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Agenda

› Neighborhood Statistics

› Paths and Traversals 

› Connectivity

› Centrality and Ranking 

› Subgraph Isomorphism and pattern
– Motif finding

› Clustering 
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Introduction

› Graph analysis
– to extract information from a graph that is not evident from 
individual entities or relationships 

– Example
› Degree of a single node vs. degree of all nodes

– We can determine how this node is popular and how important it is, what 
communities it apart, ...

– We will enumerate the methods based on different applications
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Neighborhood statistics

› These statistics are computed for 
– Each vertex in a graph 

– and depend only on the immediate neighborhood of a vertex 

› Such as
– clustering coefficient, degree distribution, local efficiency, local 
subgraph, 

› To quantify a graph’s structural properties 
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Neighborhood statistics

› Degree distribution & Clustering coefficient
– to support the hypothesis that a network’s structure is different 
from a random graph 

– The performance of neighborhood analysis is often 
› sensitive to the structure of the input graph 

– If a vertex’s neighborhood is small 
› Analysis can benefit from exploiting data locality 

– the presence of several highly connected vertices 
› Such as power-law

› Can lead to a significant imbalance in computation required per vertex 
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Paths and traversal

› Such as
– path length, shortest path, breadth-first, depth-first, traversal, 
global efficiency, random walk

› Many applications are not restricted to the neighborhood 
of vertices
– but instead involve the analysis of paths between vertices 

› Path between two or more vertices
– Dijkstra’s algorithm vs. Floyd-Warshall algorithm 
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Paths and traversal

› Average path length 
– can be used to identify “small-world" properties 

› Global efficiency 
– the inverse of the average path length
– is used to determine the efficiency 

of communication between 

brain regions
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Paths and traversal

– computation of number of shortest paths between two vertices 
(i.e., the path multiplicity of a vertex pair) 
› is computed as a measure of flexibility in communication between
brain regions 

– Random walk
› Various applications in biological networks
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Paths and traversal

– Random walk
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Connectivity

› Instead of identifying how vertices in a graph
are connected 
– i.e. discovering paths 

– some graph problems are concerned with determining 
› If vertices are connected 

– identifying connected components 

– For directed graphs 
› we distinguish two types of connected components: 

– weak and strong 

– weakly connected component
› any pair of vertices is connected by an undirected path 

– strongly connected component
› directed paths exist from each vertex to every other vertex 
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Connectivity

– Examples
› Matching problem in a bipartite protein-peptide graph can be split into one 
smaller sub-problem per connected component

› Size of the largest component can be used as metrics to classify graphs

– the fraction of vertices that belong to the largest connected component is a 
highly discriminative feature in classifying breast or bone tissue samples for 
cancer diagnosis 
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Centrality and Ranking

› Such as
› Different Centrality measures

› Not all entities are of equal importance to the network 
› There are numerous applications for identifying the most important entities 

– Ranking entities

› betweenness centrality, closeness centrality, and degree centrality 
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Clustering or community detection

– Used to identify groups of related entities from a graph based on 
the relationships 
› Relations is application-specific

– So, there are many specialized clustering algorithms

› Elbow method

– Determining the number of clusters
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Subgraph Isomorphism and Patterns

› Task of identifying a subgraph of the input graph 
– that is isomorphic to a second graph (the pattern) 

› Examples

– lookup chemical compounds by structure in a database 

– Popular terms
› subgraph, isomorphism, motif, pattern matching, cycle, clique, star, mesh

– Pattern detection
› subgraphs that match a more loosely defined pattern 

– e.g., a clique or a star 

– Example: identifying protein complexes as clique patterns 
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Motif finding

› Network motif 
› statistically significant overrepresented patterns of local interconnections 
in complex networks

– basic building blocks & design patterns of some bio. networks 
› In biological networks: the structure has been shaped during evolution 

BIOLOGICAL NETWORK ANALYSIS COURSE 15 FROM 23



Motif finding

– Example
› feed-forward loop motif 

– have particular information filtering capabilities within the process of gene 
regulation

› Saccharomyces cerevisiae
– Gene-Regulatory network

› One non-bio example

– example, the comparison of networks
on the basis of their local structure 
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Motif finding

› Definition
› A motif is a small connected graph G ‘

– the size of a motif is given in the number of vertices 

› A match of a motif within a target graph G is a graph G ‘’
– isomorphic to the motif G’ and a subgraph of G 

› Network motif analysis is generally for directed graphs but not limited to
– GRN
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Motif finding

› Motif Frequency 
› number of different matches of this motif 

– Scenarios
› No restriction

› Only vertices shared

› Completely disjoint



Motif finding

– Examples
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Motif finding

› NP hard problem
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Motif finding

› Still there is a lot of room for research in this area 
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Question?

Bioinformation.ir

info@Bioinformation.ir
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Ranking relations

› Link prediction
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