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INTRODUCTION 

• Viewing and analyzing  vast amounts of biological data as 
a whole set can be difficult. 

 

• An easier  way to interpret the data is to partition the data 
set into clusters. 



GOAL 

• In this project I will attempt to infer gene functions and 
determine the type of a known or unknown gene by way 
of clustering. 

 



OBJECTIVES 

• Determine the optimal number of clusters. 

• Choose a better algorithm. 



CLUSTERING REVIEW 

What is clustering? 

What is clustering useful for? 

Are there any problems with clustering? 
 



ALGORITHMS & IMPLEMENTATION 

• K-Means Clustering 

• Spectral Clustering  

 



K-MEANS CLUSTERING 

• How does it work? 

• Input 

• Disadvantages 





SIMILARITY MATRIX 

• Ɛ-neighborhood graph 

• K-nearest graph 

• Fully connected graph 



DISADVANTAGES 

• Sensitive to outliers 

• Fixed K values 

• Less effective with non globular clusters 
 



SPECTRAL CLUSTERING 

• What is Spectral Clustering 

• Laplacian Matrix 

 



WHAT IS SPECTRAL CLUSTERING 

• A Principal Component Analysis Method 

• Principal component analysis is a mathematical 
procedure that uses orthogonal transformation to 
convert a set of observations of possibly correlated 
variables into a set of values of linearly uncorrelated 
variables called principal components. 

• Spectral Clustering can find optimal partition of the 
data set. 



LAPLACIAN MATRIX 

• A matrix representation of a graph. 

• Main tools for spectral clustering 



SPECTRAL CLUSTERING  
(AFFINITY-BASED CLUSTERING) 
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EIGENVECTORS AND EIGENVALUES 

• Are used to identify uncorrelated vectors 

• Each eigenvector has an eigenvalue that represents how prevalent the 
eigenvector is in the original data set. 

• Eigenvectors of different eigenvalues are orthogonal. They form the 
dimensionality of a data space, and hence are very useful in clustering data 
set.  



AFFINITY MATRIX AND AFFINITY VECTORS 
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Eigenvectors with large eigenvalues are most 
dominant affinity vectors 

Eigenvectors with small eigenvalues less 
prevalent affinity vectors (noises) 
 



AFFINITY BASED CLUSTERING 
(SPECTRAL CLUSTERING) 
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WHAT’S THE DIFFERENCE?  
• With Spectral Clustering, the data set can be easily assigned to the shown clusters, 

which would not be quite the case in traditional clustering techniques. 
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In spite of the holes, the 3 
largest eigenvectoers are still 
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ABOUT SILHOUETTE 

• Method of cluster validation. 

• The silhouette can validate in cluster genes simalirty. 

• Can also validate overall clustering output. 

 



RESULTS 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

C10 C9 C8 C7 C6 C5 C4 C3 C2 

Spectral 

K-mean 



CONCLUSION 

• Clustering is a faster more efficient way of finding similarities then 
sequencing. 

• Spectral Clustering out performs k-means in most cases. 


