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Background

It is well known that genome sequences, particularly those of microorganisms, are available at
steadily decreasing costs and at exponentially increasing speed. This situation offers much
promise for microbial taxonomic classification (Klenk and Goeker, 2010), particularly because
methods are available to infer phylogenies from whole genomes. However, a standardized way to
classify genomes according to the functionality which they encode — for instance, COGs and
inferred pathways — seems not to have been established up to now.

Methodology

The annotated genomes (protein names) were processed based on classification rules for protein
names (Fundel and Zimmer, 2006). By implementation of a structured querying system in a locally
stored relational database comprising information from Biolexicon (Quochi et al. 2008), UniprotKB-
GOA (Camon et al. 2004), KEGG/KO/COG (Ogata et al. 1999, Tatusov et al. 2001), proper
Clusters of Ortholog Groups (COGs; Tatusov et al. 1997) and associated pathways, a system for
mapping annotated genomes to (i) COGs and (i) encoded pathways was established. The
mapping to COGs was optimized via the comparison with COG annotations of genomes available
in the “The integrated microbial genomes system” (Markowitz et al. 2010), which are based on
BLAST. Basically, the gene product names, COGs and pathways collected from a genome can be
regarded as sets (binary presence-absence data) or multisets (abundance data), and (dis-)
similarity coefficients using sets as input can be calculated for any pair of genomes. For example,
asymmetrical similarity coefficients such as Jaccard's, Sgrensen's Steinhaus's (Legendre and
Legendre, 1998, pp. 253-268) are promising here. However, the mapping introduces some
uncertainty. For instance, the name of a gene product might map to distinct COGs, and, of course,
the enzyme related to one COG might participate in several pathways. For this reason, we have
complemented the similarity coefficients with a weighting system that reflects this uncertainty.
Results from (more) ambiguous mappings are (more severely) deemphasized. In the case of
abundance data, this results in coefficients based on the expected abundances, in the case of
binary data in coefficients that deal with values between 0 (absence) and 1 (presence).

Conclusion and outlook

A mapping system to derive functional characteristics (KEGG/KO/COG/Pathways) from genomes
has been established. The resulting similarity coefficients, which consider the uncertainty related to
the mapping, can then be used in conjunction with classification techniques such as clustering and
ordination. The resulting genome classifications are expected to group physiologically and
biochemically similar organisms together. As next steps, the classifications will be compared in
detail with the inferred molecular phylogenies of sets of the target organisms. Presence/absence of
genes, functions, and pathways will be reconstructed on the phylogenies and hypotheses of
correlated change will be statistically tested, linking evolution and function. The role of horizontal
gene transfer for proteins, functions and pathways of interest will be examined.
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