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Cichorium intybus var. sativum (chicory) and var. foliosum (witloof) are

economically important crops in Belgium with a high nutritional value. Many

specialized metabolites have been isolated, such as polyphenols and

terpenoids, with beneficial effects on human health. Cichorium is rich in

sesquiterpene lactones (STL) responsible for the bitter taste. CRISPR/Cas9

genome editing of Cichorium species could alter specific STL genes which

could lead to altered bitterness.

In this study the new breeding technique CRISPR/Cas9 was used on Witloof

(Fig.1), using a protoplast transfection method. A CRISPR/Cas9 vector was

designed (Fig. 2) to target simultaneously the two copies of the phytoene

desaturase gene (CiPDS), which will lead to a dwarf albino plant phenotype.

CRISPR/Cas9 protoplast transfection and subsequent regeneration is a

promising tool for Chicorium intybus L var. foliosum or witloof. PDS gene editing

was successful, proven by the occurrence of albino phenotypes. Plant mutation

analysis, revealed mostly frameshift mutations, leading to a knock-out of the

PDS gene. In future research, our protocol will be used to target genes of the

STL pathway to alter bitterness in witloof.
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Fig. 1: Witloof
Fig. 2: CRISPR/Cas9 vector

CRISPR vector

A first screening of the obtained mutations was done with the Indel Detection by

Amplification Analysis (IDAA) method (Fig. 5). Mostly frameshift mutations

occurred in the albino plants leading to a knock-out of the PDS gene. Fragment

insertions up to 153bp have also been detected. In transfected plants with non-

albino phenotype, also 0.05% showed mutations, mainly in frame mutations,

which apparently didn’t lead to a successful knock-out of the PDS gene.
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In addition, changes in ploidy level (mostly chromosome doubling) have been

detected in 16% of the transfected plants. Tetraploid plants have eight possible

PDS CRISPR target sites (two PDS copies, 4 chromosomes), which makes

analysis of the target sites challenging.

A selection of plants showing mutations, were further analyzed with Sanger

sequencing and the CRISPR analysis tool ICE (Inference of CRISPR Edits)

(Fig. 6) for a more detailed mutation analysis.

Transfected protoplasts were successfully regenerated over calli to plantlets

(Fig. 4). The ratio between albino and green calli revealed a mutation efficiency

of 20.66% ± 2.42%.

A CRISPR/Cas9 vector containing a Green Fluorescent Protein (GFP) gene

linked to the Cas9 gene was designed and used for protoplast transfection (Fig,

3). A transfection efficiency of 24,04% ± 5,88% was obtained.

Fig. 3: Protoplast transfection using polyethylene glycol (PEG) resulting in GFP fluorescent 
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Fig. 4: Protoplast regeneration into green (A, C) and albino (B, D) shoots and plants, resp.
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Fig. 6: ICE analysis of Sanger sequencing data to genotype mutated albino plants

Fig. 5: IDAA method (BioNumerics) to genotype mutations in transfected plants

deletions insertionsWT

FI

Amplicon size/bp


