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Scientific context:

Meiotic crossovers between homologous chromosomes are central to the sexual cycle of
eukaryotes, ensuring proper chromosome segregation and generating genetic diversity through
recombination. The distribution of crossovers along chromosomes, known as the recombination
landscape, varies widely both between and within species (Johnston 2024). The evolutionary forces
shaping this diversity remain poorly understood, due in part to experimental limitations (Parée and
Teotonio 2025). Yet, uncovering the causes of recombination landscape evolution could illuminate the
evolutionary advantages of recombination, and more broadly of sexual reproduction (Lenormand and
Otto 2000; Lenormand et al. 2016), as well as the causes for the maintenance of local adaptation and
reproductive isolation (Proulx and Teotonio 2022, Venu et al. 2024).

Experimental evolution studies in several organisms have shown that recombination can
accelerate adaptation (Rice 2002; Kosheleva and Desai 2018), by breaking down negative linkage
disequilibria and increasing genetic variance (Barton 1995; Roze 2021). However, these studies
typically compare populations with and without recombination, rather than addressing how
recombination landscapes themselves evolve (Parée and Teotonio 2025).
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Objectives:
rec-1 is a gene involved in the redistribution of meiotic crossovers in the nematode

Caenorhabditis elegans (Parée et al. 2024). Loss of rec-1 function redistributes crossovers toward
chromosomal centers, increasing recombination rates in these regions compared to the wild-type rec-1
and changing the C. elegans recombination landscapes. The host team previously showed that
although rec-1 alters recombination rates across the genome on all chromosomes, indirect selection on
rec-1 primarily depends on the genetic associations it establishes with selected loci in nearby genomic
regions (Parée et al. 2025).

These results naturally raise the questions: How does selection on the rec-1 allele depend on its
genomic location? Furthermore, like in many species, particularly flowering plants, C. elegans
hermaphrodites can self-fertilize. Theory suggests that increased self-fertilization leads to greater
linkage disequilibrium across the genome, potentially reversing the direction of selection on
recombination modifiers (Stetsenko and Roze 2022). Does the effect of the genomic localization of
rec-1 become less important as the selfing rate increases?

Methodology:
The project uses C. elegans experimental populations with or without standing genetic diversity

that have been domesticated to laboratory conditions and genetically engineered exhibit distinct
recombination landscapes across the genome by changing the position of the rec-1 wild-type and loss
of function mutant alleles (Parée et al. 2025). The project will involve:

(1) Head-to-head competition experiments over 5-10 generations to estimate selection
coefficients between wild-type and loss-of-function rec-1 alleles, introduced at different genomic
locations, in otherwise isogenic backgrounds. As there is no genetic variation to recombine, the direct
fitness consequences of rec-1, resulting for example from chromosomal missegregation, will be
quantified in these experiments. Pooled DNA samples will be collected at multiple time points during
the competitions, and rec-1 genotype frequencies determined with a qPCR assay (Parée et al. 2025).

(2) Replicated experimental evolution with populations with standing genetic variation and fixed
rec-1 alleles at different genomic locations over 30-40 generations in two novel environments. Two
regimes of high and low self-fertilization will also be considered. Populations will be whole-genome
short-read resequenced during the experiments, and also assayed for competitive fitness, to determine
whether different recombination landscapes determine the extent of polygenic adaptation (Barghi et al.
2020, Parée and Teotonio 2025).

(3) Evolved populations in (2) with polymorphic rec-1 alleles will be experimentally evolved
with two different levels of gene flow between them for 20-30 generations to determine if the
maintenance of local adaptation (to the novel environments) depends on the evolution of
recombination landscapes and of local indirect selection of the several rec-1 alleles.

(4) Results from (1-3) will be analyzed mainly with LMM and GLM, and validated using
numerical simulations of experimental evolution, using R and SLiM (Haller and Messer 2019).

Support and timeline:

The candidate will have a strong interest in empirical research, including experimental culturing
of model organisms and molecular biology techniques. Familiarity with R for data analysis and
scripting, as well as proficiency with the Unix command line, is required. The candidate is expected to
present their results at regular lab meetings, and yearly at national and international research
conferences. The candidate will be proficient in English, and will take the lead in the writing of
research articles for peer-review.
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(1-2) and (3) should be accomplished during the first and second year of the project,
respectively. The third year will be devoted to (4), unforeseen experiments and thesis/article writing.

The host team is recognized for having established experimental evolution in C. elegans
(Teotonio et al. 2017), and has all the infrastructure and materials for the success of the PhD project.
The team’s head has more than 20 years’ experience in research project and human resource
management, having supervised 5 PhD students, 10 post-doctoral researchers and over 25 interns and
technicians. The team is currently composed of a permanent researcher, one post-doctoral researcher,
two PhD students and one technician. The PhD project is part of a collaborative project between the
host lab and that of Denis Roze (Marine Biological Station, CNRS-Sorbonne University, Roscoff),
financially supported by the Agence Nationale pour la Recherche (recLandscapes, 2026-2030).
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