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genome of plant pathogenic fungus Nectria haematococca
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Certain strains of a plant-pathogenic ascomycete Nectria haematococca mating population VI (MPVI) contain supernumerary
chromosomes called conditionally dispensable chromosome (CDCs) in their genomes. CDC is essential for this fungus to survive as
a plant pathogen because it harbors functional genes that can confer higher fitness to the host strains to survive in specific habitats
such as host plants and rhizosphere. Among CDCs in MPVI, 1.6-Mb PDA1 CDC has been intensively studied molecular biologically
and the genes specific to this chromosome such as PEP cluster including PDA1 pisatin demethylation gene and several other
virulence genes have been identified. Furthermore, DNA sequencing of the whole chromosome is almost completed. Thus, PDA1
CDC represents the best-analyzed CD chromosome in fungi. Nevertheless, biological properties of PDA1 CDC are poorly known. In
this thesis, using 1.6 M PDAL1 CDC as a model, we attempted to accumulate CDC in the fungal genome artificially. Dosage effects of
the duplicated CDCs on the phenotypes and meiotic behavior were also analyzed.

The strategy we used in this study for accumulating PDA1 CDC was to exploit protoplast fusion. In the first step of this study,
protocols for performing PEG-mediated and electric protoplast fusion were established by examining optimal conditions and
parameters. Strains to be used for fusion were also produced by transformation with drug resistant genes as selectable genetic
markers. Then, the two transformants containing one PDA1 CDC and marked by either hygromycin B or geneticin resistant genes
were protoplast-fused and analyzed for the number of CD and phenotypes of the fusants. Molecular (PCR and PFGE-Southern) and
cytological (mitotic metaphase chromosome counting and fluorescence in situ hybridization) analyses showed that most fusants
contained two CDCs from both parents and were haploid resulting from the deletion of an extra set(s) of A chromosomes in the
fused nuclei. Besides fusants with two CDs, one fusant with four CDCs in the background of haploid set of A chromosomes was
also obtained by PEG-mediated protoplast fusion using nit mutants made from fusants each containing two CDCs. Fusants with
multiple copies of CD showed significantly higher virulence and homoserine-utilizing ability compared with their parents,
indicating that multiplication of CDC has positive dosage effects on the phenotypes. As for the maintenance of CDCs in the genome,
two CDCs were maintained rather stably under non-selective condition. Finally, inheritance mode of PDA1 CD was analyzed by
crossing with fusants. It seemed that PDAL1 CDC behaves in Mendelian manner in crosses between the strains with and without CD,
but the number of CD in the genome could affect the fertility.

Consequently, we succeeded in artificial accumulation of PDAL1 CDC in the genome of N. haematococca. Interesting features of
fungal CDC such as multiplication in the genome and its dosage effects were uncovered for the first time in this study by combining
protoplast fusion and cytological and molecular biological techniques. This study was also the first for artificial addition of specific
chromosome to the haploid genome in the filamentous fungi. The information and protocols presented in this study will contribute

the advancement of fungal genetics as well as to plant pathology.
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