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Protein-Protein Interaction Networks

A PPI Network can be descibed as a complex system of proteins linked by interactions. A simple representation is a graph consisting of
nodes and edges. The nodes represent the proteins, and such, two proteins that interact with each other are connected by an edge.



" Densely connected subgraphs in the network are likely to form protein complexes that function as a unit in a certain biological process."

Protein Interaction Networks: Computational Analysis
A. Zhang, 2009, 3-4.
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Geometric Random Graphs & Protein-Protein Interaction Networks

Geometric random graphs are a good model for PPI Net-
works.
(1) Modeling interactome: scale-free or geometric?
N. Pr ulj, D. G. Corneil, I. Jurisica, Bioinformatics, 20(18) 2004, 3508–3515

(2) Fitting a geometric graph to a protein–protein interaction network
D. J. Higham, Rasajski, N. Przulj, Bioinformatics, 24(8) 2008, 1093–1099
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Geometric random graphs are a good model for PPI Net-
works.
(1) Modeling interactome: scale-free or geometric?
N. Pr ulj, D. G. Corneil, I. Jurisica, Bioinformatics, 20(18) 2004, 3508–3515

(2) Fitting a geometric graph to a protein–protein interaction network
D. J. Higham, Rasajski, N. Przulj, Bioinformatics, 24(8) 2008, 1093–1099

Geometric Random Graph
Geometric random graph: vertices correspond to uniformly randomly distributed points in a metric space; edges exist between “close”  pairs
of nodes.
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Finding Cliques

A biological problem is to find cliques (= complete sub-graphs) in protein-protein interaction networks:

From pull-down data to protein interaction networks and complexes with biological relevance
B. Zhang, B-H Park, T. Karpinets, N. F. Samatova, Bioinformatics, 24(7) 2008, 979–986

Cliques – or near cliques – in protein-protein interaction networks appear to correspond to functional protein modules.

The Combinatorica command MaximumClique, found this maximum clique in 2112.2 seconds.
A greedy algorithm, written in Mathematica®, found the maximum clique in 32.8 seconds: 
over 64 times faster.

Data: How typical is this?
Comparison of runtimes for greedy algorithm and MaximumClique, for geometric random graphs with uniformly random points in a unit cube
joined by an edge if they are no more than 0.15 apart:
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Time (secs) for greedy algorithm versus # edges

Distribution of times for greedy algorithm to find maximum 
clique
1, 000 geometric random graphs in a unit cube; r = 0.15, # vertices = 400.
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How does it work?

MyList@@nDD

Is a series of lists created using Mathematica's built in commands for the Degrees and EdgeList of a graph.
MyList[[n]] for each vertex, n, includes the vertex n and it's neighbors. (ie, if n is connected to x3,x4,x6, then MyList[[n]]={n,x3,x4,x6})

CliquesOf@nD

Empty lists are created to store information I will determine.
CliquesOf[n] : stores all Cliques of size n.

The initial list(2-cliques) is simply determined by: 

CliquesOf@2D = EdgeList@GD

The code determines all 3, then 4, then 5 .. then n - cliques.To build the new lists it uses the previous list, cliques of size (n - 1).

These CliquesOf[n] are found using CliquesOf[n-1]. If a vertex is in a 3-clique, it asks if the MyLists for each of the three vertices intersect for
four or more elements, if yes, we determine those 4-cliques. 
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The code determines all 3, then 4, then 5 .. then n - cliques.To build the new lists it uses the previous list, cliques of size (n - 1).

These CliquesOf[n] are found using CliquesOf[n-1]. If a vertex is in a 3-clique, it asks if the MyLists for each of the three vertices intersect for
four or more elements, if yes, we determine those 4-cliques. 

Data on larger graphs.
The table below is for random geometric graphs on 1,000 vertices, connecting if within a distance of .1 :

For a graph on 1,500 vertices, connecting if within a distance of .1 :

Questions and Obsevations.

The greedy algorithm finds all cliques  - not just a maximal clique -  in reasonable sized geometric random graphs, and relatively quickly.

What is it about the structure of geometric random graphs that allows  a greedy algorithm to find maximum cliques so quickly?

How does the time for the greedy algorithm to find a maximum clique vary with number of edges, or edge density?

Can some sort of structuring of the geometric random graph data – by partitioning a cube, for example – speed up the greedy algorithm?
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