Supporting Methods and Results
The hidden duplication past of the plant pathogen Phytophthora and its consequences for infection

Cindy Martens1,2 and Yves Van de Peer1,2§

1
Department of Plant Systems Biology, VIB, Technologiepark 927, B-9052 Ghent, Belgium
2
Bioinformatics and Evolutionary Genomics, Department of Molecular Genetics, 
Technologiepark 927, Ghent University, B-9052 Ghent, Belgium
§
Corresponding author
Email addresses:

C.M.: cindy.martens@psb.vib-ugent.be
Y.V.d.P.: yves.vandepeer@psb.vib-ugent.be
Methods

Functional clustering 
For the detection of clusters of functionally related genes, the program C-Hunter was applied [1].  C-Hunter is a clustering algorithm which incorporates the knowledge of gene function derived from Gene Ontology with the organization of genes on chromosomes.  In order to use C-Hunter; we supplied the program with our own data sets.

Results
Real blocks or functional clustering? 
Our results suggest that the small duplicated blocks we identify in Phytopthora genomes have been created through a large-scale or entire genome duplication event.  The fact that the blocks are small suggests an ancient duplication followed by many genome rearrangements.  As previously mentioned, it has been shown that the Phytophthora genomes are subject to genome rearrangements and we assume that the high number of transposons is partly mediating this process 
 ADDIN EN.CITE 
[2-7]
.  However, the occurrence of duplicated operon-like structures or functional clusters could be an alternative explanation.  Although operons represent a common form of gene organization in bacteria and archaea, polycistronic transcription in eukaryotes appears to be limited to very few phyla.  In flies 
⼁


, mammals [8]

 ADDIN EN.CITE 
[9]
 and plants 
 ADDIN EN.CITE 
[10, 11]
 only a few cases are known, but in trypanosomes [12] and nematodes 


[13-16] ADDIN EN.CITE , the operon phenomenon is common.  In most bacterial operons, the genes have a related function.  For example Salgaso and colleagues showed that ~80% of adjacent gene pairs within E. coli operons belong to the same functional class [17].  Where in bacteria we can explain the existence of operons by their crucial importance in bacterial speciation through horizontal transfer [18], in eukaryotes we need another viable explanation.  Since polycistronic transcription can eliminate the need for individual promoter elements, operons could serve to reduce the genome size, which can be interesting for genomes with a fast generation time [16].

To be able to detect functional clusters, the proteins of all Phytophthora genomes were functionally annotated using Gene Ontology (see Methods).  Next, the software C-Hunter was applied to identify gene clusters in eukaryotic genomes using the functional categories defined in graph-based vocabularies such as Gene Ontology (GO) [1]. Therefore the genes in such clusters only have to share a common function, but do not require, for example, similar expression patterns.  Functional clusters were found in the different genomes, but almost all of them are just tandem arrays.  Some non-tandem clusters were also detected, but none of them were overlapping with the previously detected duplicated blocks.  However, when applying C-Hunter, we have to take into account the quality of the GO-annotation.  If there are many genes that are unknown, it becomes very difficult to detect functional clusters.  In Phytophthora infestans, Phytophthora sojae and Phytophthora ramorum only 42%, respectively 38% and 43% of the genes have been annotated with a GO-label (cfr. 51% in C. elegans).  Therefore, we also used another strategy to examine whether the small duplicated blocks could be operons.

Since operons are polycistronic transcription units, i.e. they have only one promoter upstream of the cluster, and as a result, the intergenic space in the cluster is reduced.  If the intergenics in the small duplicated blocks would be smaller than in the rest of the proteome, we could hypothesize that those genes are regulated by a shared promoter at the beginning of the cluster (or block).  Therefore, we plotted the length of the intergenics for three different categories: (i) the intergenics in 2HOM blocks, (ii) in 3HOM blocks, (iii) in the whole genome.  This was done for all genomes in our dataset; including the reference genomes (see Figure S5).  As can be seen in this figure, we do not see much difference, even not for C. elegans.  This means that in C. elegans the small blocks are not biased to the operons either.  Taken into account that in the Phytophthora species we found no functional clustering within the small duplicated blocks, nor found evidence for shorter intergenic distance, we see no reason to assume that those small blocks are duplicated operons.  Moreover, since the size of all Phytophthora genomes is much larger than other plant pathogens, the explanation that operons in eukaryotes serve to reduce the genome size is also not applicable.
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