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Results

Protoplast Isolation & Transformation

Fig 1. Images of protoplasts taken 
under brightfield (top) and Texas 
Red fluorescence (bottom). DsRed 
is used a selective marker in the 
plasmid design; transformed 
protoplasts are DsRed positive and 
are shown fluorescing.

Fig 4. Constructs containing gRNAs targeting WRKY33, WRKY6, or an empty vector to 
serve as a negative control were transformed into protoplasts. Expression levels of 
WRKY33 and WRKY6 genes were quantified using qPCR. Expression is relative to that of an 
endogenous gene, actin, calculated by the -2ΔΔCt method. Editing of WRKY33, and perhaps 
WRKY6, led to an increase in the abundance of their mRNAs. Unexpectedly, editing of one 
WRKY led to an increase in the expression of the other. 
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• CoverCress has utilized CRISPR-Cas9 
technologies for targeted gene editing to improve 
CoverCress® germplasm
• Altering traits to reduce shattering, decrease 

glucosinolates, alter fatty acid composition 
and more.

• Process of transforming plants is time 
consuming and requires troubleshooting

Goal 1: Determine editing efficiency for CRISPR-
Cas9 editing of WRKY6 and WRKY33 genes using 

protoplasts, testing their ability to generate an 
allelic series. 

• Centered our focus around the WRKY family of 
transcription factors, important in controlling 
agronomic traits such as stress resistance.

• Designed protospacers targeting WRKY33 and 
WRKY6; WRKY33 positively regulates disease 
resistance and WRKY6 negatively regulates seed 
oil content

Goal 2: Develop qPCR assay to test gene 
expression changes in these target WRKY genes.
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Fig 2. Example Next Generation Sequencing 
Results of Protoplast cDNA. Displays types 
of alleles created by CRISPR-Cas9 editing.

Transformation 
efficiency

Editing 
efficiency 

# Alleles
 (gRNA 1)

# Alleles
 (gRNA 2)

WRKY33 (1) 54.5% 8.92% 46 58

WRKY33 (2) 20% 8.96% 76 85

WRKY33 (3) 37.36% 60 78

WRKY6 (1) 52.3% 20.67% 333 319

WRKY6 (2) 12.67% 22.94% 88 81

WRKY6 (3) 25% 90 64

Fig 3. Table displaying transformation and editing efficiencies for 3 
biological replicates (across 2 separate experiments) of protoplasts 
transformed with CRISPR-Cas9 constructs targeting WRKY33 and WRKY6.

Developing screening methods to quickly evaluate gene editing 
efficiency becomes important as CoverCress continues to edit 
more and more genes to improve traits.  We have worked to develop 
a protoplast-based method to simultaneously test the CRISPR-Cas9 
editing efficiency of gRNA combinations and determine the effects 
those edits have on target gene expression. We focused our efforts 
on editing WRKY33 and WRKY6, genes encoding transcription 
factors that control many agronomic traits, with the long term goal 
of creating allelic series for these genes. Protoplasts were 
transformed with CRISPR-Cas9 constructs targeting these genes. 
Transformation efficiency was evaluated by looking at fluorescence 
of cells, and across 2 experiments it ranged from 12.67 to 54.5 %. 
Next Generation Sequencing indicated that a variety of alleles could 
be created by the tested gRNAs, with average efficiencies of 22.87% 
for gRNAs targeting WRKY6 and 18.41% for WRKY33. We observed 
that editing using these gRNAs caused an increase in WRKY33 
expression by quantitative PCR, and possibly WRKY6 as well. 
Intriguingly, editing WRKY33 boosted the abundance of WRKY6, and 
vice versa, suggesting a genetic link between the two transcription 
factors.  This research establishes a foundation for the development 
of high-throughput screens to test the effects of editing on transcript 
abundance.

• This method would benefit from an improvement in transformation efficiency
• The CRISPR-Cas9 constructs tested should be successful in creating allelic series in planta
• The CRISPR-Cas9 constructs increased the expression of WRKY33 and WRKY6
• Increased WRKY33 expression should promote disease resistance
• Increased WRKY6 levels are predicted to decrease seed oil content, suggesting that different gRNA may 

need to be used
• We uncovered potential, and previously unknown, transcriptional crosstalk between WRKY33 and WRKY6 

transcription factors
• Protoplasts are an effective means to test the effect of CRISPR-Cas9 constructs on gene expression
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