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Chromosomes  are  the  physical  carriers  of  genetic  information.  In  the  yeast
Saccharomyces cerevisiae, they consist of 16 long DNA molecules with a set of proteins
that compact,  roll  and bind them into a supramolecular structure. Their  precise spatial
organization  is  crucial  for  the  proper  execution  of  biological  processes  such  as  gene
expression, replication and chromosome segregation.  Chromosome loops of several tens
of kilobases have recently been detected in yeast chromosomes during the mitotic and
meiosis phases (Garcia-Luis et al. NSMB 2019, Muller et al. MSB 2018). These loops are
maintained by a specific group of proteins called cohesins and finely regulated (Dauban et
al. Mol. Cell 2020). 

We recently observed the presence of long range loops in different conditions that seem
independent of cohesin (unpublished data). The objective of this project is to identify the
biological and physical factors behind the formation and maintenance of this other type of
loops. 
The  project  will  use  different  experimental  technologies  that  are  used  daily  in  the
laboratory, including contact technologies such as Hi-C (Lieberman-Aiden et al. Science
2009). This technique is based on the capture and sequencing at high throughput of DNA
fragments that are close to each other in the cell or nucleus (Dekker et al. 2002). 
The project  will  involve the use of  various computational  techniques like algorithms of
pattern detection (https://github.com/koszullab/) or  machine learning.  The computer part
will also include molecular dynamics simulations of polymers, tools already developed in
the laboratory that will help to understand and interpret the experimental data generated.
They  will  consist  in  the  design  of  various  toy  models  involving  simple  systems  with
controlled ingredients such as loop extrusion mechanisms (Fudenberg et al., Cell reports
2016), attachment of chromosomes to the nuclear envelope, etc. 

Depending on the abilities and/or tastes of the candidate, the student will have the choice
to devote more time to the experimental or computer part of the project with training given
in the laboratory. 
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