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A brief introduction
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What is CRISPR-Cas? The discovery
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WUR Microbiology – John van der Oost group

• Sequenced bacterial genomes
• They saw a repetitive, palindromic sequence (repeats)

• Interspaced with different DNA sequences (spacers)
• These were named: “Clustered Regularly Interspaced Short Palindromic 

Repeats (CRISPR)”
• Spacers appeared to be identical to viral sequences
• “Did bacteria use these to attack viruses?”

Palindromic 
Repeat Spacer



What is CRISPR-Cas? The discovery

• “Did bacteria use these spacer sequences to attack viruses?”
• Answer: Yes
• Spacers are the bacterium's ‘memory’ 

used to attack viruses



Cas9

What is CRISPR-Cas? The discovery
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Mode of action:

1. Virus attacks bacterium
2. Bacterium grabs viral ‘memory’ sequence and forms a small RNA construct
3. This RNA construct forms a complex with the enzyme “Cas9” 
4. CRISPR-Cas9; molecular pair of scissors

5. The complex scans the DNA in the bacterium, in search for the ‘memory’ 
sequence 

6. Match: Cas9 cuts the viral DNA in two 
7. Viral infection halted

=

Virus DNA

CRISPR-Cas9



What is CRISPR-Cas? From defence mechanism to editing tool 

• Others asked: “Can this system be tweaked and be used for targeted editing?”
• Answer: Yes

• Showed that we can modify the spacer sequence into a
“guideRNA”

• Guiding of Cas9 to a sequence of choice

• Editing a target of choice

• CRISPR-Cas as we know it today
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Jennifer Doudna Emmanuelle Charpentier

Nobel Prize in Chemistry 2020 



January-February 2013: 
1st reports on application of CRISPR-Cas in human cell lines
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August 2013: 
1st reports on application of CRISPR-Cas in plants
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What is CRISPR-Cas? The tool explained

CRISPR-Cas comes in different flavours:

• Double strand DNA cut (e.g. Cas9, Cas12a, ThermoCas, …)

• Targeting RNA instead of DNA (Cas13)

• DNA ‘shredder’ (deletion of up to 100.000 bp) (Cascade-Cas3)

• Etc ...

What does the CRISPR-Cas complex look like?

10



Cas9

What is CRISPR-Cas? The tool explained
• The CRISPR-Cas9 tool in more detail
• guideRNA spacer part: ~20 bases that we can design
• It guides Cas9 to the target DNA
• PAM: Protospacer adjecent motif
• 3 base code that Cas9 looks for

Functioning sequence:
1. PAM present
2. Cas9 opens DNA
3. Target DNA matches spacer
4. Cas9 cuts DNA
5. Done

sgRNA

PAM

PAMProtospacer

Spacer
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What is CRISPR-Cas? What can we do with it?

• Zooming out: What uses does it have for plant plant breeders?

Plant DNA
Your gene of interest

Plant DNA cut

DNA repaired by plant;
Often with errors Error results in the dysfunction of a gene: A knock-out
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What is CRISPR-Cas? What can we do with it?

• Zooming out: What uses does it have for plant plant breeders?

By making a precise edit, we can:

1. Knock-out genes to find gene functions: “what function does this gene have?”
2. Knock-out of a susceptibility gene → pathogen loses host factor → much less infection

Example: S-gene knockouts in potato¹, 2

3. Edit a promoter instead of editing a gene3 → tune gene expression (yield, fruit size)

DNA repaired with error
Gene no longer functional: Knock-out

13
1: Sun K., Wolters A.-M.A., Vossen J.H., Rouwet M.E., Loonen A.E.H.M., Jacobsen E., Visser R.G.F., Bai Y. (2016) Silencing of six susceptibility genes results in potato late blight resistance. 
2: Karlsson M., Kieu N.P., Lenman M., Marttila S., Resjö S., Zahid M.A., Andreasson E. (2024) CRISPR/Cas9 genome editing of potato StDMR6-1 results in plants less affected by different stress conditions. 
3: Rodríguez-Leal D., Lemmon Z.H., Man J., Bartlett M.E., Lippman Z.B. (2017) Engineering quantitative trait variation for crop improvement by genome editing.



What is CRISPR-Cas? What can we do with it?

Increasing complexity… use two guideRNAs
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To-be-inverted region

1. Cut
2. Excise 

Target 1

Target 2



What is CRISPR-Cas? What can we do with it?

By making a precise edit, we can:

15

1. Cut
2. Excise 
3. Inverted re-ligation 

Target 1

Target 2



4: Schmidt et al., 2020
5: Rönspies et al., 2022

What is CRISPR-Cas? 
What can we do with it?

By making an inversion, we can:

• Revert naturally occurring inversions and
remove linkage drag4
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What is CRISPR-Cas? What can we do with it?

By making a an inversion, we can:

• Revert naturally occurring inversions and
remove linkage drag4

• Fixate favourable allele combinations (suppress crossovers)5
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4: Schmidt et al., 2020
5: Rönspies et al., 2022
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What is CRISPR-Cas? What can we do with it?

By making an inversion, we can:

• Revert naturally occurring inversions and
remove linkage drag

• Fixate favourable allele combinations
• Generate novel promoter-gene combinations without addition of foreign DNA6
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6: Lu et al., 2021



What is CRISPR-Cas? What can we do with it?

19* Filler Hayut et al., 2017   |  Kouranov et al., 2022 |  Grubben et al., in preparation    

By making a precise edit, we can:
• Choose precisely where we want crossovers to occur: targeted recombination*

• Advantages: Break linkage drag, reshape allele combinations, reduce backcrossing efforts

Targeted crossoverTarget both homologous chromosomes Cutting of both homologous
chromosomes



What is CRISPR-Cas? What can we do with it?
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To summarise, by making a precise edit, we can:

1. Knock-out genes
2. Edit a promoter; alter gene expression levels
3. Induce large-scale rearrangements: Inversions, targeted recombination, etc.

Question to you: Under EU NGT legislation, will these fall under NGT1, or under NGT2?

Likely NGT1, if the inversion relates to continuous endogenous DNA and does not interrupt 
endogenous genes*

NGT1 covers genetic changes that could occur naturally or through conventional breeding*

* Council of the EU, Regulation (EU) 2026/1388, OJ L, 2026/1388, 26.6.2026, Annex I.



What is CRISPR-Cas? Beyond cutting DNA
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Cas nuclease protein modifications (substitutions)

• Increased fidelity; reduced off-target editing
• Increased PAM flexibility
• Increased efficiency at lower temperature (from 37°C to 25°C)
• Changing Nuclease activity: Nickases and Dead-Cas



What is CRISPR-Cas? Beyond cutting DNA
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Dead- or deactivated-Cas9 (dCas9)

• Specific binding to target DNA
• No nuclease activity
• New functions: dCas9 fused to other proteins



What is CRISPR-Cas? Beyond cutting DNA
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Dead- or deactivated-Cas9 (dCas9)

A few uses of dCas9:
1. Blocking gene expression (using just dCas9)

Block transcription of a gene*

2. Targeted activation of gene expression**

3. Targeted repression of gene expression 

* Qi, L. S., Larson, M. H., Gilbert, L. A., Doudna, J. A., Weissman, J. S., Arkin, A. P., & Lim, W. A. (2013). Repurposing CRISPR as an RNA-guided platform for sequence-specific control of gene expression. 
**dCas9 applications (illustration CC BY-SA 4.0 Marius Walter)
https://novateinbio.com/content/96-crispr-explained



Base Editors for targeted base substitutions*

• Cas9nickase (Cas9 modified to cuts single DNA strand)

• Fused to Adenosine or Cytidine Deaminase

• Converts single DNA letters (nucleotides)

• Precise mutation at predicted location

What is CRISPR-Cas? Beyond cutting DNA
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* Lahr, W. S., Sipe, C. J., Skeate, J. G., Webber, B. R., & Moriarity, B. S. (2023). CRISPR-Cas9 base editors and their current role in human therapeutics. Cytotherapy, 25(3), 270-276.



Prime editors for rewriting short stretches of target sequence*

• Complex system

• Cas9 nickase fused to Reverse Transcriptase (RT) 

• RT copies the guide RNA extension into DNA, rewriting a 
short stretch of the target

• Recently demonstrated to efficiently edit in dicots**

What is CRISPR-Cas? Beyond cutting DNA
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RT

nCas9

Extension of gRNA

* Li, H., Chai, Z., Shi, X., Sun, C., Zhang, R., Zhang, Q., ... & Gao, C. (2026). Multiplexed, precise genome engineering in monocots with twin prime editing systems. Nature Biotechnology, 1-10.
** Liu, Y., Sun, C., Xu, H., Ran, Y., Li, L., Zhang, R., & Gao, C. (2026). SmartPE enables efficient prime editing in dicot crops. Nature Plants, 1-8.



ThermoCas9 development for plant breeding
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A thermostable Cas9 with temperature-dependent activity

Discovery by the van der 
Oost team
Isolated from a compost heap
near Wageningen

2015

Initial plant studies 
reveal the constraint
Limited activity at standard 
plant temperatures 

Protein engineering 
Engineered variants showed 
improved activity at moderate 
temperatures

2023

Competitive editing 
demonstrated
Optimised ThermoCas variants 
performs comparably to 
SpCas9 in tomato

Temperature-inducible 
editing
Control over editing activity by
altering temperature

2025

Validation in multiple 
crops
Efficient editing in monocots 
and dicots

CRISPR4All initiative
Make CRISPR-ThermoCas
technology available to all 
breeders, at a fair price

Supported by

2026 and
beyond



CRISPR-Cas: An outlook
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New Genomic Techniques (NGTs) accelerate breeding speed and precision

• CRISPR-Cas works best alongside established breeding methods and practices: a powerful 
complement, not a silver bullet

• The technology is ready

• What about adoption of the tech?

Rapport Wennink1 The Netherlands has a world-class plant-breeding ecosystem, but must invest and 
remove regulatory barriers to stay ahead

Otherwise: Innovation and production will move to other countries

• Legislation barrier: positive outlook

• Adoption barriers?

1 https://www.rapportwennink.nl/; Commissioned by the Dutch government

https://www.rapportwennink.nl/


CRISPR-Cas: An outlook
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Adoption barriers

My view: for most breeding companies, the regulation matters less than the patent landscape

• SpCas9 is well established, but licence fees price out SMEs and the use clauses are restrictive

• SpCas9 alternatives: potentially cheaper licences with better terms, but uncertain freedom to operate

And the breeder, not the licensor, carries the liability

What would accelerate broad adoption?

• An affordable gene editing platform with simple terms and strong foundational patents



To Summarise

• CRISPR-Cas originates from a bacterial defence system against viruses

• Can be programmed to target specific DNA sequences

• Enables targeted genetic changes for plant breeding

• Precise breeding tool

• WURs own CRISPR enzyme: ThermoCas9

• The technology is there, broad adoption requires IP clarity and 
straightforward licensing terms



Thank you for your attention!

Questions?

30
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