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Discovering domestication mutations in cauliflower
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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.

Cauliflower are successive aborted flowers Transcription factor (TF) and their DNA binding sites (TFBS):
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* 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

A TFBS sequence logo

* Mutations alter flower development by recursively
triggering lateral meristem development

* Heads of cauliflower results from a serie of spirally [ al. 2016)
arranged floral development arrests * TFBS can be predicted using position weight matrices (PWM) and represented as sequence
logo.
SO N—— The DNA/TF interaction site is essential for gene regulation, making it a good candidate for
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Azpeitia et al. 2021 identifying causal mutations
Gene regulatory network (GRN) of Causal genes WT A. thaliana Ler apl-1 cal-2 ap1-1
floral development * In Arabidopsis thaliana, a loss of function of transcription factors AP1 and CAL or ©

AGL24 and SVP leads to a cauliflower-like phenotype.
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e 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.

A. thaliana ap1-10 agl24-2 svp-41 Kempin et al. 1995
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* However no mutation that would disrupt BoAP1 function have been identified so far.

Legends: Cauliflower like
@ renscivionaicocr - We hypothesize that cauliflowers result from multiple mutations in cis or trans phenotype
O enzyme element of the flower development GRN.
@ teanscription factor
Denay et al. 2017
Current Opinion in Plant Biclogy Gregis et al. 2008
Approach
Data ##fileformat=VCF4.2
##INFO=<ID=SVTYPE,Number=1,Type=String,
Total avai |a b|e: 1750 Description="Type of structure variant">
##INFO=<ID=END,Number=1,Type=Integer,
TTCTCICT Description="End position of the variant described in this record">
#CHROM POS ID REF ALT QUAL FILTER INFO
1160929435 rs7520618 G A . . SVTYPE=SNP;END=160929436
1160932043 rs113387749 A..SVTYPE=INS;END=160932043
Now processed: 373 1160932206 rs5778188 C .. SVTYPE=DEL;END=160932207
1160932771 rs2256505 A G . . SVTYPE=SNP;END=160932772
108 Cabt_)age 1160934077 rs2481074 T A . . SVTYPE=SNP;END=160934078
112 Cauliflower . 1160934818 rs1023115 A G . . SVTYPE=SNP;END=160934819
37 Broccoli Published data & | 1160935328 . AAA TGC ... SVTYPE=SUB;END=160935331
. H 1160935334 rs75452934 AA TC . . SVTYPE=SUB;END=160935336
37 whole genome assemblies of 27 Wild BrasExplore project

Brassica oleraceae Population level pangenome 89 Others Variant Calling Format (VCF)
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Antlmpated difficulty: A high linkage de5|qU|I|br|um
may limit detection to large region (in the order of kb)

Functional annotation of non-coding variants Association study

1. Extract 120pb surrounding a variant 2. Using >10 species phylogeneticaly close to

Genotype-phenotype matrix
Brassica oleraceae from Plaza database

variants
e . ins 1234 .. n  morphotype
3. Identify orthologous sequences with an Capsella rubella
. Cardamine hirsuta 1
allgnment Brassica carinata 2 WT
Broccoli
Brassica rapa . .
Brassicaceas Brassica napus Cauliflower
. ) . . ) Schrenkiella parvula * Green cabbages
4. |dentify TFBS by scanning PWM and estimating its i ;:::::E:::rga‘:c“::n . etc
- phylog_enetlc conservation Z::::ypz::::leriana n>1000
U J ! J
i o Ry Variant classification * Search if there are regions or genes in both coding and non-coding
Claussnitzer et al. 2014 region can be associated to a morphotype
Candidates cis-regulatory variant . . o
* Single loci association test (PLINK)
5. Find conserved modules (group of TFBS Candidates in t + lat ion ( * Multiple loci association tests
which appear together in a region) and an ', a esiln ra.ns regula .ory. reglon e.g. - LAMPLINK (Terada et al 2016)
. . Rt mutation disrupting DNA binding domain) . . . N .
calculate metrics about conservation o - Machine learning tools to detect variant and combination of variant

— AN S ‘ associated with morphotypes (Descision tree, Out of bag random

] o forest)
Claussnitaer et al. 2014 : i In vitro validation of candidate variant affecting TF-DNA - Variants can be weigthed according to their predicited effect (ex:
aussnitzer et aL * i interaction (EMSA+reporter assay) disruption of TF-DNA binding,)
6. Variants within conserved TFBS modules perspectives: applying to other Brassica oleraceae = Candidats variant or candidate regions associated with morphotypes
are candidates functional cis-element OO RS i 1 gl el e
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