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Description of the PhD thesis project

The eukaryotic genome is highly organized in both space and sequence. Preferred positions in the
nucleus are observed from whole chromosomes to single loci, in close link with gene expression.
Yet this complex organization and its functional roles for transcriptional coordination are poorly
understood, mainly due to a lack of appropriate tools. Indeed, most experimental techniques used
in this field give an incomplete picture — fixed-cell microscopy (FISH), population-levels assays (Hi-
C)... A true understanding of these processes in 4D is still missing.

Our lab combines cutting-edge microscopy and computational approaches to study the two-way
relationship between the dynamic organization of the genome in the nuclear space and the
coordinated regulation of its expression. This approach relies on our 3 areas of expertise: (i) single-
molecule microscopy techniques for real-time imaging of transcription in 4D (MS2/PP7 RNA
imaging), (i) signal-theory data analysis tools to interpret spatio-temporal data and (iii)
physical/mathematical modeling of stochastic nuclear processes.

How does genome folding shape the concerted regulation of genes? How does the sharing of a pool
of factors/enzymes between genes contribute to their co-regulation? How do enhancers interact with
individual genes in a single nucleus and coordinate transcription domain-wide? To address these
timely questions, the student will visualize and interpret the transcriptional coordination between
pairs of individual genes. Depending on the student’s background (biology, physics, comp. sci.), the
project can focus towards either a genome-level picture with high-throughput imaging, or an in-depth
understanding of specific loci in breast cancer cells (endogenous labeling by CRISPR/Cas9).
Visualizing genes and modeling their spatio-temporal coupling, the student will investigate how
nuclear compartmentalization, resource limitation and/or enhancer-gene communication underlies
coordinated gene regulation.


http://www.coulonlab.org/
http://science.institut-curie.org/research/biology-cancer-genetics-and-epigenetics/umr3664-nuclear-dynamics/
http://science.institut-curie.org/research/multiscale-physics-biology-chemistry/umr168-physical-chemistry/
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International, interdisciplinary & intersectoral aspects of the project

This interdisciplinary project is based on a unique combination of state-of the-art microscopy, data
analysis and modeling approaches. Our lab develops tools for high-throughput live-cell single-
molecule microscopy, which will get the student privileged contacts with hardware companies (eg.
testing of equipment before commercial release). Skills in automated microscopy and image analysis
are also in high demand from pharmaceutical companies. This will place the student at a prime place
on the industry job market. The student will benefit from our lab’s network of world-class
collaborators. Depending on the project’s needs and the student’s background, she/he may be sent
to labs abroad, in institutions including the NIH (Washington DC area), the NKI (Amsterdam) or the
MIT (Cambridge).
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Expected profile of the candidate

We are looking for highly talented students with a strong motivation for interdisciplinary research and
a high capacity for independent and creative thinking. We will consider candidates from various
backgrounds, with a preference for those combining experience in cell/molecular biology with one or
more of the following fields: live-cell microscopy, theoretical biophysics (e.g. soft-matter, polymer),
computer science and applied mathematics (stochastic modeling/simulation). The selected
candidate, regardless of her/his main background, will be trained in every aspect of the project.



