
Protein Fold Recognition with Combined
SVM-RDA Classifier

Wiesław Chmielnicki1

Katarzyna Stąpor2

1Jagiellonian University, Kraków, Poland
2Silesian University of Technology, Gliwice, Poland

HAIS 2010, San Sebastian, 23rd - 25th June 2010



Outline

 Protein structure

 Methods of protein structure predition

 The database and the feature vectors

 First approach: an RDA classifier

 Second approach: an SVM classifier

 A binary and a multi-class problems

 The proposed hybrid SVM-RDA classifier

 Results and conclusions



Protein structure

 Primary protein structure – the sequence of 
amino acid residues



Protein structure

 Secondary protein structure



Protein structure

 Tertiary (3D) protein structure - protein fold



Methods of protein fold prediction

 Ab initio protein modelling

 Based on physical principles

 Comparative protein modelling

 Side chain geometry prediction

 Statistical methods 

 Based on amino acid composition 

 And other protein parameters

 The recognition ratios varied from 50 to 60 
percent



The database

 Training set and testing set



The feature vectors

 The feature vectors are based on six parameters

 Amino acids composition

 Predicted secondary structure

 Hydrophobity

 Normalized Van der Walls volume 

 Polarity

 Polarizability

 The detailed description can be found in Ding 
and Dubchak papers



An RDA classifier

 Quadratic Discriminant Analysis

 Discriminant function

 Estimates



An RDA classifier

 Covariance matrix regularization

 Let's replace the individual class covariance 
matrices by their average

 A less limited approach

 The recognition ratio is 55.6%



An SVM classifier

 Maximun-margin hyperplane



An SVM classifier

 Discriminant function

 where 

 The RBF kernel



An SVM classifier

 Advantages of an SVM

 Maximization of generalization ability

 No local minima

 Robustness to outliers

 Disadvantages of an SVM

 Long training time

 The selection of a kernel parameters

 It is a binary classifier



An SVM classifier

 Extension to the a multiclass problem

 We can consider all classes in one 
optimization

 Or cover one n-class problem with several 
binary problems

 The approach with binary problems

 One-versus-others strategy

 One-versus-one strategy

 Others: DAG, ADAG, BDT, DB2, pairwise 
coupling

 The recognition ratio is 58.7% 



Combined SVM-RDA classifier

 The reliability of the binary classifiers



Combined SVM-RDA classifier

 Discriminant function of an RDA classifier

 Let's define

 Then, for every binary classifier

 Now, the value defined above will be a weight 
of the vote of the binary classifier



Combined SVM-RDA classifier

 Results

 RDA classifier – 55,6%

 SVM classifier– 58,7%

 Combined SVM-RDA classifier – 61,8%

 Comparison with other methods
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