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Background 

The method of correlating gene occurrence patterns in selected organisms, termed phylogenetic 

profiling, has proven to be a useful tool in functional genomics [1]. The reasoning behind this strategy 

of elucidating gene function lies in the presumption that genes having been found and lost together 

during evolution (signalled by their occurrence pattern in the phylogenetic profile) are involved in 

closely related biological functions. 

 

Method 

We have focused on predicting the function of groups of orthologous proteins. Because of this, we 

are interested in, function-wise, highly cohesive protein groups, and have hence decided to use 

Orthologous Matrix Project (OMA) [2] as the basis for gene grouping, given the report on the highest 

specificity among the most comprehensive orthologous genes grouping methods examined [3]. We 

have used a machine learning algorithm based on decision trees for Hierarchical Multi-label 

Classification (HMC) [4] to predict Gene Ontology (GO) [5] assignments of OMA groups. The HMC 

extension of decision trees takes into account the directed acyclical graph layout of GO and 

considerably improves computational efficiency by learning to predict all classes at once. 

 

Results  

Results are expressed in the GO vocabulary, with the Area Under Receiver Operating Characteristic 

(AUC) score [6] as the performance measure. The most abundant result set with the best 

performance (AUC>0.90) is from the biological function ontology (Figure 1). The visualization of the 

results was done using Cytoscape [7].  

 

  



Figure 1 
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A representation of GO categories with the best predictive performance (AUC > 0.9) in the biological 

process ontology. Disc size is proportional to the log number of genes in a category, and the colour 

gradient represents the strength of the AUC score, as shown in the legend. Grey lines represent 

semantic relationships between categories, per SimRel [8] method; spatial arrangement of discs 

approximately reflects similarity of categories. Displayed categories have been selected from a 

broader set by 1) eliminating very general GO assignments (assigned to >10% of OMA groups in our 

dataset), 2) setting AUC threshold at 0.9, 3) choosing only GO categories that have significant 

predictions (for each GO category, a precision > 0.8 exists for at least 5 unannotated OMA groups) 

and 3) by using a redundancy elimination procedure. The complete listing of results is available on 

request.  

 

Conclusion 

When predicting GO assignments for genes in OMA groups, the HMC algorithm shows convincing 

predictive power (Figure 1). Therefore, it can be used as 1) a powerful computation tool in narrowing 

the search space of potential gene candidates for a particular function and 2) annotation tool for the 

genes in newly sequenced genomes. The listing of function predictions together with the 

corresponding precision values, that is available, can be scanned: setting AUC and precision cutoff 

values would provide a condensed outline of target genes that are to be examined in the wet lab. 
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