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SUJET DE THÈSE
Dominance is a basic property of the genotype-to-phenotype map and the evolution of dominance
has been one of the most hotly debated topics in genetics over the XXth century (reviewed in
Billiard and Castric 2011). Biefly, the cornerstone of the debate was the possibility for natural
selection to provide substantial advantage for genetic elements controlling dominance/recessivity
interactions between alleles at other genes. Plants of the Brassicaceae family show a very
interesting dominance/recessivity phenomenon at the self-incompatibility system, whereby Salleles are arranged along a fully transitive, mostly linear dominance hierarchy (called
"sporophytic" self-incompatibility). We previously showed that this dominance is largely explained
by a set of small non-coding RNAs produced by dominant S-alleles that have the capacity to target
and transcriptionally silence the more recessive S-alleles, hence providing the first documented
empirical evidence for « dominance modifiers ». We now want to learn more about how these
unusual genetic elements achieve their function and how they evolved in conjonction with the
diversification history of S-alleles in the Brassicaceae. The aim of this PhD project is to understand
how the dominance hierarchy among self-incompatibility alleles became established in the course
of evolution. To achieve this goal, we will focus on two clades of closely related S-alleles that
became diversified and acquired the regulatory elements controlling dominance relatively recently.
We will fully characterize their dominance relationship and the regulatory network by which they
are controlled. Focusing on this finer phylogenetic scale will enable us to look for signatures of the
molecular events that have led to their recent formation and propose a scenario for how they arose.
Step 1. Sampling S-alleles. We will obtain a comprehensive representation of S-allele sequence
diversity of closely related alleles by screening a large collection of individuals from natural
populations available in the lab to identify individual plants carrying S-alleles from clade II and III,
which are the two clades with the most closely related S-alleles (i.e. with the most recent history of
allelic diversification). We will do this using a recently developed low-coverage Illumina
sequencing protocol.
Step 2 : Determining the dominance relationships. Plants with S-alleles of interest will be
crossed in the greenhouse to generate all possible heterozygote combinations. Controlled
pollination assays will then be performed to phenotypically determine the matrix of pairwise
dominance relationships and allele-specific qPCR assays will be used to compare the transcript
levels of each allele of the pollen-expressed gene in each genotype.
Step 3 : Identifying the regulatory network controlling dominance. We will first use long-read
sequencing technologies to sequence and assemble the full S-locus region of each S-allele of
interest. In the event where the assembly fails, we will resort to BAC library construction, screening

and sequencing, as we previously used (Goubet et al. 2012). The genes encoding the cognate
receptor and ligand proteins will be annotated. We will then massively sequence sRNAs from
flower buds to identify the sRNA precursors expressed by each S-allele, and we will predict the
targets of these sRNAs on the other S-alleles using alignment-based methods.
Step 4 : Tracking the mode of emergence of the regulatory interactions. We will compare the
sequence of the sRNA precursors with that of their target site and look for evidence of recent
inverted duplications in order to determine how often this mechanism of acquisition has been used.
Alternatively, we will test for sequence similarity with transposable elements in these genomes. We
will determine whether new dominance interactions are more frequently determined by the
accumulation of SNPs in existing sRNA precursors and their target sites (as proposed by Yasuda et
al. 2016) or by the de novo emergence of new sRNA precursors (Durand et al. 2014).
Step 5: Functional validation. Using a set of A. thaliana lines in which we have transferred the
elements of the self-incompatibility system and their regulatory elements, we will test general
features of the silencing network, such as the importance of functional redundancy, whereby a
given dominant S-allele is predicted to transcriptionally silence a given recessive S-allele by more
than one regulatory interaction.
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