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Control of gene expression

FOT
Epigenomics

PPPPPPP =

How are genes turned on and off with such delicate and adaptive precision?

How can many of them switch in such a concerted manner and in so little time?




, Diffusion, co-localization
it & genome architecture

1) Diffusion limits the efficacy of biochemical networks,
and that generates spatial localization;

2) Genomic organisation optimizes spatial localization of biochemical networks,
and that structures chromosomes;

3) One part of the genomic information is dedicated to chromosome structure.




S,%\ The transcription-based

4l solenoidal model of chromosomes
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. Co-regulated genes tend to position
periodically along the chromosome.

2. This distribution is consistent with a
solenoidal organization of
chromosomes, that results in spatial
proximity of the interacting partners.

. This spatial proximity enhances the
rate kinetics, thus contributing to
overall transcription efficiency.
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Repression level
(physiology)
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The case of the lactose repressor:

A DNA loop induced by
e bivalency of the repressor and
e the presence of 2 binding sites ‘O’.




%\ Transcriptional regulation
ARV
& chromosome structure

Similar active genes cluster in specialized
transcription factories

Meng Xu and Peter R. Cook J. Cell Biology, 2008

Two types of localization of the DNA-binding proteins
within the Escherichia coli nucleoid

alukder Ali Azam’“, Sota Hiraga™ an ira Ishihama™ enes to Cells,
Talukder Ali Azam'?, Sota Hiraga® and Akira Ishihama'* G Cells, 2000




e Simulations Monte-Carlo off-lattice d'un modele de polymere discrétis€é (modele de Kratky-Porod)
 [’énergie de courbure spécifie la longueur de persistence Ip

* Auto-évitement du polymere
1,=50 nm, R = Inm (équivalent ADN nu)
Distance entre site de liaisons =1,

Energie de liaison = - 4 kT avec un rayon d’action = 4 nm

Longueur total du chromosome L =16 1

ADNnu: 1;=50 nm=> L =800 nm soit ~ 2.5 kbps

Fibre de chromatine 30 nm : 1) = 50--200 nm => L = 0.8--3.2 ym soit ~ 7.5--30 kbps (150 bps/nm)

Temps de formation du solénoide : ~ secondes




\é%\ Spatial organization of DNA

a~4d  induced by gene co-localization

Polymer model off-lattice

Discrete implementation of a self-avoiding semi-flexible polymer
Monte Carlo / Metropolis
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\éi\ Spatial organization of DNA
#+44  induced by gene co-localization

ppppppp
With localized interaction sites

Mimicks bridging of two DNA sites by one bivalent transcription factor
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i% Transcription factories:
Im ;’ ° ° °
;i micro-phase transition
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Self-attracting polymer Sparse interacting sites




% Multiplicity of Transcription Factors favors
Lt solenoidal-type gene co-localization
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Include several types of interacting sites, denoted by different colors

i.e. several transcription factors, each with its own set of target genes




j% Gene position regularities are
AARNN
o crucial for their co-localization
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Random site positioning Periodic site positioning

Site co-localization is partial Site co-localization is efficient
No collective optimization Good collective optimization




;g%@ Detection of site position periodicities
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Several observations

Transcription regulation in bacteria
Transcription regulation in yeast

Phylogenetically conserved genes




P2y Genomic and transcriptomic data

omics
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Network of
transcriptional
interactions
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Chromosome sequence
-> (Gene positions




Detection of periodicities: the problem

Epigenomics
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Sparse and noisy data in essence
Complex environment

-  Wrong data ...




&x Detection of periodicities: a solution
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Solenoidal coordinates “
@DPE
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SR Comparison to Fourier analysis
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% Genome organization:
OO transcriptional regulation

omics
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Score

{Periode P=6580 P=2x 9510 —p-value=10 -4
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JOOD Conclusions
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Great deal of order in genomes

Small-scale data analysis

Genome order is related to chromosome structuring
Polymer physics
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Conclusions / Questions

FOT
Epigenomics

Co-regulated genes tend to position periodically

Periodical positioning, together with variety of binding proteins, strongly favor
- Gene clustering

- Solenoidal 3-D organization of chromosomes

Gene clustering optimizes transcriptional regulation

Transcription occurs in focal points

What are the biotechnological implications for such studies?

Are we on the verge of epigenetic engineering, following genetic engineering?
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