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1 Introduction.

Classification of species is a fundamental problem in evolutionary studies. Most contributions
to this field have been mainly based on the so-called “molecular approach”, that exploits
polymorphism information in DNA or proteins to assess the phylogenetic relationship among
species [9]. But it is widely agreed that, in this approach, the choice of sequences for
comparison greatly affects the final result, since non-local mutations like gene tranfers, gene
duplications, gene deletions and functional replacements of genes can prevent the obtention
of significant information through the analysis of the evolution of short sequences.

This has led to an increasing interest in phylogenetic reconstruction based on non-
genomic information, as for instance information on global biological processes in the or-
ganisms. In the last years, the analysis of phylogenetic relationships has been expanded to
include the study of the evolution of complete biological processes, as for instance metabolic
pathways. A metabolic pathway is a series of individual biochemical reactions, connected
via their substrate and product metabolites, that produces a set of metabolites from a set
of precursor metabolites and cofactors. Current knowledge about these sets of connected
biochemical reactions are organized into databases that contain information about the sub-
strates and products of the reactions, the enzymes that activate them, the substrate speci-
ficity of these enzymes, etc. One of the most commonly used database is KEGG [5], where
biochemical reactions are organized into a map based on information drawn from the litera-
ture. For example, the glycolysis pathway is defined therein as the set of reactions that have
been identified experimentally as the most important steps in the conversion of glucose into
pyruvate.

As large pieces of the metabolic networks of a wide variety of organisms are being re-
constructed and compiled in databases, the use of metabolic pathways is emerging as a
new source of phylogenetic information. And with experimental techniques in metabolomics
improving constantly, one should expect that most metabolic network data will be soon
independent from genomic information, and then metabolic pathways will become a true
alternative to biomolecular sequences in phylogeny reconstruction [3]. This has driven re-
search on techniques to measure the similarity of metabolic pathways and to extend these
similarity values into phylogenies for different organisms.
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2 Results and Discussion.

To assess the performance of the similarity notions and the techniques involved in the re-
construction of phylogenetic relationships from data on structural similarity of metabolic
pathways, phylogenetic relationships for model sets of organisms are reconstructed from the
similarity measures of the same metabolic pathway for all organisms, and then the phyloge-
netic trees obtained in this way are compared with the NCBI taxonomy [10], which is based
on Ribosomal RNA 16S sequences, using some standard phylogenetic trees comparison tool.

In [2], we have used a new heuristic algorithm for the comparison of metabolic path-
ways with three enzyme similarity measures (hierarchical, information content, and gene
ontology) to assess the structural similarity of metabolic pathways for different organisms.
Experimental results on the Glycolysis pathway for a set of 73 organisms representing the
three domains of life showed that our method outperforms previous techniques [4, 6, 8].

In this poster, we present two further improvements to these techniques. On the one
hand, we have shown in [1] that the resulting phylogenetic trees are usually significantly
closer to the NCBI taxonomy than those obtained using average-link hierarchical clustering
if a simple fuzzy clustering method is used to compute the phylogenetic relationships from
the similarity relation. On the other hand, we show that the resulting phylogenetic trees
are also significantly closer to the NCBI taxonomy than those obtained using average-link
hierarchical clustering if the measure of structural similarity between metabolic pathways is
replaced by an alignment-free similarity measure, known as the universal similarity metric [7]
and based on Kolmogorov complexity.
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