Engineering haploid inducer lines in chicory
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Context: Cichorium intybus var. sativum, also known as chicory, is an economically important crop that is mainly cultivated for the high
inulin content in its roots, which has many applications in the food industry. Hybrid breeding, in which two homozygous lines are crossed to
obtain high yield heterozygous offspring, can increase the root yield of chicory. To develop these homozygous chicory lines, we set out to

create haploid inducer lines. Here, we describe a stepwise approach to find naturally occurring mutations that may lead to haploid
induction or to create them through CRISPR.

Primer design amplicon Screen natural variation
sequencing for rare defective alleles

AIMS: 1) Select candidate genes involved in haploid induction AIMS: 1) Screen plants for carriers of naturally occurring

knock-out (KO) mutations and 2) screen genes for regions of
low sequence diversity in founding varieties of chicory

via genome elimination and 2) resequence via HiPlex
amplicon sequencing.
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Create variation by
CRISPR

AIM: Create mutations in conserved regions of candidate
genes to complement natural variation found in Step 2.

Check for haploid inducer
phenotype

AIM: Screen plants with naturally occurring KO mutations
(Step 2) and mutants created by CRISPR (Step 3) for a haploid

inducer phenotype.

gRNA targeting conserved regions of genes

Crosses between putative haploid inducer and tester line

CENH3.1

’ gRNA target
' Alpha hel H I -d b
¢ B cam domain Hybrid zygote aploid embryo
CENH32 ¢ AR J .. » » o Haploid inducer ~ Wild type (2-cell stage)

nm. i _, , | ‘“‘ e .

& | g < L/ —p> —p> * . - 7
Protoplast transfection with CRISPR vectors and regeneration W “ | ‘ll Bz { | { | A
Of Ca”US and ShOOtS Genome elimination Haploid plants

of HI chromosomes

CRISPR/Cas9 vector

=P Ploidy assessment of offspring via flowcytometry, SSR

Chicory protoglasts . . . . .
- O e analysis, HiPlex amplicon sequencing and cytogenetics
3y — l “\ BN

Shoot regeneration

iowering mutont Conclusions and future perspectives:
(olecuel « We identified naturally occurring KO mutations in
candidate genes for haploid induction
e We created KO alleles via CRISPR in CENH3, which had no
naturally occurring KO variants
* We used a complementary approach (natural and induced

3 variation) to obtain a collection of potential haploid
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e Efficient haploid inducers can be used in hybrid breeding
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