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A complex discussion on potentials and risks of

SDN-1 applications of CRISPR/Cas

- Brief technology characterization of CRISPR/Cas SDN-1 applications

- Potential of CRISPR/Cas SDN-1 applications to generate plants with

new genotypes

- Process-related risks of CRISPR/Cas

- Ecological impact of CRISPR/Cas exemplified by camelina

- Risk assessment of SDN-1 applications in plants



Brief technology characterization of SDN-1 applications

of CRISPR/Cas
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Applications of CRISPR/Cas
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Possible alterations through CRISPR/Cas

• Knockout

of genes
• Alteration of the function(s)

• Deletion 

• Alteration of the expression



Potential of CRISPR/Cas SDN-1 applications

How is CRISPR/Cas used to generate plants with

new genotypes?



Alteration of several identical DNA sequences 

(e.g. gene families, multiple alleles in polyploid plants)

Alteration of several non-identical DNA sequences 

(i.e. multiplexing) 

Alterations in areas of the genome that are less accessible to plant breeders 

(e.g. protected DNA regions by the DNA mismatch repair, condensed DNA 

regions, linked genes)

Generation of new genotypes through SDN-1 applications of

CRISPR/Cas

Many genome-edited crops are altered in a way that is 

not possible using conventional breeding techniques or 

do not occur naturally.



Generation of new genotypes through SDN-1 applications of

CRISPR/Cas

- Increasing complexity of CRISPR/Cas applications in crops

→ powerful tool

- Many traits depend on the interplay of multiple genes



Process-related risks of CRISPR/Cas

What unintended effects are mediated by CRISPR/Cas?



Multi-step process necessary to apply CRISPR/Cas 

in plant cells

1. Design of the experiment

2. Work in cell culture

3. Application of old genetic engineering

4. CRISPR/Cas is active inside the cell nucleus

5. Regeneration of new plants from genome-edited cells

6. Selection of plants 

Unintended effects can be induced or maintained 

during these different steps.  
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Generic unintended changes induced by 

CRISPR/Cas

Off-target effects

CRISPR/Cas cuts at unintended regions of the genome.

On-target effects

CRISPR/Cas induces unintended rearrangements at the target site or nearby.

Insertion of additional unwanted DNA fragments

DNA fragments derived from CRISPR/Cas DNA, vector backbone, intraspecies

DNA fragments and other sources.

Unintended formation of new gene products

Altered DNA sequence can change the reading frame of genes (i.e. frameshift

mutations or exon skipping), which can lead to the formation of new mRNAs 

and proteins.



Potentials of CRISPR/Cas are also relevant for inherent risks

of the technology

Off-target effects

1. CRISPR/Cas can cause unintended changes in areas of the genome 

where changes are very unlikely to occur naturally (i.e., in genomic 

regions that are less accessible).

2. CRISPR/Cas can modify an off-target region as often as gene variants 

with this DNA sequence are present in the genome (i.e. identical DNA 

sequences).

Unintended formation of new gene products

At each individual target sequence where CRISPR/Cas induces a change, new 

gene products can be formed that may have an unintended effect (e.g. when 

several members of a gene family are modified simultaneously).



Ecological impact of CRISPR/Cas



Many plants with new genotypes are developed 

by SDN-1 applications

- Wheat with a reduced gluten content (alteration of α-gliadin genes)

- De novo domestication of tomato or rice (multiplexing)

- Tomato fruits with an increased GABA content 

- Sugarcane with a reduced lignin content (editing of over 100 gene copies)

- Camelina with an altered fatty acid composition 

- …

With an increasing complexity of CRISPR/Cas applications the possibility of 

unintentionally interfere with unintended metabolic pathways is increasing.
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Case study: Camelina sativa

• Rich in polyunsaturated fatty acids

• Hexaploid plant (sixfold set of chromosomes)



= polyunsaturated fatty acids

Oleic acid Linolenic acidLinoleic acid

FAD2 FAD3

= monounsaturated fatty acid

Case study: Camelina sativa

Alteration of the fatty acid composition



Oleic acid
Linolenic acidLinoleic acid

FAD2 FAD3

Case study: Camelina sativa

Alteration of the fatty acid composition

• Oleic acid has a higher oxidative stability and lower formation of trans fatty acids than 

linoleic/linolenic acid.

• Camelina contains 18 gene copies of FAD2 in its genome.

= polyunsaturated fatty acids= monounsaturated fatty acid



FAD2 knockouts in camelina

All gene copies of FAD2 are knocked out

- Growth defects

- Malformation of the leaves

Gene copies of FAD2 are only partially knocked out

- Slightly smaller plants develop compared

to the wildtype

- Highly increased content of oleic acid

from Morineau, et al., 2017



Function of linolenic acid in camelina

Linolenic acid Jasmonic acid

• Component of membranes in the cell

• Regulates transport processes of the cell

• Regulates fluidity of cell membranes

• Important for plant responses to biotic and 

abiotic stresses

• Precursor molecule 

• Increased formation in the event of pest 

infestation

• Activates defence mechanisms

Jasmonic acid methyl ester and other derivatives

• Formation of volatile organic substances

• Important for communication with other species



• Influence on the overall development of the genome-edited plant

• Alteration of the nutritional composition

• Altered stress response 

• Altered formation of messenger substances 

• Enhanced fitness

• Camelina can interbred with species such as hairy falseflax or

common shepherd‘s purse

• Unintended effects may only become apparent in later generations

Possible unintended effects mediated by

the intended changes in fatty acid metabolism



Altered defense mechanisms

e.g. under pest infestation

Altered intra- or interspecies communication

Fewer precursor molecules of certain messenger substances are

available.

Effects on pollinators and the food web 

Various species of bees and flies are among the insects attracted to the 

nectar and pollen of camelina.

Formation of toxic or allergenic substances

Altered composition of the microbiome

Potential unintended effects on 

the associated ecosystem



Risk assessment of SDN-1 applications in plants



Risk assessment of SDN-1 applications in plants

Case-by-case risk assessment, which is based both on the process and the final 

product

- Process-related risk assessment needs to consider unintended effects

associated with the multip-step process to apply CRISPR/Cas including

unintended effects induced by CRISPR/Cas and old genetic engineering

techniques.

- Crops that contain new genotypes in the final product, which have never

been described before, need to perform a robust risk assessment. 



Summary

- CRISPR/Cas is a potent new tool that enables complex alterations in 

the genomes of plants.

- Risks need to be assessed on a case-by-case basis considering 

process-induced risks and risks correlating with the final product.

- The precautionary principle should be at the forefront of the regulation 

of genome editing.



Thank you for your attention!

https://fachstelle-gentechnik-umwelt.de/en/home/

More information at

http://www.fachstelle-gentechnik-umwelt.de/

