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Introduction

The time-consuming and expensive regulatory pathway associated with the commercialization
of traditional genetically engineered (GMO) plants and animals carrying a recombinant
transgenic DNA construct has limited the applications and deployment of this technology in
global agricultural systems. The advent of gene editing (GnEd) offers an opportunity to
reconsider whether the introduction of targeted edits poses any novel hazards warranting a
mandatory regulatory evaluation. Some regions are using an arbitrary classification of genome
edits categorized as site-directed nuclease (SDN)-1,2,3 differentiated by the size and nature of
the edit and the use of a repair template. SDN-1 edits are defined as those that involve simple
deletions and insertions and no nucleic acid repair template. Distinctions between SDN-2 and
SDN-3 classes are ill-defined, notably the definition of “short” and “long” nucleic acid repair
templates, and “novel” DNA. In general, SDN-3 edits are subject to GMO regulations because
they introduce “foreign” DNA. Globally, the regulatory approaches for GnEd SDN-1 and
SDN-2 food animals that could have been achieved using conventional breeding can be divided
into four subgroups, ranging in decreasing order of regulatory scrutiny from Category 1)
regulating GnEd products as GMO requiring a full safety assessment and approval prior to
commercialization, Category 2) applying simplified GMO regulations to GnEd products,
Category 3) exempting GnEd products from GMO regulations following confirmation of non-
GMO status by the government prior to commercialization, and Category 4) GnEd products
are exempt from GMO regulations based on a self-determination by the developer (Tachikawa
and Matsuo, 2023). This paper summarizes global regulatory approaches, documents the GnEd
animal applications that have successfully undergone a regulatory determination, and discusses
the impact of regulatory policy on research and development of GnEd animals.

Materials & Methods

Recent papers on regulatory determinations in different countries were reviewed, in
conjunction with presentations that were given at the 2025 International Society for Biosafety
Research (ISBR) symposium, and the associated Sixth International Workshop on Regulatory
Approaches for Agricultural Applications of Animal Biotechnologies (ISAAA, 2025). These
data were collated to provide a global overview of gene editing regulatory approaches.

Results

Table 1 summarizes the approaches that different countries are taking to the regulation of GnEd
animals. Many countries are treating SDN-1 animals (no nucleic acid template) as no different
to conventional breeding and are therefore not requiring the collection of any regulatory safety
data solely because GnEd was used to produce these animals (e.g. Australia). Other countries
are currently requiring the comprehensive collection of molecular characterization data, off-
target identification, product composition, food/feed safety, animal health, and environmental
impact irrespective of the nature of the edit (e.g. USA) creating regional discrepancies in the
type of regulatory data that must be collected by developers.
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Table 1. Global approaches to regulation of genome editing (GnEd) animals, and whether
GnEd food animal applications have been received. Modified from Wray-Cahen et al. (2024).

No nucle- Short' Long Foreign Decisions
icacid nucleic nucleic DNA made for
template  acid acid Synthetic/ Null GnEd

Country Policy (SDN-1) template template Transgenic Segregant Animal?
Central and South America
Resolution Not GMO Not GMO Likely not GMO Not GMO  Yes

Argentina

21/2021 GMO?
Brazil Normative Not GMO Likely not Likely not GMO Not GMO  Yes
razil - resolution 16 GMO GMO
Colombia Resolution Not GMO Not GMO Likely not GMO  NotGMO Yes
No. 22991 GMO
Uruguay Decree No. Not GMO Likely not Likely not GMO Not GMO  No
84/024 GMO GMO
North America
Canada Novel Foods Method of genetic modification does not determine
Laws whether safet]y assessment is required; “novelty” of  Yes
product is regulatory trigger for pre-market assessment
USA  Coordinated Intentional Genomic Alterations (IGAs)
Framework evaluated as new animal drugs using same
(GFI #187 approach as used for GMOs, 1rrespective of Not GMO Yes
A/B) nature of edit. May grant “enforcement

discretion” for low-risk products

Asia and Oceania

Australia Environmental Not
ustralla = lease GMo  GMO GMO GMO  NotGMO No

Australia/ Proposal . .
New PO155 Not GMO Likelynot Likelynot — nvig NotGMO  No

Zealand (FSANZ) GMO  GMO
New Current
Zealand legislation MO GMO GMO GMO  NotGMO  No
Proposed Risk-tiering system
legislation Vot GMO proposed GMO  Not GMO
Ind i Draft Likely not
ndonesia proposal 1ot GMO Not GMO ™50 GMO NotGMO No
Japan MAFF andf
Ministry o
Health, Labor Not GMO GMO GMO GMO Not GMO  Yes
& Welfare
Africa and Middle East

Ghana,Kenya,Malawi Not GMO Not GMO Not GMO GMO NotGMO  No
South GMO Act of

Africa 1997 GMO GMO GMO GMO Undetermined No
- Europe
EU  oii¥e. GMO  GMO  GMO GMO  NotGMO No
proposed Not GMO GMO GMO GMO Not GMO  No
Norway Proposed Not GMO Expedited Assessment GMO

Awaiting

UK animal welfare Not GMO Not GMO Not GMO GMO Not GMO  No
provisions

! Defined by some countries as no more than 20 bp 2 Perfect allele replacement



Table 2 lists the GnEd food animals that have undergone a regulatory determination.
Depending upon the country, the data that developers needed to supply to obtain a
determination differed markedly. Most jurisdictions required some molecular characterization
of the edit, and documentation that there was no incorporation of “foreign DNA” (e.g. Latin
America). Others required additional sequence data, phenotypic characterization of animal
health, growth and reproduction, product characterization of allergens and toxins,
compositional data, an environmental assessment and evaluation of impacts on biodiversity,
and in the case of the United States pre-approval inspection of the production facilities.

Table 2. Countries where GnEd food animals have undergone a regulatory determination.

Country Cﬁl;nlion Trait Developer Gene Targeted Year
Argen-tina | -, g}iﬁoallergenic INTA Beta-lactoglobulin 2017
Horse Increased muscle  Crestview Myostatin 2017

Genetics ) 2018/

Horse Increased muscle Kheiron Myostatin 5021

Nile Tilapia Increased yield Intrexon AB Co Myostatin 2018

Beef cattle  Heat tolerance Kheiron Prolactin receptor 2020

) Heat tolerance . Prolactin receptor
Dairy cattle /polled Kheiron P Polled allele 2020
Cattle Increased yield Kheiron Myostatin gg;g/
Sex-reversal from . Sex-determining

Horse male to female Kheiron region Y (SRY) 2023

Cattle Increased muscle  INTA Myostatin 2024

Pig PRRS'-resistance ~ Genus, plc CD-163 2025

Brazil Nile Tilapia Increased yield Intrexon AB Co Myostatin 2019
Beef cattle ~ Heat tolerance Acceligen Prolactin receptor 2021

Dairy cattle  Heat tolerance Acceligen Prolactin receptor 2023

Cattle Increased yield Acceligen Myostatin 2021

Pig PRRS-resistance Genus, plc CD-163 2024

Canada Pig PRRS-resistance  Genus, plc CD-163 2026
Colombia |Pig PRRS-resistance  Genus, plc CD-163 2023
ggg‘u‘{)‘;icca“ Pig PRRS-resistance ~ Genus, plc CD-163 2023
Japan Red Sea Bream Increased yield Regional Fish ~ Myostatin 2021
g:ﬁ% fish  Faster growth Regional Fish ~ Leptin receptor 2022

1911(;:’1‘; der Faster growth Regional Fish ~ Leptin receptor 2023

Nile Tilapia Increased yield Regional Fish ~ Myostatin 2025

USA Beef Cattle Heat tolerance Acceligen Prolactin receptor 2022
Pig PRRS-resistance  Genus, plc CD-163 2025

Porcine Reproductive and Respiratory Syndrome (PRRS) virus; ZEnforcement Discretion given for 2 animals

Moreover, for companies with more that 500 employees the United States Food and Drug
Administration (FDA) evaluation invokes animal drug use (ADUFA) fees which in fiscal year
2026 included a one-time application fee of $708,863 per edit, and annual fees of over
$375,000. These ongoing regulatory costs and post-approval monitoring expenses are uniquely

(1954

associated with animals harboring an “intentional genomic alteration” (IGA), and pose a



significant barrier to entry for many working in livestock.

Discussion

In 2015, Argentina first enacted a Category 3 approach that allowed developers to submit their
proposed or developed GnEd products to Argentine regulators to determine on a case-by-case
basis whether they fit the definition of a GMO, defined as “a novel combination of genetic
material”. Prior to 2015 Argentina had approved no GMO animal applications (Whelan et al.,
2020), but to date over 20 GnEd animal applications from both public sector scientists and
small to medium sized companies have received a non-GMO determination. Similarly, since it
adopted a Category 3 approach in 2018, Brazil has seen approximately 63 requests from 26
different biotechnology companies for commercial release of GnEd organisms (da Cunha et
al., 2025). Globally, non-GMO determinations have been made for several GnEd knockout
animal applications including myostatin cattle, horses and fish; PRRS virus-resistant pigs,
leptin receptor knockout fish; and both slick and polled cattle (Table 2). However, this
approach has not been universally applied. The FDA regulates heritable IGA as new animal
drugs, and does not distinguish between GMO and GnEd products (Category 1). Likewise, the
EU established a new regulatory framework for GnEd plants in 2025, aiming to relax rules for
plants that could have been produced using conventional breeding methods, but continues to
fall back on GMO regulations for GnEd animals. The UK’s 2023 Precision Breeding Act has
been adopted for plants, but animal provisions are on hold pending further deliberations
regarding animal welfare. In these countries there is a lower regulatory burden to
commercialize a simple edit in a GnEd crop as compared to a GnEd animal, disadvantaging
GnEd animal developers. A NASEM (2025) report affirmed that “the health status and
phenotype of food animals is the most reliable indicator of the safety of foods derived from
those animals”, irrespective of genotype. The European Food Safety Authority concluded that
GnEd animals pose, “no new potential hazards, and thus, no new risks to humans, animals or
the environment”, and also that, “off-target mutations from genome editing are similar in nature
to those from conventional breeding and do not pose novel hazards” (EFSA, 2025).

Conclusions

Mandating the collection of regulatory data in the absence of an identified novel hazard
unnecessarily adds to the costs of commercializing GnEd animals with no concomitant public
safety benefit. Ideally, common criteria can be developed to identify if a GnEd animal product
presents any unique hazard(s) that is not also associated with conventional breeding methods.
If so, then developers could prepare a single regulatory package to provide specific relevant
data to allow global risk assessors to estimate the probability of exposure to that identified
hazard, and the likelihood of harm being realized from exposure to that hazard(s).
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