Text S8: Xenorhabdus Multi-locus Sequence Analysis
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Although the 16S rRNA phylogeny places Xenorhabdus nematophila closer to Photorhabdus luminescens than to X. bovienii (Figure 3, main text and Figure 1, below), a tree based on 154 concatenated protein sequences indicates that the two Xenorhabdus congeners are actually closer to each other (Figure 1A, below). To evaluate whether the relationship of X. nematophila and P. luminescens is blurred by extensive gene exchanges, we tested whether or not the alignment of any of the 154 single-copy genes used in the concatenation supports an alternative topology. Applying the SH test 1[]
, we statistically tested each of the three possible topologies for the three species, with Yersinia pestis as an outgroup. Only one (rplA) of the 154 genes significantly rejects the consensus topology (Figure 1B, below) and favors the 16S rRNA tree (Figure 3, main text). Recombination among the 16S rRNA genes of different bacterial species is rare but has been reported 
 ADDIN EN.CITE 
[2,3]
, and the alternative topology supported by 16S rRNA genes appears to be caused by a recombination event involving >50 nucleotides near the 5’ end of the X. bovienii 16S gene with that of a distantly related species. 
Methods

To establish the phylogenetic position of Xenorhabdus, we selected one published genome sequence for several genera within the family Enterobacteriaceae. Analyses were based on a total of 13 genomes (Figure 1, below), including the two Xenorhabdus genomes reported in the present study, using Vibrio cholerae as the outgroup. 

For each species, 16S rRNA sequences were retrieved from GenBank, and an alignment was constructed in MUSCLE 4[]
 applying the default parameters. Gblocks 5[]
 was used to remove any poorly conserved regions, and phylogenetic analyses were performed in PhyML 6[]
. 



To build the phylogeny based on protein sequences, we selected 154 genes from the set 203 conserved single copy genes in Gammaproteobacteria identified by Lerat et al. 7[]
. The alignment for each gene was constructed in MUSCLE and then concatenated to form a larger alignment, which was used to obtain a consensus tree.  As above, poorly conserved regions were removed with GBlocks, and PhyML used to build the phylogenetic tree. To determine if the alignment of each individual gene significantly favors a tree topology that differs from the tree built from the concatenated protein alignment, we applied the SH-test 1[]
 implemented in TreePuzzle 8[]
. 
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Figure 1. The phylogenetic relationship Xenorhabdus within the Enterobacteriaceae.  (A) 16S rRNA phylogenetic tree for Enterobacteriaceae. (B) Phylogenetic tree based on the concatenated protein alignments of 154 single-copy genes that are present in all genomes considered.  For both trees, Vibrio cholerae was included as an outgroup. Bootstrap values are reported out of 100 replicates.
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