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Propositions 

1. Complexity of AFLP fingerprints in Alstroemeria, which has a large genome, is better 
controllable by using 8-cutter than 6-cutter restriction enzymes (this thesis). 

2. Parental species might be defined by morphological traits as well as genetic distances 
(this thesis). 

3. It is difficult to discern between qualitative and quantitative traits otherwise than by 
mutations provided loss of functions. 

4. Marker technology is also important in ornamentals (this thesis). 

5. The development of molecular marker systems, enabling marker-assisted breeding, is 
in addition to transgenesis another revolution in the short history of molecular plant 
breeding. 

6. Gene banks are not used for conservation of the entire ecological biodiversity but 
mainly for the conservation of agrobiodiversity. 

7. Molecular taxonomists are replacing traditional taxonomists, but it is more and more 
clear that both are needed for the conservation of biodiversity. 

8. The combination of genomics, proteomics and phenotyping will be the promising 
future in biological research. 

The propositions are part of the thesis, "Use of genetic markers in Alstroemeria" 
by Tae-Ho Han, Wageningen University, Tuesday 9 January 2001. 
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Bibliographic Abstract: This thesis describes the results of various applications of the AFLP 
marker technique in Alstroemeria. The aim of this study was 1) to adapt the AFLP technique for 
Alstroemeria species which has a large genome size by increasing selective nucleotides and by using 
rarer restriction enzyme; 8-cutter instead of 6-cufter, 2) to study the genetic diversity of 22 Alstroemeria 
species of Chilean and Brazilian origin, and Bomarea salsilla and Leontochir ovallei as outgroup 
including F| hybrids in order to identify parental genotypes, 3) to construct genetic linkage maps of the 
A. aurea genome, and to allocate the pollen colour trait and 4) to map in A. aurea QTLs involved in 
ornamentally important traits. In conclusion, the perspectives of marker-assisted breeding in 
ornamentals were discussed. 
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1 Introduction 

The use of ornamentals 
In human history the presence of ornamentals has been noticed over more than 2,000 

years. In Asia the cultivation of orchids was mentioned in Confucius's writings (551 -

479 B.C.) indicating that the Chinese were using the orchid flowers for decorating 

their homes (Withner 1959). In Europe the cultivation of carnation was known in 

Theophrastus's writings about 300 B.C, as the Greeks used the carnation flowers in 

crowns for their athletes (Larson 1980). 

In those times, no particular ornamental breeding for commercialisation was 

performed but indigenous selections by growers must have been carried out. Likewise, 

no mass cultivation as nowadays by farmers did occur in ornamentals at that time. 

Flowers were rather grown in private gardens or obtained from nature. In the 

appearance of the industrialisation and urbanisation, people could not access the 

ornamentals any more as before from nature. Therefore, the demand of ornamentals 

has been increased continuously ever since the urbanisation of mankind and the 

economic growth of the western countries. The majority of ornamentals are nowadays 

obtained from the market, cultured by professional growers often in greenhouses. The 

development of mass propagation systems supported by tissue culture techniques and 

artificial environmental control enabled the ornamental breeding companies to react 

on such demands. This type of mass propagation was generally followed by scientific 

investigations including modern plant breeding techniques. However, the scientific 
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INTRODUCTION 

input in ornamentals was limited to a considerably smaller scale as compared to that 

in the main food crops because of the luxurious need in human life. 

Ornamental breeding 

Genuine ornamental breeding programs started approximately 200 years ago, together 

with breeding programs for food crops. For example, rose and chrysanthemum got 

attention by European and American breeders early in the 18th century and orchids 

were bred since the 17th century (Larson 1980). The classical breeding program 

crossed desirable parental genotypes and selected the marketable plants. Mutation 

breeding resulted also in successful cultivars by obtaining various types of genetic 

variation. In recent years genetic engineering of ornamentals has been commonly 

performed to improve the characters of qualitative and quantitative nature. The easiest 

way to improve the ornamentals is making transgenic plants, for example in petunia 

(Winefield et al. 1999), iris (Jeknic et al. 1999) and gerbera (Nagaraju et al. 1998). 

Transgenic ornamentals could be accepted easily by the public and governments 

compared to transgenic food crops due to the indirect use of the plant. However, the 

production and consumption of transgenic plants is in a big debate. Therefore, great 

alerts should be taken when and how to introduce transgenics at the public, 

governmental and industrial level. In a Korean proverb we say, "Prevention is better 

than cure". The other but unpopular way till now is the marker assisted selection 

(MAS) in ornamentals. However, based on the success of MAS in food crops, MAS 

has been started in recent years in ornamentals like rose (Debener and Mattiesch 

1999) and Rhododendron (Dunemann et al. 1999). In order to perform MAS, the 

construction of linkage maps is a prerequisite. It allows MAS breeding programmes 

with the objective to improve morphological characters, such as leaf chlorosis, flower 
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colour in Rhododendron in a quantitative way (Dunemann et al. 1999), petal number 

(double versus single flowers) and flower colour (pink versus white) in rose (Debener 

and Mattiesch 1999) and basal branching in sunflower (Gentzbittel et al. 1999). 

Alstroemeria 

Alstroemeria, also known as the Peruvian or Inca lily, is a genus in the family of 

Alstroemeriaceae consisting of approximately 60 species of rhizomatous, herbaceous 

plants, most of which are endemic to Chile and Brazil (Bayer 1987; Ravenna 1988; 

Aker and Healy 1990). The family of Alstroemeriaceae includes several related 

genera, such as Bomarea Mirbel, the monotypes Leontochir ovallei Phil, and 

Schickendantzia Pax (Dahlgren and Clifford 1982; Hutchinson 1973). Alstroemeria is 

grown in the Netherlands as the ninth economically important cut flower on the 

auction. The popularity of Alstroemeria as cut flower can be attributed to its extensive 

range of colourful flowers, its long vase-life and its ability to grow at low greenhouse 

temperatures. 

There are two main varieties of Alstroemeria discriminated; the 'Butterfly'-type, 

which has year-round blooming, short stems and peduncles, and the 'Orchid'-type, 

with season blooming, long stems and peduncles. The first Alstroemeria breeding 

goes back to 1948 when the first variety called 'Walter Fleming' was introduced 

(Anonymus, 1949). It was an interspecific hybrid (2n=2x) between the Chilean 

species A. aurea R. Graham and A. violacea (Bayer 1987; Vonk-Noordegraaf 1981). 

During vegetative propagation of this variety, a spontaneously doubled allotetraploid 

(2n=4x) plant was found, which produced viable 2x gametes. This plant has been 

crossed with diploid Alstroemeria species, thus producing triploid (2n=3x) offspring 
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of which the triploid 'Orchid'-hybrids originated. Interspecific hybrids between the 

Chilean species A. pelegrina L. or A. violacea and the Brazilian species A. psittacina 

or A. inodora formed another group of commercial varieties, the 'Butterfly'-types. 

After doubling of the genomes, these hybrids were allotetraploids (2n=4x) and 

produced viable 2x gametes (De Jeu et al. 1992). 

The Alstroemeria breeding program has mainly been focused on the production of cut 

flowers. In recent years there is also a demand for Alstroemeria pot and garden plants. 

According to such demand breeders have developed compact cultivars suitable for use 

as indoor pot plants and outdoors in plantations and in landscapes. In addition, the 

attempts to develop fragrant Alstroemeria varieties resulted in a success 

(http://www.plants-magazine.com/newplants/newplant4.shtml). 

Marker technology in ornamentals 

The majority of ornamental plants are still unknown at the genetic level. Therefore, 

molecular markers have been developed for a relatively limited number of 

ornamentals as compared to the large number of plants from the main food crops, 

such as potato (Struik et al. 1999; Sandbrink et al. 2000), tomato (Moreira et al. 1999), 

and barley (Qi et al. 1999). Applications of molecular markers in ornamentals have 

been studied for cultivar identification (Loh et al. 1999), pedigree analysis (Friesen et 

al. 1997) and germplasm variability (Zhang et al. 1997). Different applications of 

molecular markers have been recognised in a relatively slow phase in ornamental 

breeding such as construction of linkage maps (Dunemann et al. 1999; Debener and 

Mattiesch 1999; Gentzbittel et al. 1999) and gene tagging (Scovel et al. 1998). 

http://www.plants-magazine.com/newplants/newplant4.shtml
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Use of marker technology in Alstroemeria 

The utilisation of molecular marker techniques has principally been hindered in 

Alstroemeria because of its large genome size ranging from 37 to 79 pg (2C-value) 

(Bharathan et al. 1994; Buitendijk et al. 1997). At first the progressive utilisation of 

marker techniques, RAPD in Alstroemeria stopped after the study of discerning the 

genetic variation and relationship of Alstroemeria cultivars, hybrids and species with 

RAPD markers (Anasstassopoulos and Keil 1996; Dubouzet et al. 1997; Picton et al. 

1997). They agreed that the RAPD marker technique was a simple and effective tool 

to discriminate Alstroemeria cultivars, hybrids and species. Anastassopoulos and Keil 

(1996) however, concluded that the RAPD technique was, as expected, an 

inappropriate tool to distinguish Alstroemeria plants with phenotypically visible X-

ray mutations and mutations caused by somaclonal variation. 

Recently, the improvement of a marker technique AFLP has become available for 

plants with a large genome size like Alstroemeria and Allium (Chap. 2; Van Heusden 

et al. 2000). 

Objectives and outline of the thesis 

AFLP (Amplified Fragment Length Polymorphism) is a PCR-based multi-locus 

marker technique, which allows the selective amplification of subsets of genomic 

restriction fragments (Vos et al. 1995). AFLP has been used for multiple purposes 

such as construction of linkage maps in rose (Debener and Mattiesch 1999) and 

Rhododendron (Dunemann et al. 1999), marker saturation at specific genomic regions 

in barley (Schwarz et al. 1999) and rice (Xu et al. 2000), analysis of genetic diversity 
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in rice (Virk et al. 2000), molecular phylogeny in Allium (Van Raamsdonk et al. 

2000) and cultivar identification in celery (Li and Quiros 2000). 

The common AFLP system uses two restriction enzyme combinations with rare and 

frequent cutters (6- and 4-cutter) to control the number of AFLP bands per lane and 

the size of the AFLP bands, respectively (Vos et al. 1995). Vos et al. (1995) tested the 

AFLP technique in middle-large genomes and indicated that the AFLP technique 

could allow accurate amplification of subsets of restriction fragments for plant species 

with a large genome size. One way was by increasing the number of selective 

nucleotides added to the core primers, which can amplify accurately even in complex 

template mixtures (Chap. 2). The second way was by using a more rare cutter (i.e. 8-

cutter: &e8387I) at production of the primary templates resulting in simple template 

mixtures (Chap. 4). In Chapter two and four of this thesis these two ways were 

applied in Alstroemeria, an example of a plant species with a very large genome, in 

order to obtain reproducible, clear and labor-saving fingerprints. Furthermore, the 

applicability of AFLP as a molecular marker in species with a large genome was 

discussed generally. 

In Chapter three the genetic diversity of 22 Alstroemeria species, one interspecific 

hybrid and the distantly related species Bomarea salsilla and Leontochir ovallei, was 

assessed by AFLP analysis. The species classification in Alstroemeria is based on an 

evaluation of morphological traits of the flower, stem, leaf, fruit and rhizome, which 

is rather difficult because morphological characteristics can vary to a large extent in 

different environmental conditions (Bayer 1987). The available biosystematic 

information on Alstroemeria species is mainly restricted to the Chilean species but 
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little is known about the classification of the Brazilian species. The Chilean and 

Brazilian species used in this chapter are commonly used in the breeding programme 

of Alstroemeria. Therefore, identification of genetic relationships at species level 

could be very useful for breeding in supporting the selection of cross combinations 

between large sets of parental genotypes, thus broadening the genetic basis of 

breeding programmes (Frei et al. 1986). 

In Chapter four and five, linkage maps of A. aurea (A002 x A003) were constructed 

by using AFLP markers and QTL analysis for 13 morphological traits was conducted, 

respectively. Alstroemeria has several features that could complicate the molecular 

genetic studies, such as the already mentioned large genome size, heterozygosity due 

to the outbreeding nature of the species, inbreeding depression during maintenance by 

selfed seed, the long generation cycle and polyploidy of the cultivars. Yet, linkage 

maps and marker assisted selection for quantitative characters or traits expressed in a 

late stage of plant development, such as flower shape and flower colour, would be 

useful in our ornamental breeding program. Double-pseudo-testcross analysis was 

conducted because of the allogamous nature of the Alstroemeria species (Grattapaglia 

and Sederoff 1994; Hemmat et al. 1994). Finally, Chapter six represents a general 

discussion on the implications and expectations of the AFLP marker technology on 

Alstroemeria as an organism with a large genome size, the utilisation of AFLP for 

biodiversity studies, the construction of linkage maps, QTL mapping, and marker-

assisted breeding of Alstroemeria and in ornamentals generally. 
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Optimization of AFLP fingerprinting of organisms with a 

large genome size: A study on Alstroemeria spp. 

Tae-Ho Han • Herman J. van Eck • Marjo J. De Jeu • Evert Jacobsen 

Published in Theoretical and Applied Genetics 98:465-471 (1999) 

Abstract 

The recently introduced PCR-based DNA fingerprinting technique AFLP (Amplified 

Fragment Length Polymorphism) allows the selective amplification of subsets of 

genomic restriction fragments. AFLP has been used for multiple purposes such as 

construction of linkage maps, marker saturation at specific genomic regions, analysis 

of genetic diversity and molecular phylogeny and cultivar identification. AFLP can be 

tailored by varying the number of selective nucleotides added to core primers and can 

allow accurate amplification, even in complex template mixtures generated from plant 

species with very large genomes. In this study Alstroemeria, a plant species with a 

very large genome was tested for adapting the AFLP protocol. The results indicated 

that the estimated number of amplification products was close to the observed number, 

when eight selective nucleotides were used, but seven selective nucleotides did not 

increase the number of amplification products fourfold. However, we found 

reproducibility in both +7 and +8 fingerprints. Various distributions of selective 

nucleotides over the various rounds of preamplifications were tested. Preamplification 

with four selective nucleotides followed by final amplification with eight selective 

nucleotides produced clear and reproducible AFLP patterns. The effects of GC content 

of primers and multiple preamplification steps were also discussed. 

Key words: AFLP genetic marker, Alstroemeriaceae, Inca lily, Multiple cascade PCR, 

Preamplification 



CHAPTER 2 

Introduction 

In the last decade a large number of DNA marker techniques have been developed. 

These techniques are based either on DNA-DNA hybridization, like restriction 

fragement length poltmorphism (RFLP) markers (Beckman and Soller 1983), or on the 

amplification of specific DNA fragments using specific or random primers like 

sequence-tagged sites (STS, Shin et al. 1990), sequence-characterized amplified region 

(SCAR, Paran and Michelmore 1993), random amplified polymorphic DNA (RAPD, 

Rafalski et al. 1991) and amplified fragment length polymorphism (AFLP, Vos et al. 

1995). These marker techniques can be easily performed on species with a small to 

moderately large genome size, such as Arabidopsis (145 MB), barley (1,500 MB) 

(Bennett and Leitch 1995) and mammal genomes (3,000 MB). For Southern 

hybridization the detection limit is determined by the DNA binding capacity to 

membranes used for Southern blotting and labeling efficiency of the DNA probes. For 

polymerase chain reaction (PCR)-based marker techniques, however, the amount of 

template DNA needed for amplification is at least 1,000 times less than for Southern 

hybridization. The most important factor that might interfere with the amplification of 

specific fragments is the competition with other fragments that are amplified by 

random priming due to one or more mismatches. 

The recently introduced PCR-based DNA fingerprinting technique AFLP (Vos et al. 

1995) allows the selective amplification of subsets of genomic restriction fragments. 

AFLP has been used (1) for the construction of linkage maps, as in Arabidopsis 

(Alonso-Blanco et al. 1998), barley (Becker et al. 1995; Qi et al. 1998; Waugh et 

al. 1997) and potato (Van Eck et al. 1995); (2) for marker saturation at specific 

genomic regions in barley (Biischges et al. 1997), potato (Van Voort et al. 1997), rice 

10 
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(Maheswaran et al. 1997) and tomato (Thomas et al. 1997); (3) for the analysis of 

genetic diversity in nematodes (Folkertsma et al. 1996) and for molecular phylogeny 

in potato (Kardolus et al. 1998); (4) for cultivar identification in barley (Ellis et al. 

1997) and in potato (Milbourne et al. 1997). AFLP can be tailored according to the 

complexity of the pool of the restriction fragments by varying the number of selective 

nucleotides added to core primers which hybridize to adaptors ligated to the restriction 

fragments. Vos et al. (1995) tested the AFLP technique in middle-large human 

genomes and indicated that the AFLP technique could allow accurate amplification of 

subsets of restriction fragments, even in complex template mixtures generated from 

plant species with very large genomes, just by increasing the number of selective 

nucleotides added to the core primers. 

An example of a plant species with a very large genome is Alstroemeria, also known 

as the Peruvian or Inca lily. It is a genus in the family of Alstroemeriaceae consisting 

of approximately 60 species of rhizomatous, herbaceous plants, most of which are 

endemic to Chile and Brazil (Bayer 1987; Ravenna 1988; Aker and Healy 1990). The 

nuclear DNA content (2C-value) ranges from 37 to 79 pg for Chilean species and from 

50 to 56 pg for Brazilian species (Bharathan et al. 1994; Buitendijk et al. 1997). The 

haploid genome size (1C) of 25 pg, which equals to approximately 25,000 Mbase pairs 

will render approximately 12,000,000 different EcoRVMsel fragments, assuming 

random distribution of restriction sites, whereas only 36,000 fragments are expected 

from an Arabidopsis genome (1C= 0.04 pg). 

If species with a large genome contain abundantly occurring repetitive sequences, the 

number of different amplification products will be reduced. Still, species with a large 

11 



CHAPTER 2 

genome size are expected to generate more AFLP amplification products than species 

with small genomes. Until now little is known about the fine-tuning of AFLP for the 

analysis of species with such large genomes. 

In this chapter, our aim was to adapt the AFLP protocol for Alstroemeria. Various 

numbers of selective nucleotides and preamplification steps were tested in order to 

obtain reproducible, clear and labor saving fingerprints. Furthermore, the applicability 

of AFLP as a genetic marker in species with a large genome was discussed. 

Material and Methods 

Plant material 

Sixteen accessions of in total seven diploid (2x = 2n = 16) non-inbred Alstroemeria 

species from Chilean or Brazilian origin were used to acquire general Alstroemeria 

AFLP fingerprints with a wide genotypic background. Several species commonly used 

as breeding parents were selected and crossed with each other (A. aurea x A. inodora 

and A. inodora x A. psittacina) (Table 1). 

The AFLP protocol 

Genomic DNA was isolated from fresh leaf tissue of greenhouse grown plants by 

using the CTAB method according to Rogers and Bendich (1988). The AFLP method 

was performed as described by Vos et al. (1995). A slight modification on this general 

protocol was with respect to the number of selective nucleotides, and the number of 

preamplification steps. The general protocol included four steps: (1) restriction of 

genomic DNA with EcoRl and Msel, and ligation of adaptor sequences to the 

12 
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Table 1. Accessions and origins of Alstroemeria species for AFLP analysis 

Plant material 
Chilean Species 
A. aurea R. Graham 
A. diluta 
A. hookeri Loddiges spp. Hookeri 
A. ligtu L. spp. Ligtu 
A. pelegrina L. 

Brazilian Species 
A. inodora Herb. 
A. pstittacina Lehm 

Interspecific hybrids (Fi) 
A. inodora x A. psittacina 
A. aurea x A. inodora 
F2 

BC, 

Accession/source3 

A001, A002, A003, A004, A011, A017, 96A001-1 
AD5K 
AP6K 
AL1S 
C100, C057-2 

P002, P004-20, P008-1 
D032 

PD4 (P002 x D032) 
A1P2 (A001 x P002) 
PD40-2, PD4®-3, PD4®-4, PD4®-5, PD4®-6, PD40-7, 
PD4®-8, PD4®-9 
SK004, SK011 ((A1P2) x P002) 
SK017(P002x(AlP2)) 

a Codes from accessions of species maintained at the Department of Plant Breeding, Wageningen 
Agricultural University. 

restriction fragments in order to generate the primary template, (2) selective 

preamplifications of this primary template with AFLP primers having various 

additional 3' selective nucleotides, (3) selective amplification with 33P-labeled EcoRl 

primers having three or four 3' selective nucleotides and Msel primers with four 3' 

selective nucleotides, and (4) separation of labeled amplification products on a 

denaturing polyacrylamide sequencing gel. The anodal buffer was supplemented with 

0.5 M sodium acetate to generate a salt gradient, which contributes to a better 

separation of the larger fragments. The gels were dried on Whatmann 3MM paper, and 

X-ray films (Konica, Tokyo, Japan) were exposed at room temperature for 1 - 7 days 

depending on the signal intensity. 

13 
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Results and discussion 

Reducing the number of amplification products 

According to Vos et al. (1995) the number of amplification products generated by the 

AFLP technique is related to the size of the genome and the number of selective 

nucleotides added to the 3' end of the EcoRl and Msel core primers. In view of the large 

genome size of Alstroemeria, the number of selective nucleotides added to the core 

primers varied from six to eight. Theoretically, +6, +7 and +8 fingerprints named by 

their selective nucleotides should have roughly around 3,000, 720 and 180 bands, 

respectively, in consideration of the genome size of Alstroemeria. However, fingerprints 

with on average 109 (66 -154) amplification products per lane were obtained using six 

selective nucleotides (EcoKL + 3/Msel + 3) (Table 2). When using seven selective 

Table 2. Number of bands according as GC contents for 6, 7 and 8 selective 
nucleotides. 

GC content effects 

Six selective nucleotides 
33% 
50% 
67% 
83% 
Seven selective nucleotides 
29% 
43% 
57% 
71% 
Eight selective nucleotides 
38% 
50% 
63% 
75% 
88% 

Primer 
combinations 

16 
2 
8 
4 
2 
24 
3 
9 
8 
4 
80 
4 
16 
28 
24 
8 

Species 

7 
6 
7 
6 
5 
7 
6 
7 
6 
6 
2 
2 
2 
2 
2 
2 

Average 
Bands 
109 a' 
121a2 

109b 
110b 
94c 
87 b 
I l i a 
98b 
81c 
73c 
91 b 
84a 
90a 
87a 
94a 
97a 

Range 

66-154 
83-145 
66-154 
81-149 
74-117 
47-158 
88-137 
63-146 
49-158 
47-124 
36-135 
66-107 
55-121 
36-107 
52-135 
60-133 

Standard 
Deviation 

17 
19 
17 
15 
13 
23 
14 
18 
22 
19 
20 
14 
15 
21 
22 
20 

1 Results of Duncan test (a = 0.05) among band numbers of 6, 7 and 8 selective nucleotides. 
2 Results of Duncan test (a = 0.05) among band numbers of GC contents for each selective 
nucleotide classes. 
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Fig 1. The+6,+7 and+8 
fingerprints of A. 
inodora (P002) and the 
mixture of corresponding 
fingerprints. Arrows 
indicate bands present 
but absent in the mixture 
acnd preceding 
fingerprints. Arrowheads 
indicate the 
homeologous bands 
present in two lanes. 
a The mixture of 
+AGC/+CACA, 
+AGC/+CACC, 
+AGC/+CACG and 
+AGC/+CACT 
b The mixture of 
+AGCA/+CACC, 
+AGCC/+CACC, 
+AGCG/+CACC and 
+AGCT/+CACC 

U O o ^ ^ 
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nucleotides (EcoRI + 3/Msel + 

4) the number of amplification 

products decreased 

significantly. The average 

number of amplification 

products per lane was 87 (47 -

158). Similarly, with eight 

selective nucleotides (EcoRI + 

4/Msel + 4), 91 products (36 -

135) were amplified. These 

results indicated that the 

expected number of 

amplification products was 

close to the observed number 

when eight selective 

nucleotides were used, always 

considering the rough 

estimation of the number of 

amplification products. 

However, the observed number of amplification products from six and seven selective 

nucleotides did not meet the expected number of amplification products. The number of 

amplification products dramatically reduced with six and seven selective nucleotides 

may be due to the presumed high frequency of repetitive DNA and due to technical 

limitations, such as separation of nearly comigrating bands. 

15 
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The effect of reducing one extra selective nucleotide on the number of bands per lane 

was studied in greater detail by comparing the fingerprints generated with a total of 

seven selective nucleotides (the +7 fingerprint) with the four corresponding fingerprints 

generated with primers with eight selective nucleotides (corresponding +8 fingerprints), 

as well as the fingerprint of a mixture of equal volumes of the corresponding +8 

Table 3. Fourteen various preamplification steps with final +4/+4 selective 
nucleotides on 6 genotypes (P002, D032, PD4, PD40-2, PD4®-8, PD4®-9) 

Code 

STO 
ST1 
ST2 
ST3 
ST4 
ST5 
ST6 
ST7 
ST8 
ST9 
ST10 
ST11 
ST12 
ST13 

Preamplification steps 

PT"->+4/+4 
PT->+l/+l->+4/+4 
PT->+2/+2->+4/+4 
PT->+3/+3->+4/+4 
PT->+l/+l->+2/+2->+4/+4 
PT->+1 /+1 ->+3/+3->+4/+4 
PT->+2/+2->+3/+3-M-4/+4 
PT->+2/+2->+2/+3 ->+4/+4 
PT->+2/+2->+3/+2->+4/+4 
PT->+2/+2->+3/+3->+4/+4 
PT->+1 /+1 ->+2/+2->+2/+2->+4/+4 
PT->+1 /+1 ->+2/+2->+2/+3->+4/+4 
PT->+1 /+1 ->+2/+2->+3/+2->+4/+4 
PT->+1 /+1 ->+2/+2->+3/+3->+4/+4 

Example 

PT->+AGCC/+CACG 
PT->+A/+C->+AGCC/+CACG 
PT->+AG/+CA->+AGCC/+CACG 
PT->+AGC/+CAC->+AGCC/+CACG 
PT->+A/+C->+AG/+CA->+AGCC/+CACG 
PT->+A/+C->+AGC/+CAC->+AGCC/+CACG 
PT->+AG/+CA->+AGC/+CAC->+AGCC/+CACG 
PT->+AG/+CA->+AG/+CAC->+AGCC/+CACG 
PT->+AG/+CA->+AGC/+CA->+AGCC/+CACG 
PT->+AG/+CA->+AGC/+CAC->+AGCC/+CACG 
PT->+A/+C->+AG/+CA->+AG/+CA->+AGCC/+CACG 
PT->+A/+C->+AG/+CA-»+AG/+CAC->+AGCC/+CACG 
PT->+A/+C->+AG/+CA->+AGC/+CA->+AGCC/+CACG 
PT->+A/+C->+AG/+CA-»+AGC/+CAC^>+AGCC/+CACG 

Primary templates. +1/+1, +2/+2, +2/+3, +3/+2, +3/+3 and +4/+4 indicate the selective 

nucleotides for each primer. Comparable procedures were followed for other primer combinations 

(+AGCA/+CACA, +AGCA/+CACC, +AGCA/+CACG, +AGCA/+CACT, +AGCA/+CCCA, 

+AGCA/+CCCC, +AGCA/+CCCG, +AGCA/+CCCT, +AGCC/+CACC, +AGCG/+CACC and 

+AGCT/+CACT). 

fingerprints. Likewise, the +6 fingerprints were compared with the corresponding four 

+7 fingerprints with seven selective nucleotides and their mixture (Fig. 1). Occasionally, 

we observed that a band found in the +7 fingerprint was amplified in two out of the 

corresponding four +8 fingerprints instead of the expected one lane (Fig. 1, indicated 

with arrowheads). Bands of +6 fingerprints were frequently found; two comigrating 

bands in the corresponding +7 fingerprints as well (Fig. 1, indicated with open 

arrowheads). This result, suggesting two comigrating alleles with one nucleotide 

difference, can explain the non-fourfold increase in bands. In addition, some bands of+8 
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fingerprints, that were missing on the lanes of the mixture and the preceding +7 

fingerprint are indicated with arrows inside of the fingerprint (Fig. 1). The same holds 

true for the +7 fingerprints compared to the mixture and the preceding +6 fingerprints. 

In conclusion, on the one hand, we recognized that the preceding fingerprint and the 

fingerprint of the mixture were largely identical, suggesting that a reduction of selective 

nucleotides did not generate artifacts. On the other hand, we failed to recognize a 

fourfold increase due to one less extra selective nucleotide. These results indicate that 

AFLP technique is reproducible, allowing us to work with +7 and +8 selective 

nucleotides regardless of the theoretical expectation of the amplification products. 

The GC content effect was shown on 120 primer combinations with 16 accessions 

(Table 2). The data were analyzed with the Duncan test (a = 0.05). In +6 fingerprints, 

the average band numbers of 33 % and 83 % GC contents showed significant differences, 

121 and 94 bands respectively. In +7 fingerprints higher GC contents significantly 

reduced band numbers as in 29%, 43%, 57% and 71% GC contents showed 111, 98, 81 

and 73 bands, respectively. This indicates the importance of determining the primer 

combinations. However, the GC contents of +8 fingerprints did not give any influence 

band numbers. In soybean, which has an unusually high AT contents, the number of 

AFLP bands generally increased for primer combinations with AT-rich selective 

nucleotides. Inversely, GC-rich selective nucleotides reduced the number of bands and 

increased the quality of bands (Keim et al. 1997). The determination of the quality of the 

bands was based on band intensity and separation from fragments of similar size. 

Alstroemeria was proven to be AT rich in repetitive DNA in the case of A. aurea (56 %) 

(De Jeu et al. 1997) and Brazilian species (61 %) (Kuipers, personal communication). 
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Our data support that Alstroemeria is AT-rich and GC contents of 

primers influence the number of bands. 

We conclude that a total of six, seven or eight selective 

nucleotides could produce clear and reproducible AFLP patterns 

(less than 100 bands) depending on the primer combinations and 

species. 

-aim 
1 * ^ ' 

The effect of preamplification steps on AFLP fingerprints 

In the previous paragraph we determined the influence of the 

number of selective nucleotides used during the final PCR on the 

amplification products. In this section we focus on (1) the 

influence of the number of selective bases of the primers on the 

preamplification and (2) the influence of the number of 

preamplification steps on the accuracy of amplification, which 

affects the reproducibility and the clearness of the bands. 

* *1 

Fig 2. The +8 fingerprint of F2 (PD4®-9) with 
seven different preamplification steps (See 
Table 2 for details). 

For plant species with a large genome we should include a 

selective preamplification of the template with moderate 

selectivity of the primers to avoid 

mismatches. In case of the average-sized 

genomes, the preamplification steps with 

£coRI+l/MreI+l have been commonly used to avoid mismatches (Vos et al. 1995; Qi 

and Lindhout. 1997). Next to that, the final selective PCR amplification with the 

radioactively labeled primer combination should also have moderate selectivity. In this 
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experiment we applied various distributions of the selective nucleotides across the 

various rounds of preamplifications on 11 related genotypes (parents: P002, D032; Fi 

plant: PD4; F2 plants: PD4<8>-2, PD40-3, PD4®-4, PD4(g>-5, PD4<8-6, PD4®-7, 

PD4®-8, PD4®-9) (Table 1). Eight selective nucleotides (EcoW+4/Msel+4) at final 

PCR rendered 14 different preamplification steps (Table 3). Previous experiments on 

small genomes have shown that the selective amplification of subsets of fingerprints was 

accurate when no more than three selective nucleotides were added onto the core primer. 

Application of four selective nucleotides without any preamplification was no longer 

accurate because mismatches were tolerated at the first selective base (Vos et al. 1995). 

The overall band intensity of the STO (PT-^ +AGCC/+CACG) fingerprint was very 

weak resulting in the absence of the bands which were amplified in other 

preamplification steps (Fig. 2). This is possibly because of the extreme templates 

competition. However, only a few mismatches were accompanied as a result of the eight 

selective nucleotides in our study (Data not shown). Unexpectedly, the overall band 

intensity of the ST1 (PT-> +A/+C-» +AGCC/+CACG) fingerprint was increased, 

producing an AFLP pattern with extra bands and smears. We are uncertain as to whether 

these extra bands and smears should be considered as background untill genetic studies 

are carried out. ST2 (PT-> +AG/+CA-* +AGCC/+CACG) fingerprint produced a clear 

and reproducible AFLP pattern (Fig. 2 and 3). A severe disappearance of bands was 

detected on the ST3 (PT-> +AGC/+CAC-» +AGCC/+CACG) fingerprint, resulting in 

an increase in the intensity of some bands. A contrary AFLP pattern was noticeable 

between the ST1 and ST3 steps because both steps had six selective nucleotides jump. 

The distinctive differences in fingerprints due to the preamplification steps proved the 
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importance of choosing them carefully. In conclusion, we chose the ST2 fingerprint for 

use in further studies because of its reproducibility and efficiency. 
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The application of two (ST4, ST5, 

ST6, ST7, ST8, ST9) or three (ST 10, 

ST11, ST12, ST 13) 

preamplification steps resulted in a 

general decrease in the intensity of 

the fragments larger than 350-400 

nucleotides compared to one 

preamplification step, indicating that 

smaller fragments have an advantage 

over larger fragments during PCR 

(data not shown). The intensity of 

several products had minor 

differences. In few cases the 

intensity changed in such a way that 

the band was present or absent 

Fig 3. An example of the AFLP 
segregation pattern of the two populations 
(F2 and BC,) by +AGCA/+CACC primer 
combination. 
The arrows indicate the only bands that 
are not explainable. 

The independent AFLP pattern was detected on the basis of the preamplification steps 

even though the final selective bases were identical. However, a multiple 

preamplification (2 to 4 times) in general was reproducible although it was not 
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preferable because of the loss of large fragments and extra labor. It provide the 

opportunity to increase the selective bases as long as one or two selective nucleotides for 

both primers are used. 

Are AFLP products good genetic markers? 

Both of the two segregating populations (F2 and BCi) used to choose the optimized 

AFLP protocol are genetically related. Therefore, the markers obtained in these 

progenies could be used to validate the accuracy of AFLP fingerprinting, because 

fragments observed in offspring genotypes should be present in at least one of the 

parental genotypes (Table 1). The theoretically expected segregation patterns were 

demonstrated, and most of the bands from progenies were traceable through their 

parents when performed with the +2/+2 preamplification step (ST2) (Fig. 3). In the F2 

population from the A. inodora x A. psittacina cross, bands were evenly derived from 

each parent and the bands of backcross progenies were mostly from the recurrent 

parent (P002). Only 1 band from the progenies was not present in the parents' 

fingerprints suggesting possible mismatches (Fig 3. arrow indicated). Further linkage 

analysis will allow verification of true AFLP markers. Furthermore, the intensity 

difference in some bands indicated the possibility of zygosity determination as a 

codominant marker (Van Eck et al. 1995; Staub and Serquen, 1996). 

In conclusion, various primer combinations of +7 and +8 fingerprints should be tested 

before any investigation depending on the species and the purpose of the study. The 

ST2 preamplification step (PT -> +2/+2 -> +3/+4 or +4/+4) was suitable for genetic 

studies in Alstroemeria species because of its robustness and efficiency. Consequently, 
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AFLP markers can be applied for species with large genomes as long as the 

preamplification step and the final selective nucleotides are well defined by the users. 
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Abstract 

One to three accessions of 22 Alstroemeria species, an interspecific hybrid (A. aurea x 

A. inodora), and single accessions of Bomarea salsilla and Leontochir ovallei were 

evaluated using AFLP-marker technique to estimate the genetic diversity within the 

genus Alstroemeria. Three primer combinations generated 716 markers and 

discriminated all Alstroemeria species. The dendrogram inferred from the AFLP 

fingerprints supported the conjecture of the generic separation of the Chilean and 

Brazilian Alstroemeria species. The principal co-ordinate plot showed the separate 

allocation of the A. ligtu group and the allocation of A. aurea, which has a wide range 

of geographic distribution and genetic variation in the middle of other Alstroemeria 

species. The genetic distances based on AFLP markers determined the genomic 

contribution of the parents to the interspecific hybrid. 

Key words: Alstroemeriaceae, Bomarea, classification, Inca lily, Leontochir, 

Monocotyledonae 
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Introduction 

The genus Alstroemeria includes approximately 60 described species of rhizomatous, 

herbaceous plants, with Chile and Brazil as the main centres of diversity (Uphof, 1952; 

Bayer, 1987; Aker and Healy, 1990). The Chilean and Brazilian Alstroemeria are 

recognized as representatives of different branches of the genus. The family of 

Alstroemeriaceae, to which Alstroemeria belongs, includes several related genera, such 

as Bomarea Mirbel, the monotype Leontochir ovallei Phil, and Schickendantzia Pax 

(Dahlgren and Clifford, 1982; Hutchinson, 1973). 

The species classification in Alstroemeria is based on an evaluation of morphological 

traits of the flower, stem, leaf, fruit and rhizome (Bayer, 1987). The available 

biosystematic information on Alstroemeria species is restricted to the Chilean species 

as described in the monograph of Bayer (1987). Little is known about the classification 

of the Brazilian species (Meerow and Tombolato, 1996). Furthermore, morphology-

based identification is rather difficult because morphological characteristics can vary 

considerably in different environmental conditions (Bayer, 1987). 

The immense genetic variation present in the genus Alstroemeria offers many 

opportunities for the improvement and renewal of cultivars. Therefore, identification 

of genetic relationships at the species level could be very useful for breeding in 

supporting the selection of crossing combinations from large sets of parental genotypes 

thus broadening the genetic basis of breeding programmes (Frei et al. 1986). The 

species used in this study are commonly used in the breeding programme of 

Alstroemeria for cut flowers and pot plants. 
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Molecular techniques have become increasingly significant for biosystematic studies 

(Soltis et al. 1992). RAPD markers were used for the identification of genetic 

relationships between Alstroemeria species and cultivars (Anastassopoulos and Keil, 

1996; Dubouzet et al. 1997; Picton and Hughes, 1997). In recent years a novel PCR-

based marker technique, AFLP (Vos et al. 1995), has been developed and used for 

genetic studies in numerous plants including lettuce (Hill et al. 1996), lentil (Sharma et 

al. 1996), bean (Tohme et al. 1996), tea (Paul et al. 1997), barley (Schut et al. 1997), 

and wild potato species (Kardolus et al. 1998). These studies indicated that AFLP is 

highly applicable for molecular discrimination at the species level. The technique has 

also been optimized for use in species such as Alstroemeria spp., which are 

characterized by a large genome size (2C-value: 37 - 79 pg) (Chapter 2). 

In this chapter, we produced AFLP fingerprints of 22 Alstroemeria species, one 

interspecific hybrid (A. aurea x A. inodora) and the distant related species Bomarea 

salsilla and Leontochir ovallei, and we analysed their genetic relationships. The 

interspecific hybrid was included in our study in order to investigate the possibility of 

identifying the parental genotypes. 

Materials and methods 

Plant material 

Seeds and plants of 22 Alstroemeria species were obtained from botanical gardens and 

commercial breeders. The collection has been maintained for many years in the 

greenhouse of Unifarm at the Wageningen Agricultural University. When available, 

three accessions were selected for each Alstroemeria species, and both B. salsilla and 
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L. ovallei were chosen as outgroups. One interspecific hybrid {A. aurea x A. inodord) 

was obtained from earlier research (Buitendijk et al. 1995) (Table 1). All accessions 

were identified according to their morphological traits (Uphof, 1952; Bayer, 1987). 

Table 1. Accessions and origin of Alstroemeria species for AFLP analysis 

Code 

CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 

CIO 
Cll 
C12 
CI 3 
CI 4 
CIS 
CI 6 
CI 7 
CI 8 
CI 9 

Bl 

B2 
B3 
B4 

01 
02 

Fl 

Plant material 
Chilean species 
A. andina Phil. 
A. angustifolia Herb. ssp. angustifolia 
A. aurea Grab. 
A. dilula Bayer 
A. exserens Meyen 
A. garaventae Bayer 
A. gayana Phil. 
A. haemantha Ruiz and Pav. 
A. hookeri Lodd. ssp. cumminghiana 
A. hookeri Lodd. ssp. hookeri 
A. ligtu L. ssp. incarnata 
A. ligtu L. ssp. ligtu 
A. ligtu L. ssp. simsii 
A. magnifica Herb. ssp. magniftca 
A. modesia Phil. 
A. pallida Grah. 
A. pelegrina L. 
A. pulchra Sims. ssp. pulchra 
A. umbellata Meyen 

Brazilian species 
A. brasiliensis Sprengel 

A. inodora Herb. 
A. pstittacina (D) Lehm. 
A. pstittacina (Z) Lehm. 

Bomarea salsilla Mirbel. 
Leontochir ovallei Phil. 

Interspecific hybrid 
A1P2-2 

Accession3 

IX-2 
AN1S, AN2S, AN7K 
A001,A002,A003 
AD2W, AD4K, AD5K 
A02S, A05S, A07Z 
AH6Z, AH8K 
XIII-2 
J091-1. J091-4 
AQ5S, AQ6Z, AQ7Z 
AP2S, AP3S.AP8K 
AJ7S, AJI2K 
AL4S, AL6K, AL11K 
AM6K, AM7K, KI01-1 
Q001-4, Q001-5, Q007 
AK2W, AK3W 
AG4Z, AG7K, AG8K 
AR4S, C057-1.C100-I 
AB3W, AB7S, AB8S 
AU2Z 

BA1K, BA2K, ROOM, 
R001-2 
P002, P004-6, P008-3 
D031®, D032, D92-02-1 
93Z390-2, 93Z390-4, 
96Z390-6 

MI21 
U001 

(A001 x P002)-2 

Distribution/altitudeb 

Chile 26°-3l° S.L. 2900-3700 m" 
Chile, 33° S.L.,<1000m" 
Chile, 36°- 42° / 47° S.L., 200-1800 m" 
Chile, 29°-31° S.L. 0-100 m" 
Chile, 34°-36° S.L. 1500-2100 m" 
Chile, 33° S.L. 2000 m" 
Chile 29°-32° S.L. 0-200 m" 
Chile, 33°-35° S.L, 0-1800 m" 
Chile. 32°-34° S.L 0-500 m" 
Chile, 35°-37° S.L, 0-300 m" 
Chile, 35° S.L. 1100-1400 m" 
Chile, 33°-38°S.L.,0-800m" 
Chile, 33°-35° S.L, 0-1800 m" 
Chile, 29°-32"S.L.,0-200m" 
Chile 29°-31° S.L 200-1500 m" 
Chile 33°-34° S.L 1500-2800 m" 
Chile, 32°-33°S.L,0-50m" 
Chile, 32°-34°S.L, 0-1000 m" 
Chile, 33°-34° S.L, 2000-3000 m" 

Central Brazil21 

Central and Southern Brazil21 

Northern Brazil2' 
Northern Brazil21 

Central and Southern South America3' 
Central Chile41 

Buitendijk etal. 1995 
d Codes from accessions of species maintained at the Laboratory of Plant Breeding, Wageningen University and Research 
centre. 
b Literature source: I) Bayer, 1987; 2) Aker & Healy, 1990; 3) Hutchinson, 1959; 4) Wilkin, 1997. 

AFLP protocol 

Genomic DNA was isolated from young leaves of greenhouse-grown plants using the 

cetyltrimethylammomum bromide (CTAB) method according to Rogers and Bendich 

(1988). The AFLP technique followed Vos et al. (1995) with modifications of 

selective bases of pre- and final amplifications (Chapter 2). To assess interspecific 

variation, autoradiograms were analysed comprising the AFLP fingerprints of a 

mixture of three accessions per species by pooling 5 ̂ L of the final selective 
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amplification products according to Mhameed et al. (1997). The low level of variation 

between individual samples showed that pooling accessions was justified. Three 

primer combinations (E+ACCA/M+CATG, E+ACCT/M+CATC and 

E+AGCC/M+CACC) were selected from a test of 96 primer combinations, and these 

produced 272, 211 and 233 bands respectively (Table 2). The choice of the primers 

used in the study was based upon the visual clarity of banding patterns generated and a 

preferably low fingerprint complexity. The complexity of the banding pattern is a 

major limiting factor for scoring AFLP fingerprints of large-size genomes. 

Table 2. Sequences of adaptors and primers used 

EcoRI adaptor 

Msel adaptor 

5 -CTCGTAGACTGCGTACC-3' 
3 '-CTGACGCATGGTTAA-5' 

5 -GACGATGAGTCCTGAG-3' 
3 '-TACTCAGGACTCAT-5' 

EcoRI + 0 primer 
EcoRI + 2 primers 

.EcoRI + 4 primers 

Msel + 0 primer 
Msel + 2 primers 

Msel + 4 primers 

E00 5'-GACTGCGTACCAATTC-3' 
E+AC 5'-GACTGCGTACCAATTCAC-3' 
E+AG 5-GACTGCGTACCAATTCAG-3' 
E+ACCA 5 -GACTGCGTACCAATTCACCA-3' 
E+ACCT 5 -GACTGCGTACCAATTCACCT-3' 
E+AGCC 5 -GACTGCGTACCAATTCAGCC-3' 

MOO 5-GATGAGTCCTGAGTAA-3' 
M+CA 5-GATGAGTCCTGAGTAACA-3' 
M+CT 5-GATGAGTCCTGAGTAACT-3' 
M+C ACC 5 '-GATGAGTCCTGAGTAAC ACC-3' 
M+CT AC 5 -GATGAGTCCTGAGTAACTAC-3' 
M+CTAG 5 -GATGAGTCCTGAGTAACTAG-3' 

Data analysis 

Positions of unequivocally visible and polymorphic AFLP markers were transformed 

into a binary matrix, with T for the presence, and '0 ' for the absence of a band at a 

particular position. The genetic distance (GD) between species was based on pair-wise 

comparisons and calculated according to the equation: GDA1 = 1 - [2NV, / (NA + N,)], 

where Nv and Nv are the numbers of fragments to individuals x and v, respectively, and 
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Njy is the number of fragments shared by both (Nei and Li, 1979). Genetic distances 

(GD) were computed by the software package TREECON (1.3b) (Van de Peer and De 

Wachter, 1993). The dendrogram of the 22 Alstroemeria species, the interspecific 

hybrid, Bomarea and Leontochir was generated based on the genetic distance matrix 

by using cluster analysis, the UPGMA (unweighted pair group method using arithmetic 

averages) method with 1000 bootstraps (Felsenstein, 1985; Sneath and Sokal, 1973) 

(Fig. 1). Principal co-ordinate analysis was performed to access interspecies 

relationships based on the Nei and Li (1979) coefficient [2NX>, / (N* + Ny)] using the 

NTSYS-PC program (Rohlf, 1989). 

Results and Discussion 

The average genetic distance (GD) among species excluding Bomarea, Leontochir, the 

interspecific hybrid and A. umbellata was 0.65 GD (a table showing the genetic 

distances between all the species studied is available from the authors on request). 

Alstroemeria umbellata was excluded because the accessions used were found to be 

highly related and possibly wrongly classified as different from A. pelegrina. The 

average genetic distance (GD) among accessions within a species was 0.32 GD (data 

not shown). In addition, the average genetic distance between Brazilian species (GD: 

0.27) and between Chilean species (GD: 0.33) was not significantly different. 

Buitendijk and Ramanna (1996) suggested that the Chilean and Brazilian species form 

distinct lineages. The genetic diversification of Alstroemeria species as detected by the 

AFLP technique revealed three main clusters with 99 % bootstrap values: the Chilean 

species, the Brazilian species and the outgroup (Fig. 1). This finding would support an 

early divergence of these groups and is consistent with the occurrence of interspecific 
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crossing barriers between the Chilean and Brazilian species (De Jeu and Jacobsen, 

1995; Lu and Bridgen, 1997). The variance of the first three principal co-ordinates 

accounted for 34.9 % of the total variation, differentiated effectively among the species 

and reflected the main clustering of the dendrogram. From the principal co-ordinate 
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Figure 1. Dendrogram of 22 Alstroemeria species, Bomarea salsilla and Leontochir ovallei resulting from 
a UPGMA cluster analysis based on Nei 's genetic distances obtained from 716 fragment length 
polymorphism (AFLP) bands. The bootstrap analysis was conducted using TREECON (1.3b) with 1000 
bootstrap subsamples of the data matrix. Percentage values for those branches occuring in at least 60% of 
the bootstrap topologies are shown. 

plot, four groups were clearly demarcated: (i) Brazilian group, (ii) Chilean group, (iii) 

A. ligtu group, and (iv) Outgroup (Fig. 2). The Brazilian species {A. brasiliensis, A. 

psittacina and A. inodora) were consistently assigned to one cluster with 98 % 

bootstrap values whereas the Chilean species were rather weakly clustered with 62 % 

bootstrap values containing several subgroups within the Chilean group (Figs. 1 and 2). 

The dispersion of the Chilean species on the principal co-ordinate plot reflected a 

wider genetic variation than the Brazilian species. However, the narrow variation of 
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the Brazilian species might be caused by the limited number of species investigated. 

Buitendijk and Ramanna (1996) described the similarities between C-banding patterns 

of A. inodora and A. psittacina; in our study these species strongly clustered 

reinforcing this finding (Fig. 1). The similarity between A. psittacina and A. inodora 

was also revealed by allozyme analysis (Meerow and Tombolato, 1996) and with a 

study using species-specific repetitive probes (De Jeu et al. 1995). These findings are 

also supported by the fact that A. inodora and A. psittacina are easily intercrossable 

(De Jeu and Jacobsen, 1995). 

en 

U 

C17I 

Figure 2. Relationships among 22 Alstroemeria species, the F| hybrid, Bomarea salsilla and 
Leontochir ovallei by principal co-ordinate analysis using fragment length polymorphism (AFLP)-
based Nei and Li coefficients. The three principal co-ordinates accounted for 34.9 % of the total 
variation. PCI, PC2 and PC3: first, second and third principal co-ordinates. See Table 1 for 
species names. 
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In addition, the Chilean species A. aurea was positioned between three subgroups (Fig. 

2). The unique position of A. aurea, and the observation that A. aurea has a wide 

geographical spread, suggests that other Chilean species may have evolved from A. 

aurea ecotypes. Alstroemeria aurea indeed is a widely spread inhabitant in the regions 

with higher rainfall at the more southern latitudes between 33 and 47° S in Chile 

(Bayer, 1987; Buitendijk and Ramanna, 1996). It is not found in Brazil although^. 

aurea plants are found on both sides of the Andes mountains in Argentina supporting 

the possibility that A. aurea ecotypes were also the ancestors of the Brazilian species 

(A.F.C. Tombolato, personal communication). 

Alstroemeria pelegrina and A. umbellata were assigned as sister species with a 

distance of 0.26 showing a remarkable genetic similarity (data available on request). 

The species we coded under the name A. umbellata actually seemed to be an A. 

pelegrina species that did not flower for many years. Alstroemeria haemantha was 

assigned to a group together with A. ligtu ssp. ligtu, A. ligtu ssp. incarnata and, A. ligtu 

ssp. simsii (Figs. 1 and 2) (Aker and Healy, 1990; Ishikawa et al. 1997). Bayer (1987) 

suggested the synonymous name of A. ligtu ssp. ligtu for A. haemantha Ruiz and 

Pavon. Our results support this hypothesis. Alstroemeria exserens was positioned 

between the Chilean group and the A. ligtu group (Fig. 2). Alstroemeria andina and A. 

angustifolia ssp. angustifolia, and A. hookeri ssp. cumminghiana and A. hookeri ssp. 

hookeri were clustered together with 95 % and 93 % bootstrap values, respectively. 

The interspecific hybrid (A1P2-2) was included in our study in order to investigate the 

possibility of the identification of the parental genotypes. The Fi hybrid A1P2-2 

showed a 0.45-GD value with A. inodora and 0.59 GD value with A. aurea showing 
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genomic contribution of both parents (data available on request). It indicated the 

feasibility of the AFLP technique as a tool for the identification of parental genotypes 

(Sharma et al. 1996; Marsan et al. 1998). Bomarea and Leontochir showed the mean 

GD value of 0.83 as outgroup, thus showing large genetic distances within the 

Alstroemeriaceae family. 

In conclusion, the genetic variation and the genetic relationships among Alstroemeria 

species were efficiently rationalized by using AFLP markers for the characterization of 

germplasm resources. In general, the topologies of the dendrogram and the principal 

co-ordinate analysis of our study were in agreement with Bayer's views (1987) on the 

classification of the Alstroemeria species. Furthermore, this technique might be useful 

for the identification of parental genotypes in interspecific hybrids. 
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Abstract 

An AFLP based linkage map has been generated for the ornamental crop species 

Alstroemeria aurea. In view of the large genome size of Alstroemeria (25,000 Mb) the 

number of selective nucleotides for AFLP amplification was increased to 

EcoRl+4/Mse\+4 to generate fingerprints of moderate complexity. In addition markers 

were generated with the enzyme combination Sse/Mse, where &e8387I is an 8-cutter 

and thereby reducing AFLP template complexity. Segregation of 374 AFLP 

polymorphisms was recorded in the Fi of an intraspecific A. aurea cross (A002 x 

A003). The map consisted of 8 A002 and 10 A003 linkage groups with 122 and 214 

markers covering 306.3 and 605.6 cM, respectively. The two maps were integrated by 

using the 21% of the AFLP markers that were heterozygous in both parents, and 31% 

of the markers remained unlinked. Pollen color was assigned on linkage group A002-6. 

The enzyme combinations EcoRl+4/Mse\+4 and Sse+2/Msel+3 generated 80 and 30 

clear bands per lane with 16 and 9 polymorphic markers, respectively. Twenty percent 

of the EcoRl+4/Mse\+4 primer combinations resulted in fingerprints that were 

disturbed by a few excessively thick bands (55 primer combinations out of 288 primer 

combinations). We conclude that fingerprints and markers generated with the eight-

cutter enzyme &e8387I, in combination with +2/+3 selective nucleotides 

(Sse+2/Msel+3) are superior to EcoR\+4IMse\+4. 

Keywords: AFLP, Alstroemeriaceae, double pseudo-testcross, linkage map, &e8387I, 

pollen color 
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Introduction 

Alstroemeria is a perennial cut flower that belongs to the family of Alstroemeriaceae. 

The Alstroemeria genus encompasses approximately 60 described species, all 

originating from Chile and Brazil (Uphof 1952; Bayer 1987; Aker and Healy 1990). 

The economic importance is illustrated by figures of the flower auction where 

Alstroemeria is ranked on the ninth position. The increasing popularity of Alstroemeria 

for growers and consumers as cut flower can be attributed to its extensive range of 

large and colorful flowers, its long vase-life and its ability to grow at low greenhouse 

temperatures. Recently the demand of Alstroemeria pot plants and garden plants on the 

market has been increased. 

The cytogenetics of Alstroemeria species have been investigated well, because of the 

large size of the chromosomes (Kamstra et al. 1999). On the contrary, molecular 

genetic studies are complicated by the large genome size: 4C=107 pg (Bennett et al. 

1998), which is equivalent to 27,000 megabase per haploid genome. Moreover, genetic 

studies are complicated by the heterozygosity due to the outbreeding nature of the 

species and the long generation cycle. Inbreeding depression prevents the generation of 

stable inbred lines and polyploidy of cultivars should be considered as well. 

In recent years, DNA marker techniques have been applied for the identification of 

genetic relationships among Alstroemeria cultivars for instance by using RAPD 

markers (Anastassopoulos and Keil 1996; Dubouzet et al. 1997; Picton and Hughes 

1997). The AFLP technique was successfully modified to accommodate the large 

genome size (Chapter 2) and subsequently applied to study the genetic diversity of 

Chilean and Brazilian Alstroemeria species (Chapter 3). 
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Linkage maps and marker assisted selection for quantitative characters and traits that 

are expressed in a late stage of plant development such as flower shape, number of 

flowering stems and vase life, would be useful tools in an ornamental breeding 

program. Alstroemeria cultivars are generally hybrids between wild species, or arise 

due to mutations or chromosome doublings of wild species. According to their 

morphological characteristics such as flower color, flower stem length and flowering 

time, Alstroemeria cultivars are referred to as Orchid, Butterfly and Hybrid types 

(Dubouzet et al. 1997). Alstroemeria is usually vegetatively propagated by 

micropropagation. Because of its ornamental value and relatively high 

micropropagation rate (Buitendijk 1998) the Alstroemeria aurea germplasm is the 

most commonly used species in Alstroemeria breeding programs especially in 'Orchid' 

types (Tsuchiya et al. 1987). The Alstroemeria aurea breeding lines are developed and 

maintained by crossing within similar morphologies, for instance the flower colour in 

the breeding companies. Nevertheless in view of the allogamous nature of this species, 

a high level of heterozygosity is expected. This was proven in our preliminary study 

that showed that enough genetic variations exist within A. aurea species based on the 

AFLP fingerprints of A. aurea accessions (Data not shown). Therefore we established 

an Fi hybrid mapping population (N = 134) between two diploid A. aurea genotypes 

(A002 x A003; 2n = 2x = 16) in order to construct a linkage map. This type of analysis 

has been named as double pseudo-testcross or two-way pseudo-testcross analysis 

because polymorphic loci segregate from both parents involved in the cross 

(Grattapaglia and Sederoff 1994; Hemmat et al. 1994). This method has been used 

mainly for potato, forest and fruit trees, suggesting its applicability for genetic 

mapping in any highly heterozygous cross-pollinating plant. 
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The usefulness of AFLP markers for genetic mapping of outbred crop species has been 

demonstrated for potato (Van Eck et al. 1995), apple (Maliepaard et al. 1998), and 

rubber tree (Lespinasse et al. 2000), as well as for mapping a crop species with a large 

genome size such as onion (Van Heusden et al. 2000). 

There are two ways to control the complexity of the AFLP fingerprints. One way is by 

increasing the number of selective nucleotides in the final PCR step (Vos et al. 1995; 

Chapter 2). A higher number of selective nucleotides will selectively amplify a smaller 

number of restriction fragments, which results in less complex fingerprints to be 

visualized on the autoradiogram. Our previous study showed that the large genome 

size of the Alstroemeria species resulted in very complex fingerprints with 

EcoRl+3/Msel+3 primer combinations that are commonly used in species with a 

moderate genome sizes, whereas EcoRl+AIMse\+A resulted in fingerprints with 80-120 

bands per lane (Chapter 2). The other way to reduce the complexity of the AFLP 

fingerprints is by replacing the six-cutter restriction enzyme with an eight-cutter 

restriction enzyme for the production of the primary templates (Zabeau and Vos 1993). 

In this study the ability of the eigth-cutter restriction enzyme &e8387I (5'-

CCTGCA GG-3') was tested to control fingerprint complexity, and used to generate 

markers for the map. 

In this chapter the construction of genetic map for Alstroemeria is described on the 

basis of AFLP markers; one kind of AFLP markers is based on EcoRVMsel template 

with +4/+4 selective nucleotides and the other kind is based on SselMsel template with 
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+2/+3 selective nucleotides. The utility of these different enzyme combinations for 

map construction is discussed. 

Material and methods 

Plant material for genetic mapping 

Based on the level of polymorphism in a pilot study and the number of morphological 

differences, two A. aurea Graham accessions (A002 and A003) were selected and 

reciprocally crossed in summer 1997. Seeds were sowed individually in vitro and 

incubated at 4°C until germination. Germination was excellent, so that the progeny 

will represent an unbiased sample of male and female gametes. From 1998, 134 Fi 

hybrids (63 from A002 x A003 and 71 from A003 x A002) were grown in the 

greenhouse. Fresh leaf samples were collected and stored in -80°C until use. Because 

both parents are equally used as male and female parents, instead of the term 'male' 

and 'female' linkage groups we refer to them as 'A002' and 'A003' linkage groups. 

Phenotypic analysis 

Pollen color was determined visually from the mature anther. Pollen with red and dark 

red was tentatively genotyped as 'ab' and the pollen with yellow color into 'aa' to 

allow inclusion of this morphological marker in the molecular marker data set. The 

pollen color of parent A002 and A003 was red and yellow, respectively. The 52 Fi 

genotypes that did not flower were treated as missing values. Since we did not know 

which parent was heterozygous and thus responsible for the segregation of the trait, the 

pollen color data was included in both the A002 and A003 data set. 
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