Uncovering organizing principles in biological systems

by applying network theory at different scales
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Regulatory Genomics and Systems Biology

Molecular Level .
Molecules & regulation

Discover new features of regulatory proteins ® Defining features of regulatory proteins
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Systems Level )
Systems & regulation

Principles of regulation for cellular homeostasis ® Principles of regulation in cellular systems
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Genomes & regulation
® Interplay between regulation and genome evolution

PNAS (2010) Genome research (2009) PNAS (2008)




Atomic interaction network
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Molecular interaction network
~nm {(10° m)

Cellular interaction network
~um (10m)

Outline

Application of network approach to understand
conformation changes in proteins

Application of network approach to understand
the dynamics of molecular interaction networks

Application of network approach to understand
patterns in cell-to-cell contacts during development




Conformational changes in proteins
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A J Venkatakrishnan et al, unpublished




Network alignment and comparison
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Which are the key residues participating in
the activation processes?
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Atomic interaction network
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Molecular interaction network
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Cellular interaction network
~um (100 m)

Outline

Application of network approach to understand
conformation changes in proteins

Application of network approach to understand
the dynamics of molecular interaction networks

Application of network approach to understand
patterns in cell-to-cell contacts during development




Molecular interaction networks in biology

Transcriptional
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Time scale of the evolution of
species (~million years)
sequence information; Naz Gen 2004

Time scale of the life of an

organism (~hours or days)
expression information; Nazure 2004

Time scale of the life of

molecules (~minutes)
Kinetic information; Mo/ Sys Bio/ 2009

Transcriptional network

Madan Babu M
Biochemical Soc Transactions (2010)




Methods to infer hierarchical organization in networks

Food web network

predator — prey




Topological Sort: An approach to infer hierarchical organization in networks

1. Identify strongly connected
components (SCCs)




Atomic interaction network
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Molecular interaction network
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Cellular interaction network
~um (105 m)

Outline

Application of network approach to understand
conformation changes in proteins

Application of network approach to understand
the dynamics of molecular interaction networks

Application of network approach to understand
patterns in cell-to-cell contacts during development




Patterns in the organisation of cells
forming an epithelia

The emergence of differences in arrangement of cells is the first step towards
establishment of many organs. Understanding this process is limited by the
lack of systematic characterization of epithelial organisation.
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Image from
microscope
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The features of individual cells,
together with attributes of the
cellular network produce a
defining signature that
distinguishes epithelia from

different organs, species,

developmental stages and
genetic conditions.

The approach permits

characterization, quantification
and classification of normal and
perturbed epithelia and
establishes a framework for
understanding molecular

cNT 4 cEE ) . .
mechanisms that underpin the
dWP: wing prepupa
dNP: notum prepupa cNT: neural tube
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architecture of complex tissues.
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