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Titre du sujet de thèse :  Specificities of meiotic chromosome segregation in mammalian oocytes to generate
healthy embryos 

Résumé du sujet :
The generation of a healthy embryos depends on the fusion of haploid gametes, harboring the correct chromosome
count. Gametes are obtained through two specialized cell divisions, named meiosis I and II. In mammals, female
meiosis is highly error prone, with a quarter of oocytes being aneuploid (harbouring the wrong number of
chromosomes) after the first meiotic division in healthy, young women. Missegregations result in aneuploid
gametes, which give rise to aneuploid embryos upon fertilization. Aneuploid embryos are usually aborted in the first
trimester, except some viable trisomies, foremost trisomy 21, which causes Down syndrome.

Chromosomes harbour specific centromeric heterochromatin sequences that allow the assembly of a protein
structure, named the kinetochore. Microtubules forming the bipolar spindle attach to kinetochores. Once all
chromosomes are correctly attached, they are separated by anaphase spindle movements into two daughter cells.
In mitosis and meiosis II, kinetochores of sister chromatids are oriented towards the opposite poles of the spindle.
In striking contrast, kinetochores of two sister chromatids are oriented towards the same pole in meiosis I, to bring
about separation of chromosomes and not sister chromatids.

How sister kinetochores are held together in meiosis I to be oriented towards the same pole (so-named "mono-
orientation"), how they are attached (both sister kinetochores interact with microtubules, or only one?), how the
reorient after exit from meiosis I to be attached to face opposite poles ("bipolar" orientation) is still mysterious. We
plan to address these fundamental questions using mouse oocytes, which allow highly sophisticated imaging
approaches to study kinetochore structure, attachment and orientation.

For this PhD project the candidate will use mouse oocytes of wild type and genetically modified mice. FRET tension
sensors will be employed to establish where exactly microtubules establish forces on kinetochores in meiosis I and
meiosis II. We will study spindle attachment by super-resolution, and by serial block face scanning electron
microscopy (SBF-SEM, in collaboration with J. Dumont, at the IJM. High pressure freezing of mouse oocytes has
already been set up). Re-orientation of kinetochores between meiosis I and II will be studied by live imaging
through spindle re-formation assays (already set-up). Once it has been determined how kinetochore attachments
change between meiosis I and II, the PhD candidate will ask how checkpoint control mechanisms verify whether
correct chromosome orientation (mono-or bi-orientation) is present in meiosis I or II. He/she will be able to build on
previous data from the team and tools available, such as conditional knock-out mouse models to study spindle
assembly checkpoint components. Altogether, the results obtained during this PhD should allow us to better
understand the reasons for frequent mis-segregations and related fertility issues also in human oocytes.
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Projet ouvert à la mobilité :  Oui

Candidat(e) préssenti(e) sur le projet :  Aucun

Projet présenté pour le concours d'attribution des contrats doctoraux 2019 :  Oui

Autre(s) financement(s) demandé(s) et/ ou prévu(s) :  Non

Cotutelle : Non

Collaboration en interface : Non

Accord pour la publication sur le site Web de l'Ecole Doctorale :  Oui
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