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SUMMARY 

In this thesis research on molecular aspects of the interaction between F. oxysporum f.sp. 

lycopersici and tomato is described. First we set out to find additional (circumstantial) 

evidence for the gene-for-gene nature of this interaction. Therefore, we set up a collection of 

fungal isolates and tomato lines enabling us to discriminate between the different races of F. 

oxysporum f.sp. lycopersici. Subsequently, race 1 and race 2 isolates from the collection were 

screened for vegetative compatibility and characterized by randomly amplified polymorphic 

DNA (RAPD) analysis to establish the identity and genetic diversity of the isolates (chapter 

2). Comparison of RAPD profiles revealed two main groups that coincide with vegetative 

compatibility groups (VCGs). In addition, several single member VCGs were identified, that 

could not be grouped in one of the two main RAPD clusters. This suggests that F. oxysporum 

f.sp. lycopersici is a polyphyletic taxon. 

To assign an avirulence genotype to race 1 isolates, they were tested for their virulence on 

line OT364. This line was selected because it shows resistance to race 2 isolates but, unlike 

most other race 2 resistant lines, susceptibility to race 1 isolates. In addition, to exclude the 

influence of other components than those related to the race specific resistance trait, we tested 

the race 1 isolates on a tomato line into which the 1-2 race specific resistance gene had been 

introduced. Both OT364 and the transgenic line were significantly affected by four race 1 

isolates, but not by seven others nor by any race 2 isolates. This result allowed a subdivision 

into two groups of race 1 isolates based on the presence or absence of an avirulence gene 

(avrI-2) corresponding to the 1-2 resistance gene(chapter 2). 

Next, a deletion mutagenesis approach was initiated to clone this avrI-2 gene from F. 

oxysporum f.sp. lycopersici. From a large scale gamma irradiation and selection program we 

identified one mutant able to break the 1-2 resistance due to loss of avirulence (chapter 3). 

Besides loss of avirulence this mutant showed reduced pathogenicity towards tomato plants 

without Fusarium resistance genes as well. To detect genomic alterations the mutant was 

compared with the original isolate by DNA analysis. Southern analysis on contour clamped 

electric field (CHEF) blots using chromosome specific probes demonstrated a chromosomal 

translocation in the mutant. RAPD and amplified fragment lenght polymorphism (AFLP) 

analysis identified several other genomic changes in the mutant (chapter 3). These appeared 

to have been generated by new insertions of a novel family of short interspersed nuclear 

elements (SINEs). This family of retroposons has been called Foxy (chapter 4). Features that 

make Foxy unique among other SINEs include the relative large distance between the 5' 

terminus and the RNA polymerase III binding site, and 5' terminal tetranucleotide repeats. 
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Both the number and the sequence of those repeats vary between individual members of the 

family. The genome of F. oxysporum f.sp. lycopersici contains at least 160 copies of Foxy. In 

the mutant 13 new Foxy insertions were identified. These observations together with the 

occurrence of many Foxy specific polymorphisms between isolates within a VCG and the 

presence of Foxy specific transcripts in the fungus indicate that Foxy is currently active and 

still may contribute to the genetic variability of F. oxysporum (chapter 4). 

Besides the molecular analysis of F. oxysporum f.sp. lycopersici and exploration of the first 

steps towards cloning of the avrI-2 gene, we also focused on the counteipart of the avrI-2 

gene in tomato, the Fusarium resistance gene 1-2. Recently, this gene was isolated and 

characterized (Simons et al., 1998). Characterization of 7-2 promoter activity could help to 

localize the actual site of action of the gene product and could lead to a better understanding 

of the resistance mechanism as well as to suggestions for other possible functions of 

resistance genes. Although 1-2 transcripts were undetectable by Northern blot analysis, RT-

PCR revealed that 1-2 and at least five 1-2 homologs are expressed in roots, stems and leaves 

of young tomato plants (chapter 5). Plants transformed with chimeric constructs containing a 

functional /-2 promoter fused to the ß-glucuronidase (GUS) reporter gene were used in 

detailed expression studies. GUS-activity was found in both inoculated and unchallenged 

plants; infection with F. oxysporum f.sp. lycopersici race 2 did not alter promoter activity. 

Histochemical analysis showed that the 1-2 promoter drives expression of the reporter gene in 

a cell layer at the base of the lateral root primordia, in mature roots, at the base of adventitious 

roots and in vascular tissue of stems, leaves and fruits. The vascular specific expression was 

confirmed by microscopical analysis, that revealed expression in endodermis, cambial zone, 

phloem, xylem parenchyma cells, premature xylem vessels and rays cells. In resistant plants 

fungal growth into this region of the vascular tissue is prevented suggesting a direct role of/-

2 in mediation the race 2 specific resistance response of tomato to F. oxysporum f.sp. 

lycopersici (chapter 5). 

Avirulence genes of the fungal leaf mold pathogen of tomato, Cladosporium fulvum, have 

been cloned. The products of the avirulence genes Avr9 and AvrA are the only factors 

necessary to elicit defence responses and to induce resistance in tomato lines containing the 

matching resistance genes Cf-9 and Cf-4, respectively. It was investigated, whether a 

resistance response to F. oxysporum f.sp. lycopersici could be triggered in tomato when this 

pathogen expresses Cladosporium fulvum avirulence genes (chapter 6). Transformants of F. 

oxysporum f.sp. lycopersici were obtained able to produce an active AVR9 elicitor. Near-

isogenic lines of tomato cv Moneymaker with or without the matching Cf-9 resistance gene, 

were inoculated with conidia of stable transformants expressing high levels of AVR9 elicitor. 

Both root inoculation and stem injection experiments with conidia of wild-type (Avr9~) and 

Avr9+ transformants of F. oxysporum f.sp. lycopersici showed equal disease development on 

both tomato lines (chapter 6). These results indicate that either C/-9-mediated AVR9 
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perception is absent in root and xylem tissue, or that C/-9-mediated defence responses are 

insufficient to restrict growth of the vascular pathogen F. oxysporum f.sp. lycopersici. 

Research will be continued to elucidate the molecular basis of the Fusarium oxysporum 

f.sp. lycopersici - tomato interaction and unravel the race specific interaction. 
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