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CHAPTER4 4 

Parasexuall  recombination between race 1 and race 2n 
isolatess of Fusarium oxysporum f.sp. iridacearum by 
hyphall  anastomosis and protoplasts fusion 

E.J.A.. ROEBROECK, J.R. BAO, N. ISASI & J.W.G. HELDENS 

ABSTRACT T 

TwoTwo relatively closely related isolates, one of race 1 and one of race 2n of Fusarium 
oxysporumoxysporum f.sp. iridacearum were chosen for further study of the genetics underlying host 
specialisation.. Accomplishment of parasexual crosses between these two isolates might make 
itt possible to further study these genetics. In this chapter we report on the development of 
systemss to produce parasexual recombinants between these two isolates. Auxotrophic 
mutantss could be induced by UV-treatment of spores. Fusion of vegetative cells of 
complementaryy auxotrophs either by hyphal anastomosis (both isolates belong to the same 
vegetativee compatibility group) or by PEG/Ca-mediated protoplast fusion, yielded 
prototrophicc fusion products, displaying irregular growth at reduced rates. These types of 
coloniess were considered heterokaryotic. From a small proportion of heterokaryotic colonies 
rapidlyy growing prototrophic mycelium emerged after prolonged incubation. These products 
maintainedd their prototrophic phenotype after sub-culturing and monospore-culturing. 
RAPD-- and AFLP-analysis revealed non-parental combinations of genetic markers in the 
progeny,, indicating that indeed parasexual recombination had occurred. Moreover, the 
observedd reassortment of molecular markers after hyphal anastomosis indicated that also in 
naturee parasexual recombination might play a role in the genetics of this fungus. AFLP 
analysiss revealed polymorphisms between UV-mutants illustrating the presence of many 
unwantedd genetic changes. Since the induced auxotrophies per se led to loss of pathogenicity, 
itt was impossible to check phenotypically whether or not the gene(s) of interests were 
affectedd by the UV-treatment. In contrast, transformation of both isolates with plasmids 
carryingg hygromycin B or phleomycin resistance genes resulted in stable antibiotic resistant 
transformants,, which maintained the pathogenic phenotype of the wild type strains. After 
protoplastt fusion of antibiotic resistant transformants, initially irregularly and slowly growing 
coloniess developed on double selective medium. From some of these colonies vigorously 
growingg mycelium emerged, which maintained its double resistant phenotype after sub-
culturingg and monospore-culturing. Fusion products showed reassortment of molecular 
markers.. Fusion and recombination frequencies varied considerably between different pairs 
off  transgenic parental strains. The best pairings yielded fusion and recombination frequencies 
highh enough to create populations of parasexual recombinants, which subsequently can be 
usedd to study the genetics of the difference in host specialisation between race 1 and race 2n 
off  F. oxysporum f.sp. iridacearum. 
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INTRODUCTIO N N 

Withinn a collection of pathogenic field isolates of Fusarium oxysporum (Schlecht.: Fr.) from 
iridaceouss crops six vegetative compatibility groups (VCGs 0340-0345), including two single 
memberr VCGs, were recognised. Within one of these VCGs (VCG 0340) five different 
physiologicc races were found (chapter 2). AFLP-analysis revealed four subclonal lineages 
withinn VCG 0340, three coinciding with distinct races and one accommodating isolates of 
bothh race 1 and race 2n isolates (chapter 3). These two races can easily be distinguished by 
theirr differential pathogenicity to the large flowered gladiolus cultivar 'Peter Pears'. This 
cultivarr is susceptible to race 1, but resistant to race 2n. 

Racee 1 was found to be distributed world wide within the culture of the economically 
importantt large-flowered gladiolus and is probably the dominant phenotype causing fusarium 
diseasee in this crop (chapter 2). The relatively close relationship between race 1 and race 2n 
isolatess may indicate that relatively simple genetic changes might have led to change in host 
genotypee specificity. Moreover, from the even closer mutual relationship of the race 1 
isolatess within the race 1/race 2n-subcluster it was postulated that race 1 isolates are possibly 
thee vegetative offspring of one common ancestor, which developed pathogenicity to large 
floweredd gladiolus. Unravelling the genetics underlying the difference in virulence between 
racee 1 and race 2n will provide insight in this process. Understanding of the genetics of race 
developmentt is desirable in relation to resistance breeding and, moreover, might lead to new 
strategiess of disease control. Furthermore, when genes involved in host specificity are 
identified,, they can serve as excellent target DNAs for the development of race specific 
detectionn assays. 

Althoughh genetic distances between race 1 and race 2n isolates as measured by AFLP are 
relativelyy small, they can not be considered isogenic, like isolates of race 1 and race 8 of 
VCGG 0022 of F. oxysporum f.sp. dianthi (Baayen et al., 1997), which show hardly any 
differencee in AFLP fingerprints (C. Waalwijk, pers. comm.). Race 1 and race 2n isolates of 
VCGG 0340 shared only about 85% of the 165 AFLP markers screened (chapter 3). A cloning 
strategyy based on genomic substraction was therefore considered not feasible. 
Inn other formae speciales like ff.spp. melonis and lycopersici, where races are identified by 
theirr ability to overcome single dominant plant resistance genes, it might be speculated that 
singlee dominant fungal avirulence genes determine race specificity. Since the two 
differentiall  gladiolus cultivars 'Peter Pears' and 'Nymph' belong to two different hybrid 
groupss with different wild Gladiolus species as ancestors (Ohri and Khoshoo, 1983) and are 
veryy difficult to interbreed, knowledge about the plant genetics involved in differential 
responsee the two gladiolus cultivars to race 1 and race 2n is not available. So, no clues were 
availablee about the nature (dominance of virulence or avirulence) or complexity of the 
geneticss determining the difference in the virulence between race 1 and race 2n. Cloning 
strategiess based on deletion or complementation were hence considered too risky. Moreover, 
aa complementation study involving the transformation of a race 1 isolate with a genomic 
cosmidd bank of a race 2n isolate and vise versa, would involve pathogenicity testing of an 
unpracticall  large number of transformants. 
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AA map based cloning strategy might offer a more attractive alternative. However, since 
FusariumFusarium oxysporwn (Schlecht.: Fr.) is an imperfect fungus, classical genetic analysis of 
hostt specificity of races, involving sexual crosses of isolates from different races, is not 
possible.. In order to study the genetics underlying the difference in host specialisation 
betweenn race 1 and race 2n of F.oxysporum f.sp. iridacearum we choose to set-up a system to 
enforcee parasexual crosses, comparable with a system suggested for Cladosporium fulvum 
(Arnauu and Oliver, 1996). Also for F. oxysporum genetic studies via parasexual 
recombinationn might be feasible. Buxton (1956) reported the recovery of recombinants from 
forcedd heterokaryons of complementary auxotrophic mutants from two different races of F. 
oxysporumoxysporum f.sp. pisi. Sanchez et ah (1976) and Sidhu and Webster (1979) were able to 
producee heterokaryons from complementary auxotrophic mutants of F.oxysporum f.sp. 
lycopersici,lycopersici, but did not report the occurrence of prototrophic recombinants. Later, Molnar et 
ahah (1985b) did demonstrate the occurrence of recombinant benomyl-resistant phenotypes by 
protoplastt fusion of auxotrophic mutants from the same wild type strain of F. oxysporum f.sp. 
lycopersici.lycopersici. Crosses between different strains, belonging either to different VCGs, different 
racess or even different formae speciales, were reported by Molnar et ah (1990), who also 
showedd that parasexual recombination might occur after hyphal anastomosis of auxotrophic 
mutants.. The use of UV-induced auxotrophies as selection markers has disadvantages like 
time-consumingg selection procedures because of their recessive nature, possible occurrence 
off  back-mutations and presence of additional, unwanted, mutations caused by the UV-
treatment.. The use of dominant selection markers like antibiotic resistances, introduced by 
transformation,, offered an attractive alternative in protoplast fusion experiments (Talbot et 
ah,ah, 1988). 

Thiss chapter describes the development of methods to enforce fusions between two isolates 
off  race 1 and race 2n from VCG 0340, using UV-induced auxotrophies as well as antibiotic 
resistancess obtained by transformation as selection markers. Practical aspects of both the 
productionn of mutants/transformants carrying selection markers and the production of fusion 
productss are presented. Pathogenicity tests and molecular analysis of mutant and 
transformantt strains are required to evaluate their suitability as parents. Molecular analysis of 
fusionn products was used to determine if recombination occurs and hence the developed 
fusionn system(s) can be applied to study the genetics of the difference in host specialisation 
betweenn the two physiologic races. 

MATERIAL SS AND METHOD S 

FungalFungal isolates and culture conditions. Two wild-type strains of Fusarium oxysporum f.sp. 
iridacearum,iridacearum, one of race 1 (G2) and one of race 2n (G6), were chosen as 'parents' for fusion 
experiments.. Wild type strains, selected mutants, transformants and fusion products were 
monosporedd and stored as soil cultures in glass tubes at 4°C. 
Sporee suspensions required for diverse purposes were produced as follows. Spores were 
harvestedd from 2 to 4 weeks old cultures on potato dextrose agar (PDA; Oxoid Unipath Ltd., 
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Basingstone,, England) incubated at 27°C in the dark, filtered through Ederol filter no.261 
(J.C.. Binzer, Hatzfeld/Eder, Germany) to remove mycelial fragments, washed and 
resuspendedd in sterile water. Spore concentration was assessed using a haemocytometer and 
suspensionss were diluted to the required concentrations. 

UV-treatmentUV-treatment and selection of auxotrophic mutants. Spore suspensions (100 j-tl of 103 spores 
ml"1)) of wild-type strains were plated on 9cm plates with PDA. After removal of lids, plates 
weree exposed for 5-10 minutes to an UV source (254 nm) at 40 cm distance resulting in 
survivall  percentages between 10% and 50%. After two days at 27°C in the dark colonies 
weree duplicated plated on CDA (Czapek Dox agar; Oxoid), containing nitrate as sole nitrogen 
source,, and on PDA. Initially peptone, yeast extract and casein hydrolysate (1 g l"1 each) were 
addedd to the PDA, but later this was found not necessary to enable growth of auxotrophic 
mutants.. After another two days strains showing no growth on CDA, but normal growth on 
PDAA were selected, monospored and tested on CDA plated with different nutritional 
amendmentss (1 g l"1). Auxotrophs were designated with a suffix of the concerning nutritional 
requirement. . 

PreparationPreparation of protoplasts. One ml of spore suspension (1-5 x 108 spores ml"1) was used to 
inoculatee 50 ml of potato dextrose broth (PDB; Difco laboratories, Detroit, MI, USA) in 300 
mll  Erlenmeyer flasks. Cultures were incubated for 16 hours at 27°C in the dark on an orbital 
shakerr at 150 rotations per minute (rpm) and filtered through Ederol filter no. 261. The 
filtrate,, mainly containing ungerminated spores, was discarded and the residue was scraped 
fromm the filters with a spatula and transferred to 50-ml tubes. Fresh weights of residues 
typicallyy were 200-500 mg. 10 ml of MSM (1M MgS04; 50mM maleic acid (pH5.8)) 
containingg 5 mg ml"1 NovoZym 234 (Novo Nordisk, Bagsraerd, Denmark) was added and 
tubess were vortexed briefly to homogenise suspensions. Tubes were capped and incubated 
horizontallyy for 2 hours at 30°C in an orbital shaker at 60 r.p.m. and filtered through Edelerol 
filterfilter  no. 261 to remove undigested germtubes and mycelium. After centrifugation for 15 min. 
att 1500 g protoplasts floated at the surface of the buffer, while cell wall debris was pelleted. 
Usingg a pipette with 1 ml pipette tips, protoplasts were resuspended by gently stirring and 
pipettingg up and down the supernatant, without disturbing the pellet. Resuspended protoplasts 
weree transferred to fresh 50-ml tubes. SNT (1 M Sorbitol; 0.1 M NaCl; 10 mM Tris.HCl (pH 
7.4))) was added to 50 ml and tubes were centrifiiged for 30 min at 1500 g at 4°C. Pellets were 
washedd twice with 50 ml SNT, centrifiiged for 10 min at 1500 g and finally resuspended in 
thee appropriate volume of osmotically stabilised buffer, depending on the purpose. 

Transformation.Transformation. A transformation protocol based on Punt and Van den Hondel (1992) was 
appliedd to introduce antibiotic resistance genes as selection markers. Plasmid vectors pAN7.1 
andd pAN8.1, carrying respectively a hygromycin B resistance gene (hph) from Escherichia 
colicoli and a phleomycin resistance gene (ble) from Streptoalloteichus hindustanus, both 
flankedd by the gpdA promoter from Aspergillus nidulans upstream and the A. nidulans trpC 
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transcriptionn termination signal downstream, were kindly provided by P.J. Punt and 
C.A.M.J.J.. van den Hondel (TNO, Rijswijk, the Netherlands). Protoplast suspensions of wild-
typee strains (1 ml of 107 pps ml"1) were washed twice with SNTC (1.2 M sorbitol; 3.5 mM 
NaCl;; 10 mM Tris.HCl (pH 7.5); 50 mM CaCl2) resuspended in 150 ml SNTC and 
transferredd to 15 ml centrifuge tubes. In a small volume (< 5 \i\) 5-10 u,g of vector DNA was 
addedd and tubes were left on ice for 30 minutes.. In three successive steps 250 u.1, 250 [i\  and 
8500 ul of 60% PEG-Ca (60% polyethylene glycol Mw 4000,50 mM CaCl2; 10 mM Tris.HCl; 
pHH 7.5) was added and suspensions were mixed gently each step by tapping the tubes with a 
finger.finger. After incubation on ice for 20 minutes, 8 ml of SNTC was added and mixed gently by 
invertingg the tubes several times. Tubes were centrifuged for 10 minutes at 1500 g and pellets 
weree resuspended in 0.5 ml SNTC. Of this suspension 100 ml aliquots were plated on CDA, 
osmoticallyy stabilised with 1 M sorbitol, containing either 100 mg ml"1 hygromycin B 
(Calbiochem-Novabiochem,, La Jolla, CA, USA) or 50 mg ml*1 phleomycin (Cayla, Toulouse, 
France).. Platings on PDA without sorbitol were used to check presence of spores in the 
protoplastt preparations. Platings on stabilised PDA without antibiotics were used to assess 
regenerationn frequencies of protoplasts. Plates were incubated at 27°C in the dark. After 3 to 
44 days, fast growing colonies appearing on selective media were transferred to fresh selective 
CDA.. When the antibiotic resistant phenotype was maintained, monospore cultures were 
madee on (non-selective) PDA. Antibiotic resistance was assessed by measuring radial growth 
andd transformants were checked for cross-resistance to the other antibiotic. 

HyphalHyphal anastomosis of auxotrophs . Four reservoirs were made in 9-cm CDA plates using a 
6-mmm cork borer. A 1:1:1:1 mixture of spore suspensions (106 spores ml"1) of both 
auxotrophicc parental strains, molten CDA and PDA (~50°C) was used to fill  the reservoirs 
andd plates were incubated at 27°C in the dark. From the edges of fast growing colonies, 
appearingg during an incubation period of 3 weeks, mycelium was transferred to fresh CDA 
plates.. When prototrophic growth was maintained, monospore isolations were made on PDA 
andd prototrophy of monospore culture was reconfirmed on CDA. 

ProtoplastProtoplast fusion of auxotrophs and transformants. Protoplast suspensions (107 pps ml",; 0.5 
mll  each) in SNT of parental strains were mixed and centrifuged at room temperature for 5 
minn at 1500 g. Supernatant was removed with a pipette and tubes were put on ice. Protoplasts 
weree resuspended in 1 ml of pre-chilled 30%PEG-Ca (30% polyethylene glycol Mw 4000; 10 
mMM CaCh; lOmM Tris-HCl (pH 7.5)) and left on ice for 30 minutes. Tubes were centrifuged 
forr 5 minutes at 1500g, supernatant was removed and pellets were resuspended in 1 ml of 
SNTT at 4°C. Samples were left on ice and diluted in cold SNT. After each dilution step 
suspensionn were homogenised by gently pipetting up and down. Platings on PDA without 
sorbitoll  were used to check for the presence of spores in the protoplast preparations. Platings 
onn stabilised PDA were used to assess regeneration frequencies of protoplasts. In fusion 
experimentss with auxotrophs, stabilised CDA was used as selective medium. In experiments 
withh antibiotic resistant transformants as parental strains, stabilised CDA containing both 
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hygromycinn B (100 mg ml"1) and phleomycin (50 mg ml ') was applied to select for fusion 
products.. In all fusion experiments protoplast mixtures treated with SNT instead of 30%PEG-
Caa and separate protoplast suspensions of both parental strains treated either with 30%PEG-
Caa or SNT served as controls. Plates were incubated at 27°C in the dark. Fast growing 
coloniess appearing on selective media were transferred to fresh plates with selective media 
withoutt sorbitol. When selective phenotype (prototrophy or double antibiotic resistance) was 
maintained,, monospore cultures were made on non-selective PDA and maintenance of 
phenotypee was checked before fusion products were numbered and stock cultures were 
prepared. . 

DNADNA isolation. DNA was extracted from isolated fungal protoplasts. Protoplasts were 
suspendedd in 1 ml SNT and centrifuged at 4000 rpm in a microcentrifuge for 5 min at room 
temperature.. Supernatant was removed using a pipette, 20-50ul of pelleted protoplast 
materiall  was resuspended in 200 |il SNT and used for DNA isolation with the Easy-DNA 
Ki tt (Invitrogen Corp., San Diego, CA, USA), following the DNA isolation and precipitation 
paragraphss from the small scale protocol for yeast cells, provided by the manufacturer. 
DNAA required for RAPD analysis was also isolated via a procedure based on Tennis et al. 
(1990).. About 50 mg of fresh weight mycelium from 3-4 days old PDB culture was 
transferredd to 1.5 ml micro tubes and incubated for 1 hour at 65 °C in 400 ml of lysis buffer 
(50mMM EDTA; 50 mM Tris.HCl (pH 7.2); 3% sodium dodecyl sulphate; 2% dithiothreitol). 
Thee buffer was extracted with an equal volume of chloroform: (TE-saturated) phenol: 
isoamyll  alcohol (25:24:1) and centrifuged for 5 min at 10,000 g. The aqueous phase was 
transferredd to a fresh tube and DNA was precipitated by adding 0.1 volume of 3M sodium 
acetatee and 0.6 volume of isopropanol and centrifuged for 5 min at 10,000 g. Supernatant was 
removedd and the pellet was washed once with cold 70% ethanol, air dried and dissolved in 50 
mll  TO.IE (10 mM Tris.HCl (pH 8.0); 0.1 mM EDTA). 

SouthernSouthern analysis. 3-5 mg of total DNA was digested with the required restriction enzyme(s) 
(Boehringerr Mannheim GmbH, Mannheim, Germany), electrophoresed on 0.8-1% agarose 
(Pronarosee Dl ; Hispanagar, Burgos, Spain) gels using standard techniques (Sambrook et al., 
1989)) and transferred to positively charged nylon membranes (Hybond N+; Amersham 
Internationall  pic, Littl e Chalfont, England), using alkaline blotting conditions described by 
thee manufacturer. After blotting, membranes were briefly washed twice in 2 x SSC 
(Sambrookk et al., 1989), air dried and used either directly or stored in a dry place at room 
temperaturee between clean sheets of filter paper. 
Probess were either digoxigenin-11-dUTP labelled by direct PCR-labelling or labelled with 
[<x32P]]  dATP (ICN Pharmaceuticals Inc., Radiochemical Division, Irvine, CA, USA) by 
randomm primed labelling. CD?-Star was used as chemiluminescent substrate for alkaline 
phosphatase.. All materials (except [a P] dATP) required for labelling, hybridisation, 
washing,, blocking and signal detection (except for the radioactive label) were obtained from 
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Bochringerr Mannheim and procedures were carried out according to the manufacturer's 
instructions. . 

RAPDRAPD analysis. Random amplified polymorphic DNAs (Williams et al., 1990) were 
generatedd using 10-mer oligonucleotide primers obtained from Operon technologies, Inc., 
Alameda,, CA, USA (Kit A-H). Primer codes and nucleotide sequences (51 to 3') of the 
primerss showing polymorphism between the two parental isolates and selected to analyse 
fusionn products were: OPA-01= CAGGCCCTTC; OPB-14 = TCCGCTCTGG; OPE-20 = 
AACGGTGACC;; OPF-13 = GGCTGCAGAA; OPG-12 = CAGCTCACGA; OPG-15 = 
ACTGGGACTC. . 
PCRR reaction mixtures (final volume 50 ml) consisted of 5 ml of fungal DNA preparation 
(50-1000 ng), 2 ml of RAPD-primer (10 pmol ml"1), 5 ml of 10 x PCR buffer (15 mM MgCI2; 
5000 mM KC1; 0.1% (w/v) gelatine; 1% Triton X-100; 100 mM Tris.HCl [pH 9.0]), 2 ml of 
dNTPss (2.5 mM each), 0.05 ml of Taq polymerase (SuperTaq 5U/ml; HT Biotechnology 
Ltd.,, Cambridge, England) and 35.95 ml of water. Reaction mixtures were covered with 100 
mll  of mineral oil and PCR was performed in a Omnigene thermal cycler (Hybaid Ltd., 
Teddington,, England) in 35 cycles after initial denaruration for 4 min at 94°C. Each cycle 
consistedd of 30 s denaruration at 94°C, 40 s annealing at 35°C and 2 min extension 
att 72°C. The last cycle had a final extension at 72°C for 10 min. Amplification products were 
electrophorisedd on 1.5% agarose (Pronarose Dl) containing 0.5 mg ml"1 ethidium bromide in 
0.55 x TBE (Sambrook et al., 1989) at 4-5 V cm"1 for 2 hours and gels were photographed on a 
UVV trans-illuminator. 

AFLPAFLP analysis. Digestion of DNA, ligation of adapters and AFLP reactions in two steps were 
performedd as described by Vos et al. (1995). Preamplification reactions were performed in a 
volumee of 20 ml with non-labelled primers without selective nucleotides. Preamplification 
productss were diluted 10-fold with T0.1E (lOmM Tris.HCl (pH 8.0); 0.1 mM EDTA) and 
storedd at -20°C. The second (selective) amplification reactions were performed with primers 
containingg two selective nucleotides at the 3'-end. £coRI-primers were radioactively labelled 
withh ["/"PJATP. PCR reactions were performed in a PE-9600 thermal cycler (Perkin Elmer 
Corp.,, Norwalk, CT, USA). 

Reactionn products from selective amplification reactions were denaturated in formamide dye 
andd analysed on 5% polyacrylamide gels at constant power (55 W) for ~2 hours and 15 
minutess on a SequiGen 21 x 50 cm sequencing gel system (BioRad Laboratories Inc., 
Hercules,, CA, USA). After electrophoresis gels were transferred to blot absorbent filter paper 
(BioRadd Laboratories Inc., Hercules, CA, USA), dried on a model 583 gel dryer (BioRad 
Laboratoriess Inc., Hercules, CA, USA) and exposed to Biomax MR-1 films (Eastman Kodak 
company,, Rochester, NY, USA.) for 48 hours. 

PulsedPulsed Field Gel Electrophoresis. Chromosomal DNA preparations were obtained as 
follows.:: Protoplasts were resuspended in STE (1 M sorbitol; 25 mM Tris.HCl (pH 7.5) ; 50 
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mMM EDTA) at a concentration of 2-4 x 108 pps ml"1, warmed up to 37°C and mixed with an 
equall  volume of 1.2% InCert agarose (FMC BioProducts, Rockland, ME, USA) in STE held 
att 50°C. Mixtures were pipetted into disposable plug molds (Bio-Rad Laboratories Inc., 
Hercules,, CA, USA) and solidified at 4°C for 10 min. Plugs (1.5 x 5 x 10 mm) were pushed 
outt of molds and transferred to 1.5 ml micro tubes (one plug per tube) containing 1 ml of 
NDSS digestion buffer (0.5 M EDTA; 0.1 M Tris.HCl (pH 9.5); 1% (w/v) Lauroylsarcosine) 
withh 0.2 mg ml"1 proteinase K (Birren and Lai, 1993). Plugs were incubated for 48 h at 50°C 
withh replacement of NDS after 24 h. After two successive washes of at least two hours in 50 
mMM EDTA (pH 8.0), plugs were stored in 50 mM EDTA (pH8.0) at 4°C for up to 6 months. 
Priorr to electrophoresis plugs were washed once in electrophoresis buffer and transferred to 
wellss in 1% Seakem Gold (FMC BioProducts) agarose in 0.5 x TBE (Sambrook et al, 1989). 
PFGEE was carried out by contour-clamped homogeneous electric field (CHEF) 
electrophoresiss (Vollrath and Davis, 1987) using the CHEF DR-II system (Bio-Rad 
Laboratories).. Electrophoresis was performed either at 4°C, 1.5 V cm"1 with switching 
intervalss increasing from 1200 to 4800 s, during a period of 236 h with replacement of 
electrophoresiss buffer every two days (10 day run) or at 4°C, 2 V cm', switching intervals 
fromm 900-1800 sec for 164 hours (7 day run). As size standards chromosomal DNA 
preparationss of Saccharomyces cerevisiae and Schizosaccharomyces pombe (FMC 
BioProducts)) were used. After electrophoresis gels were stained in ethidium bromide (1 ml 
ml"1)) for 30 min, UV irradiated for 2 minutes to induce nicking of the chromosomal DNA, 
de-stainedd for 1 hour in water, photographed, incubated in alkaline blotting solution (0.4 M 
NaOH;; 1.5 M NaCl) for 15 minutes and blotted to positively charged nylon membranes 
(Hybondd N+) for 24-48 h. After blotting, membranes were washed briefly twice in 2 x SSC 
(Sambrookk et al, 1989) and air dried. Hybridisation experiments were conducted as 
describedd in the paragraph on Southern analysis. 

PathogenicityPathogenicity tests. Spore suspensions of 10 spores ml" were used to inoculate corms of the 
twoo differential gladiolus cultivars 'Peter Pears', susceptible to race 1 (isolate G2), but 
resistantt to race 2n (isolate G6) and 'Nymph', susceptible to both parental races. Plant 
material,, inoculation technique and greenhouse conditions were as described for testing of 
fieldfield isolates (chapter 2). Disease development was scored visually six weeks after planting. 
Testss were carried out under quarantine measures. 

RESULTS S 
FusionFusion of auxotrophs. Auxotrophic UV-mutants were obtained at frequencies of 0.5-1%, 
whichh is comparable to those reported for F. oxysporum f.sp. pisi (Buxton, 1956) and F. 
moniliformemoniliforme (Puhalla and Spieth, 1983). A leucine requiring mutant of isolates G2 (G2leu) 
andd an adenine-requiring mutant of isolate G6 (G6ade) was used in both hyphal anastomosis 
andd protoplast fusion experiments. In hyphal anastomosis experiments, dense mycelium 
developedd after several days on the edges of reservoirs, but only on plates to which mixtures 
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Figur ee 1. A: Hyphal fusion of complementary auxotrophic mutants G2Ieu x G6ade' from isolates G2 (race 
1)) and G6 (race 2n) of Fusarium oxysporum f.sp. iridacearum. Heterokaryotic mycelium (hm) with restricted 
growthh developed only in wells containing mixtures (right Petri dish). From some wells fast growing 
recombinantt mycelium (rm) emerged. B: Hyphal fusion of complementary auxotrophic mutants Glade x 
Gdprd.Gdprd. Glade control plate (left) shows the presence of a back-mutant (bm). Gèpro" control plate (middle) 
showss background growth (bg) of this particular auxotroph. Heterokaryotic mycelium (hm) developed from 
wellss containing spore mixtures, but this grew relatively fast compared to the heterokaryotic mycelium that 
developedd from the combination shown in panel A. C: Protoplast fusion of G21eu" x G6ade'. 3-week-old culture 
off  stabilised CDA medium. Small heterokaryotic colonies (he) developed from which some produced fast 
growingg recombinant mycelium (rm). D: Protoplast fusion of Glpll x G6hl; 10 days old culture of selective 
stabilisedd CDA. E: Heterokaryotic mycelium (hm) from fused transformants to fresh double selective CDA 
displayingg irregular growth (5cm Petri dish, 2 weeks after transfer). 
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off  both parental strains had been applied. Growth of this mycelium, however, was restricted 
andd did not extend to more than a few mm's at the end of the experiments after 3 weeks 
(figuree 1A). After one week of incubation fast growing colonies, emerging from the dense 
mycelium,, were observed. In the second and third week faster growing colonies (figure 1A) 
occurredd and at the end of the experiments one third to one half of the reservoirs had 
producedd such colonies. In control plates, containing the two parental strains separately, 
neitherr dense mycelium nor fast growing colonies were observed. After transfer to fresh CDA 
platess all presumed fusion products maintained their wild type growth rate, as did their 
monosporee cultures. 

Comparablee experiments with UV-mutants carrying other auxotrophic markers were less 
successful.. Some auxotrophic UV-mutants showed leaky growth on CDA or back-mutations 
occurredd (figure IB). In contrast to the combination of Glleu' and G6ade\ other 
combinationss developed moderately fast growing mycelium emerging from reservoirs 
containingg spore mixtures (figure IB). When transferred to fresh CDA plates generally either 
noo growth or again a moderate growth rate was observed. Moderately fast growing colonies 
displayedd a more ragged growth than wild types and fast growing prototrophic fusion 
products.. Only incidentally fast growing colonies were recovered, which maintained their 
prototrophicc phenotype after monosporing. Also in the intra strain combination of Glleu' and 
GladeGlade irregularly growing mycelium developed from reservoirs containing mixed spores, 
whichh maintain a growth rate of about 50% of that of the wild type. Spores harvested from 
thesee colonies showed one of both parental auxotrophic phenotypes at unbalanced ratios. 
Inn protoplast fusion experiments with Glleu and G6ade' small prototrophic colonies 
developedd on stabilised CDA plates after 3 days of incubation, only from PEG-treated 
protoplastt mixtures. Regeneration frequencies of protoplasts varied between 3 and 15%. 
Fusionn frequencies calculated from number of colonies on selective CDA and non-selective 
PDAA plates were 2-20%. The prototrophic colonies on stabilised CDA showed strongly 
restrictedd growth, limiting colony diameters to about two millimetres after 3 weeks of 
incubationn (figure 1C). From some of the restricted colonies fast growing prototrophic 
myceliumm (figure 1C) developed, starting after about one week. At the end of the 
experiments,, after 3 weeks, fast growing mycelium had emerged from 2-5% of the small 
colonies.. Molnar et al. (1985a) reported a fusion frequency of 7% after PEG-treatment of 
protoplastt of complementary auxotrophs and that about 5% of the hybrid colonies started to 
groww vigorously. Fast growing colonies maintained their prototrophic phenotype, when 
transferredd to fresh CDA plates and after monospore cultures were prepared. From 
protoplastss of both parental strains plated separately, or protoplast mixtures without PEG 
treatment,, prototrophic colonies were never observed on stabilised CDA, indicating that 
neitherr back-mutation nor cross-feeding occurred. Like in the hyphal anastomosis 
experimentss combinations of UV-mutants carrying other auxotrophic makers were less 
successfull  due to either back-ground growth, back-mutations, instability of prototrophic 
phenotypess after transfer or monospore culturing or a combination of these phenomena. 
Fusionn experiments with Glleu and Glade' resulted in prototrophic colonies on stabilised 
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CDAA with a moderate growth rate which was maintained after transfer to fresh CDA plates. 
Sporess harvested from these fusion products only showed parental auxotrophic phenotypes. 
Thee two auxotrophic mutants Glleu and G6ade showed complete loss of pathogenicity to 
bothh differential gladiolus cultivars, possibly as a direct result from their auxotrophy, since 
thee few fusion products which were tested simultaneously were found to be pathogenic to 
bothh cultivars (data not shown). 

TransformationTransformation with selection markers. Transformation of protoplasts of both wild type 
strainss G2 and G6 with plasmid vectors pAN7.1 (carrying a hygromycin B resistance gene) 
andd pAN8.1 (carrying a phleomycin resistance gene), resulted in stable transgenic 
phenotypes.. Transformation efficiency was low, ranging from 0.5 - 5 transformants per mg of 
vectorr DNA, but sufficiently high for our purpose. Most transformants were stable in 
phenotypee when transferred from selective stabilised medium to fresh selective medium and 
afterr monospore culturing on non-selective medium. Hygromycin B resistant transformants 
didd not show any reduction in radial growth on CDA with 100 mg ml" hygromycin B (radial 
growthh at 27°C was ~7 mm day" ), while mycelial growth of wild type strains was completely 
inhibited.. Phleomycin resistant transformants also grew evenly well on CDA with 50 mg ml"1 

phleomycinn as on plain CDA, while wild type strain were strongly inhibited (radial growth at 
27°CC was < 1 mm day"1). Tests for cross-resistance against the other antibiotic were always 
negative. . 

Integrationn of vector DNA into the genome of fungal host strains was demonstrated by 
hybridisationn of blots from pulsed field gels with vector DNA (figure 2). Randomly labelled 
insertt DNA from pAN7.1 was used as probe. Due to the presence of the gpdA promoter and 
thee trpC transcription termination signal in both pAN7.1 and pAN8.1 cross hybridisation 
occurred.. From the twelve transformants analysed eight showed a signal after hybridisation 
off  PFGE blots with DIG-labelled vector DNA. In three of these transformants integration was 
observedd in chromosomes present in chromosomal band III (~ 4.9 Mb), while in another three 
transformantss vector DNA hybridised to chromosomal band VII (~ 2.8 Mb) (examples in 
figurefigure 2). The remaining two displayed integration of vector DNA chromosomal bands I and 
VV (not shown). PFGE revealed that transformation could induce chromosome length 
polymorphism.. In one of the twelve transformants analysed by PFGE a change in 
electrophoreticc karyotype was observed. In transformant G2h\2 the chromosomal band VI 
(~3.33 Mb) present in the wild type was missing, while a new smaller band (~2.9 Mb) 
appearedd (figure 2C). Changes in chromosome length provoked by genetic transformation 
havee also been reported for Nectria haematococca (Kistler and Benny 1992). 
Southernn blots of digested total DNA demonstrated differences in integration patterns 
betweenn different transformants. Both single copy and multicopy integrations, including 
tandemm repeat integrations, occurred (data not shown), but also transformants possessing 
multicopyy integrations showed hybridisation of vector DNA only with a single chromosomal 
bandd on PFGE blots (e.g. G6h\ in figure 2), indicating that the multicopy integrations were 
nott scattered throughout the genome. Inoculation experiments with four transformants of 
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eachh wild type showed no differences in pathogenicity between transformants and wild type 
strains. . 

ProtoplastProtoplast fusion of complementary transformants. Protoplast fusion experiments with 
differentt pairs of antibiotic resistant transformants showed large variation with respect to 
regenerationn (1-15%), fusion (0.01-2.5%) and recombination (0-1.6%) frequencies. On 
selectivee medium, containing both antibiotics, small colonies were observed after 3 days of 
incubation,, but only when PEG-treated protoplast mixtures of both parents were plated. 
Controll  treatment sometimes showed some background growth due to the fact that 
phleomycinn did not result in a 100% inhibition of the hygromycin B resistant parent, but 
thesee colonies developed two to four days later en could easily be distinguished from 
presumedd fusion products. Colonies presumably resulting from protoplast fusion were 
tentativelyy regarded as heterokaryotic. Like colonies observed after fusion of auxotrophs their 
growthh was restricted and irregular. Also the emergence of rapidly growing colonies from 
somee of the restricted colonies resembled the situations described for protoplast fusions of 
auxotrophs.. These fast growing colonies (figure ID) maintained their double resistant 
phenotypee after transfer to fresh selective medium and after monosporing on non-selective 
mediumm and were presumed to be recombinants of both parental strains. On the original Petri 
dishess with stabilised double selective regeneration medium, fast growing colonies covered 
thee plate within a few days, making it impossible to select recombinants emerging later on the 
samee plate. To increase the number of independent double resistant fast growing fusion 
productss obtained from each 9 cm Petri dish several 1 x 1 cm agar blocks containing 
presumedd heterokaryotic colonies were transferred to separate 5 cm Petri dishes containing 
CDAA without sorbitol but with both antibiotics. From the transferred agar blocks again 
irregularlyy and slow (2-4 mm day"1) growing mycelium emerged (figure IE). Transfer of 
smalll  (~1 x 1 mm) mycelial blocks from the edge of the irregularly growing mycelium often 
resultedd in loss of the double resistant phenotype. Within two weeks on some of the plates 
fastt growing sectors appeared, which were transferred to fresh double selective plates on 
whichh they remained their fast growing double resistant phenotype 

Presumedd recombinant fusion products showed no differences in radial growth rate on CDA 
withh one, both or any antibiotic (on all media radial growth was ~7 mm day "' at 27°C). 
Hybridisationn of PFGE-blots with vector DNA showed the presence of the chromosomal 
bandss containing vector DNA of both fusion partners within a fusion product (figure 2). The 
pairr of transformants from which most easily fusion products were obtained, G2p22 
(phleomycinn resistant) and G6M (hygromycin B resistant) showed regeneration frequencies 
off  5-15%, fusion frequencies (relative number of small fusion colonies on stabilised CDA 
withh both antibiotics compared to that on stabilised PDA) of 1% and recombination 
frequenciesfrequencies (percentage of small fusion colonies producing fast growing mycelium) of 1.5%. 
Progenyy from these two parental strains was chosen for further analysis. To anticipate 
problemss occurring when by chance the gene(s) involved are physically linked to one of the 
selectionn markers, a 'reciprocal' crossing was made using the transformants G2A12 and G/>8 
ass parents. In G2h\2 and G6/tl the selection marker gene is inserted in chromosomal band 
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Figur ee 2. Pulsed field gel electrophoresis of fusion products and parental strains. Panels A and C show gels 
afterr electrophoresis (Panel A: 10 day run; Panel C: 7 day run). Panels B and D show the corresponding 
autoradiogramss of blotted PFGE-gels hybridised with labelled vector DNA (insert of pAN7.1). Panels A and B 
showw integration of vector DNA in chromosomal band III of parental strain G2p22 and in chromosomal band 
VIII  of Gotland in both chromosomal bands III and VII of fusion products. Panels C and D show the 
'reciprocal'' situation in the parental strains G2M2 and G6p8. Also note the chromosomal length polymorphism 
off  G2A12 compared to the wild type isolate G2: chromosomal band VI was absent, while a smaller 
chromosomall  band (indicated by the white arrowhead) appeared. Chromosomal bands were numbered from 
largee to small on the basis of the 10 day run (panel A). After the 7-day run, which gave optimal resolution for 
thee medium size chromosomes, the two chromosomes of chromosomal band VII I were resolved. 
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VII ,, while in G2/>22 and G6p8 chromosomal band III hybridised with DNA of the selection 
markerr gene (figure 2). 

RAPD-RAPD- and AFLP-analysis of fusion products. RAPD analysis of fusion products from 
hyphall  anastomosis and protoplast fusion of the auxotrophic UV-mutants Glleu and G6ade 
andd from protoplast fusion of the antibiotic resistant transformants G2p22 and G6hl showed 
thee occurrence of non-parental combinations of RAPD markers in the progeny (table 1), 
indicatingg the exchange of genetic material. Also AFLP-markers generated with the primer 
sett fscoRI+TA/A/sel+AT showed reassortment of markers in these progenies. Examples of 
amplificationn products from RAPD-analysis (agarose gel) and AFLP-analysis 
(autoradiogram)) from fusion products from auxotrophs, displaying reassortment of molecular 
markerss and illustrating the difference in power of both techniques, are presented in figure 3. 
AFLP-analysiss also revealed some polymorphisms between wild type isolates and 
auxotrophicc UV-mutants (figure 3B). 

DISCUSSION N 

Fusionn of complementary auxotrophic UV-mutants of the two isolates G2 (race 1) and G6 
(racee 2n) from F. oxysporum f.sp. gladioli, either by hyphal anastomosis or PEG/Ca-mediated 
protoplastt fusion led to the development of prototrophic mycelium displaying irregular and 
retardedd growth. Spores harvested from these fusant colonies only yielded parental 
auxotrophicc phenotypes. Therefore these colonies were considered heterokaryotic. The 
observedd variation in growth rate of heterokaryotic colonies on minimal medium depended 
onn the auxotrophic parents, which was also reported for F. oxysporum f.sp. (radicis) 
lycopersicilycopersici (Sanchez et ai, 1976 and Sidhu and Webster, 1979). 

Sincee isolates G2 and G6 are vegetative compatible (chapter 3) it is likely that in the hyphal 
fusionn experiments prototrophic growth indeed resulted from heterokaryon formation after 
anastomosiss of the two parental auxotrophs. Nevertheless it could not be ruled out that 
aberrantt prototrophic mycelium resulted from cross-feeding. Prototrophic growth from 
isolatedd hyphal tip cells would have evidenced heterokaryosis, but transfer of hyphal tips 
resultedd in loss of prototrophy, as did often transfer of small mycelial blocks from the edges 
off  these colonies. These findings, however, might be explained by the assumption that 
anastomosiss between hyphal cells does not occur near the hyphal tips as claimed by Buxton 
(1954)) , but is confined to the area several millimetres from the edge as concluded by 
Hoffmann (1967) for F. oxysporum f.sp. callistephi and observed for F. moniliforme by 
Puhallaa and Spieth (1983). Our finding that the same type of aberrant prototrophic colonies 
developedd after PEG/Ca protoplast fusion, while control treatments without PEG/Ca did not 
showw any prototrophic colonies, strongly supports the idea that these colonies should be 
consideredd heterokaryotic. The aberrant growth characteristic might well be the result of 
limitationn of heterokaryosis to the anastomosed cells and the requirement of continued hyphal 
anastomosiss to maintain the heterokaryotic colony. Growth of homokaryotic, and hence 

58 8 



CHAPTERR 4 

Tab l ee 1. Molecular analysis of fusion products from hyphal anastomosis and protoplast fusion of auxotrophic 
mutantss and from protoplast fusion of antibiotic resistant transformants of isolates G2 (race 1) and G6 (race 2n) 
off  Fusarium oxysporum f.sp. iridacearum by random amplified polymorphic DNAs (RAPD). Presence (+) or 
absencee (-) of amplified RAPD fragments showing polymorphism between the two wild type strains is 
indicated. . 

RAPDRAPD markers 

primerr code' OPA-01 OPF-13 OPF-13 OPG-12 OPG-12 
ampliconn size (bp) 11 SO 

Wil dd types 

G22 + 
G6 6 

Auxotrophi cc UV -mutants 

ParentalParental strains 
QlleuQlleu + 
G6ade' G6ade' 

HvphalHvphal fusion products 
+ + 
+ + 
+ + 
+ + 
+ + 

ProtoplastProtoplast fusion products 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
--

700 0 

+ + 

--

+ + 
--

+ + 
+ + 

--
--
--

+ + 
--
--
+ + 
--
--
--
--
--
+ + 
+ + 

Antibioti cc resistant transformants 

ParentalParental strains 
G2p222 + 
G6hl l 

ProtoplastProtoplast fusion products 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
~ ~ 

nt t 
nt t 

nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 

950 0 

+ + 

--

+ + 
--

+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

--
+ + 

nt t 
nt t 

nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 

600 0 

+ + 

--

+ + 
--

+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
--

+ + 
--

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

1200 0 

+ + 

--

+ + 
--

+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
--

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

OPB-14OPE-20OPG-15 5 
1600 0 

. . 
+ + 

--
+ + 

--
--
+ + 
--
--

--
+ + 

--
+ + 
--
+ + 

--
+ + 

--
--
+ + 

--
+ + 

+ + 
+ + 

--
--
--
--
+ + 

700 0 

. . 
+ + 

--
+ + 

--
--
+ + 
+ + 

--

nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 

nt t 
nt t 

nt t 
nt t 
nt t 
nt t 
nt t 
nt t 
nt t 

550 0 

. . 
+ + 

--
+ + 

nt t 
nt t 
nt t 
nt t 
nt t 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

--
+ + 

--
+ + 
+ + 
+ + 
--
--
+ + 

11 Codes of primers correspond with those given by the manufacturer (Operon technologies Inc., Alameda, CA, 
USA);; nt = not tested. 
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^^ ĝ protoplast fusion products 

aa o 

„g^^  *tnf ' 

240 0 

190 0 

Figur ee 3. RAPD and AFLP analysis of parental isolates and fusion products from the auxotrophic UV-
mutantss G21eu" and G6ade . RAPD fragments were generated using 10-mer primers OPB-14 (panel A) and 
OPF-133 (panel B). AFLP fragments were generated using the selective AFLP primers f'coRl+TA and Msel+AT 
(panell  C). Fusion products showed non-parental combinations of markers. Note AFLP polymorphisms between 
wildd type isolate G6 and its auxotrophic UV-mutant G6ade . 

auxotrophic,, tip cells on minimal medium might then be explained by intercellular 
translocationn of the required nutrients as suggested by Puhalla and Speith (1983), or by 
intercellularr translocation of the complementary enzymes encoded by the transgenes. 
Fromm aberrant prototrophic colonies occasionally rapidly growing mycelium could develop. 
Especiallyy from pairings producing heterokarayotic colonies with strongly reduced growth 
rates,, this type of mycelium was easily recovered. Fast growing mycelium showed 
maintenancee of prototrophic phenotype after transfer and monospore culturing, indicating 
thatt they can be considered parasexual recombinants. Although we did not directly detect the 
diploidd state or the haploidisation process, observations that Puhalla (1981) considered 
necessaryy proof of parasexuality, the observed reassortment of RAPD- and AFLP-markers in 
thee stable prototrophic fusion products strongly evidenced the occurrence of a parasexual 
cycle.. Likewise did the observed segregation of benomyl-resistance markers in comparable 
fusionn experiments of auxotrophic mutants presented by Molnar et al. (1985b and 1990) 
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providedd strong, although indirect, proof of pansexuality in F.oxysporum. Direct proof of 
thee parasexual process by cytological observation of karyogamy and haploidisation through 
non-meioticc mechanisms might be extremely difficult to provide, since these stages appear to 
bee transient as already suggested by Hoffmann (1967). 
Resultss from protoplast fusions of complementary antibiotic resistant transformants were 
fullyy in line with those of hyphal and protoplast fusions of auxotrophs. Fusion led initially to 
thee formation of irregular and slow growing presumably heterokaryotic colonies on double 
selectivee medium. Incidentally fast growing stable double resistant mycelia emerged, 
showingg reassortment of molecular markers. The observation that fusion products possessed 
bothh parental chromosomes carrying selection marker genes also demonstrated that at least 
reshufflingg of parental chromosomes occurred. Occurrence of recombination by mitotic 
crossing-over,, either of homologous or heterologous chromosomes, was not demonstrated or 
requiress segregation analysis of a larger number of molecular markers in a larger fusion 
population. . 

Thee observed variations in growth rates of heterokaryotic colonies, protoplast fusion 
frequenciess and recombination frequencies were not further analysed. Only the best parental 
pairss were selected to obtain fusion populations large enough for further work. These 
populationss might enable the study of linkage between molecular markers (RAPDs, AFLPs) 
andd the gene(s) involved in the difference in host specialisation between race 1 and race 2n of 
F.F. oxysporum f.sp. iridacearum. Progeny from parasexual crosses of antibiotic resistant 
transformantss were preferred in this respect, since it was possible to demonstrate maintenance 
off  the pathogenic phenotype of the transformant strains. Although the observed pathogenicity 
off  fusion products from auxotrophs suggested that loss of pathogenicity of the auxotrophic 
parentss was probably due to their auxotrophy per se, a direct test would have been preferable. 
Polymorphismm of AFLP-markers between wild type strains and UV-mutants indicated that, 
besidee the desired mutation leading to auxotrophy, probably (many) other genetic changes 
havee been induced by UV-irradiation. In analogy with this, y-irradiation of F. oxysporum f.sp. 
lycopersicilycopersici was demonstrated to induce genomic rearrangements of this fungus (Mes et al, 
1999b).. Another advantage of the antibiotic resistant transformants was that we were able to 
selectt two pairs of parental transformants, showing 'reciprocal' chromosomal integration of 
selectionn marker genes. This will make it possible to find out whether selection marker genes 
andd the gene(s) of interest are accidentally linked. If so, the chromosome containing the 
gene(s)) of interest can be identified easily, presuming that the difference in host specialisation 
betweenn both races is determined by a single gene (or gene cluster). Otherwise, molecular 
markerr (AFLP-, RAPD-) analysis of recombinant progeny might make it feasible to identify 
thee chromosome on which the gene(cluster) is located. When in addition extensive 
segregationn analysis will make it possible to demonstrate occurrence of mitotic crossing-over, 
aa map of molecular markers linked to the gene of interest can be constructed and cloning of 
thee gene might be achieved by chromosome walking (Arneau and Oliver, 1996; An et aL, 
1996).. However, the frequency of mitotic crossing over will probably be too low. In 
AspergillusAspergillus nidulans a 'high' frequency of mitotic crossing over of 10~3 per diploid nucleus 
wass reported (Bos, 1996). Considering the presumably transient nature of the diploid state in 
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thee fusion system described in this chapter, recombination of molecular markers on the same 
chromosomee by mitotic crossing over will be probably too scarce in the fusion population. In 
thatt case, introduction of selection markers distal on the chromosome of interest are required 
too be able to select fusion products in which mitotic crossing over in the particular 
chromosomee had occurred, comparable to systems for mitotic mapping developed for e.g. 
AspergillusAspergillus niger (Debets et al, 1993; Bos, 1996). 
Alternativelyy assignment of the gene of interest to a specific chromosome might enable a 
complementationn based cloning strategy. The molecular size of chromosomes of the two 
isolatess studied, as estimated by PFGE was 1.7-7 Mb (figure 2). This might make it 
practicallyy achievable to set up a complementation-based approach. In theory, analysis of 
150-7000 transformants of both isolates carrying integration of cosmids from a library 
constructedd from the chromosome of interest from the other isolate should enable 
identificationn of cosmid clones carrying the (a)virulence gene. Such an approach might 
howeverr be hampered by the occurrence of changes in pathogenicity resulting from the 
integrationn process rather than from the presence of a functional gene on the integrated 
cosmidd clone (Kim et al, 1995). 
Transgenicc antibiotic resistant strains are preferable as parents for the production of 
recombinantt progeny to analyse the genetics of virulence for reasons given above, but fusion 
experimentss with auxotrophic UV-mutants showed that exchange of genetic material can take 
placee after hyphal anastomosis, indicating that horizontal gene transfer or even parasexual 
recombinationn might occur in nature, at least between vegetative compatible strains. When 
parasexuall  recombination under non-selective conditions only occurs between isolates that 
belongg to the same VCG (Leslie, 1993) and are hence clonally related, the significance of the 
parasexuall  cycle in natural populations will probably be limited (Hoekstra, 1996). However, 
severall  physiologic races can occur within a single VCG (chapter 2), which makes it possible 
thatt new pathotypes might arise from parasexual recombination between races belonging to 
thee same VCG. 
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