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ABSTRACT

Fusarium oxysporum f. sp. cubense (F: oc) is an apparently asexually reproducing fungus that
causes Fusarium wilt (Panama disease) of bananas. The fungus is believed to have originated
in Southeast Asia, from where it has spread to virtually all areas where bananas are grown.
Twenty-one different vegetative compatibility groups (VCGs) have been identified in Foc,
reflecting a relatively high genetic diversity for an asexual fungus. The aim of this study was
to consider the possible occurrence of sexual reproduction in the fungus. Forty-one isolates of
Foc, representing all races and the dominant VCGs, were selected for this study. The
presence of mating type genes was determined using MAT-1 and MAT-2 primers from
conserved alpha and high mobility group (HMG) protein domains. The presence or absence
of the MAT-1 and MAT-2 genes was further tested using Southern blot hybridization analysis.
To determine whether Foc is capable of reproducing sexually, crosses between isolates of Foc
were attempted using tester strains of the heterothallic Gibberella circinata (=Fusarium
circinatum), as a positive control. PCR amplification analysis showed that the MAT-2
idiomorph is present in all isolates of Foc tested. Southern hybridization and PCR
amplification using the MAT-1 idiomorph region as a probe was consistently negative in all
isolates. Most isolates of Foc produced dark purple to black protoperithecia when crossed on
carrot agar, but no ascospores were formed. The occurrence of only one mating type in the
Foc population could explain the reported absence of sexual reproduction in the fungus,

worldwide.



INTRODUCTION

The fungal pathogen, Fusarium oxysporum f. sp. cubense (E. F. Smith) Snyder and Hansen
(Foc) causes a highly destructive vascular wilt disease of bananas known as Fusarium wilt or
Panama disease. The disease is widespread in banana growing regions of Africa, Australia,
Asia, South Pacific and the tropical Americas (Stover & Simmonds 1987, Ploetz et al. 1990).
Humans have played a major role in the global distribution of the disease. The pathogen has
been introduced into new areas on infected rhizomes that are free of visual symptoms (Stover

1962).

Foc has a relatively diverse population structure for an apparently clonal fungus, which exists
as three races (Stover & Buddenhagen 1986, Pegg & Langdon 1987, Stover & Simmonds
1987) and 21 vegetative compatibility groups (Ploetz & Pegg 1999). Mutations and
parasexuality (Buxton 1956, 1962, Parameter, Snyder & Reichle 1963, Tinline & Macneil

1969) are considered to be the main basis for genetic variation in F. oxysporum including Foc.

Variation in Foc has been assessed using vegetative compatibility group (VCG) analysis
(Ploetz & Correll 1988, Brake er al. 1990), PCR methods such as randomly amplified
polymorphic DNA analysis (RAPDs) (Bentley & Bassam 1996), DNA amplification
fingerprinting (DAF), (Bentley et al. 1998, Gerlach et al. 2000), RFLPs (Koenig, Ploetz &
Kistler 1997) and the sequencing of the nuclear and mitochondrial gene regions (O’Donnell et
al. 1998). These techniques have also been used to consider questions pertaining to the
distribution and origin, phylogeny and dispersal of the pathogen (Ploetz & Pegg 1997,

Bentley et al. 1998, O’Donnell et al. 1998).



The mode of reproduction and genetic variability of fungal populations is important for
implementing management strategies to reduce disease impact (McDonald & McDermott
1993, Taylor er al. 1999). Sexual reproduction in heterothallic ascomycetous fungi is
controlled by genes that reside in a genetic locus called the mating type or MAT locus
(Metzenburg & Glass 1990, Kronstad & Staben 1997). Mating type is determined by the
DNA sequence present at the mating type locus. The two alleles at the mating type loci are
apparently unrelated, and have been described as idiomorphs (Metzenburg & Glass 1990,
Glass & Kuldau 1992, Kronstad & Staben 1997). The lack of sequence similarity between the
idiomorphs prevents recombination and they are thus inherited uniparentally (Glass et al.

1988).

A teleomorph for F. oxysporum has never been observed and the pathogen appears to rely
solely on asexual reproduction. Southern blot hybridization and PCR amplification
experiments have demonstrated that many asexual species have both MAT-idiomorphs (Arie
et al. 1997, Arie et al. 2000). These include fungi such as, Bipolaris sacchari (E. Butler)
Shoemaker and Alternaria alternata (Fries: Fries) von Keissler (Sharon ez al. 1996, Arie et al.
1997). MAT idiomorphs for Fusarium oxysporum f. sp. lycopersici have also been described

(Arie et al. 2000).

The aim of this study was to consider whether both mating type genes are present in Foc and
further to consider whether sexual reproduction might occur in this fungus. This was
achieved by crossing isolates of Foc using media known to allow sexual reproduction in other
Fusarium spp. and under different temperature conditions as well as light and dark cycles.

The presence or absence of MAT idiomorphs in the available isolates was also determined.



MATERIALS AND METHODS

Fungal isolates

Forty-one isolates representing the three pathogenic races and 11 VCGs of Foc were analysed
(Table 1). In addition, isolates representing both mating types of Gibberella circinata
(=Fusarium circinatum), mating population H, causal agent of pitch canker of pines, was

included in the study to serve as a positive control.

Crosses between isolates

To determine whether Foc is capable of reproducing sexually, crosses were made according
to the method described by Klittich & Leslie (1988). Isolates considered to be “male” were
grown on potato dextrose agar (PDA), and those considered “femalé” were grown on carrot
agar. These cultures were then incubated in growth chambers at a constant temperature of
either 18°C, 20°C, or 25°C, with alternating white and black light. After 7-10 days, or when
plates were fully-grown with mycelia covering the whole surface, the “female” strains were

fertilised using conidia from the “male” cultures.

Conidial suspensions of the “male” isolate were prepared by pipetting 1.5ml of 2.5% Tween
60 onto the sporulating “female” mycelia. The conidia were then dislodged, and the
suspension poured onto the surface of the recipient isolate. The “male” inoculum was spread
equally over the entire “female” colony with a glass rod. Crosses were attempted between
Foc 42 and Foc 1, Foc 61 and Foc 47, Foc 1 and Foc 46, Foc 51 and Foc 53, Foc 6 and Foc
46, and Foc 51 and Foc 4 (Table 1). As a positive control, a “male” and “female” isolate of
G. circinata, mating population H (FSP 118 [nit M], and SK11 [nit1]) were crossed with each

other. Foc isolates were also crossed with the known “male” and “female” parents of mating
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