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Genomics and functional genomics

From top to bottom, left to right:
1) Genome (sequencing)

2) Transcriptome (DNA arrays)

3) Proteome (2D protein gels)

4) Proteome (mass spectrometry)
5) Interactome (double-hybrid)

Functional genomics

The "genome" is defined as all the DNA
(and thus all the genes) of an organism

Similarly, one can define :
« the "transcriptome”
*the" "

* the "metabolome"

* the "interactome"

* the "regulome”

The challenge remain to understand how
biological function emerges from these "omes" !
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Complexity :

* Spatial organisation

HEENTS A e » Temporal organisation
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* Variety/quantity of
experimental data

Source: Wolpert et al. (1998)
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Information on cis-regulatory elements in D. melanogaster
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Patterns of gene expression (MRNASs or proteins)

Numerisation + Normalisation
+ reglstratlo- + mtegratlon

2832 images:of 12 seg

Simultaneous labelling of HB, KR & GT Proteins in Drosophila embryo
around cell cycle 13 (courtesy John Reinitz).

Questions

« Correct regulatory graph for a given biological process ?

* What relationships between cross-regulatory structures and spatio-
temporal expression patterns ?

— From regulatory data to gene expression: simulations

— From gene expression data to regulatory scheme: inverse problem
* Which abstraction level to answer specific biological questions ?

— Molecular level: biochemical network

— Gene cross-regulation level: genetic network

— Tissue level: inter-cellular network

* Qualitative approaches (logical equations ) versus quantitative
approaches (differential or stochastic equations)

* How to connect different levels of abstraction ?
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Collection and integration of
regulatory data
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A qualitative model for the Gap regulatory Module
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Logical simulation of the Gap Module
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Output:
Four distinct gap gene
expression combinations

Sanchez & Thieffry (2001)

Simulation of perturbations (loss-of-function mutants,
cis-regulatory mutations, ectopic gene expression)

Genetic back d « Final state » GHRN
enetic bac gl"oun (giant, hunchackb, Kriippel, knirps) Functional predictions
(loss of function)
A B C D
wildtype 1300 0220 0111 1000
loss of giant expression in A
Bicoid 0001 0001 0001 1000 | loss of hunchback and Kriippel expressions in B and C
activation of knirps in A and B
hunchback,,, 1300 0220 0111 1000 -
increase of Kriippel expression in C
caudal 1300 0220 0120 0000 loss of knirps expression in C
loss of giant expression in D
giant 0300 0220 0111 0001 activation of knirps in D
Kriippel 1300 | 1200 | 1100 | 1000 expression of giant in B and C
knirps 1300 0220 0120 1000 increase of Kriippel expression in C
Hunchback,,,...,, 1000 1000 1000 1000 activation of giant in all regions
giant-Kriippel 0300 0200 0101 0001 activation of knirps in D
Kriippel-knirps 1300 | 1200 | 1100 | 1000 activation of giant in B and C
giant-knirps 0300 0220 0120 0000 increase of Kriippel expression in C
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Reverse engineering of the Gap regulatory matrix

Partial Ordinary
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Equation | Continuum Equation
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Fit Model
To Data
a. Simulated Annealing

b. Optimal Control Theory

Gene Expression
Data

Reinitz et al.
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Constraints on the cross regulatory matrix
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Source: Jaeger et al. (2004)
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Determination of the gap expression bounderies

central Kr domain
asymmetric repression by Kni
posterior kni domain
asymmetric repression by Gt

. posterior gt domain
Posterior asymmetric repression by
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Conclusions and prospects
* Choice of model definition and analysis tools depends on
experimental data and questions
* No right models but useful models
» Explanatory versus predictive insights
* Complementarity of different model analyses — # insights
» Towards a rational combination of different model analyses
* Interplay between modelling and experiment design
* Role of multidisciplinary collaborations

« Designing of rational and user-friendly computational
modelling and analysis frameworks

Multidisciplinary collaborations on the dynamical
modelling of genetic networks at Luminy
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