Genomics, Transcriptomics, and Effectoromics of the Poplar Leaf
Rust Fungus Melampsora larici-populina
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Melampsora larici-populina is causing leaf rust disease
in poplar (Populus spp.) worldwide and poses serious
problems to poplar breeders in France and in northern
Europe. As with other rust fungi, its obligate biotroph
status hinders laboratory investigations. Understanding
the biology of rust fungi and deciphering the molecular
mechanisms underlying biotrophy have long been a prob-
lem. Most of the knowledge gained was largely descrip-
tive and limited to a few rust species; only recently has
substantial progress been made in the characterization of
avirulence determinants of the flax rust Melampsora lini.

The pioneer sequencing of the genomes of the poplar
rust fungus M. larici-populina and of the wheat stem
rust fungus Puccinia graminis f. sp. tritici in 2011 has
opened great perspectives for the molecular study of
this group of fungi. Comparative analyses with recent
reports have confirmed the typical profile of rust fungi
genomes. These genomes are rather large (>89 Mb)

and contain many repetitive and transposable elements
(~50 percent of the genome) and a very large number of
predicted genes (>16,000), including many large gene
families of unknown function with no homology outside
the Pucciniales. Within the genomes are several hundreds
of genes encoding candidate effectors that are likely to
be involved in the fungal virulence. These effectors are
small secreted proteins specifically expressed in planta.

In the present talk, we will briefly introduce some basics
about the poplar rust genome. We will provide an over-
view of our current knowledge gained by genome-wide
oligoarrays and RNA-Seq on M. larici-populina gene
expression at different stages of the complex lifecycle

of this heteroic and macrocyclic rust, particularly during
successful infection of the telial host (poplar) and of the
aecial host (larch, Larix spp.). We will present our current
strategy to characterize virulence effectors and illustrate a
few candidates under investigation. Finally, we will pro-
vide an overview of ongoing genomics projects including
the refinement of the genome assembly through the
construction of a genetic map and a population genomics
approach to identify the gene(s) responsible for a break-
down in the major gene resistance in poplar plantations.
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