

8 week-cultures 

Shoot 
regeneration 

(%) 

56.0 a 
62.5 a 
26.0 b 
30.0 b 

22.0 a 
24.0 a 
34.0 a 
28.0 a 

No. of shoots 
per regenerating 
expiant 

3.7±0.8 
3.4±0.6 
2.5±0.7 
2.9±1.0 

3.6±0.6 
2.4±0.6 
4.4±0.8 
4.8±1.8 

a AgN03 and ancymidol were supplemented to the induction medium (MS+10.0 uM 
TDZ+0.5uM IBA+3% sucrose) respectively. 
Mean separation in columns followed by different letters are significantly different at 5% level 
as determined by LSD. 

Discussion 

Alstroemeria plantlets were produced via the organogenesis procedure and for the first time leaf 

expiants were successfully used as initial material. We were able to induce shoots directly from 

excised leaf expiants with high frequency, and the shoots subsequently developed into normal 

plantlets. It was shown that leaf blades with adhering stem node tissue, which were easily cut 

from erect shoots without damaging the rhizome tips, were good initial expiants for 

micropropagation. This type of shoot regeneration is similar to that found in dicotyledonous 

flower crops such as Dianthus (Van Altvorst et al. 1994), but is unique for monocots. In 

Anthurium (Kuehnle et al. 1992), Iris (Jehan et al. 1994), Seeale (Jia & Zhang 1993), and 

Zingiber (Kackar et al. 1993), leaves without attached stem tissues were used as initial material, 

and plantlets were regenerated indirectly via embryogénie callus. In our experiments, no callus 

formation was found. So we developed a direct regeneration system through leaf culture. 
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Thidiazuron (TDZ), a cytokinin-like substance, has been effectively used in inducing 

shoot regeneration on leaf expiants of many dicots (Huetteman & Preece 1993; Dubois & de 

Vries 1995; Turk et al. 1994), but it has not been reported in monocots. In Alstroemeria, TDZ 

(0.5 uM) in combination with BAP (8 uM) was able to induce multiple shoot formation from 

embryo-induced callus ( Hutchinson et al. 1994). In the present report TDZ was an important 

factor in shoot induction medium for Alstroemeria leaf culture. The concentration of TDZ 

greatly influenced the frequency and the speed with which shoots were formed, and 10 uM of 

TDZ proved to be a suitable concentration. 

For comparing multiplication efficiency among different treatments, the percentage of 

response is more important than the number of shoots regenerated per leaf expiant. Because 

rhizome formation is very important in Alstroemeria, the separation of individual shoots 

without rhizome resulted in the death of shoots. Therefore, in an early developmental stage of 

regeneration (in 8-week-old cultures) the whole leaf expiant together with the newly formed 

shoots has to be treated as one propagation unit, and the number of shoots per leaf expiant 

cannot be regarded as a multiplication index. 

The size of stem tissue attached to the leaf expiant may affect the regeneration frequency 

and the number of shoots induced per expiant. In carnation leaf culture, leaves with a larger 

amount of adhering stem tissue showed a much higher frequency and formed more shoots (Van 

Altvorst et al. 1994). In our experiments, however, leaf expiants prepared by the C2 cutting 

method adhered to a smaller portion of stem tissue and gave rise to a higher frequency of 

regeneration than the CI method. Leaf expiants cut by CI or C2 method showed no differences 

in number of shoots per regenerating expiant. 

Excised Alstroemeria leaves were rapidly turn yellow and senesce, which could be the 

effect of ethylene. Many ethylene antagonists have been developed to prevent leaf yellowing of 

cut Alstroemeria flowers (Serek et al. 1995; Van Doorn & Van Lieburg 1993). Endogenous and 

exogenous ethylene may play an important role in the regeneration of cultured tissues, either as 

a promoter or as an inhibitor (Biddington 1992). In leaf cultures of Prunus (Escalettes & Dosba 

1993) and Rosa (Dubois & de Vries 1995), adding silver nitrate (an ethylene antagonist) in 

regeneration medium enhanced shoot regeneration. In our experiments, 30-120 uM of silver 

nitrate in the induction medium did not enhance shoot regeneration from leaf expiants of 

Alstroemeria. Perhaps the concentration range used in this experiment was too wide, because no 
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difference was found between control and 30 uM (lowest concentration) treatment, and 60 uM 

and 120 uM (higher concentrations) suppressed shoot regeneration. 

The growth retardant ancymidol has been used to promote shoot formation from nodal 

segments (Chin 1982) or shoot apices (Kohmura et al. 1994) in Asparagus. This promoting 

effect was also found in Alstroemeria leaf culture, inducing a higher number of shoots per 

explant, but it did not promote the percentage of responding expiants. 

In this report we presented a new protocol for regenerating shoots from leaf expiants of 

Alstroemeria. As the commonly used micropropagation method is based on rhizome 

multiplication, the erect shoots with leaves were cut off and discarded. It is expected that the 

propagation efficiency with Alstroemeria could be accelerated by using leaf explant as another 

micropropagation initial in combination with rhizome multiplication. 
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Abstract 

Direct shoot regeneration was induced from leaf expiants of Alstroemeria. The expiants 

contained a leaf blade and a small portion of stem node, which were taken from the erect shoots 

of in vitro multiplicated plantlets. The shoot regeneration capacity of the excised leaf expiants 

was significantly related to the position of the explant on the stem. The youngest expiant which 

located close to the shoot apex gave the highest response. A gradient response towards the shoot 

apex was observed in percentage of shoot regeneration and in the number of shoots per 

regenerating expiant. Histological studies revealed that shoots were initiated at the leaf axils. 

The origin of the adventitious bud was located at the epidermal layer of stem peripheral cells. 

Key words: age, in vitro, Inca lily, monocots, micropropagation, regeneration 

Abbreviations: BAP -6-benzylaminopurine, IBA -indol-3-butyric acid, MS medium -Murashige 

Skoog's (1962) medium, TDZ(thidiazuron) -N-phenyl-N'-l,2,3-thidiazol-5-yl urea 

Introduction 

Alstroemeria is a monocotyledonous ornamental plant. It is vegetatively propagated but with a 

low multiplication rate. To accelerate propagation, in vitro culture techniques based on 

rhizomes have been developed (Pierik et al. 1988; Bond & Alderson 1993), but the 

multiplication rate was still low. Furthermore, flower pedicels and stem segments have been 

tested but they showed a low response (Lin et al. 1987). Zygotic embryos were successfully 

used to induce embryogénie callus in high frequencies (Gonzalez-Benito & Alderson 1992; 

Hutchinson et al. 1994; Van Schaik et al. 1996), but this approach cannot be used for 

propagation of existing cultivars. We have previously reported a protocol for inducing plantlets 

from cultured leaf expiants of in vitro grown seedlings (Lin et al. 1997). In this study, we 

examine the effect of the position of leaf explant on the stem. The origin of the shoots and their 

developmental process was examined in a histological study. 
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Materials and methods 

Plant material and preparations of leaf expiant 

An Alstroemeria clone, VV2406, was selected from selfed progenies of VV024 (a tetraploid 

breeding line from Van Staaveren BV, Aalsmeer, The Netherlands) and multiplicated in vitro. 

Shoots of approximately 10 cm in length with five fully developed leaves were collected and 

shoot apices were removed. The period of shoot development from the bud stage to the five-leaf 

stage took about 6 weeks (data not shown). The first five fully developed leaves with adhering 

node tissue were cut from the stem, numbered from top to bottom as 1 till 5, and transferred to 

the medium. 

The two-step regeneration procedure described by Lin et al. (1997) was used: leaf expiants 

were incubated for 10 days on inducing medium (MS 10 u.M TDZ 0.5 uM IBA 3% sucrose), 

and then transferred to shooting medium (MS 2.2 uM BAP 3% sucrose). All cultures were 

incubated in 9-cm Petri dishes at 18°C in the dark. Ten leaf expiants were cultured in each Petri 

dish and four replicate dishes were prepared for each treatment. 

To analyze the shoot regeneration capacity, the percentage of regeneration and the mean 

number of shoots per regenerating expiant were recorded 4 and 8 weeks after subculture 

respectively. Mean separation was performed by the least significant difference (LSD) test 

(Snedecor & Cochran 1994) at 5% level. 

Histological research 

To investigate the origin of the newly formed shoots, and the timing of developmental events, 

expiants were collected after 0 (CK) and 10 days on inducing medium, and after 7, 14, and 21 

days on shooting medium. Ten expiants were collected in each stage. 

Expiants were fixed in 5% glutaraldehyde solution (in 0.1 M potassium phosphate buffer, 

pH 7.2) for 2 hours at room temperature, rinsed in buffer, dehydrated in an ethanol series and 

embedded in Technovit 7100 (Heraeus Kulzer GmbH). Serial sections of 5 mm were made by 
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using the Reichert-Jung Autocut 2055 microtome. Sections were stained with 0.25% toluidine 

blue on glass slides and were photographed under bright field with Zeiss Axiophot microscope. 

Results 

The influence of position on the stem 

The detached leaves remained green and had elongated after 10 days of culture on inducing 

medium in dark conditions. No visible differences between leaf expiants, which were taken 

from different positions of the stem, were observed. After three weeks of subculture on shooting 

medium, buds had developped from the region between stem and leaf base were observed. Leaf 

expiants without regenerating shoots turned gradually brown. 

Four weeks after subculture on shooting medium the leaf expiants with or without 

regenerating shoots could easily be distinguished, and significant differences between nodal 

positions were observed. The younger expiants, which originally located closer to the stem 

apex, showed a higher percentage of shoot regeneration than the older expiants, and this 

percentage significantly decreased with increasing positions. A similar gradient response was 

also found in the number of shoots per regenerating expiant. Younger expiants produced more 

shoots than older expiants {Table 1). 

After incubation for another four weeks, the responding expiants continuously formed new 

shoots. Some of the expiants did not produce shoots during the first four weeks but they were 

able to produce shoots after this period. However, the expiants without regenerating ability 

turned brown and died. The expiants showed their greatest regenerating potential after eight 

weeks of subculture, and expiants taken from different positions showed a similar response 

(Table 1). After eight weeks of subculture, the first (youngest) expiants produced estimatedly 

120 times more shoots than the fifth (oldest) (Table 1). 
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Table 1. The effect of the position on the stem on shoot regeneration of leaf expiants of Alstroemeria 
clone VV2406. Leaf expiants were incubated on inducing medium for 10 days, and then subcultured on 
shooting medium. Each value was recorded 4 and 8 weeks after subculture on shooting medium. 

Nodal 
position 

1 
2 
3 
4 
5 

4-week culture 

Shoot 
regeneration 
percentage 

82.5 a 3 

70.0 ab 
52.5 b 
20.0 c 
0.0 d 

Number of 
shoots per 
regenerating 
expiant 

4.5 a 
4.0 a 
2.4 b 
1.8 b 
0.0 c 

8-week culture 

Shoot 
regeneration 
percentage 

95.5 a 
85.5 ab 
67.5 b 
32.5 c 
5.0 d 

Number of 
shoots per 
regenerating 
expiant 

6.9 a 
4.7 a 
3.0 b 
2.7 b 
1.1 c 

Shoot 
regeneration 
capacity per 
100 leaves 

659 
402 
203 
88 
6 

Inducing medium is MS(1962)+10 p.M TDZ+0.5 uM IBA+ 3% sucrose, and shooting medium is 
MS+2.2 uM BAP. 
The nodal position of the leaf expiant was numbered as 1,2,3,4,5 from top to bottom, while the shoot 
apex was removed. 
Mean separation within columns by LSD test, values followed by different letters are significantly 
different from each other at the 5% level. 

4 Shoot regeneration capacity per 100 leaves = shoot regeneration percentage x number of shoots per 
regenerating explant x 100. 

Histological analysis 

Histological sections of the intact expiants showed that cells of leaf and stem tissue were similar 

in shape and size. Vascular bundles were present in the leaf tissue and scattered all over the 

stem tissue. Cells at the epidermic layer of leaf and stem tissue appeared to be smaller in size 

and more compact than the surrounding parenchyma cells. No initials of axillary buds or 

meristematic structures have ever been found at the epidermic layer of leaf, stem and 

transitional tissues {Figure 1). 

After 10 days of incubation on inducing medium the leaf and stem tissues became swollen 

and the cells enlarged. At the transition layer, however, individual epidermic cells were initiated 

to divide. The dividing cells were located at the epidermal layer of the stem part. They were 

smaller in size than the surrounding cells and contained densely stained nuclei (Figure 2). After 

several divisions the cells formed a meristem-like structure (meristemoid), which appeared in 

the leaf axils (Figure 3). 
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After subculture of the explants on shooting medium for seven days the meristemoid 

developed into a meristematic structure. The meristematic structure had a broad base and a 

protrudent apex with vigourously dividing cells, and numerous newly developing meristemoids 

were observed at the basal region as well as at the leaf epidermis (Figure 4). After 14 days on 

shooting medium the meristematic structure developed into a small bud and this bud protruded 

out of the original initiated tissues (Figure 5). After 21 days on shooting medium the bud 

developed into a shoot apex, with an apical meristem and a leaf primordium (Figure 6). 

Discussion 

Nodal leaf expiants taken from in vitro grown seedlings were found to be good starting material 

for Alstroemeria micropropagation (Lin et al. 1997). This report demonstrated that leaf expiants 

taken from in vitro multiplicated plantlets were also able to regenerate shoots with a high 

percentage. Therefore, juvenile material (from seedlings) is not a necessary requirement, so that 

this protocol could be used for propagating existing cultivars. 

The age of cultured expiants, in some plant species such as Geranium and Brassica, is a 

crucial factor in affecting the regeneration ability (Chang et al. 1996; Choi et al. 1996). 

Silvertand et al. (1995) and Slabbert et al. (1995) have reported another type of age-related 

effect in monocots of Allium and Crinum respectively. The length of young flower stalks, which 

is related to the physiological age, influenced the percentage of adventitious bud formation. Our 

results showed that the position of explants on the stem has a great influence on the regeneration 

ability. This could be a kind of age-related response, because the position was related to the 

physiological age of the expiants, and the closer to the apex the younger the expiant. 

A gradient regenerating response towards the shoot apex was observed, and the closer 

(younger) to the apex the higher the response. This gradient response was found in carnation 

(dicots) leaf culture (Van Altvorst et al. 1995), but has not been reported in monocots. For callus 

initiation, however, a gradient response was observed in leaf culture of some monocots such as 

Hordeum (Becher et al. 1992), Miscanthus (Holme & Petersen 1996), and Avena (Chen et al. 
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1995). The physiological age effect was also found in flower stalk cultures of Allium (Silvertand 

et al. 1995) and Crinum (Slabbert et al. 1995). The relation of the younger the stalk the higher 

the response was clearly found. 

Stem nodes (with or without apical meristem) were found to be very useful expiants for 

initiating micropropagation systems in some monocots. The shoots were induced directly, 

without a callus phase, from pre-existing axillary buds (Swamy et al. 1983; Tisserat 1984), or 

from newly formed adventitious buds (Hwang et al. 1984; Duan & Yazawa 1995; Nakamura & 

Hattori 1995), or from both (Meyer & Van Staden 1991; Pandey et al. 1992). Our experiments 

in Alstroemeria showed a direct bud formation without a callus phase. It is a kind of 

adventitious bud regeneration, because there is no pre-existing axillary bud or bud-primordium 

been found. The adventitious buds were induced from individual epidermic cell of the leaf axil 

tissues, and it seems that the cells within leaf axils exibit a high potential for regeneration. The 

pattern of shoot development, from a single cell to a complete shoot, was similar to that of rice 

(Nakamura & Hattori 1995). However, the starting material was different. In rice they used 

germinating seeds in stead of excised leaf explants. On the other hand, although in both cases 

the adventitious buds were induced from the epidermal cells, the subepidermal cells were also 

involved in rice were not included in Alstroemeria. 
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