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We propose a novel distance based method for reconstruction of phylogenetic trees. Our method is 
based on a conceptual clustering method that extends the well-known decision tree learning approach. 
Our method starts from a single cluster and repeatedly splits it into subclusters until all sequences form 
a different cluster. We assume that a split  can be described by referring to particular polymorphic 
locations, which makes such a divisive method computationally feasible. To define the best split, our 
method  uses  a  criterion  that  is  close  to  Neighbor  Joining's  (NJ)  optimization  criterion,  namely, 
constructing a phylogenetic tree with minimal total branch length. 
Our approach has a number of important advantages. First, by listing the polymorphic locations at the 
internal nodes, it provides an explanation for the resulting tree topology. Second, the resulting trees can 
be used as classification trees to add new sequences to the phylogeny. Third, the top-down tree growing 
process  can  be  stopped before  a  complete  tree  is  generated,  yielding  an  efficient  gene  or  protein 
subfamily identification approach.
Our algorithm, called Clus-φ, can be found at http://www.cs.kuleuven.be/~dtai/clus.

We tested Clus-φ on a number of synthetic datasets by simulating an evolutionary process, using a 
coding sequence simulation program. By default, the simulator produces symmetric trees, i.e., binary 
trees having all leaves at the same depth. However, also completely random tree topologies can be 
produced. Our trees were compared to those obtained by NJ in terms of similarity with the true tree 
topology and computational cost.

For  datasets  based  on  symmetric  tree  topologies,  Clus-φ  outperforms  NJ.  Sometimes,  the  trees 
produced  by  Clus-φ  are  identical  to  the  true  topologies,  even  for  datasets  with  many  sequences. 
However, for datasets based on random trees, NJ outperforms Clus-φ. In order to verify how the results 
change for topologies in between those two extremes, we generated datasets with other topologies. We 
started from the symmetric case and performed modifications in the topology to draw it towards the 
random  case.  The  results  revealed  that  the  performance  of  Clus-φ  decreases  as  the  number  of 
modifications  increases.  However,  this  decrease  occurs  gradually,  which  means  that  Clus-φ  also 
presents good results for almost symmetric trees. 

Regarding computational cost, Clus-φ is slower than NJ when analyzing a relatively small number of 
sequences,  but  clearly  outperforms  NJ  for  datasets  with  a  large  number  of  sequences.  However, 
because it investigates polymorphic locations at each internal node, Clus-φ scales worse in the length 
of the sequences. 

We propose Clus-φ not as a substitute for NJ or other standard methods for phylogeny, but as a method 
to be used complementarily to these methods. The fact that Clus-φ behaviors differently than NJ (better 
in some cases; worse in other cases), in terms of performance and computational cost, shows that their 
results can be used to complement one another.
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