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Geometric Pattern Mining and Its Applications in Protein Structure and Function Analysis  
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Luke Huan, Ph.D. 
Assistant Professor 
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jhuan@eecs.ku.edu 
 
Deepak Bandyopadhyay, Ph.D.  
GlaxoSmithKline  
Mail code UP12-210  
1250 S. Collegeville Rd,  
Collegeville, PA 19426  
Phone: (610) 917 7928  
Fax: (610) 917 7393  
Email: Deepak.2.Bandyopadhyay@gsk.com 
 
 
Objectives and Motivations: 
The rapidly growing body of 3D protein structure data provides new opportunities to study the 
relation between protein structure and protein function. Local structure patterns of proteins have 
been the focus of recent efforts to link structural features found in proteins to protein function. In 
addition, structure patterns have demonstrated value in applications such as predicting protein-
protein interaction, engineering proteins, and designing novel medicines. 
 
The objective of this tutorial is an overview of geometric representations of protein structure, and 
mining and learning algorithms to identify recurring structure patterns common to a set of 
proteins. These techniques enable families of proteins exhibiting similar function to be analyzed 
for structural similarity. Previous approaches to protein local structure pattern discovery operate 
in a pair-wise fashion and have prohibitive computational cost when scaled to families of 
proteins. The graph mining strategy is robust in the face of errors in the structure, and errors in 
the set of proteins thought to share a function.  
 
Frequent graph patterns found within a protein family that are also infrequent in the background 
form family-specific fingerprints, which are shown to overlap with functionally important 
regions in several protein families studied. Occurrence of the fingerprints of a family within a 
protein of unknown function shows family membership or functional similarity with statistical 
significance. Fingerprints help distinguish among protein families with very similar structures 
but different functions. Several function inferences on proteins from structural genomics projects 



have been validated by experiments or corroborated by other computational methods.  The 
method shows great promise for the identification of new drug targets, and the discovery of small 
molecules that interact specifically with a drug target and avoid other proteins with similar 
structures and functions. 
 
Intended Audience:  
This tutorial is intended for a broad audience with interest in a geometric analysis of 
biomolecules, including proteins and protein-drug complexes. No background of biology or 
chemistry is assumed (so such knowledge will be a plus) and the instructors will walk through a 
group of concepts related to applying pattern discovery and geometric analysis to biomolecules.  

Outline: 
The tutorial will include the following parts: 
Protein structure overview: Protein structure genomics project at NIH (~15 minutes) 
Delaunay tessellation and almost-Delaunay tessellation (~30 minutes) 
Graph representation of protein structures (~10 minutes)  
Graph mining algorithms for protein structure analysis (~20 minutes) 
Applications in protein structure and function analysis: (~45 minutes) 
 



       2:50 - 5:50, Tutorial 2 (3 hours) 

 
Title: Statistical Geometry of Protein Structure and Computational Mutagenesis 
Topic Area: Structural Bioinformatics 
Main 
Presenter: 
Prof. Iosif Vaisman 
email: ivaisman@gmu.edu 
web: proteins.gmu.edu 
Second 
Presenter: 
Dr. Majid Masso 
email: mmasso@gmu.edu 
web: binf.gmu.edu/mmasso 
 
Department of Bioinformatics and 
Computational Biology 
George Mason University 
 
Abstract: 
The tutorial covers theoretical approaches, techniques and tools for computational and 
statistical geometry methods of protein structure analysis, classification, and prediction. 
Students will acquire knowledge of fundamental principles, as well as practical skills 
necessary to implement modern computational geometry applications for the analysis 
of protein structure and function. A particular emphasis in the tutorial is made on the 
statistical geometry based machine learning models for predicting stability, activity, 
drug resistance, and other functional properties of protein mutants. 
Tutorial level: Intermediate/Advanced 
Prior knowledge required: basic knowledge of protein structure. 

Tutorial Outline: 
In the computational geometry methods the nearest neighbor atoms or groups of atoms 
are identified by statistical analysis of irregular polyhedra obtained as a result of a 
specific tessellation in three-dimensional space. Voronoi tessellation partitions the 
space into convex polytopes called Voronoi polyhedra. For a biomolecular system the 
Voronoi polyhedron is the region of space around an atom, such that each point of this 
region is closer to the atom than to any other atom of the system. A group of four 
atoms whose Voronoi polyhedra meet at a common vertex forms another basic 
topological object called a Delaunay simplex. Delaunay simplices define objectively 
the nearest neighbor entities in molecular systems. The tutorial will cover applications 
of computational geometry methods to various problems of protein structure and 
function, including: 
• residue volumes and packing density 
• atom-atom and residue-residue contacts 
• statistical potentials 
• structure classification 
• fold recognition 
• computational mutagenesis 



• functional site identification 
Methods of statistical and computational geometry, Voronoi and Delaunay tessellation 
in particular, play an increasingly important role in exploration of complex nature of 
molecular and biomolecular structure. The range of applications of statistical geometry 
for biomolecular structural studies has grown significantly in the past decade and the 
tutorial will reflect this dynamics. As the new experimental structural information on 
biomolecules becomes available, the need for sophisticated and robust tools for its 
interpretation will further increase. At the same time more known structures will 
enable the creation of larger and better training sets for pattern identification. Existing 
and new compuational geometry algorithms may prove instrumental in future 
developments of methods for protein structure analysis, ab initio structure prediction, 
and protein engineering. One of the particularly interesting application areas is model 
development for assessing the relative impact of mutations on protein stability, activity, 
and susceptibility to inhibitor drugs in the case of target proteins. The tutorial will 
discuss a wide range of approaches to computational mutagenesis and protein 
structure-function correlations.



       2:50 - 5:50 Tutorial 3 (3 hours) 

Title: Computational Biology using MATLAB products-A Focus on Bioinformatics and Systems 
Biology 

Instructor: Saket Kharsikar and Asawari Samant 

Agenda:  

• Introduction to MATLAB. 
o MATLAB Desktop and Environment 
o Typical Workflow 

• Overview of Bioinformatics Toolbox.  
o Sequence Analysis 
o Connectivity to different data sources 
o Microarray 
o Mass Spectrometry 
o Advanced Topics- Graph Theory, Gene Ontology, Machine Learning 

• Overview of SimBiology for modeling biochemical pathways. Through product demonstrations, 
you will see how SimBiology can be used to: 

o Create, configure and simulate biochemical pathways, using either an interactive or programmatic 
interface. 

o Execute advanced analysis tasks, such as parameter estimation and sensitivity analysis. 
o Leverage the computing power of underlying MATLAB platform, via custom MATLAB scripts. 

• Tips and tricks for working with MATLAB 
o Parallel Computing Toolbox 
o Profiler 
o M-Lint 

• Summary and Q&A 
  

 

 

 

 

 

 

 

 

 

 



Wednesday 
       2:50 - 4:50, Tutorial 4 (2 hours)  

Title: Tutorial on Brain MRI Data Analysis.  

Instructors: Jundong Liu, Assistant Professor, School of EECS, Ohio University 

Goal: Magnetic resonance imaging (MRI) is a rich source of information regarding the soft tissue 
anatomy of human brains. Measuring the volumetric and morphological changes brain structures in MR 
images has been a common practice in diagnosing and studying various neurodegenerative diseases 
including Alzheimers Disease (AD), Parkinsons Disease (PD) and Multiple Sclerosis (MS). In this 
tutorial, we will present the basis of fMRI data analysis as well as some more advanced concepts 
regarding group of subject analyses and estimation of brain responses to experimental conditions. Talks 
will be divided into 1) the theoretical aspects of data analysis; 2) different toolboxes and 3) a practical 
illustration on how to use  Statistical Parametric Mapping (SPM), FMRIB Software Library (FSL) and 
(Ohio-Kentucky Deformation-based Morphometry). 
 
Tentative schedule: 
• A roadmap of MRI data analysis (one hour): major theoretical problems and prevalent solutions. In 

this talk, we will give a brief introduction for the four major analysis issues: segmentation, 
registration, visualization and ground analysis. 

• Popular software packages (one hour): introduction to FSL, SPM, AfNI, ITK, BioimageSuite, etc.  
• Case study: SPM, FSL and OK-DBM (two hours) 

o For SPM, we will focus on the intra subject analysis (General Linear Models, Statistical 
Parametric Maps, Multiple Comparison problem). We will also point to some problems that 
are yet not satisfactorily solved with current packages. 

o For FSL, we will focus on SIENA, the package for both single-time-point ("cross-sectional") 
and two-time-point ("longitudinal") analysis of brain change, in particular, the estimation of 
atrophy (volumetric loss of brain tissue).  

o OK-DBM (Ohio-Kentucky Deformation-based Morphometry) After point out the drawbacks 
of SPM and FSL, we will introduce our own OK-DBM package for segmentation, 
registration, and group analysis. Examples on AD atrophy and PD sub-corctical structure 
analysis will be presented.  

 
 


