
1 

PhD Research Proposal Form 
China Scholarship Council (CSC) 

2026 

FIELD 

Biology / Evolutionary Biology 

Thesis subject title: Experimental evolution of recombination landscapes in C. elegans 

Name of the French doctoral school/Ecole doctorale: 
Life Sciences/ Sciences du Vivant (ED657) 

Name of the Research team/Equipe de recherche: 
Experimental evolutionary genetics (Institut de Biologie de l’ENS) 
Website: https://www.ibens.bio.ens.psl.eu/?rubrique28 

Name of the Supervisor/Directeur de thèse: 
Henrique Teotónio, Professor ENS 
Email: teotonio@bio.ens.psl.eu 

Lab Language/ Langue de travail: 
English 

Research Proposal Abstract/Présentation du sujet: 

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 
Teotónio 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 Teotónio 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 Teotónio 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 Teotónio 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 
(Teotónio 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). 

References: 
Barghi, N., J. Hermisson, and C. Schlötterer. 2020. Polygenic adaptation: a unifying framework to understand positive 

selection. Nature Reviews Genetics. 21: 769. 
Barton, N. H. 1995. Linkage and the limits to natural selection. Genetics 140:821-841. 
Haller, B. C. and P. W. Messer. 2019. SLiM 3: Forward Genetic Simulations Beyond the Wright-Fisher Model. Molecular 

biology and evolution 36:632. 
Johnston, S. E. 2024. Understanding the genetic basis of variation in meiotic recombination: past, present, and future. 

Molecular biology and evolution 41: msae112. 
Kosheleva, K. and M. M. Desai. 2018. Recombination Alters the Dynamics of Adaptation on Standing Variation in 

Laboratory Yeast Populations. Molecular biology and evolution 35:180. 
Lenormand, T., J. Engelstadter, S. E. Johnston, E. Wijnker, and C. R. Haag. 2016. Evolutionary mysteries in meiosis. 

Philosophical transactions of the Royal Society of London. Series B, Biological sciences 371: 20160001. 
Lenormand, T. and S. P. Otto. 2000. The evolution of recombination in a heterogeneous environment. Genetics 156:423. 
Parée, T., L. Noble, J. Ferreira Goncalves, and H. Teotónio. 2024. rec-1 loss of function increases recombination in 

the central gene clusters at the expense of autosomal pairing centers. Genetics 226: 
doi.org/10.1093/genetics/iyad205. 

Parée, T., L. Noble, D. Roze, and H. Teotónio. 2025. Selection can favor a recombination landscape that limits 
polygenic adaptation. Molecular biology and evolution 42: doi.org/10.1093/molbev/msae273. 

Parée, T. and H. Teotónio. 2025. Experimental tests on the evolution of sex and recombination and their adaptive 
significance. Journal Evolutionary Biology 38: doi.org/10.1093/jeb/voaf028. 

Proulx, S. and H. Teotónio. 2022. Selection on modifiers of genetic architecture under migration load. PLoS 
Genetics 18: doi.org/10.1371/journal.pgen.1010350. 

Rice, W. R. 2002. Experimental tests of the adaptive significance of sexual recombination. Nature reviews Genetics 3:24. 
Roze, D. 2021. A simple expression for the strength of selection on recombination generated by interference among 

mutations. PNAS 119:e2022805118. 
Stetsenko, R. and D. Roze. 2022. The evolution of recombination in self-fertilizing organisms. Genetics 222:iyac114. 
Teotónio, H., S. Estes, P. Phillips, and C. F. Baer. 2017. Experimental evolution with Caenorhabditis nematodes. 

Genetics 206: 10.1534/genetics.115.186288. 
V. Venu, E. Harjunmaa, A. Dreau, S. Brady, D. Absher, D. M. Kingsley, F.C. Jones. 2024. Fine-scale contemporary 

recombination variation and its fitness consequences in adaptively diverging stickleback fish. Nature Ecology and 
Evolution 7: 1337. 

Type of PhD: Regular PhD (leading to a single French diploma) 


	PhD Research Proposal Form
	China Scholarship Council (CSC)
	2026
	FIELD

