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The many faces of biological robustness

Cancer and
robustness

Development and
Robustness
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von Dassow’s robustness

von Dassow et al Nature 00

Radulescu Robustness



Redundancy and distribution of fragility: k robustness
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von Neumann’s Caltech lectures

I reliable functioning with unreliable components.

I multiplexing, redundancy : instead of running in a single
machine, the same information is fed into a number of
identical machines.

I this technique can be used to control error.
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Robustness by dimension compression

Chain of catalysed
transformations

Transcription models
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Gromov-Levy cube concentration

Objects in high-dimension look thin in projection.

Levy theorem (cube concentration):

F (k1, k2, ..., kn) defined on Sn(1)

|F (k)− F (k ′)| < |k − k ′| F is 1-Lipschitzian, for instance F =
(k1 + k2 + ...+ kn)/n

Var(F ) ∼ 1/n F concentrates
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Simplex concentration : order statistics

ordered parameters K(1) > K(2) > ...K(r) > ...K(n),

F = K(r) F is the r-th order statistic

Var(F ) ∼ 1/n2 F has simplex concentration
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Robustness by dimension compression
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Signalling of NFκB: a case study
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NFκB response to signals
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NFκB controls over 100 genes
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NFκB controls over 100 genes
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A complex model
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Model reduction for multiscale systems

Total or partial separation of timescales ki << kj .

k ′ = max(kij)

Dominance,

pruning
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log(k ′) =

log(k) + log(klim)− log(ki)

Averaging Pooling
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The function F (k1, ..., kn)

Radulescu et al BMC Systems Biol. 08
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Delayed negative feed-back produce oscillations
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Testing robustness

I Pick a random set Ir of r parameters.

I ki → ki si , i ∈ Ir , where si are r random iid positive variables
of log-variance Var(logk).

I Monte-Carlo estimate for Varlog(property).

I Produce two plots: Varlog(property) vs. Var(logk) and vs. r .

Gorban and Radulescu IET Systems Biol. 07
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Critical parameters : fragility points

If a critical target is chosen by chance, then the sensitivity is C .

Var(log time)/Var(log k) = C 2[1− (1− rc/n)r ] ≈ C 2[1− exp(−rrc/n)]
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Simplex concentration : dominance, limiting step
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Cube concentration : multiplication, addition

P ∼ kα1
1 . . . kαn

n

logP = C + α1 log k1 + . . .+ αn log kn
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Conclusion and perspective

I A generic mechanism produce robustness in complex
regulatory networks: size matters!

I Robustness by dimension compression: a few rely on many.

I Robustness and dynamical dimension (joint work with
AN.Gorban and A.Zynoviev).

I Early expression patterns in Drosophila are robust with respect
of variability of cis-regulatory modules (work in progress with
J.Reinitz).

I Experimental robustness: quantify variability following
perturbation (work in progress with Y.Arlot).
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PhD position in malaria systems biology (DIMNP lab,
Montpellier)

The Biological Physics and Systems Biology Team
Ovidiu Radulescu (PR UM2), Andrea Parmeggiani (MC UM2)

Multiscale approach
Theory and modelling

synergy

W here is the W here is the W here is the W here is the fonctionfonctionfonctionfonction????
Biological Physics

Systems Biology

Cell Biology

Physiology, Pathology
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