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Genetically modified (GM) crops that have been engineered to express
transgenes have been in commercial use since 1995 and are annually grown
on 200 million hectares globally. These crops have provided documented
benefits to food security, rural economies, and the environment, with no
substantiated case of food, feed, or environmental harm attributable to
cultivation or consumption. Despite this extensive history of advantages and
safety, the level of regulatory scrutiny has continually increased, placing undue
burdens on regulators, developers, and society, while reinforcing consumer
distrust of the technology. CropLife International held a workshop at the 16th
International Society of Biosafety Research (ISBR) Symposium to examine the
scientific basis for modernizing global regulatory frameworks for GM crops.
Participants represented a spectrum of global stakeholders, including
academic researchers, GM crop developers, regulatory consultants, and
regulators. Concurrently examining the considerations of food and feed
safety, along with environmental safety, for GM crops, the workshop
presented recommendations for a core set of data that should always be
considered, and supplementary (i.e., conditional) data that would be warranted
only on a case-by-case basis to address specific plausible hypotheses of harm.
Then, using a case-study involving a hypothetical GMmaize event expressing two
familiar traits (insect protection and herbicide tolerance), participants were asked
to consider these recommendations and discuss if any additional data might be
warranted to support a science-based risk assessment or for regulatory decision-
making. The discussions during the workshop highlighted that the set of data to
address the food, feed, and environmental safety of the hypothetical GMmaize, in
relation to a conventional comparator, could be modernized compared to
current global regulatory requirements. If these scientific approaches to
modernize data packages for GM crop regulation were adopted globally, GM
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crops could be commercialized in a more timely manner, thereby enabling
development of more diverse GM traits to benefit growers, consumers, and the
environment.

KEYWORDS

genetically modified (GM), regulation, food and feed, safety assessment, environmental
risk assessment (ERA), problem formulation, cultivation, data requirements

1 Introduction

Genetically modified (GM) crops that have been engineered to
express transgenes have been commercially cultivated since
1995 and are annually grown on 200 million hectares globally.
These crops have delivered important societal benefits, such as
increased crop yields, resilience to adverse growing conditions,
reduced tillage leading to improved soil health, reduction in the
need for crop protection inputs, preservation of natural resources,
and improved rural economies (Klümper and Qaim, 2014; Dively
et al., 2018; Zilberman et al., 2018; Smyth, 2020; Ala-Kokko et al.,
2021; Macall et al., 2021; Peshin et al., 2021; Brookes, 2022a;
Brookes, 2022b; Brookes, 2022c). These benefits have led to rapid
adoption of GM technology for agricultural production, including
80% of global cotton and 73% of global soybean. One-third of global
maize production includes GM traits for herbicide tolerance, insect
protection, or both (AgbioInvestor, 2023). GM traits have been
introduced in other row crops such as oilseed rape, sugar beet, and
alfalfa and, at a smaller scale, in specialty crops such as apples,
eggplant, squash and potatoes (ISAAA, 2020). Hundreds of studies
have been conducted to assess the safety of GM crops, and there have
been no substantiated cases of resulting harm to people or livestock
that consume GM crops or to the environment in which they are
grown (European Commission, 2010; Snell et al., 2012; Van
Eenennaam and Young, 2014; NASEM, 2016).

Despite this track record of safety and benefits, regulatory data
requirements for approval and commercialization of GM crops have
continued to grow globally. GM technology is primarily limited to
major global crops, like maize and soybean, and to major input
traits, such as insect protection and herbicide tolerance. While there
are many efforts underway to use GM technology for other traits and
to improve minor crops, especially for small holders in the
developing world (David, 2009; Shelton, 2021; Woodruff, 2024),
securing the regulatory approvals to enable cultivation and avoid
potential trade disruptions can present often insurmountable
challenges to commercialization. Only a few large multinational
developers can afford the US$115 million cost and also persist for
the 16 years that it currently takes, on average, to bring a new trait to
the global market. More than one-third of those costs, and more
than one-half of that time, are taken by the regulatory process
(AgbioInvestor, 2022). These extensive and complex regulatory
systems also mean that governments must invest significant
resources in developing and maintaining regulatory bodies staffed
with sufficient people and expertise, creating a burden on taxpayers
and society. Countries that cannot afford such an investment are
missing out on the benefits of GM crops.

CropLife International and its member companies that develop
GM crops (BASF, Bayer Crop Science, Corteva™ Agriscience, and
Syngenta) have proposed a modernized regulatory framework and

streamlining of data requirements for GM crops that is based on
scientific rationale and builds on the 25 years of experience with the
technology, and the history of its safe use (Mathesius et al., 2020;
Anderson et al., 2021; Bachman et al., 2021; Brune et al., 2021;
Goodwin et al., 2021; McClain et al., 2021; Roper et al., 2021; Waters
et al., 2021). The development of the proposed framework was
motivated and guided by considering four key questions. 1) Are
today’s regulations for GM crop approvals risk-proportionate? 2)
Do today’s data requirements act as an unnecessary barrier to
beneficial innovation? 3) How can knowledge and experience
accumulated over the last 25 years inform modernization of
regulations? 4) Can data requirements be streamlined and
harmonized across countries and authorities? These questions
were used to guide the determination of the types of data that
are necessary to ensure GM crops are developed and deployed
without increased risks for food and feed safety or the environment
compared to conventional crops. Under this framework, core data,
which are important for the problem formulation step of the risk
assessment of the GM crop, were identified. The core data are used
for problem formulation to identify plausible cause-and-effect
hypotheses of harm from the GM crop. Depending upon the
outcome of the problem formulation for a specific crop by trait
combination, additional supplementary (i.e., conditional) studies
may be needed, on a case-by-case basis, to analyze any plausible risk
identified. Figure 1A outlines proposed core and supplemental
studies for a Food and Feed Safety Assessment; Figure 1B
outlines proposed core and supplemental studies for an
Environmental Risk Assessment. CropLife International took an
approach that is consistent with principles of risk assessment such
that the proposed data requirements can fully inform decision-
making by a regulatory agency, without the extraneous data present
in many current regulatory submissions that does not meaningfully
contribute to the risk assessment of the GM crop.

To further examine whether CropLife International’s proposed
modernized data requirements are sufficient for food and feed safety
assessments and for environmental risk assessments, a workshop
was held at the 16th International Society of Biosafety Research
(ISBR) Symposium (St. Louis, USA) in 2023. Using a case study of a
hypothetical GM maize event containing two familiar transgenic
traits (herbicide resistance and insect protection). The workshop
participants were charged with considering whether the proposed
data in the case study are scientifically both necessary and sufficient
to determine the food, feed and environmental safety of the
hypothetical GM crop.: CropLife International member
representatives that served as moderators during the workshop
authored this publication to report the outcomes and summarize
the discussions that took place among the participants. The
participants varied in their backgrounds and prior experience
with risk assessment and included individuals from regulatory
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agencies, technology developers, consultant groups, and academia.
A wide range of geographical areas were represented.

2 Case study description

For the case study, a hypothetical GMmaize event was presented
to the workshop participants for evaluation. The hypothetical event
was intentionally simple for this exercise (i.e., a familiar crop with
traits that are similar to many transgenic events that have already
been reviewed and approved by regulatory agencies globally, with
several in commercial production for many years), which enabled
the participants to analyze in greater depth the need for data that is
routinely submitted but may not contribute to the safety assessment.
More specifically, a maize (Zea mays) event containing a single
insertion encoding for two proteins from a single T-DNA
introduced using standard disarmed Agrobacterium tumefaciens-
based transformation was described. The two hypothetical traits
provide protection against lepidopteran pests and tolerance to

treatment with glyphosate herbicide, using a hypothetical
Cry1 protein from Bacillus thuringiensis (Bt) and a hypothetical
EPSPS protein variant isolated from maize, respectively. The
workshop participants were asked to separately consider a food
and feed safety assessment or an environmental risk assessment for
this same hypothetical GM maize event. Additional distinctions
between the presentation of the case study for the different
assessments are outlined below.

2.1 Food and feed safety assessment

For the Food and Feed Safety Assessment, the results from
hypothetical evaluations of core data on the characterization and
safety assessment of the event were provided (summarized in
Table 1). Throughout this paper, the term ‘data’ refers to both
the results of experiments or studies as well as information gathered
from literature reviews, consensus documents and other similar
sources. As described inWaters et al. (2021), the core data for a food

FIGURE 1
(A) proposes a set of data recommended for a science-based food and feed safety assessment for a typical GM crop and considers as core studies:
basic molecular characterization, protein characterization and expression, and protein safety (i.e., history of safe use of the protein and source organism
and bioinformatics to identify potential toxins and allergens). The outcomes of these core data are used to inform the problem formulation step and
decide, on a case-by-case basis which, if any, supplementary studies are needed to make a conclusion on safety (Brune et al., 2021; Waters et al.,
2021). (A) is adapted from Brune et al., 2021 and Waters et al., 2021. (B) proposes a set of data recommended for a science-based environmental risk
assessment for a typical GM crop and considers as data: understanding the receiving environment and the basic biology of the unmodified plant;
assessing the agronomic similarity of the GM crop to its conventional counterparts (i.e., agronomic comparative assessment); and understanding the
intended trait of the GM plant and assessment of how the intended trait may lead to environmental harm. The core data should be used first to inform the
problem formulation. If a conclusion cannot be made about the pathway to harm using the core data, additional case-by-case hypothesis-driven
supplementary studies should be considered (Anderson et al., 2021).
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and feed safety assessment are: 1) molecular characterization, 2)
protein characterization, and 3) protein safety (allergenicity and
toxicity). The results of the molecular characterization demonstrated
that there was an insertion of a single T-DNA sequence into the
maize genomic DNA without any vector backbone sequences. There
were no changes in the intended protein coding sequence and
constitutive expression of both proteins were driven by familiar
promoter elements (35S from cauliflowermosaic virus and ubiquitin
promoter from Zea mays, respectively). Finally, the inserted DNA
and the traits were indicated as being stable over three generations.
The protein characterization data given to participants indicated
that the molecular weight and amino acid sequence were as expected
for both proteins. The function of the hypothetical Cry1 protein was
established as having activity limited to target lepidopteran pest
species, with no activity against other insect orders. Field tolerance
to glyphosate from the hypothetical EPSPS protein variant was also
as expected. The protein safety data indicated that both proteins are
similar to proteins that have a history of safe use for food and feed;
neither EPSPS proteins nor Cry proteins have any known toxicity or
allergenicity concerns. Bioinformatics analysis comparing the amino
acid sequences of both hypothetical proteins to a protein database
also demonstrated that neither protein is related to any protein of
toxicological concern nor related to any allergens in the qualified
allergen database.

A familiar crop with familiar traits and minimal genetic
disruptions was used for the workshop to promote discussion of
what data is really needed to establish the food and feed safety of a GM
crop event. It was also noted to workshop participants that extensive
protein expression data in the plant was not obtained, nor was detailed
proximate or nutrient composition data included. Further, while it
was established that bioinformatics confirmed no homology to known

allergens or toxins, no exposure assessments, no animal feeding
studies, or other more direct assessments of potential for harm
from the hypothetical event were included. As presented, the case
study stated that considering 1) the assessment from the core data, 2)
the familiarity of the crop and traits, and 3) the lack of direct
interaction with other metabolic pathways of the plant, there was
no hypothesis of food and/or feed safety risks for the new GM maize
crop, and therefore additional supplementary data are not warranted
to establish food and feed safety, in accordance with the approach
established in Brune et al. (2021), McClain et al. (2021) and Roper
et al. (2021).

2.2 Environmental risk assessment

For Environmental Risk Assessment (ERA), the intention of the
case study was to model how problem formulation and core data
should be leveraged to inform ERA of a GM crop for cultivation
safety. Problem formulation is a process used in the ERA to develop
plausible pathways to harm resulting from cultivation of the GM
crop. Problem formulation first considers core data, then considers
other data on a case-by-case basis if it is deemed necessary to inform
the risk assessment. For ERA, core data includes information related
to the receiving environment, description of basic biology of the
unmodified plant, assessment of the agronomic similarity of the GM
crop to its conventional counterparts, and characterization of the
intended traits of the GM crop (summarized in Table 2). For the
purpose of the case study, the protection goal was broadly stated as
protection of biodiversity, specifically protection of beneficial or
charismatic species. For the purposes of the workshop, the core
characteristics of the event as described for the food and feed

TABLE 1 Summary of food and feed safety assessment core data of the hypothetical GM maize.

Molecular characterization

Number of insertion loci and inserts per locus Insertion of one T-DNA from plasmid at a single locus. Based on sequencing of genomic DNA.

Presence or absence of unintended sequences (e.g., plasmid
backbone)

Confirmed absence of backbone sequences from the transformation plasmid

Sequence of the inserted DNA and flanking borders No changes in protein coding sequences. Small changes detected at junctions with genomic DNA.

Stability of the inserted DNA across multiple generations Single T-DNA insertion is stably inherited over three breeding generations

Protein characterization and expression

Identity of newly expressed proteins confirmed EPSPS protein isolated from GM maize consistent with the theoretical molecular weight/amino acid sequence
and the protein displayed expected enzyme activity

Cry1 protein isolated from GM maize consistent with the theoretical molecular weight/amino acid sequence
and the protein demonstrated expected insecticidal activity towards target insect pests

Protein expression as intended EPSPS protein: Constitutive expression driven by ubiquitin gene promoter from Zea mays

Cry1 protein: Constitutive expression driven by 35S promoter from Cauliflower mosaic virus

Protein safety

History of safe use EPSPS protein: History of safe use of source organism (maize) and similar EPSPS proteins

Cry1 protein: History of safe use of source organism (Bt) and similar Cry1 proteins

Toxicity Neither protein is related to any proteins of toxicological concern by bioinformatics search

Allergenicity Neither protein is related to allergens in qualified allergen database by bioinformatics search
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assessment were considered the same (e.g., molecular features), with
additional information focused on agronomic and environmental
aspects provided to guide the ERA discussion.

The participants were presented with the following set of core
data (summarized in Table 2) and were asked to consider if a
plausible pathway to harm could be developed related to weediness,
invasiveness, gene flow to wild relatives or hazard to non-target
organisms: 1) assessment of the receiving environment indicating no
wild relatives of maize present in the cultivation country and no
changes to the standard agronomic practices relative to non-
modified maize; 2) assessment of the basic biology of maize,
using consensus documents, demonstrating non-modified maize
has no weediness characteristics and requires human intervention
for propagation and survival; 3) multilocation field trial data
demonstrating hypothetical maize was agronomically similar to
non-modified maize; and 4) assessment of the intended
phenotype (i.e., insect protection and herbicide tolerant traits are
not intended to increase fitness or survival in the environment).

Based on the core data assessed, the case study proposed that there
are no plausible hypotheses for how cultivation of the hypothetical

maize could result in environmental harm related to weediness,
invasiveness, and gene flow to wild relatives. Thus, additional data
will not further contribute to meaningful assessment of environmental
safety. However, the case study proposed that a plausible pathway to
harm to non-target organisms could be developed based on the
intended insect protection phenotype. The hypothetical Cry1 protein
was presented as providing protection against specific lepidopteran
insect pests (European corn borer, Asian corn borer, Southwestern corn
borer, corn earworm, and fall armyworm).

The mode of action of Cry proteins in GM crops is well-
documented (Bravo et al., 2007; OECD, 2007). In this case study,
additional supplemental protein expression data and non-target
organism hazard data were provided to the participants, and they
were asked to consider if additional plausible pathways to harm
could be developed. The set of supplemental data (summarized in
Table 3) was as follows: 1) multilocation field trial data measuring
the concentration of the hypothetical Cry1 protein in several
plant tissues to inform exposure assessment; 2) an exposure
assessment for different non-target organisms to consider the
likelihood and magnitude of exposure to the hypothetical

TABLE 2 Summary of environmental risk assessment core data.

Characterization of the receiving environment

Receiving environment Agroecosystem where Zea mays (maize) will be cultivated

Presence of wild relatives There are no wild relatives of maize present in the targeted cultivation country

Changes in agronomic practices There are no changes to the standard agronomic practices for hypothetical GM maize, relative to
nonmodified maize

Description of the biology of unmodified Zea mays

Survival Maize requires human intervention for propagation and survival (OECD, 2003)

Weediness Maize does not have weedy characteristics. While volunteers can occur the following season, maize is
frost intolerant, the seeds have limited dispersal ability and they are not dormant (OECD, 2003)

Reproduction and gene flow Maize propagates through seed and is wind-pollinated (OECD, 2003)

Agronomic similarity of the GM crop

Multi-location field trial A field study was planted during the 2022 growing season at 10 sites in the United States and Canada,
which were selected to represent North American growing regions for commercial maize. Standard
agronomic endpoints were assessed for hypothetical GMmaize and nonmodified varieties. Results from
this study demonstrate that hypothetical GM maize is agronomically similar to non-modified maize

Characterization of the intended phenotype

Protein function Hypothetical Cry1 protein - provides protection against lepidopteran insect pests: European corn borer
(ECB), Asian corn borer, southwestern corn borer (SWCB), corn earworm (CEW), and fall
armyworm (FAW)

Hypothetical EPSPS protein- Functions in the chloroplast as a step in the biosynthesis of aromatic amino
acids. EPSPS catalyzes the reversible reaction of shikimate-3-phosphate and phosphoenolpyruvate to
produce 5-enolpyruvylshikimate-3-phosphate and phosphate. The EPSPS enzyme also serves as a
selectable marker for plant transformation

Mode of action Hypothetical Cry1 protein - ingestion of Cry1 is followed by receptor-binding in the insect mid-gut,
which results in pore formation in the mid-gut of sensitive insects. The mode of action of Cry proteins in
GM crops is well-documented (OECD, 2007)

Hypothetical EPSPS - not inhibited by glyphosate and retains the standard EPSPS enzymatic function in
the presence of glyphosate

History of safe use Hypothetical Cry1 protein - History of safe use: Multiple crops have been globally assessed and approved
as products that express Cry1 proteins (ISAAA, 2023)

Hypothetical EPSPS - Multiple crops have been globally assessed and approved as products that express
glyphosate-tolerant versions of EPSPS proteins from different sources (ISAAA, 2023)
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Cry1 protein; and 3) results of non-target organism Tier I hazard
studies for several surrogate species representing different
taxonomic orders (e.g., ladybird beetle, a soil dwelling
organism, and a non-target predator) conducted with the
Cry1 protein in the diet.

The multilocation field trial data showed that the Cry1 protein
was only detectable (above the limit of detection) in the leaf and

whole plant, with the highest concentration found in R1 leaf. The
protein was below the limit of detection of the analytical assay in
pollen and root. Based on the tissue expression, the exposure
assessment concluded that since there is no expression of the
Cry1 protein in pollen, there would be no route of exposure to
non-target pollen feeding organisms (e.g., honeybee). Finally, the
Tier I hazard studies indicated that no hazard was observed at

TABLE 3 Summary of environmental risk assessment supplementary data.

Expression of the hypothetical Cry1 protein in GM maize

Multi-location field trial • A field study was planted during the 2022 growing season at 10 sites in the United States and Canada, which were selected to represent
North American growing regions for commercial maize. Hypothetical Cry1 protein expression was analyzed from representative
plants at 6 sites

• Hypothetical Cry1 protein expression in GM maize was measured in several plant tissues, including pollen (R1), leaf, root, and whole
plant (several vegetative and reproductive growth stages)

• Results from this study: the hypothetical Cry1 protein in GM maize is below the limit of detection (LOD) of the analytical assay in
pollen and root. The hypothetical Cry1 protein in GM maize was detectable in leaf and whole plant, with the highest concentration
detected in R1 leaf (mean = 30 ng/mg; maximum = 45 ng/mg)

Specificity

Specificity of the Cry1 protein • Cry1 protein activity is well-documented to be limited to the order Lepidoptera (Van Frankenhuyzen, 2009; Anderson et al., 2021)
• The hypothetical Cry1 protein provides protection against lepidopteran insect pests, including European corn borer (ECB), Asian corn
borer, southwestern corn borer (SWCB), corn earworm (CEW), and fall armyworm (FAW)

Exposure assessment—non-target organisms

Ladybird beetle • May consume pollen, plant tissues, or prey that have previously consumed plant tissues
• For the purposes of this case study, a worst-case scenario would assume a ladybird beetle consumes GM maize leaf tissue

Soil dwelling organism • Detritivores may consume roots or plant tissues that have fallen to the ground
• There is no exposure to detritivores via roots (root hypothetical Cry1 protein expression is below LOD)
• For the purposes of this case study, a worst-case scenario would assume a detritivore consumes GM maize leaf tissue

Aquatic organism Although aquatic habitats may be located near agricultural areas, exposure of aquatic organisms to biotech crops is limited temporally
and spatially (Bachman et al., 2021) and aquatic exposure to Bt corn is extremely small (US-EPA, 2010)

Non-target predator A non-target predator may consume prey that has previously consumed the hypothetical GMmaize plant tissues. For the purposes of this
case study, a worst-case scenario would assume there is no degradation of the hypothetical Cry1 protein in the prey; however, previously
it has been shown prey contains lower concentrations of Cry protein relative to the Cry protein concentration in planta (Raybould et al.,
2007)

Non-target honey bee There is no exposure to honeybees (pollen hypothetical Cry1protein expression is below LOD). Non-target lepidopteran–non-target
Lepidoptera do not consume maize pollen directly, but they may ingest maize pollen that has been deposited on host plants growing
within or closely adjacent to maize fields. There is no exposure to pollen-feeding non-target lepidopterans (expression in pollen is
below LOD)

Hazard assessment—non-target organisms

Ladybird beetle Tier I study was conducted; diet contained hypothetical Cry1 protein at approximately 10x the environmentally relevant exposure. The
no observable adverse effect concentration (NOEC) was >10X the environmentally relevant exposure, resulting in a margin of
exposure >10

Soil dwelling organism Tier I study was conducted; diet contained hypothetical Cry1protein at approximately 10x the environmentally relevant exposure. The
no observable adverse effect concentration (NOEC) was >10X the environmentally relevant exposure, resulting in a margin of
exposure >10

Aquatic organism Tier I study was not conducted because aquatic exposure to Bt corn is extremely small (US-EPA, 2010)

Non-target predator Tier I study was conducted; diet contained hypothetical Cry1protein at approximately 10x the environmentally relevant exposure. The
no observable adverse effect concentration (NOEC) was >10X the environmentally relevant exposure, resulting in a margin of
exposure >10

Non-target honeybee Tier I study was not conducted because there is no exposure to honeybee (expression in pollen is below LOD)

Non-target lepidopteran Tier I study was not conducted because there is no exposure to pollen-feeding non-target lepidopterans (pollen hypothetical Cry1 protein
expression is below LOD). Lepidoptera that consume maize leaf tissue or grain are considered maize pests

Fate of the hypothetical Cry1 protein in the environment

Soil Fate There is a large body of evidence that Bt Cry proteins do not accumulate or persist in soil (Clark et al., 2005; Stotzky, 2005; Icoz and
Stotzky, 2008)
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concentrations that exceeded >10x the expected environmental
concentration.

Usually, the assessment of adverse effects in non-target
organisms follows a tiered approach that starts with laboratory
studies at levels that exceed worst-case exposure conditions
(Romeis et al., 2011). Tier I laboratory studies with non-target
organisms are typically conducted using at least 10X the worst-
case expected environmental concentration. In this case, the results
of the hypothetical Tier I dietary studies indicated no hazard
(i.e., adverse effects) at concentrations that exceeded 10x the
worst-case expected environmental concentration, and thus a
conclusion that evidence is sufficient without conducting
additional hazard testing was indicated. Based on data from the
exposure assessment and non-target hazard assessment studies, the
case study proposed that there were no plausible pathways to harm
to non-target organisms due to lack of exposure and/or lack of risk
because there were no adverse effects at concentrations that
exceeded 10X the worst-case expected environmental
concentration. Participants were asked to consider whether they
agreed with the conclusions proposed by the case study based on
core data and additional supplementary data related to protein
expression, non-target organism exposure, and non-target
organism hazard.

Additional information such as molecular data to confirm that
the insert is an intact single copy, stable across generations, and that
there is no insertion of DNA from the plasmid backbone were not
provided in the ERA case study. These additional data for product
characterization have historically been submitted to regulators as
part of cultivation applications, but they are not directly relevant to
ERA (Anderson et al., 2021).

3 Learnings from breakout group
discussions

After participants attended the introductory presentation
session of the workshop, they were distributed into smaller
discussion groups of approximately 10 people, with CropLife
International member representatives serving as moderators.
Each participant had the opportunity to choose either the Food
and Feed Safety Assessment or the Environmental Risk Assessment,
depending on their respective areas of interest.

The goal of the smaller group discussion sessions was to allow
participants to go into deeper conversations about the proposed
modernized paradigm for a risk assessment of a GM
crop. Discussions were aided by a distribution of a printed
booklet that included a description of the hypothetical GM maize
event and the data collected, and that outlined the key concepts of
using the core data for a Food and Feed Safety Assessment and
Environmental Risk Assessment. Moderators provided some time
for the participants to review the information and then introduced
the case study by giving a brief overview of the information provided
in each data section of the case study. Participants were encouraged
to provide feedback and to bring up questions and/or comments
about topics/elements of the case study that they considered not
sufficiently covered by the data provided. They were also asked to
complete a worksheet allowing for comments on the specific steps of
the assessment process.

Discussions during this small group session were productive and
highly informative. Overall, the participants were engaged, willing to
discuss, and mostly supportive of the general assessment framework
of primarily using core data and only using further assessments on a
case-by-case basis.

A summary of key points from the breakout group discussions is
shared below. This section is not intended to be a complete summary
of the discussion, rather the authors have captured points of interest
with an emphasis on points that are worth considering for future
workshops and discussions on this topic.

3.1 Food and feed safety assessment

In the small group session, participants were asked to consider 1)
the assessment from the core studies (see Table 1), 2) the familiarity
of the crop and traits, and 3) the lack of direct interaction with other
metabolic pathways of the plant, and then decide whether there was
a hypothesis of food and/or feed safety risks for the new GM maize
crop. Because of these considerations, the position for the case-study
was that, for the hypothetical event, additional supplemental studies
are not warranted to establish food and feed safety, and the
participants discussed whether they agreed with this position.

Below are some key feedback and questions captured during the
workshop regarding the proposed approach for the assessment of
Food and Feed Safety of the hypothetical GM maize event.

3.1.1 Molecular characterization (transformation
method, transformation construct, DNA insert
characterization)

Overall, the participants agreed that the proposed molecular
characterization core data is aligned with what is currently provided
and that the information was sufficient to inform a food and feed
safety assessment. One potential exception to the core data package
that was discussed is data demonstrating that the insert is stable over
at least three generations. The participants suggested that this study
could be considered as supplemental, and not necessarily required as
part of the core data package, if the insert is demonstrated to be
inserted into the chromosome and is not interrupting endogenous
genes or regulatory elements, and there is no other reason to expect
that the insert might be unstable (e.g., insertion site near a
transposon). There was some discussion that three generations of
data may not be considered enough by all regulatory agencies and
that additional generations could be required for polyploid crop
species. Additionally, participants raised questions about
Agrobacterium transformation not being targeted and discussed
providing data on whether any internal genes were modified. It was
also noted by workshop participants that the use of Next-Generation
Sequencing (NGS) to characterize the insert is not yet accepted by all
regulatory agencies, but also there was recognition of the utility of
NGS to provide a more comprehensive characterization of the insert
and the insertion site compared to traditional methods (e.g.,
Southern blots).

3.1.2 Protein characterization (molecular weight,
protein sequence confirmation, protein function)

Participants agreed that the protein characterization
information was sufficient to inform the food and feed safety
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assessment, with some discussions around whether a registrant
would always be able to provide what is required, as some
proteins may be more challenging to characterize (e.g., difficulties
in isolating the proteins in an active form, generating specific
antibodies, or generating SDS-PAGE and Western blot data). A
question was also raised on maize codon optimization and if the
protein would still be considered the same as the native version.
Future workshops can reinforce that maize codon optimization of
the GM trait gene does not alter the trait protein sequence. Thus, it
should not change the safety profile of the protein if there is no
change to the amino acid sequence. Discussion also occurred
regarding familiarity with promoters and the relationship to
expression levels. The participants discussed if there might be a
need to better understand the protein expression levels for
unfamiliar promoters and also if increased expression levels
might raise a concern of potentially increased allergenicity risk.

3.1.3 Protein safety/toxicology/allergenicity
(background, source, history of safe use,
bioinformatics)

Participants agreed that the EPSPS protein information for
safety was sufficient to inform the food and feed risk
assessments, but questions were raised about Cry proteins around
digestibility and heat stability. There was also discussion regarding
how similar a protein would need to be to a known protein to be
considered familiar. Additionally, concerns were raised in the small
group discussion on the limited protein expression data provided in
the case study as it related to an exposure assessment. In response,
the moderators noted that an exposure assessment is not necessary,
because no hazard was identified from the proteins. However, when
a hazard is identified, then protein expression levels are needed to
enable assessment of potential exposure (Brune et al., 2021).

3.1.4 Additional information needed to determine
event safety

It was stated by one participant that if there was a disruption of a
native gene, then composition data could be requested. Discussion
also occurred regarding the concept of History of Safe Use (HOSU),
and the amount of data, time and similarity (e.g., consideration of
minor protein sequence differences) needed to establish something
as having sufficient familiarity to be considered safe without
additional data. One participant suggested that protein sequence
data would be needed to demonstrate a HOSU and could be useful in
determining the activity of the protein.

3.1.5 General feedback for food and feed safety
assessment

Although participants generally agreed that the case study with a
familiar crop and familiar traits is a good starting point for the
discussions, several suggestions were made for further discussions to
also provide a case study on an unfamiliar event or protein, to lay out
how each study informs the safety assessment, to provide more on
the problem formulation process, and to provide more graphics and
to use examples. Discussion also occurred around the challenges of
communicating and making changes to the currently provided data
in regulatory applications. On this topic, proposals from participants
included suggestions to emphasize more the end goal of getting
needed products on the market sooner with less regulatory burden

for all stakeholders and to publish more data prior to submission of
the application in the scientific literature, and to be ready to provide
additional data upon request.

3.2 Environmental risk assessment

After introducing the case study, the CropLife International
moderator described a list (provided with the case study) of the
specific potential pathways to harm that are relevant to the
cultivation of the hypothetical maize event. Additionally, an
explanation for how the core data can be used to sufficiently
assess environmental risk was provided. For plausible pathways
to harm that may not be sufficiently addressed by the core data
(i.e., potential harm to non-target organisms), another list of
potential pathways to harm that are specific to non-target
organism (NTO) exposure was also presented.

Below are some key feedback and questions captured during the
workshop regarding the proposed approach for the Environmental
Risk Assessment of the hypothetical GM maize event.

3.2.1 Weediness potential
There was an overall consensus among the workshop groups

that weediness can be adequately assessed using only core data.
Participants agreed that there is not a plausible pathway to harm in
the case study since maize is highly domesticated and volunteers will
not survive without human intervention and management. One
group discussed questions around the potential for dormancy, which
may be a weediness trait, and whether it can be assessed in the core
data (multilocation field trial; Table 2). It was concluded within the
groups that the similarity in agronomic characteristics between the
GM maize event and the non-GM maize in the case study core data
is sufficient to show that there is a highly unlikely risk of weediness
potential. This follows the principle of placing risk in the context of
current practice (i.e., that the modified maize will have no greater
risk than that of cultivation of the non-modified maize) (Raybould
and MacDonald, 2018). However, one workshop group had
unresolved discussions on whether a difference in agronomic
performance between different geographical regions may result in
differences in the risk assessment and what specific agronomic
elements are the most relevant to consider. Some participants in
this group proposed scenarios in which the agronomic data
generated in field trials performed outside of the cultivation
country may not sufficiently represent the agronomic outcomes
of field trials performed within the cultivation country.

3.2.2 Gene flow potential to wild relatives
There was general consensus that there is no environmental

safety concern of gene flow in the case study based on the core data
because there were no wild relatives present in the hypothetical
cultivating environment. There was some interest from participants
in further exploring how the risk assessment and data requirements
will change if the cultivation environment did contain wild relatives.
Also, there was some discussion on the threshold of relatedness
between the GM maize and a wild relative species that constitutes a
safety concern in terms of gene flow. Ultimately, there was
additional consensus that product registrants should demonstrate
that there are no wild relative species that are reproductively
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compatible with GM maize (regardless of species relatedness) to
position that there is no gene flow concern. Alternatively, if there are
wild relative species in the area of cultivation an assessment of the
likelihood and consequences of trait introgression into the wild
relative population may be warranted based on a problem
formulation approach (Anderson et al., 2021). Participants
generally stressed the importance of citing published literature
(e.g., accepted consensus references on crop-specific biology) as
part of the core data to support the environmental risk assessment.
Although it was acknowledged that gene flow will not likely occur
between GM maize and wild relatives in the case study example,
there was some discussion around whether gene flow may occur
between the GM maize and adjacent local non-GM maize varieties
and negatively impact crop integrity and biodiversity. The case study
focused on assessing plausible pathways to harm related to gene flow
between GM maize and sexually compatible weedy relatives. Future
workshops can address concerns that were raised about coexistence
of GM and non-GM cropping systems. Such a workshop may have
to distinguish between environmental risks and market or socio-
political concerns. For example, countries that have landrace
populations for which the genetic make-up per se is a protection
goal may have societal concerns about coexistence (for example,
there could be changes the genetic identity of the landrace).

3.2.3 Plausible pathways to harm for non-target
organisms (NTO)

All groups aligned that the only plausible pathway to harm from the
case study that could not be sufficiently addressed with core data alone
was the potential for harm to NTOs from potential exposure to the
hypothetical Cry1 protein (Table 2). Participants discussed the plausible
pathways to harm that are specific to NTOs. There was general
agreement that no additional data was needed to assess the potential
for the EPSPS protein conferring the herbicide tolerance trait to cause
harm to NTOs. However, participants acknowledged that public
perception of herbicide tolerance traits could influence regulatory
decisions and may need to be considered when determining the
registrability of a GM crop. Such perceptions are not reflective of an
actual risk, and the additional data generated do not inform the science-
based risk assessment. For other pathways to harm, there was consensus
that if there was either no hazard or no detectable exposure, then there is
low risk to NTOs. For example, honeybees that may directly consume
maize pollen andNTO lepidopterans thatmay indirectly consumemaize
pollen that drifts onto their host plants should have low risk in the ERA
case study since the GMmaize event has expression less than the limit of
detection (LOD) of the insecticidal protein in pollen tissue (Table 2). It
was generally accepted by workshop participants that if expression of the
insecticidal protein is <LOD in tissues that might be consumed by an
NTO, further toxicity testing to determine hazard is not warranted.

Participants were also mostly aligned that aquatic environments
generally experience minimal exposure to GM crop tissue and so
additional toxicity testing is not needed for aquatic NTO species in
most situations. However, some participants expressed uncertainty
on whether this may be an issue if GM crops are cultivated very close
to aquatic environments, which may affect exposure levels to NTO
aquatic species. For NTO species where there is a plausible pathway
to harm, all groups agreed that further data (exposure assessment or
NTO Tier I laboratory testing) might be needed. Some discussions
among participants regarding appropriate surrogate species to use

for NTO testing and to what extent test species need to match those
found in the cultivation regions were not resolved in the
workshop. There was some additional discussion around the
large body of scientific literature describing the surrogate species
concept for testing Cry proteins and other types of plant
incorporated protectants (e.g., Romeis, et al., 2011; Romeis et al.,
2013; Bachman et al., 2021). While the terms “focal species” and
“indicator species” were not discussed directly as part of the
workshop, understanding protection goals and selecting
appropriate surrogate species or indicator species to inform the
science-based assessment of risk is an important consideration
(Rose, 2007; Roberts et al., 2020). Despite the lack of consensus
on species selection, there was clear alignment among participants
that NTO species representatives should only be tested if there is a
valid hypothesis that there is a plausible pathway to harm for that
specific organism type. For this reason, NTO studies should only be
conducted when hypothesis-driven (Figure 1B).

3.2.4 General feedback and future considerations
for ERA

Although participants agreed that a generic ERA case study is a
good starting place, participants indicated that future workshops
using a modified case study tailored for specific geographical regions
will be even more helpful. As different countries have different sets
of questions and concerns from local regulatory agencies, using
more country-specific scenarios and less familiar pest-control traits
in a case study may be more directly relevant in that region.

Related to gene flow, there was not a consensus about potential for
harm in small team discussions. Future workshops would benefit from
guided discussion to help develop problem formulation for gene flow.
For example, it could be established as a baseline that for gene flow to
occur naturally in the environment, andwhen assessing the potential for
harm from gene flow between GM maize and local maize varieties, it
should be compared to potential for harm from gene flow of non-GM
maize and local maize varieties (OECD, 2023). Furthermore, future
workshops can reinforce that if gene flow to local maize varieties is a
relevant concern for a specific cultivation country, then there is a large
body of literature to leverage to assess if additional data is needed to
inform the risk assessment (See OECD, 2023 Annex B for recent
review) such a workshop would need to distinguish between the true
environmental impact and concerns related to trade or economic issues.

Also, there were productive discussions on the topic of data
transportability. Participants generally accepted the concept of
transportability for lab study data. However, due to a lack of time
for discussion, some unresolved questions remained regarding the
transportability of field study data. Future workshops will benefit
from guided discussion to help explain the principle of data
transportability. An underlying principle of data transportability is
that if no biologically relevant differences between a GM crop and
its conventional counterparts are observed in one country or region,
data from these studies can be used to inform the risk assessment in
another country, regardless of agroclimatic zone (Bachman et al., 2021).
Following the recommendations for modernizing global regulatory
frameworks for GM crops, additional agronomic data should only
be collected in the local environment if there are plausible pathways for
harm that cannot be fully informed by the core data.

Furthermore, there was some interest from participants in
discussing how the proposed risk assessment paradigm might apply
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to combined GM products (i.e., breeding stacks), yield and stress traits
(e.g., drought resistance), and streamlining of import registrations.

One topic that generated discussion across groups was the value of
product characterization data in an environmental risk assessment. In
the proposed modernized regulatory framework (Anderson et al., 2021),
underlying characterization data for the GM event are not regarded as
core to the regulatory assessments (such as molecular data to confirm
that the insert is an intact single copy, stable across generations, and that
there is no plasmid backboneDNA). Although these data do not directly
inform the ERA (Anderson et al., 2021), it was discussed that an
understanding of the characteristics of the GM product provides
foundational information that enables the regulatory assessments to
focus on the intended introduced trait during the problem formulation
stage. Therefore, it was proposed to consider including, as part of the
modernized ERA framework, a set of foundational information and data
from the characterization of the GM event that confirms that (1) the
intended gene sequence was inserted and functions as intended, as well
as the number of such insertions; (2) the plants produce the intended
newly expressed protein (NEP); (3) the intended phenotype is achieved.

4 Key considerations and takeaways
from the workshop

The case study for the workshop considered a single event, albeit
one that contained geneticmaterial encoding for two proteins leading to
two distinct traits (herbicide tolerance and insect protection). However,
the majority of commercialized products contain multiple GM events
that are combined through conventional breeding (also known as
stacked trait products). The typical regulatory process first assesses
all single events, before applying regulatory processes, if any, to the
stacked trait products. In this sense, the case study used for the
workshop reflected a realistic scenario in which regulators assess a
single event regardless of whether the event will be commercialized as a
single event or as a stacked trait product.

Regulatory processes for stacked trait products vary globally, with
many countries recognizing the long, safe history of conventional
breeding and not requiring additional assessment once all the single
events are approved. It is the position of CropLife International that
additional safety assessment of a stacked trait product produced by
conventional breeding should not be required unless there is a plausible
and testable hypothesis for interaction of the traits (Goodwin et al.,
2021). This case study did not address stacked trait products however,
further iterations could include consideration of stacked trait products
and how to evaluate possible interaction of traits.

The workshop was convened to explore the proposed
modernized data requirements for regulatory assessments of GM
crops (Anderson et al., 2021; Waters et al., 2021). The participants
were charged with considering whether currently implemented
regulations for GM crops are risk-proportionate or whether they
create an unwarranted barrier to the introduction of new traits. The
organizers presented a position that knowledge and experience from
25 years of research and development could inform regulatory
modernization and that streamlined data requirements could
advance harmonization across countries and authorities.

Overall, considering the case study discussed, the participants at the
workshop found the proposed modernized data requirements generally
to be necessary and sufficient for decision making to support the safe

commercial introduction of a new GM crop. There was a clear
consensus that some of the current data requirements are no longer
routinely warranted for familiar traits such as that discussed in the case
study, given the track record of GM crops not presenting unexpected or
unintended effects on food or feed safety or environmental risk relative
to their conventional counterparts. Participants appreciated the benefit
of harmonized hypothesis-based risk assessments to enable future
deployment of GM crops that can address emerging agricultural
challenges associated with increasing demand for affordable healthy
food and changing agricultural environments. The points discussed in
this publication will be used to further clarify recommendations for
supplementary case-by-case data and guide the development of future,
more targeted workshops and related discussions. In particular,
applying the proposed framework to traits and crops with which
there is less familiarity and established HOSU than those used in
the case study may be associated with greater uncertainty in the
foundational information of the GM event. Additional case studies
involving less familiar traits and different crops should be used to
further test the robustness of the modernized regulatory framework.

The workshop focused on what data was scientifically necessary
and sufficient to make a conclusion on the food, feed and
environmental safety of the GM crop. However, several
participants noted that certain data not included in the case study
was either required in their jurisdiction or routinely submitted by
applicants. While it was beyond the scope of this workshop, future
targeted workshops or symposia could address the extent to which
regulatory authorities have the flexibility to decide, on a case-by-case
basis, what data is necessary to make a conclusion on safety. In some
jurisdictions the recommendations of the modernization project
could be implemented by applicants by including a scientific
rationale in their submission for why a specific study is not
necessary. In other cases, changes to laws, regulations, or written
guidance would be needed to implement these recommendations.

The case study for the first workshop, as described in this
publication, was a valuable tool to foster discussion about science-
based data requirements for the assessment of GM crops. If these
scientific approaches to modernize data packages for GM crop
regulation were adopted globally, delays to the commercialization of
GM crops could be reduced, thereby allowing farmers access to new
GM traits that will benefit not just growers, but consumers and the
environment as well. For more information on the case study used in
theworkshop, or if there is interest in hosting a similar workshop, please
contact the corresponding author.

Author contributions

NS: Conceptualization,Writing–original draft,Writing–review and
editing. AS: Conceptualization, Writing–original draft,
Writing–review and editing. JS: Writing–original draft,
Writing–review and editing. JA: Writing–original draft,
Writing–review and editing. MH: Writing–original draft,
Writing–review and editing. DM: Writing–original draft,
Writing–review and editing. CM: Writing–original draft,
Writing–review and editing. MS: Writing–original draft,
Writing–review and editing. SS: Writing–original draft,
Writing–review and editing. EU-W: Writing–original draft,
Writing–review and editing.

Frontiers in Bioengineering and Biotechnology frontiersin.org10

Storer et al. 10.3389/fbioe.2024.1394704

https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1394704


Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. CropLife
International supported the open access publication of this work.
The funder was not involved in the writing of this article, or the
decision to submit it for publication.

Conflict of interest

Authors NS, JA, and CM were employed by Corteva™
Agriscience. Author AS was employed by CropLife
International. Authors JS and MS were employed by BASF
Corporation. Authors MH and SS were employed by Syngenta

Seeds LLC. Authors DM and E-UW were employed by Bayer
Crop Science. BASF Corporation, Bayer Crop Science, Corteva™
Agriscience, and Syngenta Seeds LLC are commercial developers
of GM crops.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

AgbioInvestor (2022). Time and cost to develop a new GM trait. Available at: https://
agbioinvestor.com/wp-content/uploads/2022/05/AgbioInvestor-Time-and-Cost-to-
Develop-a-New-GM-Trait.pdf (Accessed November 18, 2023).

AgbioInvestor (2023). Global GM crop area review. Available at: https://gm.
agbioinvestor.com/downloads (Accessed November 29, 2023).

Ala-Kokko, K., Lanier Nalley, L., Shew, A. M., Tack, J. B., Chaminuka, P., Matlock, M.
D., et al. (2021). Economic and ecosystem impacts of GM maize in South Africa. Glob.
Food Secur. 29, 100544. doi:10.1016/j.gfs.2021.100544

Anderson, J., Bachman, P. M., Burns, A., Chakravarthy, S., Goodwin, L., Privalle, L.,
et al. (2021). Streamlining data requirements for the environmental risk assessment of
genetically modified (GM) crops for cultivation approvals. J. Regul. Sci. 9 (1), 26–37.
doi:10.21423/jrs-v09i1anderson

Bachman, P. M., Anderson, J., Burns, A., Chakravarthy, S., Goodwin, L., Privalle, L.,
et al. (2021). Data transportability for studies performed to support an environmental
risk assessment for genetically modified (GM) crops. J. Regul. Sci. 9 (1), 38–44. doi:10.
21423/jrs-v09i1bachman

Bravo, A., Gill, S. S., and Soberón, M. (2007). Mode of action of Bacillus thuringiensis
Cry and Cyt toxins and their potential for insect control. Toxicon 49 (4), 423–435.
doi:10.1016/j.toxicon.2006.11.022

Brookes, G. (2022a). Farm income and production impacts from the use of genetically
modified (GM) crop technology 1996-2020. Gm. Crops Food 13 (1), 171–195. doi:10.
1080/21645698.2022.2105626

Brookes, G. (2022b). Genetically modified (GM) crop use 1996–2020: environmental
impacts associated with pesticide use change. Gm. Crops Food 13 (1), 262–289. doi:10.
1080/21645698.2022.2118497

Brookes, G. (2022c). Genetically modified (GM) crop use 1996–2020: impacts on
carbon emissions. Gm. Crops Food 13 (1), 242–261. doi:10.1080/21645698.2022.
2118495

Brune, P., Chakravarthy, S., Graser, G., Mathesius, C. A., McClain, S., Petrick, J. S.,
et al. (2021). Core and supplementary studies to assess the safety of genetically modified
(GM) plants used for food and feed. J. Regul. Sci. 9 (1), 45–60. doi:10.21423/jrs-
v09i1brune

Clark, B. W., Phillips, T. A., and Coats, J. R. (2005). Environmental fate and effects of
Bacillus thuringiensis (bt) proteins from transgenic crops: a review. J. Agric. Food Chem.
53 (12), 4643–4653. doi:10.1021/jf040442k

David, M. A. (2009). GAIN report: Nigeria agricultural biotechnology annual report.
Available at: https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?
fileName=AGRICULTURAL%20BIOTECHNOLOGY%20ANNUAL_Lagos_Nigeria_8-3-
2009 (Accessed February 12, 2024).

Dively, G. P., Venugopal, P. D., Bean, D., Whalen, J., Holmstrom, K., Kuhar, T. P.,
et al. (2018). Regional pest suppression associated with widespread Bt maize adoption
benefits vegetable growers. Proc. Natl. Acad. Sci. 115 (13), 3320–3325. doi:10.1073/pnas.
1720692115

European Commission, Directorate-General for Research and Innovation (2010). A
decade of EU-funded GMO research (2001-2010). Brussels: European Commission.
doi:10.2777/97784

Goodwin, L., Hunst, P., Burzio, L. A., Rowe, L., Money, S., and Chakravarthy, S. (2021).
Stacked trait products are as safe as non-genetically modified (GM) products developed by
conventional breeding practices. J. Regul. Sci. 9 (1), 22–25. doi:10.21423/jrs-v09i1goodwin

Icoz, I., and Stotzky, G. (2008). Fate and effects of insect-resistant Bt crops in soil
ecosystems. Soil Biol. Biochem. 40 (3), 559–586. doi:10.1016/j.soilbio.2007.11.002

International Service for the Acquisition of Agri-biotech Applications (ISAAA)
(2020). Global status of commercialized biotech/GM crops in 2019 (brief 55).
Avai lable at : ht tps : / /www. isaaa .org/resources/publ icat ions/br ie fs /55/
executivesummary/default.asp.

International Service for the Acquisition of Agri-biotech Applications (ISAAA)
(2023). ISAAA’s GM approval database. Available at: https://www.isaaa.org/
gmapprovaldatabase (Accessed September 14, 2023).

Klümper, W., and Qaim, M. (2014). A meta-analysis of the impacts of genetically
modified crops. PLoS ONE 9 (11), e111629. doi:10.1371/journal.pone.0111629

Macall, D. M., Trabanino, C. R., Soto, A. H., and Smyth, S. J. (2020). Genetically
modified maize impacts in Honduras: production and social issues. Transgenic Res. 29
(5), 575–586. doi:10.1007/s11248-020-00221-y

Mathesius, C. A., Sauve-Ciencewicki, A., Anderson, J., Cleveland, C., Fleming, C.,
Frierdich, G. E., et al. (2020). Recommendations for assessing human dietary exposure
to newly expressed proteins in genetically modified crops. J. Regul. Sci. 8, 1–12. doi:10.
21423/JRS-V08MATHESIUS

McClain, S., Herman, R. A., Islamovic, E., Ranjan, R., Silvanovich, A., Song, P., et al.
(2021). Allergy risk assessment for newly expressed proteins (NEPs) in genetically
modified (GM) plants. J. Regul. Sci. 9 (1), 67–75. doi:10.21423/jrs-v09i1mcclain

National Academies of Sciences, Engineering, and Medicine (2016). Genetically
engineered crops: experiences and prospects. Washington, DC, USA: The National
Academies Press US. doi:10.17226/23395

OECD (2003). Consensus document on the biology of Zea mays subsp. mays (maize).
ENV/JM/MONO(2007)14. Paris, France: Organisation for Economic Cooperative
Development. Available at: https://one.oecd.org/document/env/jm/mono(2003)11/
en/pdf.

OECD (2007). Consensus document on safety information on transgenic plants
expressing Bacillus thuringiensis - derived insect control protein. ENV/JM/
MONO(2003)11. Paris, France: Organisation for Economic Cooperative
Development. Available at: https://one.oecd.org/document/env/jm/mono(2007)14/
en/pdf.

OECD (2023). Consensus document on environmental considerations for the release of
transgenic plants, harmonisation of regulatory oversight in biotechnology. ENV/CBC/
MONO(2023)30. Paris, France: Organisation for Economic Cooperative Development.
doi:10.1787/62ed0e04-en

Peshin, R., Hansra, B. S., Singh, K., Nanda, R., Sharma, R., Yangsdon, S., et al. (2021).
Long-term impact of Bt cotton: an empirical evidence from North India. J. Clean. Prod.
312, 127575. doi:10.1016/j.jclepro.2021.127575

Raybould, A., and Macdonald, P. (2018). Policy-led comparative environmental risk
assessment of genetically modified crops: testing for increased risk rather than profiling
phenotypes leads to predictable and transparent decision-making. Front. Bioeng.
Biotechnol. 6, 43. doi:10.3389/fbioe.2018.00043

Raybould, A., Stacey, D., Vlachos, D., Graser, G., Li, X., and Joseph, R. (2007). Non-
target organism risk assessment of MIR604 maize expressing mCry3A for control of
corn rootworm. J. Appl. Entomology 131 (6), 391–399. doi:10.1111/j.1439-0418.2007.
01200.x

Roberts, A., Boeckman, C. J., Mühl, M., Romeis, J., Teem, J. L., Valicente, F. H., et al.
(2020). Sublethal endpoints in non-target organism testing for insect-active GE crops.
Front. Bioeng. Biotechnol. 8, 556. doi:10.3389/fbioe.2020.00556

Romeis, J., Hellmich, R., Candolfi, M., Carstens, K., De Schrijver, A., Gatehouse, A.,
et al. (2011). Recommendations for the design of laboratory studies on non-target

Frontiers in Bioengineering and Biotechnology frontiersin.org11

Storer et al. 10.3389/fbioe.2024.1394704

https://agbioinvestor.com/wp-content/uploads/2022/05/AgbioInvestor-Time-and-Cost-to-Develop-a-New-GM-Trait.pdf
https://agbioinvestor.com/wp-content/uploads/2022/05/AgbioInvestor-Time-and-Cost-to-Develop-a-New-GM-Trait.pdf
https://agbioinvestor.com/wp-content/uploads/2022/05/AgbioInvestor-Time-and-Cost-to-Develop-a-New-GM-Trait.pdf
https://gm.agbioinvestor.com/downloads
https://gm.agbioinvestor.com/downloads
https://doi.org/10.1016/j.gfs.2021.100544
https://doi.org/10.21423/jrs-v09i1anderson
https://doi.org/10.21423/jrs-v09i1bachman
https://doi.org/10.21423/jrs-v09i1bachman
https://doi.org/10.1016/j.toxicon.2006.11.022
https://doi.org/10.1080/21645698.2022.2105626
https://doi.org/10.1080/21645698.2022.2105626
https://doi.org/10.1080/21645698.2022.2118497
https://doi.org/10.1080/21645698.2022.2118497
https://doi.org/10.1080/21645698.2022.2118495
https://doi.org/10.1080/21645698.2022.2118495
https://doi.org/10.21423/jrs-v09i1brune
https://doi.org/10.21423/jrs-v09i1brune
https://doi.org/10.1021/jf040442k
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=AGRICULTURAL%20BIOTECHNOLOGY%20ANNUAL_Lagos_Nigeria_8-3-2009
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=AGRICULTURAL%20BIOTECHNOLOGY%20ANNUAL_Lagos_Nigeria_8-3-2009
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=AGRICULTURAL%20BIOTECHNOLOGY%20ANNUAL_Lagos_Nigeria_8-3-2009
https://doi.org/10.1073/pnas.1720692115
https://doi.org/10.1073/pnas.1720692115
https://doi.org/10.2777/97784
https://doi.org/10.21423/jrs-v09i1goodwin
https://doi.org/10.1016/j.soilbio.2007.11.002
https://www.isaaa.org/resources/publications/briefs/55/executivesummary/default.asp
https://www.isaaa.org/resources/publications/briefs/55/executivesummary/default.asp
https://www.isaaa.org/gmapprovaldatabase
https://www.isaaa.org/gmapprovaldatabase
https://doi.org/10.1371/journal.pone.0111629
https://doi.org/10.1007/s11248-020-00221-y
https://doi.org/10.21423/JRS-V08MATHESIUS
https://doi.org/10.21423/JRS-V08MATHESIUS
https://doi.org/10.21423/jrs-v09i1mcclain
https://doi.org/10.17226/23395
https://one.oecd.org/document/env/jm/mono(2003)11/en/pdf
https://one.oecd.org/document/env/jm/mono(2003)11/en/pdf
https://one.oecd.org/document/env/jm/mono(2007)14/en/pdf
https://one.oecd.org/document/env/jm/mono(2007)14/en/pdf
https://doi.org/10.1787/62ed0e04-en
https://doi.org/10.1016/j.jclepro.2021.127575
https://doi.org/10.3389/fbioe.2018.00043
https://doi.org/10.1111/j.1439-0418.2007.01200.x
https://doi.org/10.1111/j.1439-0418.2007.01200.x
https://doi.org/10.3389/fbioe.2020.00556
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1394704


arthropods for risk assessment of genetically engineered plants. Transgenic Res. 20 (1),
1–22. doi:10.1007/s11248-010-9446-x

Romeis, J., McLean, M. A., and Shelton, A. M. (2013). When bad science makes good
headlines: bt maize and regulatory bans. Nat. Biotech. 31 (5), 386–387. doi:10.1038/nbt.
2578

Roper, J., Lipscomb, E. A., Petrick, J. S., Ranjan, R., Sauve-Ciencewicki, A., and Goodwin, L.
(2021). Toxicological assessment of newly expressed proteins (NEPs) in genetically modified
(GM) plants. J. Regul. Sci. 9 (1), 61–66. doi:10.21423/jrs-v09i1roper

Rose, R. I. (2007). White paper on tier-based testing for the effects of proteinaceous
insecticidal plant-incorporated protectants on NonTarget arthropods for regulatory risk
assessments. Available at: https://www.epa.gov/sites/default/files/2015-09/documents/
tier-based-testing.pdf (Accessed April 2, 2024).

Shelton, A. M. (2021). Bt eggplant: a personal account of using biotechnology to
improve the lives of resource-poor farmers. Am. Entomologist 67 (3), 52–59. doi:10.
1093/ae/tmab036

Smyth, S. J. (2020). The human health benefits from GM crops. Plant Biotechnol. J. 18
(4), 887–888. doi:10.1111/pbi.13261

Snell, C., Bernheim, A., Bergé, J.-B., Kuntz, M., Pascal, G., Paris, A., et al. (2012).
Assessment of the health impact of GM plant diets in long-term and multigenerational
animal feeding trials: a literature review. Food Chem. Toxicol. 50 (3), 1134–1148. doi:10.
1016/j.fct.2011.11.048

Stotzky, G. (2005). Persistence and biological activity in soil of the insecticidal
proteins from Bacillus thuringiensis, especially from transgenic plants. Plant Soil
266 (1), 77–89. doi:10.1007/s11104-005-5945-6

U.S. Environmental Protection Agency (US EPA) (2010). Bacillus thurigiensis
Cry3Bb1 corn biopesticides registration action document. Available at: https://
www3.epa.gov/pesticides/chem_search/reg_actions/pip/cry3bb1-brad.pdf.

Van Eenennaam, A. L., and Young, A. E. (2014). Prevalence and impacts of genetically
engineered feedstuffs on livestock populations. J. Animal Sci. 92 (11), 4255–4278. doi:10.
2527/jas.2014-8124

van Frankenhuyzen, K. (2009). Insecticidal activity of Bacillus thuringiensis
crystal proteins. J. Invertebr. Pathol. 101 (1), 1–16. doi:10.1016/j.jip.2009.02.009

Waters, S., Ramos, A., Henderson Culler, A., Hunst, P., Zeph, L., Gast, R., et al.
(2021). Recommendations for science-based safety assessment of genetically
modified (GM) plants for food and feed uses. J. Regul. Sci. 9 (1), 16–21. doi:10.
21423/JRS-V09I1WATERS

Woodruff, S. (2024). Gardeners can now grow a genetically modified purple tomato
made with snapdragon DNA. Available at: https://www.npr.org/sections/health-shots/
2024/02/06/1228868005/purple-tomato-gmo-gardeners.

Zilberman, D., Holland, T. G., and Trilnick, I. (2018). Agricultural GMOs—what
we know and where scientists disagree. Sustainability 10 (5), 1514. doi:10.3390/
su10051514

Frontiers in Bioengineering and Biotechnology frontiersin.org12

Storer et al. 10.3389/fbioe.2024.1394704

https://doi.org/10.1007/s11248-010-9446-x
https://doi.org/10.1038/nbt.2578
https://doi.org/10.1038/nbt.2578
https://doi.org/10.21423/jrs-v09i1roper
https://www.epa.gov/sites/default/files/2015-09/documents/tier-based-testing.pdf
https://www.epa.gov/sites/default/files/2015-09/documents/tier-based-testing.pdf
https://doi.org/10.1093/ae/tmab036
https://doi.org/10.1093/ae/tmab036
https://doi.org/10.1111/pbi.13261
https://doi.org/10.1016/j.fct.2011.11.048
https://doi.org/10.1016/j.fct.2011.11.048
https://doi.org/10.1007/s11104-005-5945-6
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/cry3bb1-brad.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/cry3bb1-brad.pdf
https://doi.org/10.2527/jas.2014-8124
https://doi.org/10.2527/jas.2014-8124
https://doi.org/10.1016/j.jip.2009.02.009
https://doi.org/10.21423/JRS-V09I1WATERS
https://doi.org/10.21423/JRS-V09I1WATERS
https://www.npr.org/sections/health-shots/2024/02/06/1228868005/purple-tomato-gmo-gardeners
https://www.npr.org/sections/health-shots/2024/02/06/1228868005/purple-tomato-gmo-gardeners
https://doi.org/10.3390/su10051514
https://doi.org/10.3390/su10051514
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1394704

	Modernizing and harmonizing regulatory data requirements for genetically modified crops—perspectives from a workshop
	1 Introduction
	2 Case study description
	2.1 Food and feed safety assessment
	2.2 Environmental risk assessment

	3 Learnings from breakout group discussions
	3.1 Food and feed safety assessment
	3.1.1 Molecular characterization (transformation method, transformation construct, DNA insert characterization)
	3.1.2 Protein characterization (molecular weight, protein sequence confirmation, protein function)
	3.1.3 Protein safety/toxicology/allergenicity (background, source, history of safe use, bioinformatics)
	3.1.4 Additional information needed to determine event safety
	3.1.5 General feedback for food and feed safety assessment

	3.2 Environmental risk assessment
	3.2.1 Weediness potential
	3.2.2 Gene flow potential to wild relatives
	3.2.3 Plausible pathways to harm for non-target organisms (NTO)
	3.2.4 General feedback and future considerations for ERA


	4 Key considerations and takeaways from the workshop
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


