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Description of the PhD thesis project

Abstract

Chromosome number abnormalities are common in cancer and often result from centromere defects. To
understand how centromere dysregulation is associated with malignancies, it is essential to explore the range
of natural behaviors through the study of biological diversity. We focus on the fundamental role of
centromeres in 3D chromosome organization in interphase and mitosis by analyzing holocentric organisms
exhibiting a drastic evolution in centromere layout, where centromeres distribute over the entire length of
chromosomes. We initiated our study on the silkworm and described its unconventional 3D genome
organization in interphase. This reveals a unique third type of compartment, in addition to the conventional
active A and inactive B. We labeled it "S" for "secluded," as it frequently makes short-range contacts and very
rarely engages in long-range contacts. The project investigates the role of architectural proteins in organizing
this peculiar genome's spatial architecture. We will systematically investigate the roles of cohesin, condensin,
and insulators through Hi-C and ChlIP-seq experiments in both normal and perturbed conditions. To
understand the interplay between centromere organization and genome conformation, we need to
characterize functional centromeric regions during mitosis. The analysis of this specific cell cycle stage will
also shed light on how architectural proteins contribute to shaping centromeric chromatin when its function
is most crucial.

Background

The group of Ines Drinnenberg in Institut Curie focuses on the evolution of centromeric regions, using the
silkworm Bombyx mori as a model organism. B. mori has an unconventional centromere organization, called
holocentric, where chromosomes have no primary constriction point for kinetochore formation and spindle
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attachment during cell division, but instead have multiple spindle attachment points all along their length.
As centromeres have been shown to be majors players in chromosome architecture, we are using this model
to understand the relationship between the linear and spatial organization of genomes. To evaluate the
interplay between centromere organization and genome architecture we first need to describe them in
interphase and mitotic cells of B. mori. We already described conserved and specific features in interphase.
At the genome-wide scale, chromosome form very strong territories with very sparse signal in the
interchromosomal space, a specific signature of the absence of regional monocentromere. At the
chromosomal scale, chromosomes do not only segregate between two compartments (A: active, B: inactive);
instead, we identified a third type of compartment. We labeled it "S" for "secluded," as it frequently makes
short-range contacts and very rarely engages in long-range contacts. This 3rd compartment segregates away
from both A and B, seems to host a specific combination of genetic and epigenetic features of both and shows
strong loop extrusion signatures.

Objectives

In other organisms, chromosome architecture has been shown to results from the interplay between
phenomena dictated by the epigenetic status of loci (compartments), and others that result from the
intervention of so-called architectural proteins (TADs; loops, ...). Among these, we find SMCs, and in
particular cohesin and condensin, but also anchor proteins or complexes, like CTCF, Beaf-32, Mod(mdg4),
CP190, etc..., that are positioned at architectural borders. To complement our analysis, we propose to
evaluate the role of the homologs of architectural proteins that are found in B. mori in mediating the
described genome architecture.

In mitosis, centromeres are the cornerstone of chromosome architecture. For mitotic segregation to occur,
chromosomal DNA must be highly compacted and centromere regions with associated kinetochore proteins
appear pointing outward from sister chromatids. First, we propose to isolate mitotic cells from B. mori
embryos and analyze the localization of kinetochore at this stage to identify regions of metaphasic
chromosomes that function in segregating B. mori chromosomes. In parallel, we will describe the 3D
architecture of chromosomes as well as the localization of SMC complexes, believed to play a critical role in
metaphasic chromosomes organization. This study will allow us to explore how the organization described
in monocentric organism can be extrapolated to holocentrics as well as exploring the role of the kinetochore
in metaphase chromosome folding.

Experimental approaches
During his training, the student will have the opportunity to learn a large number of technics, from basic
molecular biology to high-throughput and NGS production and analysis. He will also be familiarized with the
difficulties of studying a non-model organism through very trendy and state-of-the-art problematics such as
the 3D organization of chromosomes inside the nucleus.

Aim I. Role of architectural proteins in the spatial organization of the B. mori genome
To obtain the chromosomal distribution of proteins of interests, the student will perform ChIP-seq
experiments using cloned and tagged proteins transfected to cell lines or using some custom antibodies
currently being produced. Then, the student will carry out perturbation experiments on architectural
proteins in B. mori by RNAi depletion and analyze the consequences on the 3D organization using Hi-C.
Finally, he will consolidate both sets of experiments to conclude about the implication of the architectural
proteins in the 3D genome architecture, and in particular in forming topological frontiers.

Aim II. Mitotic chromosome architecture in holocentric insects
After FACS cell sorting of M-phase cells, the student will perform ChIP-seq experiments to systematically
investigate the localization of cohesin, condensin | and Il and kinetochore along the compacted chromatin
and analyze these results in light of the 3D architecture of metaphasic chromosome (determined by Hi-C).
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International, interdisciplinary & intersectoral aspects of the project

The preliminary part of this project, which will be published soon, already involved collaborations which will
be continued with Leah Rosin (NIH) for microscopy and Leonid Mirny (MIT) for biophysical modeling. In
addition, we also collaborate with Susumu Katsuma (University of Tokyo) for the expertise in genome
modification and RNAi techniques in B. mori embryos.
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Expected profile of the candidate

We are looking for a highly motivated candidate with excellent academic results and a good theoretical
knowledge of genetics and genomics. Laboratory experience in basic molecular biology techniques (PCR,
agarose gel electrophoresis, cloning, etc.) is required. Dry-lab experience in bioinformatics would be a plus.
A basic knowledge of a computer language such as python is required, and at least a very good willingness
to develop bioinformatics skills will be necessary, as the student will be expected to analyze the NGS data
produced.
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