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	Socio-economic and scientific context (approximately 10 lines): 

Infertility affects one in four couples in France, making it a major public health issue. Mitochondria are essential for oocyte quality and embryonic development. Mitochondrial functions are governed by a dual genetic control based on nuclear DNA (nDNA) and mitochondrial DNA (mtDNA), as well as their coordination. Mitochondrial dysfunction and mtDNA abnormalities have been observed in certain types of infertility, such as ovarian aging, polycystic ovary syndrome and endometriosis. The mechanisms involved are still poorly understood. In addition to their energetic function, mitochondria are involved in epigenetic regulation, notably DNA methylation. Some studies have shown that mitochondrial dysfunction may lead to abnormalities in DNA methylation (nuclear and mitochondrial) in the oocyte, affecting embryonic development. Methylation of mtDNA could play a role in regulating its expression and in protecting it, explaining certain features of mtDNA transmission. These discoveries open up new prospects for research into embryonic epigenetics and fertility.

Second generation sequencing (high-throughput, short fragments) has enabled considerable progress to be made in mitochondrial genome analysis, but there are still limitations, particularly for studying low levels of heteroplasmy, large rearrangements and mtDNA instability, since analysis relies on prior amplification of the genome and sequencing of short fragments. In addition, epigenetic modifications of mtDNA remain an area to be explored.

	Working hypothesis and aims (approximately 8 lines): 

Although the link between mitochondria and fertility is well established, there is little consensus as to which pathways are affected by mitochondrial dysfunction. The potential role of mitochondria in mtDNA methylation in reproductive and infertility issues is just beginning to emerge. We propose to explore variations in methylation profiles and their consequences in oocytes in the context of different types of infertility. Understanding the pathophysiological mechanisms may ultimately enable the development of therapeutic approaches.
Our hypothesis is that the analysis of complete native mtDNA, i.e., the complete mtDNA sequence obtained without mtDNA amplification or nucleotide synthesis using the Oxford Nanopore technique (3rd generation, long fragments; nanoporetech.com), will extend the limits of the study of mitochondrial genome structure and methylation, and provide a better understanding of the role of mitochondria in fertility.

	Main milestones of the thesis (approximately 12 lines): 

In the first part, the thesis work will consist of developing experimental protocols and bio-computational analysis pipelines specific to the complete and non-amplified mitochondrial genome to determine heteroplasmy, methylation, large rearrangements and instability, among others. Pre-analytical optimizations will be sought, and techniques specific to Oxford Nanopore technology will be implemented, such as the selection of DNA fragments in nanopores. The aim is to design a new methodology for sequencing both full native mtDNA and determining its methylation, capable of overcoming the limitations of the reference technique (Illumina).
In the second part, the methylation profile of immature oocytes from patients with different types of infertility who have consented to the inclusion of these care samples in the "Fertility" biocollection will be studied. Learning methods (artificial intelligence) may be used.

	Scientific and technical skills required by the candidate (2 lines): 
Solid experience in genomics, both wet lab and dry lab (bioinformatics) aspects; proficiency in the Linux/Unix environment, Python and R languages; ability to manage a server-based computing environment.

	3 publications from the team related to the topic (last 5 years): 
Technical specificities of the study of the mitochondrial genome 
Boguenet, M., Desquiret-Dumas, V., Reynier, P., & May-Panloup, P. (2023). Human Reproduction Open, 2023(1). http://dx.doi.org/10.1093/hropen/hoac061 (IF 2022 :8.3) 
Mitochondrial DNA content reduction in the most fertile spermatozoa is accompanied by increased mitochondrial DNA rearrangement 
Boguenet, M., Desquiret-Dumas, V., Goudenège, D., Bris, C., Boucret, L., Blanchet, O., ... May-Panloup, P. (2022). Human Reproduction, 37(4), 669–679. http://dx.doi.org/10.1093/humrep/deac024 (IF 2022 :6.1) 
Maternal ageing impairs mitochondrial DNA kinetics during early embryogenesis in mice 
May-Panloup, P., Brochard, V., Hamel, J. F., Desquiret-Dumas, V., Chupin, S., Reynier, P., & Duranthon, V. (2019). Human Reproduction, 34(7), 1313–1324. http://dx.doi.org/10.1093/humrep/dez054 (IF 2021 : 6.3) 

	National and international collaborations: 
Centre de Recherche en Reproduction, Développement et Santé intergénérationnelle de l’Université de Laval (Québec) ; UMR 1198 Biologie de la Reproduction, Environnement, Épigénétique, et Développement de l’INRAE de Jouy-en-Josas. 
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