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Discovering domestication mutations in cauliflower

Abstract
During the development of agriculture over the centuries, humans have selected plants with advantageous agronomic traits. Identifying mutations responsible for these characteristics would enhance
our knowledge in agronomy and facilitate the neo-domestication of plants or the improvement of existing varieties. This project aims to identify mutations underlying the domestication of plants in
cabbages (Brassicaceae oleraceae systems). It will first focus on mutations responsible for deregulation of the genetic network responsible for the aborted flower in cauliflower. A population level
pangenome was build to identify genetic variation in 373 Brassica oleracea accessions. Genotype-to-morphotypes association analysis and known floral development genes are used to extract candidates
variants. These variants, in cis or trans regulatory elements, are further analyzed in silico to identify those that most likely disrupt the interaction between TFs and DNA to alter expression of floral
developmental genes. Candidates causatives mutations will be validated experimentally. The approach will be apply to other traits in cabbages.

37 whole genome assemblies of
Brassica oleraceae Population level pangenome Variant Calling Format (VCF)
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Kempin et al. 1995

• Flowering: Development of the inflorescence 
meristem

• Flower development: formation of floral organs.
• Lateral meristems emerge in a spirally arranged

way
• Each floral meristem leads to flower formation

Azpeitia et al. 2021

• Mutations alter flower development by recursively 
triggering lateral meristem development

• Heads of cauliflower results from a serie of spirally 
arranged floral development arrests

• In Arabidopsis thaliana, a loss of function of transcription factors AP1 and CAL or 
AGL24 and SVP leads to a cauliflower-like phenotype.

• The CAL ortholog in cauliflower (BoCAL) has a premature stop codon its coding region. 
Our premilinary analysis indicates this causative mutation is absent in 5% of cauliflower.

• However no mutation that would disrupt BoAP1 function have been identified so far.

• We hypothesize that cauliflowers result from multiple mutations in cis or trans
element of the flower development GRN.

Transcription factor (TF) and their DNA binding sites (TFBS): 
target of domestication

Cauliflower are successive aborted flowers

Gregis et al. 2008
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Approach
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Now processed: 373
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Association studyFunctional annotation of non-coding variants

2. Using >10 species phylogeneticaly close to 
Brassica oleraceae from Plaza database

5. Find conserved modules (group of TFBS 
which appear together in a region) and 
calculate metrics about conservation 

Gene regulatory network (GRN) of 
floral development

The DNA/TF interaction site is essential for gene regulation, making it a good candidate for 
identifying causal mutations

• Search if there are regions or genes in both coding and non-coding
region can be associated to a morphotype
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• Single loci association test (PLINK)
• Multiple loci association tests

- LAMPLINK (Terada et al 2016)
- Machine learning tools to detect variant and combination of variant 

associated with morphotypes (Descision tree, Out of bag random
forest)

- Variants can be weigthed according to their predicited effect (ex: 
disruption of TF-DNA binding,)

 Candidats variant or candidate regions associated with morphotypes

DBD

Anticipated difficulty: A high linkage desiquilibrium
may limit detection to large region (in the order of kb)

Total available: 1750

Published data &
BrasExplore project

4. Identify TFBS by scanning PWM and estimating its
phylogenetic conservation 

1. Extract 120pb surrounding a variant 

6. Variants within conserved TFBS modules 
are candidates functional cis-element

Claussnitzer et al. 2014

Cauliflower like
phenotype

3. Identify orthologous sequences with an 
alignment

Claussnitzer et al. 2014

Variant classification

Candidates cis-regulatory variant

Candidates in trans regulatory region (eg. 
mutation disrupting DNA binding domain) 

In vitro validation of candidate variant affecting TF-DNA 
interaction (EMSA+reporter assay) 

perspectives: applying to other Brassica oleraceae
morphotypes + in planta validation

+

• Transcription factors (TFs) are a group of proteins capable of binding short and specific DNA 
fragments thanks to a DNA binding domain (DBD) to regulate gene expression.
Mutations in TF and TFBS have often been associated with domestication traits (Swinnen et 
al. 2016)

• TFBS can be predicted using position weight matrices (PWM) and represented as sequence
logo.

Denay et al. 2017

Denay et al. 2017


