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CHAPTERR 1 

Introduction n 

Thee soil-borne fungus Fusarium oxysporum f.sp. gladioli (Massey) Snyder & Hansen 
(Boeremaa and Hamers, 1989; Brayford, 1996) causes serious economic losses in the 
cultivationn of gladiolus {Gladiolus L.) all around the world. Fusarium disease of gladiolus 
andd its causal agent was first described by Massey (1926). Rotting of the corms, either during 
cultivationn or in storage, and yellowing of the leaves are the predominant symptoms of this 
extensivelyy described disease (McCulloch, 1944; Nelson, 1948; Buxton and Robertson, 1953; 
Buxton,, 1955a; Forsberg, 1955; Bruhn, 1955; Bald et al.t 1971). Infected corms are the main 
sourcee of inoculum, although infested soil also plays a role in the spread of the disease. Crop 
rotation,, avoidance of excess of nitrogen supply (Woltz and Magie, 1975), sanitation of the 
plantingg stock by means of hot-water treatment of cormels (Roebroeck et al., 1991), soil 
fumigationn and treatment of corms with fungicides are measures applied in practice to control 
epidemicc spread of the disease. These measures, however, are not always sufficiently 
effective.. The possibility of biological control of the disease by the application of non-
pathogenicc Fusarium strains has been investigated (Roebroeck and Mes, 1992b), but so far 
thiss has not led to commercial application. Routine inspection of gladiolus corms stocks for 
thee presence of (latent) infection of Fusarium (Roebroeck et al. 1990) can contribute to 
maintainn disease incidences at acceptably low levels, but requires the implementation of a 
sensitivee and specific detection assay (De Haan et al., 2000). Although breeding for disease 
resistancee has had attention for a long time (McClellan and Pryor, 1957), the level of 
FusariumFusarium resistance of commercial cultivars can still be significantly improved (Straathof et 
al.,al., 1997b). 

Itt was within the context of these last two disease control strategies, corm stock sanitation by 
implementationn of a specific detection assay and resistance breeding, that the studies 
presentedd in the first part (chapter 2 and 3) of this thesis were initiated. Both strategies 
requiredd insight in the genetic diversity of the population of the pathogen. To develop a 
reliablee detection assay it was necessary to establish which strain(s) of the fungus should be 
recognisedd as pathogenic. For the validation of a specific detection assay, a large collection of 
well-characterisedd field isolates was required. Analysis of the genetic relationships within this 
collectionn should enable assessment of the diversity within the field population of the 
pathogen.. This should make it possible to identify the target strains as well as the most 
closelyy related non-pathogenic isolates from which the target strains should be distinguished 
byy the detection assay. 
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Too set up an effective resistance-breeding programme an inventory of the existing genetic 
diversityy within the pathogenic population was also essential. It should enable a rational 
choicee of testing isolates to screen for disease resistance, representing the genetic diversity 
existingg in the field as much as possible. 
Sincee the host spectrum of F. oxysporum f.sp. gladioli is not restricted to gladiolus 
(McClellan,, 1945), other iridaceous crops were also incorporated in our studies. Additional 
too serving the purposes mentioned above, these studies could generate knowledge of the 
preferencess of field isolates for different iridaceous crops. This knowledge has practical 
implicationn for the possibilities of crop succession. Furthermore, elucidation of the genetic 
relationshipss between isolates in a large collection of field isolates from different geographic 
regionn could provide insight in the origin(s) and spread of the pathogenic population(s). 

Thee variation in pathogenicity within the collection of field isolates was studied by 
inoculationn experiments with several different potential host phenotypes. Except for different 
gladioluss hybrids also the other iridaceous crops from which isolates were obtained, were 
incorporated.. Analysis of the abilities to cause disease on different potential hosts was 
performedd and led to a classification of all isolates in different physiologic (pathogenic) races 
(chapterr 2). Initially, genetic relationships were analysed by testing vegetative compatibility 
(Puhalla,, 1985; Leslie, 1993) between isolates, leading to the classification of all isolates in 
differentt vegetative compatibility groups (VCGs; chapter 2). Comparison of both 
classificationn systems (races and VCGs) enabled a better insight in the structure of the 
pathogenicc population. This made it possible to select sets of reference isolates for the 
developmentt of a specific detection assay (De Haan et al, 2000) as well as for resistance 
breedingg (Straathof et al., 1997b and 1998). 

Too get a more detailed insight in the genetic relationships, both within and between VCGs, a 
subsett of isolates representing all races and all VCGs found was subjected to molecular 
analysiss (chapter 3). DNA-fingerprints were obtained by restriction fragment length 
polymorphismm (RFLP) using a multi-copy probe from F. oxysporum f.sp. dianthi (Manicom 
etal,etal, 1987)andbytheAFLP-technique(Vose/a/., 1995). 

Twoo genetically closely related isolates, which showed a clear difference in pathogenicity, 
weree chosen to study the molecular genetics of host specificity (chapter 4, 5 and 6). 
Onee isolate belonged to the cosmopolitan race 1, predominantly occurring on large-flowered 
gladioluss (chapter 2), and was highly pathogenic to the large-flowered test cultivar 'Peter 
Pears'.. The other isolate belonged to race 2n, a race found on small-flowered gladiolus, iris 
andd ixia in The Netherlands (chapter 2), and was not pathogenic to the large-flowered 
gladioluss 'Peter Pears'. Molecular analysis demonstrated a relatively close genetic 
relationshipp between both races and indicated that race 1 might have arisen from race 2n by a 
singlee evolutionary event (chapter 3). The genetics underlying the difference in host-spectrum 
betweenn these two races could therefore be relatively simple. Knowledge of the molecular 
geneticss of host specificity is not only of scientific relevance, but can be used to develop 
novell  strategies for disease control. 
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Sincee no indication existed about the nature of the genetics involved (mono-/polygenic, 
dominant/recessive)) we choose to analyse parasexual progenies of the two isolates. The 
possibilityy to enforce a parasexual cycle in F.oxysporum using auxotrophic UV-mutants had 
alreadyy been demonstrated (Molnar et al., 1985a). The availability of transformation 
techniquess to incorporate dominant selectable markers in filamentous fungi (Punt and van 
denn Hondel, 1992) gave us the opportunity to set up and compare different systems for the 
productionn of parasexual recombinants of the two selected isolates. In chapter 4 is described 
howw hybrids of the two isolates were obtained both by hyphal anastomosis and by protoplast 
fusionn using either auxotrophic mutants or antibiotic resistance transformants as parents. 
Molecularr analysis of fusion products was carried out to obtain evidence for the occurrence 
off  parasexual recombination. The different fusion systems were compared and the one most 
suitablee for further analysis of the molecular basis of host-specificity was selected. 
Chapterr 5 describes pathogenicity tests and extensive molecular analysis of two fusion 
populations.. Interpretation of the data resulted in the identification of a set of molecular 
markersmarkers of which the presence was correlated with pathogenicity to 'Peter Pears'. The 
chromosomall  location of these markers was determined by Southern analysis using blots of 
pulsedd field gels (Birren and Lai, 1993) on which intact chromosomes were separated. 
Inn order to clone candidate genes involved in the difference in pathogenicity between the two 
parentall  isolates, markers identified in chapter 5 were used to select clones from a cosmid 
libraryy of the parent pathogenic to 'Peter Pears' (chapter 6). Amplified cDNA ends (Brady et 
al.,al., 1990) from in vitro grown fungus and from infected plant tissue were used to identify 
restrictionn fragments from selected cosmids harbouring coding sequences. The possibility 
thatt these fragments contain putative genes involved in pathogenicity to 'Peter Pears' was 
investigatedd by Southern analysis and sequence analysis. 
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