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DNA Damage & Response 

Mutation breeding

Genome Editing (GEd) for Potato Improvement



Cell Repair Response 



CRISPR/Cas Gene Editing

5′-GACA|TGTC-3′ 

3′- CTGT|ACAG-5′
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Site directed nuclease (SDN) methods for genome editing 
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Regulatory Geography of Genome Edited Crops

Global gene editing regulation trackerSource:

https://crispr-gene-editing-regs-tracker.geneticliteracyproject.org/
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Flowchart for the Early Consultation on GEd processes in Kenya
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Product Life Cycle for CGIAR Genome Editing Initiative (GEdI) 

Accelerating Crop Improvement Through Genome Editing



Genome Editing for Resistance to PVY in Potato at CIP

• Potyvirus Y (PVY) infection in potato tubers results in necrotic arcs and rings yield losses and reduced market 
value

– Most farmer and consumer preferred varieties are highly susceptible 

• Tolerance and resistance of potato varieties to PVY

– Limited number of varieties obtained through conventional breeding

– Original varieties not preserved in the process

• Genome editing is a possible approach

– Target gene: Eukaryotic translation initiation factor (eIF-4E) gene family
Protein bind with the viral protein linked to 5’ potyviral genome (VPg) virus infectivity

Amino acids targeted for editing

Amino acids targeted for editing per construct

• 7 gene constructs designed editing using prime editing approach



• Protoplast Isolation and Regeneration
– Optimize conditions to efficiently regenerate 

protoplasts
– Focus farmer-preferred varieties in countries with 

enabling environment for GEd – Shangi for Kenya
• Gene editing by transfection 

– Study the effect of PEG treatment and (mock) 
transfection on protoplast viability and 
regeneration

• Genotyping to identify edited alleles
– NGS sequencing

• Phenotype for PVY resistant
– Standard bioassays to evaluate PVY resistance in 

edited events

Genome Editing for Resistance to PVY in Potato
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Application of CRISPR/Cas genome editing in Potato

Tiwari et al., 2022. Front. Genet. 13:827808. doi: 10.3389/fgene.2022.827808
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Tiwari et al., 2022. Front. Genet. 13:827808. doi: 10.3389/fgene.2022.827808
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Application of CRISPR/Cas genome editing in Potato

Tiwari et al., 2022. Front. Genet. 13:827808. doi: 10.3389/fgene.2022.827808



Reduced browning potatoes for reduced food waste and 
increased shelf life

Lower levels of polyphenol oxidase (PPO).

González et al., 2020 Front. Plant Sci. 10:1649
18
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Multiplex CRISPR-Cas9 Gene-Editing for Reduced Browning and 
Acrylamide

Vacuolar invertase (VInv) and asparagine synthetase 1 (AS1)

Ly, Diem Nguyen Phuoc, et al. 2023 Plants 12, no. 2: 379
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Common scab

Early blight

Milla Karlsson et al., Hortic Res, Volume 11, Issue 7, July 2024, uhae130, https://doi.org/10.1093/hr/uhae130

Genome editing StDMR6-1 targeting different stress conditions

https://doi.org/10.1093/hr/uhae130


Genome editing StDMR6-1 targeting different stress conditions

Salt stress

Milla Karlsson et al., Hortic Res, Volume 11, Issue 7, July 2024, uhae130, https://doi.org/10.1093/hr/uhae130

https://doi.org/10.1093/hr/uhae130


Feed the Future Global Biotech Potato Partnership

Focuses on the commercialization of late blight resistant (LBR) potatoes in 

farmer-preferred varieties in Bangladesh, Indonesia, Kenya, and Nigeria.



Stack of 3 R genes from wild relatives:

• RB (Rpi-blb1) and Rpi-blb2 from Solanum bulbocastanum

• Rpi-vnt1.1 from Solanum venturii

Farmer-preferred varieties:

Victoria/Asante, Shangi, Tigoni, Desiree, Jalene, Unica Diamant

Target Countries: 

Uganda, Kenya, Nigeria, Rwanda, and Ethiopia

Solanum bulbocastanum

3 R-gene LBR GM potato

Solanum bulbocastanum

Solanum venturii

2 - 4 years

Ghislain et al., 2019. Plant Biotechnology



Deregulating 3 R-gene LBR biotech potato - Commercialization

Studies to Develop a Regulatory Dossier for Sha.105 Lead event

1. Molecular characterization of the T-DNA structure and insertion

 Genetic stability and transgene expression

2. Allergenicity and toxicity

3. Trait efficacy – LB resistance

4. Phenotypic characterization and agronomic performance

5. Environmental Interactions

6. Compositional analyses of tubers

7. Ex-ante socio-economic analysis of the 3R-gene LBR biotech potato



CFT-5

Uganda ML-CFT-3Uganda CFT-5

Vic.172

Vic.172

Vic.172

Victoria

Victoria

Victoria

Victoria Vic.172

Vic.172

Vic.172

Victoria

Victoria

Complete resistance under natural infection and No fungicide spray

Byarugaba et al., 2021. Biology, 10(10), p.952.

Trait efficacy (LB disease resistance)

Nigeria ML-CFT-2



Ex-ante socio-economic analysis of LBR potato

• Literature review

• Data collection

• Expert elicitation workshop and Validation workshop 

• Ex-ante socio-economic assessment

Potential socio-economic impacts of Sha.105 LBR biotech potato

Kihiu et al., (In press)

Adoption rates ranging from 12 to 44% depending 

on the production area



Communication and Advocacy of Biotech Products

Local media

multi-stakeholder meetings 
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CIP is a research-for-development organization with a focus on potato,

sweetpotato and Andean roots and tubers. It delivers innovative science-

based solutions to enhance access to affordable nutritious food, foster

inclusive sustainable business and employment growth, and drive the

climate resilience of root and tuber agri-food systems. Headquartered in

Lima, Peru, CIP has a research presence in more than 20 countries in

Africa, Asia and Latin America.

www.cipotato.org

CIP is a CGIAR research center

CGIAR is a global research partnership for a food-secure future. Its science

is carried out by 15 research centers in close collaboration with hundreds of

partners across the globe.

www.cgiar.org

CIP thanks all donors and organizations that globally support its work through their contributions to the CGIAR Trust Fund: www.cgiar.org/funders

This publication is copyrighted by the International Potato Center (CIP). It is licensed for use under the Creative Commons Attribution 4.0 International License
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