The invaded genome of the Dothideomycete Leptosphaeria maculans
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The genome of the Dothideomycete Leptosphaeria maculans ‘brassicae’ (Lmb), a pathogen of oilseed rape, was recently sequenced by Genoscope and a final assembly was provided in august 2007. Lmb estimated genome size is bigger (44.9 Mb) than those from the closely related species Stagonospora nodorum (37 Mb), or the related species Mycosphaerella graminicola (39.6 Mb). This increase in size is likely a consequence of the abundance of retrotransposons in the genome of Lmb as compared to the other two species. These repeated elements were estimated to represent ca. 30% of the Lmb genome, as compared to 4.25% for S. nodorum and less than 1.6% for M. graminicola. Seven of the Lmb retrotransposons already characterized are present in high copy number with the very abundant Pholy (Copia-like), Polly and Olly (Gypsy-like) being present in up to 1400 copies each. Retrotransposons consistently occurred as large clusters of nested repeats with a large number of Repeat Induced Point mutation-degenerated and truncated intermingled copies. These regions are A+T-rich and mostly devoid of coding sequences, thus conferring an isochore-like structure to the genome of Lmb, reminiscent of the heterochromatin organisation in upper Eukaryotes. Such an isochore-like genome structure was not observed in the related genomes of S. nodorum or M. graminicola, nor in other filamentous ascomycetes that have been sequenced, although it may also occur in the 74-Mb genome of Mycosphaerella fijiensis. 

Surprisingly, the mitochondrial genome of Lmb (155 kb) is also larger than that in other filamentous fungi including M. graminicola (44 kb), S. nodorum (48 kb) and M. fijiensis (73 kb). Apart from a few small-sized duplications, this was attributable to the invasion of mitochondrial genes by mobile group I introns containing homing endonuclease genes of the LAGLIDADG, and GIY-YIG families. For example, the NADH-dehydrogenase subunit 5 (nad5) gene of Lmb is 14.7 kb long, with only 2.5 kb of exonic sequence. This gene has six introns summing up 12.2 kb, the biggest being more than 5.8 kb and containing four predicted ORFs.

Compared to Lmb, other members of the L. maculans-L. biglobosa species complex have small genome sizes, e.g., ca. 25 Mb for L. maculans ‘lepidii’ and 25-29 Mb for L. biglobosa ‘brassicae’. Both these sub-species seem to lack the four most represented Lmb retrotransposons. These two sub-species are only weakly pathogenic or non pathogenic on oilseed rape. These genomic data thus suggest that the retrotransposon invasion may be correlated with an evolutionary event associated with an increased efficiency of Lmb as a successful pathogen of oilseed rape and its world-wide geographic expansion.

