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During meiosis, homologous chromosomes pair and undergo reciprocal genetic exchanges via the crossovers, enabling to create novel genetic diversity all the while ensuring the formation of well-balanced gametes. Despite the critical functions of crossovers, their number and distribution vary extensively within and between species. Natural recombination modifier loci, which have the potential to widely influence genetic adaptation, have been repeatedly detected in plants, with the recent highlight of two causal genes in Arabidopsis thaliana (i.e. HEI10, TAF4b) 1,2 . However, detection of these loci always involves biparental populations that do not allow to catch the whole genetic variation that controls meiotic crossover within a species. Therefore, in this project, we aim to identify new natural recombination modifier loci within a large collection of Arabidopsis thaliana accessions by using a Genome Wide Association Studies (GWAS) approach.

Scientific context

Perspectives

To identify new natural recombination modifier loci in A. thaliana, we aim to conduct a genome-wide association study (GWAS) based on 252 diverse accessions well spread across the globe and for which resequencing data are available (all included in the 1001 Genomes project, Figure 1). In most species, assessment of meiotic recombination is performed either cytogenetically or via segregating populations. However, this is unthinkable here giving the number of accessions we plan to screen as well as the number of replicates requires for such analysis. Therefore, we will use fluorescent reporters 3 for assessing crossover frequency from seeds in subtelomeric (420) and pericentromeric (3.9) intervals of chromosome 3 (Figure 2).

To do so, every accession will be crossed with 420 and 3.9 Lines that are in a Col background. The 2 F1s resulting will be then backcrossed three times to remove Col alleles, all the while selecting seeds in hemizygous state for 420 and 3.9 at every generation. Finally, a few number of BC3 plants will be resequenced at low coverage in order to select the one showing the highest overall homozygosity with a special attention next to reporters. Seed progenies obtained from the self-fertilized ''best BC3 plant'' and in hemizygous state for 420 or 3.9 will be used for conducting the GWAS experiments. From this project we expect to identify new natural recombination modifier loci within A. thaliana that result in crossover variation either in subtelomeric or pericentromeric or both intervals of a same chromosome.

In any event, the generation of such a plant material will offer opportunities to study the effect of environmental factors (e.g. Temperature, drought) on recombination; this in order to address the constraints link to the global warming. 

Figure 1 .

 1 Figure 1. Geographical distribution of the 252 accessions of Arabidopsis thaliana selected for identifying new natural recombination modifier loci

  Figure 2. Fluorescent reporter systems used to measure crossover frequency in subtelomeric (420) and pericentromeric (3.9) intervals of chromosome 3. (A) Arabidopsis chromosome 3 is represented in black with FTL transgenes 420 and 3.9 indicated in grey. (B) Micrographs of seeds from a 420/++ hemizygote imaged under bright-field or showing red and green fluorescence.

Figure 3 .

 3 Figure 3. Crossing scheme that will be used to obtained BC3 plants with 420 or 3. fluorescent reporters in hemizygous state.
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