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 Barely a 
decade ago, 
genome editing 
and CRISPR 
sounded like 
science fiction. 

 Today, some of 
its first plant-
products are 
already 
stepping out of 
papers and 
brushing the 
dinner table.

PLANT BREEDING INNOVATIONS AND GENOME EDITING



GENOME EDITING IN FOOD AND AGRICULTURE



By 2025, more than 2,000 plant species have been sequenced
(more than 500 have been sequenced twice, and more than 200 have been sequenced three or more times)

Schwacke et al. 2025. Front. Plant Sci. 16:1603547.PubPlant https://www.plabipd.de/pubplant_main.html

INNOVATION IN PLANT BREEDING
HAS GAINED UNPRECEDENTED IMPORTANCE

 Innovation in this area 
is based on a deep 
understanding of the 
plant genome and the 
refinement of GM 
methods, enabling 
progress in efficiency, 
precision, and speed 
in developing new 
plant varieties.

https://www.plabipd.de/pubplant_main.html


EVOLUTION OF GENOME EDITING WITH CRISPR:
TO THE INFINITY AND BEYOND

BASE EDITORS PRIME EDITINGCRISPR/Cas9

 Over the past years, ever more precise and efficient plant breeding methods have been developed. 

Single-letter swaps without double-strand breaks

Small insertions/deletions/substitutions

Small changes with high precision



Analysis of 837 studies

GENOME EDITING RESEARCH



ADVANTAGES OF USING GENOME EDITING

 It can accelerate the delivery of improved varieties. Genes can be edited directly in elite breeding lines or 
commercial varieties, eliminating the need for backcrossing. 

 This reduces the time needed to develop an improved variety and eliminates linkage drag caused by non-elite 
residual genes from the donor parent, which are impossible to eliminate by conventional backcross breeding.

Wang et al, 2022. Cells, 11, 3928.



EXPECTATIONS FOR PLANT BREEDING
AND GENOME EDITING ARE HIGH
 The significance of 

sustainable crop 
production and the 
lowering cost of 
genomic solutions 
are two factors that 
are anticipated to 
propel the plant 
breeding and 
CRISPR plants 
market´s 
development.

* Key role for 
food security 
and climate 
change adaption



Gene disruption

Gene correction

DNA insertion

Genome editing

SDN-1

SDN-2

SDN-3

These kind of 
modifications can occur 
spontaneously in nature 
or through conventional 
plant  breeding (with no 
biotech)

 Involve the transitory introduction of foreign
DNA sequences

 result in GMO

 generate products that substantially differ from
varieties bred through conventional breeding.

*However, with biotechnology plant breeding gets:

 accuracy and avoids random 

 no impacts on other traits

GENOME EDITING ALLOW TO GET DIFFERENT TYPES OF PRODUCTS

 May or may not:

*Methodological approaches used mostly until now

GMO 

 

 



IMITATING ALL KINDS OF NATURAL MUTATIONS

 Chromosomal changes (inversions, translocations, duplications)
 copy number variations
 epigenetic changes

From                 
SDN1, SDN2 

From gen inactivation and small edits to more natural complex rearrangements

Are regulatory frameworks prepared for this?

to



The vision: Genome edited plants regulated like conventional, not GMOs

“Plant varieties developed through the latest breeding 
methods should not be differentially regulated if they 
are similar or indistinguishable from varieties that could 
have been produced through earlier breeding methods 
or can be found in nature.

Underlying Principle

Like products should be treated the same under the law

GENOME-EDITED PLANTS REGULATION

The goal of PBI and genome editing 
is to mimic genetic changes that occur spontaneously in nature.



Peru

Switzerland

Zambia

POLICY DEVELOPMENTS AROUND THE WORLD (02/2025)



• Certain types of genome edited plants are 
exempted/excluded from GMO regs
• “Could have” been developed through conventional 

breeding
• No “foreign” DNA or “novel combinations” in the final 

product
• Case-by-case review/confirmation

• Different regulatory systems and approaches 
can lead to inconsistent outcomes

• Regional and global regulatory compatibility is 
very important to support seed/product 
movement 

THE AMERICAS:
UNIFORM APPROACH WITH MANY SHARED PRINCIPLES

Peru



High-sucrose 
sugarcane

Herbicide-tolerant 
sorghum

High-fiber 
wheat

Bacterial blight-
resistant rice

Hemp that produces 
no THC or CBD

LOCAL DEVELOPERS WORKING ON DIFFERENT CROPS
AND ACCESSING REGULATORY SYSTEMS



• Differences in information/data required for status determinations

• Differences in timeline and process for review (days to many months)

• Many countries DO NOT allow for consultation at early-stage development (at product 
conception stage) 

• Lack of experience with more complex edits

• Narrow case-by-case determinations – need broader “unit of evaluation” 

DESPITE MANY SHARED PRINCIPLES,
NOTABLE DIFFERENCES AND CHALLENGES PERSIST



EDITED PLANTS GLOBALLY: CONSULTATIONS COMPLETED
(CONSIDERED NON-GMO)

~200

Market 2
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Not inclusive of every consultation completed globally; includes “development” or “research” stage consults
Sources: Sanchez (2024); Health Canada (2025); USDA-APHIS (2025), USDA-FAS (2024) 
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 In 2021, Japan led the way with a genome-
edited tomato that accumulates more GABA

NEW GAME-CHANGING IDEAS

Consumer-centric traits



 Mustard greens with better flavor (eliminated 
pungency), by knocking out all functional copies 
(17)  of the type-I myrosinase multigene using 
CRISPR/Cas9.

 Mustard greens provide a greater amount of 
nutrients than other green salads (flavonoids, β-
carotenes, lutein, vitamins A, C, E, K).

NEW GAME-CHANGING IDEAS

Consumer-centric traits



 Two genes deleted (SlCDPK27 and SlCDPK26) 
[they are involved in the breakdown of sugars].

 This resulted in fruits with up to 30% more glucose and fructose

 The gene-edited tomatoes maintain the same weight and 
productivity as current varieties

NEW GAME-CHANGING IDEAS

Consumer-centric traits



NEW GAME-CHANGING IDEAS

Consumer-centric traits



 GreenVenus LLC uses CRISPR gene editing to develop 
sulfite-free wines by removing browning-causing enzymes 
in grapes, which also helps preserve color and flavor 
without requiring additional sulfites.

 GreenVenus’ new Colombard and Malbec grape varieties 
are currently available for planting to growers and 
winemakers through licensing agreements. In addition, the 
company will complete gene editing on Chardonnay, 
Sauvignon Blanc, Grenache and Gruner Veltliner later this 
year and Cabernet Sauvignon, Cabernet Franc, Pinot Noir 
and Zinfandel by this time next year.

NEW GAME-CHANGING IDEAS

Consumer-centric traits



• Instead of introgressing traits from wild relatives 
(slow and complex), take a rugged wild species 
and edit a handful of genes to domesticate it 
quickly (architecture, cycle length, fruit size). 

• It was demonstrated in wild tomato and is now 
explored in “orphan” crops like teff and quinoa.

NEW GAME-CHANGING IDEAS

De novo domestication



 Lettuce with delayed oxidation, by editing 5 PPO 
genes using CRISPR/Cas9

 Post-harvest shelf life increased from 7-14 days 
to 21-28 days when stored refrigerated.

REDUCE FOOD WASTE

Extending the shelf life of some foods

 Gene edited romaine lettuce seeds (non-browning) 
are now being sold to home gardeners



REAL AGRONOMIC IMPACT: FEWER LOSSES, FEWER INPUTS

Editing is also targeting plant disease resistance and abiotic stress tolerance. 

In 2025, India announced two edited rice varieties (DRR Dhan 100 “Kamala” and Pusa DST Rice 1) with higher yield and 
tolerance to drought and salinity.

It’s a double milestone: scientific (precise edits without external DNA) and regulatory (India has SDN-1/2 guidelines in 
place since 2022).



REAL AGRONOMIC IMPACT: FEWER LOSSES, FEWER INPUTS



“In December 2024, Simplot stated its intention to start 
selling a gene-edited strawberry in Canada as soon as 2025, 
gene-edited for a longer harvest season (remontant)”.

The Canadian Biotechnology Action Network

REAL AGRONOMIC IMPACT: PRODUCTIVITY



• reduction or loss of function of the enzyme that functions as the pistil-associated self-incompatibility factor, and/or 
reduction or loss of the pollen-associated self-compatibility factor.

“After four years of dedicated research and development, Ohalo is proud to announce 
completion of its USDA Regulatory Status Review process for FruitionOne with 
availability for early orders in late 2026 and first commercial deliveries beginning in 
2027. The first FruitionOne trial orchard plantings are underway in California.”

REAL AGRONOMIC IMPACT: PRODUCTIVITY



• Regulatory trend internationally – generally aligned that genome edited products treated 
distinct from GMOs 

• Must be considered conventional products not as a specific category

• Path to market – Challenges remain
• Regulatory schemes in major markets still TBD (EU, Mexico, S. Korea, China?)
• Differences in implementation/data requirement
• Differences in timeline for status evaluations (days to many months)
• Adaptation to new methodological approaches

• Post market requirements
• Labeling

• Intellectual property
• Technology vs varieties

THE NEAR-TERM PROMISE AND TRADE CHALLENGES

 Genome editing is a reality in plant breeding and global agriculture.

 It can become a tangible ally against climate change, food waste, and production costs delivering 
benefits for farmers, consumers, and the environment



 Precise consistent use of accurate terminology to 
transparently explain the process, products, benefits 
and potential risks and mitigation strategies is 
essential to build public trust and consistent 
regulatory oversight of genome editing.

COMMUNICATION IS KEY TO AVOID MISTAKES OF THE PAST

Market acceptance and public perception

Although “editing” isn’t the same as “transgenesis,” public conversation still mixes 
concepts. Products with visible benefits (better flavor, more fiber, less waste) are key to 
building trust. 
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