An alignment-free technique for protein classification using Chaos Game Representation 
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A general approach for functional characterization of unknown proteins is to infer protein functions based on sequence similarity to annotated proteins in sequence databases. This work is an attempt to use the technique of Chaos Game Representation (CGR) to classify proteins based on conserved motifs that can be used as diagnostic signatures for protein families. The assumption is that the proteins belonging to the same family should show similarity in their CGR patterns. The primary sequences of known protein families are represented as CGR patterns. The CGR pattern is created using the concatenated amino acid sequences of the members of a protein family. The 20 amino acids are classified into four groups – non polar, uncharged polar, acidic polar and basic polar. These groups form the four vertices of the CGR square. The first amino acid residue of the concatenated protein sequence is plotted halfway between the centre of the square and the vertex labeled with the code of the first residue. Successive amino acids in the sequence are plotted halfway between the previous plotted point and the vertex representing the amino acid residue being plotted. To classify a test protein, its CGR pattern is compared to the CGRs of the families. A pattern comparison based on Euclidean distances between the points in the test CGR and the CGRs of protein families enables a quantitative analysis of the proximity of the test protein to the various families. Presently, 21 structural protein families have been used for the database of CGRs of families. The test sequence dataset consists of a positive dataset which belong to one of the 21 documented families and a negative dataset which consists of proteins from families that are not members of the database. This CGR-based tool is capable of classifying proteins with a high level of accuracy.

