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%y Way_

e BS in Applied Physics and Mathematics

“MS-1 Theoretical “Pﬁysics

YerPhl Smge - Virus Evolution Models

After AAlikhanian

UNIVERSITE e “MS-2 Theoretical ‘Pﬁysics and ﬂyyﬁ’caﬁons/ Comy[e)c
de Cergy-Pontoise

Systzms

Stage — ‘.Mod:e[ing of Cell Metabolism_

POLYTECHNIQUE
ParisTech

fﬁ@, ﬂyyﬁcaﬁong of Stat. Tﬁysics and Clnf ﬂﬁeory i

SAPIENZA (g

UNIVERSTTA D1 ROMA




Plan.

. Qgrcy’e ct’

e "Model
e State @"’ The Art

o Next Steps



oo Pr ofect”

%u[awry COTLU’O[ in MétﬂBO[iC NéfWOTéS

Advisers: Fnzo Marinari, Andrea De Martino

+ noise



Questions?

* Why certain biological channels work
optimally”?

 \What is the optimal concentration of
objects that the given channel of
Interaction transfer maximum amount of
information?

 What is the_optimal channel of
interaction that for given concentrations
of objects transfers maximum amount
of information?
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Ref: Matteo Figliuzzi, Enzo Marinari, Andrea De Martino, MicroRNAs as a selective,
post-transcriptional channel of communication between ceRNAs: a steady state theory
To appear in Biophy J



State cf The Art’

1. ODE ﬂy}amacﬁ and Steowfy State ﬂna(yses
2. Noise angmu’om
3. ‘Jnformation ’J'ﬁeory_

4. O}?timizau’om



ODE ﬂyymacﬁ and Stuwfy State

glna[yses
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. e _ complex decoupling
degradation ~ complex coupling
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Ref: Matteo Figliuzzi, Enzo Marinari, Andrea De Martino, MicroRNAs as a selective,
post-transcriptional channel of communication between ceRNAs: a steady state theory,
To appear in Biophy J



“Noise Integration.

/é/v)@‘

H‘b—> x| +6x

dt v

noise

Ref: Gasper Tkacik and Aleksandra M. Walczak, Information transmission in genetic
Regulatory network, J Phys Condes Matt 23 (2011)



“Noise Integration.

X, P(X) > channel > 0, p(0)
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Hill function
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Concentration of occupier

Ref: Gasper Tkacik and Aleksandra M. Walczak, Information transmission in genetic
Regulatory network, , J Phys Condes Matt 23 (2011)



“Noise Integration.

X, P(X) > channel > 0, p(0)
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Concentration of free miRNA

Ref: Matteo Figliuzzi, Enzo Marinari, Andrea De Martino, MicroRNAs as a selective,
post-transcriptional channel of communication between ceRNAs: a steady state theory
Biophy J, 2013



‘lnformation Tﬁem’%

Information

= knowledge m
= loss u@

| t/S=—f dx p\(x)logzp(x)

Probability distribution

Ref: Shannon, Information Theory, Mathematical Theory Of communications, bell Sys Tech J 27:
379 & 623, 1948



"Mutual ﬂnformatiom

X, p(X) > channel > 0,p(0)

Question: How much our uncertainty about output o reduces by knowing input x?

{(x;o)=fdzj(x)(S[p(o)]—S[p(olx)])

T N\

mutual information  input variable  output variable ~ conditional prob. describing
: . X-> 0 regulatory element
prob. dist. prob. dist.

Ref: Gasper Tkacik and Aleksandra M. Walczak, Information transmission in genetic
Regulatory network, , J Phys Condens Matt 23 (2011)



O}ou’miza’a'on,

7\

Channel Input

Ref: Gasper Tkacik and Aleksandra M. Walczak, Information transmission in genetic
Regulatory network, , J Phys Condes Matt 23 (2011)



Ojou’mizan’om

Entropy for the Gaussian distribution is:

SGauSSian — 10g2 \/2 e 02
\

variance

Using Langrange multiplier methods one can show that when the noise is
Gaussian and additive, then information transmission is maximized at
fixed input variance when input is drawn from a Gaussian distribution.

Ref: Gasper Tkacik and Aleksandra M. Walczak, Information transmission in genetic
Regulatory network, , J Phys Condes Matt 23 (2011)



“Next Steps..

Attend to
schools/ conferences/
meetings
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T frank you!
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