





What is a Network

A network is a set of items, which we call
vertices (or sometimes nodes) with
connections between them, called edges
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Networks — Some Examples




Representing biochemical reaction in
the form of Network

Metabolite 2 node

Nodes are connected if they form substrate-product pair in a
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Parameters to study structure of
Networks

Giant Strong Component

E.coli complete metabolic network E.coli giant strong component

Isolated
components

It is the largest fraction of the network within which
communication is possible



Parameters to study structure of

Networks

Degree Distributions

P(k)=n,[n
Jdll= degree
fill= total no of nodes
N, = no of nodes of degree k
P(k)=  fraction of vertices with
degree k
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Parameters to study structure of

Networks

Degree Exponent

P(k) ~ k™Y

Y - Degree Exponent
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Parameters to study structure of

Networks




Parameters to study structure of

Networks




Parameters to study structure of

Networks




Parameters to study structure of

Networks




Parameters to study structure of

Networks
Transitivity
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Parameters to study structure of
Networks

Clustering or Transitivity

Number of existing connections between it’s neighbors
~ Number of possible connections between it’s neighbors

Clustering coefficient of a node

Clustering Coefficient of Node 1is (1/6), Node2is(1/1)=1

Clustering Coefficient of network = 0.433 (Averageof 1,1, 1/6, 0 and 0)



Parameters to study structure of

Networks




Parameters to study structure of

Networks




What are factors that shape structure of

metabolic networks ?




What are factors that shape structure of

metabolic networks ?










Reconstructing metabolic network

Edge list

S1+S2 —>P1 + P2 i i -2}
E Perl M

KEGG Script ailiinal
S2 P2

Pajek is a software for visualization and analysis of large networks
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Methanopyrus kandleri



Results

Size of Giant Strong ComponentVsTemperature

Optimal growth temperature [C]



Results

Edge density Vs Temperature

Edge density

Optimal growth temperature [C]



Results
Edge density Vs Temperature
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Results

Degree ExponentVs Temperature

Degree exponent

Optimal growth temperature [C]



Results

Degree ExponentVs Temperature
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Results

Average Path LengthVsTemperature

Optimal growth temperature [C]



Results

DiameterVsTemperature

Optimal growth temperature [ C]



Results

Average Clustering CoefficientVs Temperature

Clustering coefficient

Optimal growth temperature [ C]



Results

Average Clustering CoefficientVs Temperature
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1. Difference in the
organisms chosen
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Discussion

1. With present data, we can infer that density and size of gsc
decrease while Degree exponent and Path length increase
with temperature

2. High temp organisms have narrow range of optimal growth
temperatures so they contain fewer metabolites, this might
explain the reason for reduced size of g.s.c and density

3. Thermophiles and Hyperthermophiles are ancient and other
groups are evolved by addition of new vertices by Gene
duplication.

4. In addition, preferential attachment of new vertices to high
degree nodes might explain why mesophiles have reduced
path length and degree exponent



Future Work







Extra

= Giant strong component also shows power
law degree distribution

= Parasites have short avg path length — Ma
and Zeng 2002

= Metabolic networks evolve by gene
duplication — Papp et. al. Nature 2004, Diaz-
Mejia et. al. Genome Biology 2007

= Preferential attachmentin metabolic
networks — Light et. al. BMC Bioinformatics
2005
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*= When do you call a network Scale Free ? P(k) ~ k™Y

Scale-free

1.5

= Wiki—If a network follows power law degree distribution then it is called
scale free

= |fyou take a fraction of the network (nodes) and plot the same graph
(here degree distribution) then the slope (or gamma) remains the same
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