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SUMMARY Y 

Thee fungus Fusarium oxysporum causes serious economic losses in the cultivation of 
gladioluss around the world. Crop rotation, avoidance of excess of nitrogen supply, hot-water 
treatmentt of cormels, certification of corm lots on the basis of visual inspection and 
fungicidess treatment of planting material are control measures used to control the disease. 
Thesee measures, however, are not always sufficiently effective. Resistance breeding can 
stronglyy contribute to a better control of the disease. Improvement of the certification system 
requiress implementation of a specific detection assay that reveals the presence of non-visible, 
latentt infections of the disease. Both resistance breeding and the developments of a specific 
detectionn assay require insight in the genetic variation of the pathogen. In the first part 
(chapterr 2 and 3) of this thesis the characterisation of a large collection of field isolates in 
termss of differences in host specialisation and genetic relationships is described. In the 
secondd part (chapter 4,5 and 6) a further study on the molecular genetics underlying the 
differencee in host specialisation of two closely related isolates is described. Knowledge on 
thee molecular biology of host specificity might be used in the development of (molecular) 
resistancee breeding strategies, in further development of highly specific detection assays, in 
rationall  improvement of existing disease control methods and in the development of novel 
controll  strategies. 

Almostt one hundred field isolates of Fusarium oxysporum from gladiolus and other 
iridaceouss crops (iris, freesia, crocus, ixia), all considered to belong to the forma specialis 
gladioli,gladioli, were analysed for vegetative compatibility and for differences in host spectrum 
(chapterr 2). Also isolates obtained from diseased crocus corms showing so-called ' pseudo-
rust'' symptoms and considered to belong to a separate forma specialis {F. oxysporum f.sp. 
croci)croci) were incorporated in this study. When isolates are able to form a viable heterokaryotic 
myceliumm after fusion of hyphae (anastomosis) they are 'vegetative compatible'. Within 
F.oxysporumF.oxysporum vegetative compatible isolates are generally considered to be closely related. 
Vegetativee compatibility between all isolates of the collection was determined by 
complementationn tests using different nitrate non-utilising mutants. In this way six vegetative 
compatibilityy groups (VCG 0340-0345) were found to be present, of which two were single-
memberr VCGs. Some isolates were 'self-incompatible' and could therefore not be assigned 
too one of the VCGs. 

AA subset of thirty-five isolates, representing all VCGs and all original host crops, were tested 
forr pathogenicity on small-flowered gladiolus, large-flowered gladiolus, iris, crocus and 
freesia.. Per crop one cultivar was used. These pathogenicity tests revealed the occurrence of 
tenn distinct pathotypes, each with its own virulence spectrum on the five host genotypes. 
VCGG 0340 contained several pathotypes, while the other VCGs contained one pathotype 
each. . 

Thee 'pseudo-rust' isolates from crocus (F.oxysporum f.sp. croci) formed one of the 
pathotypess within VCG 0340 and were pathogenic to crocus only. The other pathotypes 
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withinn VCG 0340 were classified as F.oxysporum f.sp. gladioli. This led to the 
unprecedentedd situation of the existence of two formae speciales within one VCG. 
Furthermore,, most of the other pathotypes, although pathogenic to gladiolus to some extent, 
showedd preferences to other iridaceous crops. Therefore it was proposed to assign all isolates 
fromfrom iridaceous crops to a new forma specialis "F.oxysporum f.sp. iridacearum" and to 
considerr all pathotypes (including that of the 'pseudo-rust' isolates) physiologic races within 
thiss new forma specialis. 

Molecularr analysis of the collection isolates using both RFLP and AFLP (chapter 3) strongly 
supportedd the idea that VCGs should be considered distinct clonal lineages. Within VCG 
03400 a relatively large variation in DNA fingerprint patterns was observed. In fact four 
subclonall  lineages were apparent within this VCGs coinciding with race, except for one 
subclonall  lineage that consisted of two races (race 1 and race 2n). The AFLP data suggested 
thatt race 1, which was pathogenic to the large-flowered gladiolus 'Peter Pears' and to the 
small-floweredd gladiolus 'Nymph', might have evolved quite recently from race 2n, which 
wass not pathogenic to ' Peter Pears', but highly pathogenic to 'Nymph'. 

Racee 1 appeared to be the only race occurring world wide in large-flowered gladiolus. A 
detectionn assay for (latent) Fusarium infections in large-flowered gladiolus should therefore 
aimm at specifically detecting race 1. The other races within VCG0340 were identified as the 
closestt relatives from which race 1 should be distinguished by the assay. At the Bulb 
Researchh Centre a PCR-based assay has been developed which can specifically detect the 
presencee of race 1. 
inn large-flowered gladiolus race 1 should be used as the preferred test strain. When genotypes 
withh enhanced resistance are found their resistance to the other races should be checked. 
Whenn breeding for Fusarium resistance in one of the other iridaceous crops, the result of our 
studyy can also be used to select the relevant races. 

Too get further insight in the genetics underlying the difference in pathogenicity to large-
floweredd gladiolus 'Peter Pears' between race 1 and race 2n, a system was developed to 
enablee crossing of isolates of the two races. In chapter 4 it was demonstrated that parasexual 
recombinationn occurred after fusion of cells carrying different selection markers. Initially 
auxotrophicc selection markers, induced by UV-irradiation, were used and prototrophic fusion 
productss were obtained, both after anastomosis (hyphal fusion) and fusion of protoplasts. 
FusionFusion products showed non-parental combinations of RAPD- and AFLP-markers. However 
thee auxotrophic UV-mutants had loss their original pathogenicity, probably as a result of their 
auxotrophicc phenotype. Therefore it could not be checked whether the gene(s) of interest (i.e. 
thee gene(s) determining the difference in pathogenicity to 'Peter Pears') were not affected by 
thee UV-treatment In contrast with this, it was demonstrated that transformants, carrying 
antibioticc resistance selection markers, maintained the pathogenic phenotype of the wild type 
strains.. Protoplast fusions between transformants of the isolates G2 (race 1) and G6 (race 2n), 
carryingg different antibiotic resistance selection markers, resulted in stable double resistant 
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fusionn products. Also these fusion products showed non-parental combinations of molecular 
markers.. Furthermore, Southern-analysis of pulsed field gels, on which intact chromosomes 
weree separated, showed reshuffling of the parental chromosomes. 

TwoTwo fusion populations of transformants of the isolates G2 (race 1) and G6 (race 2n) were 
analysedd in detail(chapter 5). Pathogenicity tests with 'Peter Pears' and 'Nymph' revealed 
thatt only few fusion products showed one of both parental phenotypes. Many fusion products 
showedd an intermediate phenotype, being highly pathogenic to 'Nymph', but displaying 
reducedd pathogenicity to 'Peter Pears' at variable levels. This indicated that the difference in 
pathogenicityy to 'Peter Pears' is not determined by a single gene, but genetically more 
complex.. AFLP- and RAPD-analysis yielded two groups of markers of which the absence 
wass correlated with complete absence of pathogenicity to 'Peter Pears'. Markers from both 
groupss could be assigned to a 2.1-Mb chromosome of G2. Southern analyses strongly 
suggestedd that homologous sequences of (part) of this chromosome are absent in the race 2n 
parentall  isolate, indicating that these markers are located on a dispensable genomic region. 
Onee of the fusion products (encoded B7) differed from its race 1 parent only by the absence 
off  one of the two marker groups from the 2.1-Mb chromosome. Southern analyses and PFGE 
analysiss indicated that loss of this marker group probably reflected the occurrence of a 
deletionn of part of the 2.1-Mb chromosome, which resulted from a translocateonal event 
duringg the enforced fusion process. The fact that the concerning fusion product showed 
reducedd pathogenicity to 'Peter Pears' provided further circumstantial evidence for the 
presencee of pathogenicity genes in this dispensable region. 

Inn chapter 6 cloned marker fragments from this dispensable region were used to select clones 
fromfrom a cosmid library of G2. Several cosmids clones were selected and restriction fragments 
carryingg transcribed sequences were identified by hybridisation with labelled cDNA-ends 
isolatedd both from in vitro grown mycelium as well as from infected gladiolus corm tissue. 
TwoTwo restriction fragments from a single cosmid clone were arbitrarily chosen for cloning and 
sequencee analysis. Both fragment contained repetitive sequences which showed homology to 
knownn transposable elements from other fungi. In contrast with the two marker fragments 
presentt on the same cosmid, both cloned fragments appeared to be also present in G6 (race 
2n)) and fusion product B7 and were hence not carrying G2 specific genes. The concerning 
cosmidd is possibly located at one of the borders of the putative dispensable region. Further 
analysiss of this cosmid and three overlapping cosmids will elucidate whether this is indeed 
thee case and might reveal coding sequences present at the dispensable part of this contig. 
Whenn such sequences are found, knock-out and complementation experiments are required to 
obtainn direct evidence for their role in the pathogenicity to 'Peter Pears' of race 1 of 
F.oxysporumF.oxysporum f.sp. iridacearum. 
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