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Control of gene expression

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?
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The transcription-based
solenoidal model of chromosomes

Transcription occurs in focal points

Transcription is sensitive to gene 1D position & 3D clustering

Co-regulated genes tend to position periodically
1D periodicity strongly favors 3D clustering and solenoid

TF variety strongly favors 3D clustering and solenoid
Gene 3D clustering evolutionarily favors 1D periodicity

2 e TSRS A

One Project

1. Rational genome-wide regulatory engineering




1 - Transcription occurs in focal

points

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

Talukder Ali Azam'?, Sota Hiraga® and Akira Ishihama™* Genes to Cells, 2000




2 - Transcription Is sensitive to gene
1D position & 3D clustering
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TF = lactose repressor:

70-fold optimization of transcriptional regulation
A DNA loop induced by
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3 - Co-regulated genes tend
to position periodically
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Co-regulated genes tend
to position periodically
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Comparison to Fourier analysis
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Co-regulated genes tend
to position periodically

Macro-domains

CRP targets
E. coli
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Genome organization:
transcriptional regulation
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3D clustering and solenoid

Polymer model off-lattice

Discrete implementation of a self-avoiding semi-flexible polymer
Monte Carlo / Metropolis

With localized interaction sites

Mimicks bridging of two DNA sites by one bivalent transcription factor




1D periodicity strongly favors
3D clustering and solenoid
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Self-attracting polymer Sparse interacting sites




1D periodicity strongly favors
3D clustering and solenoid

Toroidal
phase
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1D periodicity strongly favors
3D clustering and solenoid

» Gene organization is crucial for a and transcriptional regulation
- i.e. for efficient and robust transcriptional regulation

Ordered site distributions




5 - TF variety strongly favors
3D clustering and solenoid

Include several types of interacting sites, denoted by different colors

I.e. several transcription factors, each with its own set of target genes
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Before evolution : random gene pcsmons
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After evolution : regular gene positions




Initial random state
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Final evolved state
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3 sets of 10 genes each



1 - Rational genome-wide
regulatory engineering

Given a set of 15 genes involved In one
synthetic metabolic pathway.
How do we co-regulate them?

Hyper-operons (3D co-localization) is a
principle that Nature iIs using.
Biotechnology could apply this principle.




Conclusions

Co-regulated genes tend to position periodically

Gene 3D clustering evolutionarily favors periodical positioning

«  Periodical positioning, together with variety of binding proteins, strongly favor
- Gene 3D clustering
- Solenoidal 3D organization of chromosomes

Gene 3D clustering optimizes transcriptional regulation

«  Transcription occurs in focal points




Questions

Epigenomics

What are the biotechnological implications for such studies?

Are we on the verge of epigenetic engineering, following genetic engineering?
Tom Knight: « Another way to deal with complexity is to get rid of it »

Francois Kepes: « Another way to deal with complexity is to put it to use »
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