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ABSTRACT

Innovation in agriculture has been essential in improving productivity of crops and forages to
support a growing population, improving living standards while contributing toward maintaining
environment integrity, human health, and wellbeing through provision of more nutritious, varied,
and abundant food sources. A crucial part of that innovation has involved a range of techniques for
both expanding and exploiting the genetic potential of plants. However, some techniques used for
generating new variation for plant breeders to exploit are deemed higher risk than others despite
end products of both processes at times being for all intents and purposes identical for the benefits
they provide. As a result, public concerns often triggered by poor communication from innovators,
resulting in mistrust and suspicion has, in turn, caused the development of a range of regulatory
systems. The logic and motivations for modes of regulation used are reviewed and how the
benefits from use of these technologies can be delivered more efficiently and effectively is
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discussed.

Introduction

Methods for breeding plants were not regulated until
the advent of so called ’transgenic’ cultivars, which
were commercially released in the mid-1990s. The
drivers for this regulation included fear of the
unknown as a result of poor communication by the
science and corporate communities, misinformation
and fearmongering, a view that mankind was ‘playing
with nature’, and the initial absence of economic or
environmental benefit resulting from mistrust and
suspicion of corporate multinationals who were
developing and marketing these new developments.
In addition, the implementation of the Cartagena
Biosafety Protocol, which was negotiated to provide
guidance to national economies for both the growth
and international trade of transgenic crops has had
a significant impact.

Regulation is not necessarily a bad thing. In fact,
it is a positive and necessary means for protecting
society, the environment, and the economy; how-
ever it is the form and management of regulation
that is in question here. Regulation of genetically
modified (GM) crops and foods at a national level
is motivated to ensure human safety, protect the

environment, avoid fraud and mislabelling, and
address any public concern through providing
them with confidence in the actual product or
process used to deliver the product." However,
the Director-General of the International Food
Policy =~ Research  Institute = warned that
“Condemning agricultural biotechnology for its
potential risks without considering the alternative
risks of prolonging the human misery caused by
hunger, malnutrition, and child death is as unwise
and unethical as blindly pursuing this technology
without the necessary biosafety”.” So, there is
a balance to be reached here between over regula-
tion or method of regulation and freedom to oper-
ate and, as a result, ensure that benefits of new
technologies can be realised.

Why is regulation of concern when GM crops
have been widely adopted in many countries for
more than two decades? One issue is that legisla-
tion for regulating GM crops was adopted in the
late 1990s or early 2000s, but since then molecular
biology has moved on and much of that legislation
may no longer be fit for purpose and at the very
least needs reviewing. While some countries have
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begun re-evaluating their legislation and as a result,
developed a position on how to manage and reg-
ulate (or not) products from New Breeding
Technologies others are yet to do this. Some coun-
tries have food safety standards which allow impor-
tation and use of GM food, so long as it is labelled,
but other regulations do not permit their farmers to
grow and produce GM crops, as currently occurs in
New Zealand™*; and Ecuador.” Additionally, there
are situations where GM crops can be imported for
animal feed, but again, other regulations do not
permit their farmers to grow and produce GM
Crops, as occurs in Europe.‘s_12 In the EU 107 GM
foods have been approved for use, but 19 of 27
states of the EU have also voted to either fully or
partially restrict the use of GM crops."
The purpose of regulation is to determine:

e Whether GM technologies can be safely
researched in crops both in and outside of
containment;

e Whether GM crops can be grown commer-
cially for domestic or export markets, without
compromising other activities or
opportunities;

e Whether GM crop seed can be imported for
animal feed (noting that 70 to 90% of GM
crops are consumed as feedstock by food-
producing animals™'?)

¢ The tolerance threshold of seed imported that
may contain GM content; and

e Whether food from GM crops can be
imported and consumed with no harmful
effects.

b

Rules for regulating these different aspects may be
incorporated into different legislation and mana-
ged by different regulators within a country, as is
their democratic right. For example, in New
Zealand the ability to grow or import GM crops is
regulated by the HSNO Act, while the ability to
import GM food is regulated by the Food
Standards Australia New Zealand Act 1991
(FSANZ Act).">'® Likewise, in Australia, the ability
to grow or import GM crops is regulated by the
Gene Technology Act 2000,'” but the ability to
import GM food is regulated by the Food
Standards Australia New Zealand Act 1991
(FSANZ Act). In the European Union (EU) release

and growing of GM crops is legislated under Part
B of Directive 2001/18/EC (the ‘deliberate release’
directive) at a national level, while the control of
commercial cultivation of GM crop plants operates
at the EU-level and is legislated under Regulation
1829/2003/EC (the ‘GM food and feed
regulation’).'"® In Canada, the Canadian Food
Inspection Agency is responsible for regulating
the release of plants with novel traits, while
Health Canada is responsible for the regulation of
novel foods."” In USA, there is no specific legisla-
tion for regulating GM crops and so its relies
entirely on using legislation was already in
existence.”’ As early as 1984, it was decided that
the Food and Drug Administration (FDA) would
regulate genetic engineering products no differ-
ently that those achieved through traditional tech-
niques. The Environmental Protection Agency
(EPA) described existing and proposed new poli-
cies for regulating pesticidal and non-pesticidal
microorganisms. The Department of Agriculture
(USDA) stated that under its different legislative
authorities it could broadly regulate genetically
engineered plants and animals, and plant and ani-
mal pathogens”.”!

The aim here is to systematically review systems
being used for regulating both GM and non-GM
crops and forages, to examine the logic and moti-
vations for the modes of regulation used, and dis-
cuss how the benefits from use of these
technologies can be delivered safely but more effi-
ciently and effectively.

Definitions
Cisgenesis

Cisgenesis is defined as transferring a gene from
the same or a closely related species.”””*” In
Australia, Canada, and the United States of
America, the legal regulation of cisgenic plants is
less restrictive than in Europe, Japan, and New
Zealand®®.

Gene or Genome Editing (GEd)

GEd refers to modifying DNA at one or more spe-
cific sites using CRISPR, Zinc Finger Nucleases, or



TALENs.*?® These use site-directed nuclease
(SDN) technologies which can be categorized as —

(a) induction of single point mutations or
InDels, resulting in gene disruption or dele-
tion (SDN1),

(b) short insertions or editing of a few base-pairs
by an external DNA-template sequence
resulting in gene correction or modification
(SDN2), or

(c) DNA insertion of longer strands (SDN-3) of
allochtonous (transgenes) or autochtonous
sequences (cisgenes) (SDN3).>1 734

SDN-1 and SDN-2 type gene edits are cisgenic in
nature.’>>® This review will not consider the use of
gene editing to create gene drives.””

Genetic Modification (GM)

GM is here defined as the manipulation of an
organism’s genes by introducing, eliminating, or
rearranging specific genes using the methods of
molecular biology.® A similar definition is pro-
vided by the Cartagena Protocol as any living
organism that possesses a novel combination of
genetic material obtained through the use of mod-
ern biotechnology”’

New Breeding Technologies (NBT)

NBT or New Genomic Techniques include genome
or gene editing (GEd); introducing targeted
changes to a small number of bases of DNA using
oligonucleotide-directed mutagenesis; cisgenesis;
intragenesis (inserting a reorganised regulatory
coding region of a gene from the same species);
RNA interference for gene silencing***'; and using
epigenetic processes to change the activity of genes

without changing a DNA sequence.’>*>*

Epigenetic Modifications

Epigenetic modifications have been defined as “the
structural adaptation of chromosomal regions so as
to register, signal or perpetuate altered activity
states”.** Further Bird concluded that “without
such epigenetic mechanisms, hard-won changes
in genetic programming could be dissipated and
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lost; transient disruptions of chromosomal organi-
zation might go uncompensated; and DNA damage
might escape repair”. There is a view that epigen-
etically modified organisms are not currently cov-
ered by the European GMO legislation.” However,
through the consideration of the possible use of
epigenetic modification in future breeding its defi-
nition is included here for completeness. This
development also demonstrates that methods of
genetic modification are moving and developing
at a rate that current legislation for their regulation
maybe outdated and not fit for purpose.

Motivations for Regulating GM Crops, Foods,
and Feeds

Many and varied authorities and influences have
motivated the need for and means of regulating
GM crops, food (for humans), and feed (for ani-
mals). This has included the impact of existing
regulation systems for non-GM seed and crops,
societal reflections both positive and negatively
toward GM crops, national regulation of GM tech-
nologies, plus a range of multi-lateral agreements,
and the views of world trade and economic orga-
nisations. Regulation of non-GM crops can be
focused on non-safety assessment to determine
whether a new cultivar adds value over existing
cultivars. It has been argued this non-safety assess-
ment should be extend to GM and gene edited
crops.*®

Regulation of Non-GM Seed and Crops

Seed Certification

Regulating seed products through registration or
certification has been a feature in many countries
to avoid consumers being misled and/or sold the
wrong or poor quality seed.*” Seed certification
systems are based on the product and how it is
multiplied and grown.*®*’ It has been observed
that even without the regulations used to manage
GM crops “seed is one of the most highly regulated
commodities in the world ... . and in most coun-
tries of the world, various—and sometimes multi-
ple—government agencies are vested with
supervisory and/or regulatory powers, which
become levers of control”.”® The OECD Scheme
for Certification is an international recognized
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program, established in 1958, with 61 participating
countries, and promotes the use of certified agri-
culture seed that is of consistently high quality
across 204 agricultural and vegetable species.”’
The full list of cultivars across all species eligible
for Seed Certification under the OECD scheme can
be found at.>* In North America, the basic princi-
ples of certification were developed in the first half
of the Twentieth Century and the Association of
Official Seed Certifying Agencies (AOSCA)
Advisory Board was established in 1969/70 with
the primary purpose to review and approve genetic
purity standards.*

The European Seed Certification Agencies
Association (ESCAA) brings together all seed cer-
tification bodies from European Economic Area
(EEA) and European Free Trade Association
(EFTA).>®> The main objectives of ESCAA are to
improve communication between European seed
certification agencies, the exchange of experiences
associated with national seed certification systems,
and to harmonize the implementation of EU
legislation.

In Sub-Saharan Africa, several policy making
bodies focus on seed policy harmonization, includ-
ing the Common Market for Eastern and Southern
Africa (COMESA, Lusaka, Zambia). Harmonized
Seed Regulations were adopted in 2014; the
Economic Community of West African States
(ECOWAS, Abuja, Nigeria) Seed Regulations
passed in 2008; and harmonized seed regulations
for the Southern African Development
Community (SADC, Gaborone, Botswana) were
adopted in 2013.°*

In New Zealand, seed certification was imple-
mented in 1929 as a voluntary system to ensure
that cultivars of important agricultural plant spe-
cies maintain their identity through successive gen-
erations of multiplication for the ultimate benefit
of end users.”®

Plant Variety Rights

Aligned with seed certification systems was the
development of legislation for protecting a plant
variety, now commonly known as Plant Variety
Rights, Plant Breeders’ Rights, or Plant Variety
Protection.””*® The purpose of this was to encou-
rage variety development by providing protection
to those who develop new varieties, and thereby

encourage the investment of private funds in plant
breeding research programs.” The International
Union for the Protection of New Varieties of
Plants (UPOV) is an intergovernmental organisa-
tion headquartered in Geneva (Switzerland) estab-
lished to provide and promote an effective system
of plant variety protection, with the aim of
encouraging the development of new varieties of
plants, for the benefit of society.®” The UPOV
Convention was adopted in Paris in 1961, and it
was revised in 1972, 1978, and 1991. Membership
status of countries to UPOV is shown in Fig. 1.

To be eligible for protection through Plant
Variety Rights a cultivar must be distinct, uniform,
and stable (the DUS requirements), new and have
an adequate variety denomination. To establish
that a new variety is distinct, it is usual to compare
plants of the new variety growing alongside plants
of the most similar varieties.”> A cultivar seeking
PVR must also show uniform phenotypes within
the cultivar and stable phenotypes by comparing
between two seed generations of the cultivar.
Assuming a cultivar is phenotypically uniform
and genetically stable then it only needs to be
different in one physical characteristic from all
other cultivars of the same species to be granted
a plant variety right.

National Listing of Cultivars

In some jurisdictions, new cultivars cannot be mar-
keted or sold unless they are deemed an improve-
ment on existing cultivars when tested in National
List Trials. Registration of a plant cultivar on the
National List of a country essentially provides
a commercial license and ensures that cultivars on
the market®’:

(1) Deliver profitable results in terms of
productivity;

(2) Facilitates trade and provides more oppor-
tunities to farmers; and

(3) Provides the user of seed guarantees with
respect to varietal identity and purity, ger-
mination capacity and specific purity as well
as seed that is appropriate from a plant
health point of view.

This process is used in a number of countries
which includes, but not exclusively, Europe and
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Figure 1. Status of UPOV membership as of September 2022. Green — members of UPOV (78)(covering 97 States); Red - initiating
states (19) and organisations (1); and Orange — States (23) and organisations (1) in contact with the UPOV Office.®".

the UK,”™® Norway,”® Canada,”® Ukraine,
Kazakhstan and Georgia,”’ Egypt,”' some Sub-

Saharan  African  countries,”®”>  Kenya,””
Zambia,”* Brazil,””> Costa Rica,”® Cyprus,”” and
Malaysia.”®

However, in many other countries, there is no
requirement to register plant cultivars before
being marketed and sold. This includes USA,”
New Zealand, and Australia. Some (e.g., New

Zealand® and Australia for forage cultivars®'
and cereals®”) do have national variety testing
trials, which only rank cultivars in a range of
environments but have no influence on whether
they can be marketed or sold. That is a decision
made by the owner and commercial producer of
the cultivar, relying solely on market forces and
demand to determine the extent of acceptance
and uptake.

Table 1. Recent attitudes towards consumption of food generated from genetically modified and gene edited crops.

Representative
population Question asked Survey result Reference
China Consumer opinions towards allowing gene-edited and  Transgenic plants — 36% agree; 34% neutral; 31% disagree 84
transgenic technologies Gene edited plants — 45% agree; 36% neutral; 20%
disagree
Awareness, knowledge, and opinion on GM food. 11.9%, 41.4%, and 46.7% had a positive, neutral, or negative 85
view on GM food, respectively.
France and USA Willingness to purchase a cisgenic apple with reduced  Boycott purchase: 86
browning France — 42%
USA — 19%
Italy (young GM foods are safe 24% agree; 39% indifferent; 37% disagree 8
consumers) GM foods are unnatural products 57% agree; 26% indifferent; 17% disagree
GM experimentation should be more controlled 78% agree; 17% indifferent; 5% disagree
New Zealand Support for gene edited food production in NZ 32% positive support, 47% neutral and 21% against 88
Should governments regulate NBTs 55% strongly agree, 35% agree, 9% neutral 8
Support for GM food if they contain less pesticide and ~ 25% support; 47% neutral; 28% against %0
better nutrition
Sweden Attitude toward GM and plant breeding GM: o

UK and Poland
USA — university
students

Support for GM foods
Willingness to pay more for non-GM foods

Males - positive 26%; negative 31%

Females — positive 9%; negative 36%

Plant breeding:

Males - positive 46%; negative 6%

Females — positive 27%; negative 10%
19.8% positive; 52.5% neutral; 27.7% negative
70% unwilling; 22% willing

92
93
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Regulations - a Response to Societal Concerns?

The groundswell of negativity toward GM crops in
the 1990s may have been an additional motivator for
legislation to be established to regulate this technol-
ogy. Recent surveys have shown a range of responses
depending on the question asked, and the way in
which it is asked,” and the scientific literacy of the
audience (Table 1). A recent review concluded that
“attitudes towards biotech foods (either GM or gene
edited) are typically driven by negative perceptions of
their risk benefits and alleged unnaturalness”.”* Risk
can be assessed by testing specific hypotheses to
determine both the probability and severity of an
event.” Price will also impact this decision, with
a lower cost for GM foods reducing the number
deciding against consuming them.****” In an
Italian survey, it was determined that students in
technical and natural science programs (61% of
respondents) had a better perception of GM products
than those enrolled in social sciences programmes
(23% of respondents).”” In support of this, 81% of
scientist members of the Italian Association of the
Agricultural Science Societies believed GM foods are
safe to consume compared with 54% of the general
public.”® In USA, less negative attitudes toward GM
products were found amongst those with higher
scientific knowledge scores.”” Amongst university
based academic scientists in Ireland 79% believed
there should be no immediate complete ban of all
GM foods and their production.'® Changing percep-
tions and views over time also occur. In Europe, the
level of concern about the use of GM ingredients in
food or drinks has decreased from 63% (in 2005) to
27% (in 2019)."°! In Canada, 40% believe that there is
not significant testing on genetically engineered food
to protect consumers.'%* Perhaps, this is a legacy of
their product based evaluation system where novelty
of about 20% is required for testing to be required.'”
Additionally, attitudes can be modified through pro-
viding credible information on the environmental
benefits of using food from GM crops.'**"'%
Attitudes toward gene editing, both in public and
stakeholder acceptance was more positive than for
older GM technologies.'"”® In two asynchronous
online focus groups with 79 participants from
Australia and New Zealand held under the auspices
of FSANZ on use of New Breeding Techniques in
food production found that 90% of participants

agreed or strongly agreed that governments should
regulate new technologies.*> FSANZ is undertaking
a review of definitions for ‘food produced using gene
technology’ and ‘gene technology’ which are deemed
outdated and do not reflect the diversity of techniques
now in use.'” This may lead to some NBT foods
being excluded from the requirement for pre-
market safety assessment, but it is acknowledged
that there are divergent views about the acceptability
and risk of NBT foods and how best to regulate them.

A significant driver of public attitude is related
to the status and reliability of the information
received and whether it is based on fact, opinion,
or a deliberate intent to mislead. The difference
between “misinformation” and “disinformation”
is related to the intent with which the information
is shared. Misinformation contains content that is
false, misleading, or taken out of context but with-
out any intent to deceive. Disinformation is false or
misleading content purposefully created with an
intent to deceive and cause harm and is motivated
by the desire to influence, profit, or engender con-
fusion (National Library of Australia).'"
Disinformation undermines trust in business, pol-
itics, and science and contributes to an erosion of
social cohesion. It has been hypothesized that
Artificial Intelligence technology will make disin-
formation even harder to identify. A recent review
of disinformation and misinformation about GM
crops in social media platforms indicates that nega-
tive falsehood commentary while significant was
only about 10% of the total posts."'" However, it
was deemed to be more concerning in terms of its
impact than misinformation about COVID19 and
vaccines. Similarly, in a voluntary survey about the
use of New Breeding Technologies in crops, it was
found that the dominating factor (38% of respon-
dents) influencing attitudes was “public confusion
about food safety and health risks” of these new
technologies.'"?

Misinformation/disinformation is a concern in
Latin America,'” Africa, and particularly Kenya,'*
and New Zealand."”” In USA, France and Germany
surveys have shown that as “extreme opposition to
and concern about genetically modified foods
increases, objective knowledge about science, and
genetics decreases but perceived understanding of

genetically modified foods increases”.''



Human Health Impacts - a Major Driver of
Regulation

Understandably, food derived from any new tech-
nology needs to be rigorously tested for safety from
a human health perspective when consumed.''”"'%°
Determining safety of food products must be
science-based, combining the identification and
characterization of hazards with assessments of
exposure to verify level of risk.'*' In many jurisdic-
tions regulations require food derived from GM
crops to be tested for safety.'®'**"'2® Frameworks
for regulating food safety should be science based
and focus on ensuring the food is safe, healthy, and
nutritious and not be complicated by
politicization'?' or opinion, which results in polar-
ized views, confusion, and mistrust.'*’”

Despite the fact that the vast majority of reviews
and studies examining safety of food from GM
crops show no negative impact,'**'* there is still
scepticism due to mistrust of organisations under-
taking the testing.*'*” Some of the studies which
have indicated potential issues related to health and
safety with feeding GM crops have often required
more detailed analysis and commentary. The criti-
quing of these trials has been reviewed*”'*®'* in
an attempt to outline both sides of the debate. In all
the food safety testing, the focus should be on the
impact of the GM trait and not so much on the GM
method used.">>'*° Allergenicity to transgenic pro-
teins has been used to screen out some GM crop
trait (e.g., a gene from Brazil nut (Bertholletia
excelsa) when transferred to a soybean cultivar to
improve its nutritional value was shown to test
positive in the serum assay for allergenicity by
cross-reactivity with Brazil nut'*"). As a result, the
development of that GM crop was terminated.

Multilateral Agreements

In the 1980s and 1990s, governance of biotechnol-
ogy through international consensus, coordination,
and agreements was attempted by Organization for
Economic Co-operation and Development
(OECD), the Food and Agricultural Organization
of the United Nations (FAO), the World Health
Organization (WHO), and the World Trade
Organization (WTO)."** In 1990, a report on the
safety of food produced by biotechnology was
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viewed as a move toward international consensus
on how to assess the safety of foods obtained using
biotechnologies."*’

The Cartagena Biosafety Protocol was adopted
in January 2000, as a complementary agreement to
the 1993 Convention on Biological Diversity and
came into force in September 2003."** The Protocol
is a legally binding global agreement that seeks to
protect biological diversity by managing the move-
ments between countries of Live Modified
Organisms resulting from the application of mod-
ern technology.'* It provides for a procedure to
ensure countries have the necessary information to
make decisions about transboundary movement,
transit, handling, and use of Live Modified
Organisms. Currently, there are 173 countries
who have signed up to this Protocol.'*® There is
a view that the Cartagena Biosafety Protocol has
entrenched structural opposition to agriculture
research and innovation, and as a result, has
impacted negatively on improving global food
security.'*” It has also been argued that plants
with SDN1 gene edits (i.e., with no introduced
DNA) may lie outside the Cartagena Protocol on
Biosafety definition of a ‘living modified organism’
as ‘any living organism that possesses a novel com-
bination of genetic material obtained through the
use of modern biotechnology’.'**'** Interestingly,
the USA, which leads the world in the development
of GM and gene editing technologies, is not
a signatory Cartagena Biosafety Protocol.””'*®

Within the Convention on Biological Diversity,
a multilateral environmental agreement, the
Biosafety Protocol, has been negotiated to deal
specifically with trade in GM crops for food and
feed."”® The motivation for this was to protect
biological diversity and to deal with threats to
human health.">" However, this protocol has the
potential to allow importing countries to impose
trade barriers simply by undertaking a scientific
assessment while also recognizing non-scientific
factors and invoking the precautionary principle
without any possibly recourse for exporters,'
which is in direct conflict with WTO
commitments.'”’

With a membership of 189 countries, the
Codex Alimentarius (Codex) Commission pro-
vides a collection of international standards,
guidelines, and codes of practice for foodstuffs,
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including guidelines to assess “foods derived
from recombinant-DNA plants, animals, or
microorganisms,”>> S0 that Codex
Alimentarius Members can share information
on the results of Genetically Modified food
safety assessments; the Food and Agriculture
Organization of the United Nations maintains
an online database entitled “FAO GM Foods
Platform”."**'>*> The FAO has provided guide-
lines for conducting food safety assessment of
foods derived from recombinant-DNA plants.'*®
“It addresses safety and nutritional aspects of
foods consisting of, or derived from, plants
that have a history of safe use as sources of
food, and that have been modified by modern
biotechnology to exhibit new or altered expres-
sion of traits”. This safety assessment addresses
possible toxicity, allergenicity (predominantly of
proteins), compositional analysis, evaluation of
metabolites, effects of food processing, effective-
ness of intended nutritional modifications, and
presence of accumulated toxic compounds and
antibiotic-resistance genes.

Not all countries are subject to the same inter-
national obligations, which may have a bearing on
how domestic regulations are used. For example,
neither Canada, Australia, Chile, Russia nor the
USA are bound by the Cartagena Protocol as the
USA is not a party to the Protocol,"”*'” and
Canada and Australia have not ratified the
agreement.”®'®" The EU, New Zealand, China,
and Japan, amongst others, have ratified the
agreement.

The Organisation for Economic Co-Operation and
Development (OECD)

The OECD provides a coordinating role through
the publication of consensus documents on the
biology and key compositional parameters of new
cultivars of crop species.'®’ The OECD has been
addressing issues related to biotechnology since
1982.'°> The OECD convenes two working parties-

(1) Working Party on the Harmonisation of
Regulatory Oversight in Biotechnology
(WP-HROB)’ which deals with the environ-
mental safety of genetically engineered

organisms  (plants, animals, micro-
organisms).

(2) Working Party for the Safety of Novel Foods
and Feeds (WP-SNFF) addresses aspects of
the safety assessment of foods and feeds

derived from genetically engineered crops.

In 2018, the OECD brought together 35 countries
to focus on applications of genome editing in the
agricultural sector and discuss whether genome
editing should be regulated like other genetic engi-
neering/modification (GE/GM) methods.'*®> While
this meeting did not intend to deliver recommen-
dations, it did provide some useful insights on
regulatory oversight:

o It should be science based and should aim to
avoid conflict between the precautionary prin-
ciple and the innovation principle;

e Some current regulatory requirements result
from social, legal, and political constraints
and not scientific rigour;

e Product-directed multi-tier risk assessment
strategies are likely to be more resource efficient
for both the applicant and the regulator; and

e Communication by both advocates and oppo-
nents needs to be fact and science based, with-
out overburdening the non-specialist public
with undue information.

World Trade Organization (WTO)

In 1994, the WTO attempted to provide some
common global standards for managing intellec-
tual property rights through novelty, inventiveness,
and industrial utility, and these were also to apply
to biotechnology inventions'** but giving the right
of member countries excluding them in order to
maintain public order and morality.'®* This
became known as the Agreement on Trade-
Related Aspects of Intellectual Property Rights
(TRIPS). Developing countries were not supportive
of the TRIPS agreement for not recognizing cul-
tural, political-economic, and ecological dimen-
sions and for pushing globalization while
disadvantaging local practices.'®

Under the auspices of the WTO Committee
on Sanitary and Phytosanitary Measures,



delegations from Australia, Argentina, Brazil,
Canada, Dominican Republic, Guatemala,
Honduras, Paraguay, USA, and Uruguay met in
2018 and signed an international statement on
agricultural applications of  precision
biotechnology.’>'°® While the final text of the
international statement is non-binding, it pro-
vides the necessary guidelines for preventing reg-
ulatory asymmetries and, in turn, potential trade
disruption.'®” Recognizing the positive contribu-
tions of precision biotechnology to global agri-
culture and emphasizing the importance of early
action to identify avenues to minimize the trade
impacts of differing regulatory approaches the
following (abridged and amongst others) was
acknowledged:

e Precision biotechnology products have the
potential to play a critical role in addressing
the challenges facing agricultural production;

e Given the differences internationally in
approaches used to assess agricultural biotech-
nology, due consideration should be exercised
by governments to avoid arbitrary and unjus-
tifiable distinctions between end products
derived from precision biotechnology and
similar end products obtained through other
production methods;

¢ Due consideration should be given to available
scientific and technical information when
updating existing regulatory frameworks or
applying these frameworks to products of pre-
cision biotechnology;

¢ Regulatory approaches necessary to help ensure
safety in respect of products derived from preci-
sion biotechnology should be science- and risk-
based, transparent, predictable, timely, and con-
sistent with relevant international trade
obligations;

e Collaborative work should promote construc-
tive dialogue with trading partners and agri-
cultural stakeholders on potential trade issues
related to precision biotechnology, so as to
support open and fair trade and encourage
research and innovation; and

e Public communication efforts can build trust in
regulatory frameworks and improve the accept-
ability of future agricultural innovations that will
help farmers address global challenges.
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However, many countries are not signatories to this
2018 Agreement despite the science-based rules
from the original Agreement on the Application
of Sanitary and Phytosanitary Measures (SPS),
established in 1986 (the Uruguay Round) being
signed in 1995 by all members of the WTO, includ-
ing the European Union."*® Science-based Sanitary
and Phytosanitary rules became politically unac-
ceptable in some jurisdictions with the commercia-
lization of GM crops. This has result in the
uncoordinated development of regulatory regimes
and trade rules for GM crops resulting in disjointed
international trade processes exacerbated by zero
tolerance standards for GM material.'®*'*”

GM Regulation in Major Economies (Based on
GDP Ranking)

Examination of the GM regulations for the top 10
countries based on economic activity measured
through Gross Domestic product (GDP) provides
an indication of likely global trends, particularly if
some reticent for using GM technologies is linked to
concerns about trade tariffs when GM crops and
forages are used. The top 10 economies represent
over 66% of global GDP."”""'”> There is some debate
about the tenth placed economy with different data-
bases providing Russia, Brazil, or South Korea as
alternatives. Since Russia has a complete ban on
GM crops and South Korea is a more industrial
economy, Brazil has been chosen for this exercise. It
is also the only country from South America in the
top 10 economies. Unfortunately there is no top ten
economies found in Africa (top economy is Nigeria at
26™) or the Middle East (top economy is Saudi Arabia
at 19").

A recent review of regulatory position of four of
the top global economies (USA, Japan, European
Union, and Canada, along with Australia and New
Zealand) provides some significant insights into
attitudes and approaches to using gene edited cul-
tivars (Table 2).* They indicate that the technical
inability to identify or measure certain types of
gene edited cultivars will make it difficult if not
impossible to enforce the legislation in those coun-
tries still attempting to regulate the importation
and use of gene edited crops and crop products.

Nigeria regulates GMOs through two agencies:
The National Biotechnology Development Agency
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Table 2. Number of GM plant events authorised for (a) commercial cultivation and (b) for food and/or feed use - since 1992 per

jurisdiction Source®'7%,
Application USA Canada Australia Japan Nz EU Norway Switzerland
Cultivation 184° 144 56 145b 0 10¢ 11d 0¢
Food/feed 370 293 142 375 142 226 1" 4

- Stacked events of registered single events are not included in the US list.

a

b - No commercial cultivation despite approval; Japan has approved a lot of commercial GMOs for cultivation.
¢ - Commercial cultivation with one event only in some regions of the Union (Spain and Portugal).
d
e

- Only cultivation of blue carnation for decoration purposes allowed.
- Moratorium for commercial cultivation in place since 2005.
f — Only approved for use as food (not feed).

(NABDA) (https://nabda.gov.ng/) which focuses
on biotechnology policy, while the National
Biosafety Management Agency (NBMA) (https://
nbma.gov.ng/) focuses on the biosafety regulations
of biotechnology-derived products. The regulatory
challenges faced by countries in Sub-Saharan
Africa in the development and commercialization
of GM crops has been reviewed.'”> Most African
countries are signatories to Convention on
Biological Diversity and the Cartagena Protocol
on Biosafety. Some countries such as Zambia and
Kenya have banned the importation or use of GM
crops, while others such as Uganda have invested
heavily in GM technologies.'”®

Saudi Arabia allow the importation of biotech-
nology plant products, but they are required to be
labelled if they contain more than one percent
genetically engineered plant ingredients.'”’
A significant percentage of the processed foods
imported almost certainly contained GM plant
ingredients. Regulations allow for the import of
biotechnology derived seeds, but Saudi farmers
have not shown an interest in importing or plant-
ing these to date. Currently, there are no ongoing
commercial development activities for GM plants
in Saudi Arabia.

USA

USA does not have a specific and separate law for
regulation of GM organisms but rather uses the
Coordinated Framework for Regulation of
Biotechnology, 51 Fed. Reg. 23, 302 (June 26,
1986) to direct regulatory bodies to use the same
health, safety, and environmental laws that also
apply to conventional products.**"'7*7'%" This
can involve the Food and Drug Administration
(FDA) to determine the safety of the GM product
as a food, Environmental Protection Agency (EPA)

to determine environmental impacts, and USDA’s
Animal and Plant Health Inspection Service
(APHIS), which is mandated to oversee that the
introduction of GM plants do not pose a pest risk
to plants and to have regulatory oversight of non-
regulated GM plants for cultivation and
transport.'*"'®?  In 2017, the Coordinated
Framework for the Regulation of Biotechnology
was updated to modernize the regulatory system
and to confirm the roles and responsibilities of the
three principal regulatory agencies with respect to
regulating biotechnology products.'®»'** This sys-
tem is more focused on characteristics of the bio-
technology product itself than the process used for
its development.'®> Gene edited crops without
recombinant DNA in the product, lacking plant
pest or pesticidal activity and showing no food
safety attributes different from those of non-GM
bred crops are not regulated. However, effective
31 July 2023, the EPA has mandated that it will
still require developers to submit data showing that
plants that have been gene edited to resist pests will
not harm other components of the wider ecosystem
or cause a health risk.'®

China

In China, biotechnology has been specified as one
of the frontier technologies to achieve food self-
sufficiency.'®® Managed by the Ministry of
Agriculture regulations on Administration of
Agri- cultural GMOs Safety (RAAGS) (Decree
304) apply to animals, plants, microorganisms,
and their products. Three further decrees regulate
agricultural GMOs for biosafety evaluation, biosaf-
ety administration for imports, and labelling. The
Chinese regulatory system is pro-technology and
science-based and does not recognize non-
scientific objections to the commercialization of


https://nabda.gov.ng/
https://nbma.gov.ng/
https://nbma.gov.ng/

GM crops or GM products entering the food sup-
ply chain. All GM products selected for labelling
must be labelled or otherwise they would be
banned from being imported into, and sold, in
China.

As early as 2002, 17 products, including GM
soybean, maize, canola, cotton seeds, and tomatoes
were approved for import if labelled. These were
for processing and consumption either as food or
feed or export. In 2009, the Ministry of Agriculture
issued production safety certificates to two GM
crops: Bt rice (Huahui-1 and Xianyou-63) and
phytase maize (BVLA430101), which allows them
to be released for commercial production.
Production safety certificates were issued in 2019/
20/21 for a further nine GM crops of maize and
soybean exhibiting insect resistance or herbicide
tolerant traits. However, by 2022, none of these
had been grown and commercialized. This inaction
appears to have been more to do with politics than
science.

While the China government invests heavily in
biotechnology to increase agricultural productivity
and GM crops, only recently have gene edited crop
been permitted for commercial cultivation.'®’”
Yield of both maize and soybean in China are
much lower than the global average and China
therefore has become increasingly reliant on
imports of both crops, much of which will be
genetically modified. China is the world’s largest
importer of soybean seed (60% of world imported
soybean) and second largest importer of maize
grain (20% of global maize production). So, while
China have for many years imported GM crops, it
has only recently considered producing GM crops
for domestic consumption.'®® Further, amended
the regulations in 2022 regarding the administra-
tion and commercialization of GM crops and gene-
edited crops was undertaken to allow for commer-
cialization of major GM crops. This has allowed for
evaluation of gene-edited crops not being subjected
to the same regulations as GM crops.'*>'®

Japan

Japan ratified the Cartagena Protocol on Biosafety
and established the “Act on the Conservation and
Sustainable Use of Biological Diversity through
Regulations on the Use of Living Modified
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Organisms” (referred to as the Japanese
Cartagena Act) for implementing the Cartagena
Protocol.*'*®'?! There are two steps in the devel-
opment of a GM crop cultivar in Japan - laboratory
research in protected containment and then experi-
mental field testing in an isolated area. The
Ministry of Agriculture, Forestry, and Fisheries
and the Ministry of the Environment assess
the second step and if there is clear evidence for
protection of biodiversity at the isolated site then
the new GM crop cultivar can be grown commer-
cially. Safety assessment of GM foods is undertaken
by the Ministry of Health, Labour and Welfare
based on the Food Sanitation Act. Two tests are
required - GM food should not have any signifi-
cant differences in physical or nutritive character-
istics and the protein generated by the GM crops
should not be noxious, and cause allergies. While
Japan has approved eight types of GM crops for
commercial use, farmers have been reluctant to
grow them for fear of consumer criticism."”?
Despite that the amount of GM crops imported is
substantial.*

The Food Labelling Act requires the seller to
label the food irrespective of whether it is GM-
free or not. GM-free food is to be kept separate
from GM food throughout production and
marketing.* Unintentional contamination is per-
mitted up to 5% of the total weight of the final
product and still remain GM-free.

In February 2019, the Japanese government
defined genome-edited end products derived by
modifications of SDN-1 type (i.e., directed muta-
tion without using a DNA sequence template) as
not representing “living modified organisms”
according to the Japanese Cartagena Act.'”> In
2021, Japan was one of the first countries to
approve a gene-edited tomato (named “Sicilian
Rouge High GABA”) aimed at the home garden
market with an increased amount of naturally
occurring y-aminobutyric acid providing pur-
ported benefits of relaxation and reduced blood

pressure. 194,195

European Union (EU) Countries

Three European Union countries, Germany,
France, and Italy fall within the top 10 economies
and will be taken as one because they are all bound
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by EU GM regulation. In the mid-1980s, the
European Commission sought to develop
a coherent regulatory approach to GM crops tech-
nologies with the view to protecting both health
and environment but also ensuring free circulation
with the European Union of products originating
from GM technologies.'”® Certainly, their regula-
tory system has achieved the first of these objec-
tives by ensuring preventative risk management for
both human health and the environment, by
restricting GM crops to be grown. The exceptions
here are in Spain and Portugal who have unilater-
ally allowed the production of insect resistant GM
maize."”” This had also included Czech Republic,
Slovakia, and Romania until 2017 when use of GM
maize in those countries ceased.'” Since 2012, the
area planted to insect resistant GM maize in Spain
is approximately 30%-35% of the total maize area.

The EU regulatory system is precautionary, pro-
cess based, and has been considered by others as
sceptical of science,™'”® allows for non-scientific
objection with the potential for political
interference,’” and described as “hopelessly
messed up”*” and in “gridlock”.**! The EU regu-
latory system has been elsewhere summarised as
“inconsistent from the viewpoint of environmental
and health risk, scientifically outdated, slow and
costly, lacks conceptual clarity, and hampers scien-
tific and technological development”.**> With
regard to regulation of New breeding
Technologies, on 25 July 2018, the Court of
Justice of the European Union declared that
“organisms obtained by means of techniques/
methods of mutagenesis constitute GMOs within
the meaning of that provision” and “only organ-
isms obtained by means of techniques/methods of
mutagenesis, which have conventionally been used
in a number of applications and have a long safety
record are excluded from the scope of that direc-
tive’ under the directive 2001/18/EC.*%>***
However, there is a chance of new legislation
being proposed to provide CRISPR-edited plants
with a regulatory framework, but it is considered
that the proposed legislation will not be the best
possible, even if it is passed due to the constraining
influence of the current GM regulatory
framework.®* And there are other views that pro-
pose that for genome editing applications, the level
of robustness in the evidence currently required for

the Environmental Risk Assessment of GMOs
needs to be maintained.**

The drivers for the very different approaches to
risk management through regulation by the EU
and USA has been argued to have resulted from
“a cultural struggle over both the values associated
with rational science and regulatory trust” in the
EU.>*® Indeed, it has been argued that “develop-
ment of EU regulation of GM crops were shaped by
antecedent events, notably bovine spongiform
encephalopathy (BSE) or ‘mad cow disease’ and
the public fears that ensued around food
safety”.””” However, in the USA, “vigorous promo-
tion of GM agricultural exports during WTO meet-
ings revealed a subjective management of free
markets and not the objective science of public
health and protection of the
environment”**°deduced by reference to.**®

While much of Europe (other than in small areas
of Spain and Portugal'®’) restricts the planting of
GM crops, it does rely heavily on GM technology
but from outsourced production.””*~*'? The major-
ity of their pigs, chickens, and to a lesser extent
cattle rely on the importation of 15M metric tons of
soybean meal annually from North and South
America'' (90% of which is GM). In 2022, the
European Food Safety Authority (EFSA) provided
an assessment of the safety of herbicide tolerant
GM oilseed rape, cotton, and soybeans crops and
also renewed the authorization for GM cotton used
for food and animal feed concluding that they are
as safe as their conventional counterparts with
respect to the potential effects on human and ani-
mal health and the environment.*"* The European
Commission publishes a register of GM approvals
which includes many for import, processing, food
and feed applications, but sparingly for
cultivation.*'*

In July 2023, the EU published a proposal for
a Regulation of the European Parliament and Of
the Council on plants obtained by certain new
genomic techniques and their food and feed and
amending Regulation (EU) 2017/625.'>?'® The
New Genomic Techniques (NGTs) include “more
targeted and precise modifications to the genome
than conventional breeding or established genomic
techniques, and these modifications could or could
not be produced in nature or obtained by conven-
tional breeding techniques”.”'” This reflects an



exciting time of change in how some aspects of
genetic modification are to be regulated in the
future.

India

The Indian GM Crops Release Regulation has been
described as one of the most regulated GM technolo-
gies in the world.”'® In India, GM technologies
include techniques by which ‘heritable material . . . is
inserted into [the] cell or organism’ as well as ‘the
formation of new combinations of genetic material by
incorporation of a cell into a host cell’, and the ‘mod-
ification of an organism or a cell by deletion and
removal of parts of the heritable material’.>'* This
inevitably covers all New Breeding Technologies. In
2021, while India had over 10 million ha of commer-
cial GM crops it had not approved cultivation of any
gene edited crops.

The process or product of genetic engineering
technology is regulated under biosafety regulatory
framework established under “Manufacture, use,
import, export and storage of hazardous microor-
ganisms/genetically engineered organisms or cells,
Rules 1989%%° under Environment (Protection) Act
(EPA), 1986”.**' Six agencies under authority of
the Ministry of Environment, Forest and Climate
Change, in close collaboration with State
Governments and the Department of
Biotechnology, oversee the development of geneti-
cally modified crops.**> The six agencies are: (1)
RDAC: rDNA Advisory Committee; (2) IBSC:
Institutional Biosafety Committee; (3) RCGM:
Review Committee on Genetic Manipulation; (4)
GEAC: Genetic Engineering Appraisal Committee;
(5) SBCC: State Biotechnology Coordination
Committee; and (6) DLC: District Level
Committee.

India has set up a National Biodiversity
Authority (NBA) to regulate the use of biological
resources for commercial or research purposes or
for the purposes of bio-survey and bio-
utilization.””> A draft document on Genome
Edited Organisms: Regulatory Framework and
Guidelines for Risk Assessment was published in
2020.*' This summarizes the regulatory pathway
for gene-edited plants, animals and human stem
cells and products derived thereof and recom-
mends that the Regulations and Guidelines for
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Recombinant DNA Research and Biocontainment
2017 shall be applicable for genome editing of
plants and animals. Having said that there was
some flexibility with regard to SDNI1 gene edits
which “would be assessed mainly to confirm tar-
geted edit(s) as well as absence of any biologically
significant off-target genomic changes. Also, they
would be subjected to phenotypic equivalence ana-
lysis on case-by-case basis”. SDN2 gene edits
“would be assessed for phenotypic equivalence
and trait efficacy through appropriate contained
and/or confined field trials”, while SDN3 gene
edits would be subject to “all the biosafety data
requirements which are prescribed in existing
food and environmental safety guidelines specific
for GE (GEd) cells/organisms on case-by-case basis
where foreign genes are inserted”.

United Kingdom

With the advent of Brexit, the UK is progressing
ahead of the EU with the Genetic Technology
(Precision Breeding) Bill being introduced in
May 2022 having completed its passage through
the House of Commons and after gaining Royal
Assent has become an Act of Parliament.** This
Act exempts certain gene editing techniques from
broader GM regulations. These are referred to as
“precision bred organisms”, which for their release
need to be approved by the advisory committee and
confirmed by The Secretary of State.”*

Canada

Canada has not changed its regulatory system to
accommodate New Breeding Technologies largely
because it is a product oriented system and therefore
able to manage all crop technologies irrespective of
their method of development or breeding.*'*>'*" All
plant products therefore are subject to the same reg-
ulatory framework irrespective of whether they use
GM or non-GM technologies,”*® and each is adjudged
on a case-by-case basis to determine if the product is
a ‘plant with novel traits’."’® While there is no clear
definition of novelty it is generally accepted that a 20%
difference in the target trait would qualify. Plants
deemed to have novel traits will be tested for aller-
genicity, toxicity and impact on non-target organisms.
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Brazil

Biosafety impacts of new technologies on the envir-
onment and human/animal health is regulated by the
Brazilian National Biosafety Technical Commission
(CTNBio) through bylaw (No. 11.105/2005).”® New
Breeding Technologies are regulated under the
Normative Resolution No. 16 (NR 16) published on
15 January 2018 and indicates that techniques leading
to a product not classified as a GMO are: early flower-
ing, seed production technologies, reverse breeding,
RNA-dependent DNA methylation, site-directed
mutagenesis (SDN), oligonucleotides directed muta-
genesis (ODM), agroinfiltration/agroinfection, topical
or systemic use of RNAi, and viral vectors.”

For further reviews on GM regulation in differ-
ent countries refer to**’and.***

Potential Impacts of Government Regulatory
Systems on Innovation and Downstream
Benefits

Government management of regulatory systems
should be aimed at maximizing benefits and mini-
mizing risk. Regulations can allow the safe use of
innovations associated with genetically modified
crops and thereby provide benefit or they can stifle
innovation and deprive whole populations of
potential improvements from both economic and
environmental perspectives.

Influence of Method of Regulating GM Crops

Regulatory systems have been categorised as largely
either focused on the process used, or on the traits of
the product developed. Interestingly, the impact of
regulatory system on the number of countries with
more than 0.1 million ha of commercial GM groups
was similar to the number of countries with less than

0.1 million ha of commercial GM groups (Table 3).
However, the underlying issue here is public trust in
regulatory systems and likely confusion about the
value and appropriateness of either system.

Influence of European Union Legislation on Use
Genetically Modified Crops

The European attitude toward GM crops has had
significant influence on the acceptance and uptake
of this technology in some developing countries,
particularly in Africa.'*”?°%**>*** Despite the fact
that about two-thirds of African farmers are poor
and can only benefit from new technologies that
have the potential to boost crop production, some
governments have adopted the European regula-
tory approached and driven GM food and crops
from their economies.”>' Challenges in develop-
ment of biosafety regulatory frameworks and the
role of individual stakeholders in the facilitation of
GM crops across African countries has encouraged
a centralised approach to risk assessment similar to
the European Union model of the European Food
Safety Authority (EFSA).>*

An analysis of European Union GM legislation
(mainly the “Release Directive”, 2001/18/EC) using
five criteria (legal certainty, non-discrimination,
proportionality, scientific adaptability, and inclu-
sion of non-safety considerations), concluded that
the European regulatory framework does not
satisfy the criteria of legal certainty, non-
discrimination, and scientific adaptability.*”’
Others have concluded that the European Union
(EU) has largely failed to create a regulatory and
policy environment regarding genetically modified
(GM) crops and their cultivation that is (a) effi-
cient, (b) predicable, (c) accountable, (d) durable,
or (e) interjurisdictionally aligned.***

Table 3. Categorization of 30 countries by the regulatory system used (product versus process) and the amount of commercially

cultivated GM crops. (Adapted from™®).

Regulatory system

Level of GM cultivation Product-based

Process-based

Greater than 0.1 million ha
Mexico, Colombia, Sudan
Less than 0.1 million ha
Korea, Russa

8 — USA, Argentina, Canada, Uruguay, Philippines,

6 — Honduras, Costa Rica, Bangladesh, Japan, South

9 - Brazil, India, China, Pakistan, South Africa, Bolivia,
Australia, Burkina Faso, Spain

7 - Portugal, Slovakia, Romania, European Union, UK, New
Zealand
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Table 4. Difference between discounted aggregate consumer and producer surplus (US$ billion) over 40 years for four scenarios of
adoption of a gene edited solution providing resistance against an emerging plant disease, Fusarium oxysporum f.Sp. cubense

Tropical race 4 compared with no adoption of a solution under moderate disease incidence (adapted from.

248

Scenario

1. Immediate adoption

2. Late adoption

3. Late-modest adoption 4. Exporter delay

Consumer surplus change +13.5
Producer surplus change +23.7
World total change +422

+7.8 +3.1 +14
+13.9 +5.4 +2.1
+244 +85 +44

Golden Rice

Levels of pro-vitamin A in rice (Oryza sativa) can
be deficient and result in blindness and reduced life
expectancy in regions where rice is a significant
part of the diet.>>> Over two decades ago it was
shown that rice could be genetically modified to
elevate the expression of pro-vitamin A.***"**° This
genetic modification became commonly known as
Golden Rice. Initially criticism was that while ele-
vated the levels of pro-vitamin A being expressed
were still too low to make a real difference.**' This
has however been corrected with levels reaching 35
g P-carotene per gram, which can then be effec-
tively converted to vitamin A in humans.*** In the
last year, or so, Golden Rice became commercially
available in the Philippines*** with 100 T harvested
but was then stopped by an appeal from
Greenpeace to the Philippine Supreme Court.***
Cultivation is still not available to all other popula-
tions suffering from vitamin A deficiency”*>**° due
to regulatory hurdles, but processes are underway
in China, India, Bangladesh, Indonesia, and
Vietnam to approve it.>**

Gene-Edited Banana with Resistance Against
Fusarium oxysporum F.Sp. Cubense Tropical Race 4

Fusarium oxysporum f. sp. cubense tropical race 4
(Foc TR4), the causal agent of Fusarium wilt of
banana, has been projected to reach 17% of the global
banana-growing area by 2040 equalling 36 million
tons of production worth over US$10 billion.**
A modelling exercise suggests that regulatory delay
can significantly reduce gains from a new technology
for both society and industry.**® This study modelled
the impact of 4 scenarios compared with a ‘no adop-
tion” scenario: (1) Immediate adoption of gene edited
solution with 100% adoption ceiling reached in 15
years; (2) Late Adoption, which incorporates a 10-
year delay but with 100% adoption ceiling reached in

15 years; (3) Late-Modest Adoption, which incorpo-
rates a 10-year delay but with only 40% adoption
ceiling reached in 15 years; and (4) Exporter delay
where major exporters do not adopt the new technol-
ogy and there is a 12-year delay. It has been estimated
that without any solution to Fusarium oxysporum f.
sp. cubense the global discounted loss over a 40-year
period would be close to US$500 billion. It is clear
that with both a delay and degree of uptake that the
economic impact is substantial (Table 4). the authors
of the work conclude that “policy makers must recog-
nize that there is a social cost to regulatory require-
ments or lack of investments in research that delays
any technological introduction”.

An earlier study of using genetic modification to
control Xanthomonas wilt disease in banana and its
impact in the Great Lakes Region of Africa indicated
that aggregate benefits vary across the target countries
from US$ 20 million to 953 million, with the highest
in countries where disease incidence and production
losses are high, ranging from 51 to 83% of
production.”*” For vegetatively propagated crops,
such as banana, the option of genetic modification
to bring in traits of value is a potential game changer.

Cost of Deregulation versus Benefits from the
Technology

The financial and environmental benefits of GM
crops have been regularly reviewed'>®'****° with
global estimates of economic benefits being in the
tens of billions of dollars per year*>'and*>>*>% >>*
Estimates of the costs of developing, deregulating,
and releasing GM crops have been less frequently
documented. Costs will be influenced by the com-
plexity of the GM trait, the regulatory system used,
and the type of organisation undertaking the work.
For example, costs associated with two not-for-
profit institutions’ developing one potato cultivar
with late blight resistance to be made available to
resource-poor farmers in a developing country was
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estimated to be US$1.3-1.5 million, over eight to
nine years.255 In comparison, private sector assess-
ments across six companies estimated that the cost
of discovery, development and authorisation of
a GM trait was calculated to be US$136 million,
of which US$35 million was associated with regu-
latory requirements.””® Another study based on
reviews and analyses of dossiers submitted to reg-
ulatory agencies and firm-level data on associated
expenses calculated a range of compliance costs for
developing insect resistant or herbicide tolerant
maize of between US$6 and US$16 million.>’

In Europe, it has been estimated that the cost of the
regulatory process for commercial release of a new
GM cultivar is between €10 and €20 million, which
would be prohibitive for small and medium sized
enterprises and the public sector, leaving their devel-
opment to large multinational companies.'®*””

In New Zealand, the costs associated with dereg-
ulating a GM product for commercial release has
not been undertaken but similar regulations are
used for the introduction of new organisms into
the country. This has been estimated to cost
between NZ$138, 000 and NZ$365, 000.>*

Comparison of GM and gene-edited crops has
demonstrated that the economics of gene edited
crop development requires a substantially smaller
market size (96.3% smaller in potential crop area)
when compared to a GM crop with the same trait
value and commercialization profile.”> This being
the case then using New Breeding Techniques will
become more attractive from a cost viewpoint and
ensure that technology developers can focus more on
output and consumer traits, rather than input traits
which have dominated GM crop developments. This
in turn will bring a focus on smaller niche crops
where to date using GM technologies has proven to
be too expensive for the value of the crop. Argentina,
however, is an exemplar where small to medium sized
enterprises and academia dominate the petitions for
non-GM status of gene-edited organisms.'”®

Differentiating Between Different Types of
Genetic Manipulation

Pleas for international harmonisation of the safety
assessment processes and safety data requirements
for gene-edited crops and other NBTs that do not
involve recombinant DNA*** are yet to be satisfied,

just as they were (and to some extent still are) for GM
crops.”®" The debate on how to regulate gene-edited
crops as distinct from GM crops has been ongoing for
over a decade.'>*****> Some countries have proac-
tively differentiated some products developed using
New Breeding Technologies, while others have con-
sciously included them as part of their current GM
legislation and others are yet to decide?®** (Table 5).
The European Union, New Zealand, Norway, and
Switzerland have to date consciously included crops
and forages developed using New Breeding
Technologies under the same legislation as all other
GM crops.*”*>!"*?%° This exposes contradictions. In
Europe, importation of GM feed for animal is per-
mitted but crops developed with GM technologies
including those developed using New Breeding
Technologies are regulated.”'” It has been argued
that in Europe where gene editing of crops were
initially automatically classified as GM and regulated
accordingly due to it requiring the use of recombinant
nucleic acid techniques ignored the fact that “pro-
ducts of certain GE (GEd) techniques are in several
cases identical for the benefits they provide from
those developed by conventional or mutation
breeding”.**® However, it is difficult to change the
ideology in Europe.”*® Similarly, in New Zealand,
under the jurisdiction of Food Standards Australia
and New Zealand importation is permitted for at least
90 GM produced foods which can then be sold and
consumed if labelled while farmers are not permitted
to grow GM crops and forages including those pro-
duced using New Breeding Technologies.” The debate
on the place of new technologies, including gene
editing, in food production systems is underway”*’
but will still require engagement by industry and
government leaders.

While acknowledging the potential benefits
of using New Breeding Technologies, there is
also concern that poor governance as they are
delivered for use will result in similar issues as
occurred with the advent of GM crops.''? Six
principles have been proposed to ensure that
crops developed
Technologies are more readily accepted®”’:

using New Breeding

(1) Risk avoidance and delivery of tangible soci-
etal benefits;
(2) Robust, inclusive societal engagement;
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Table 5. New Breeding Technologies (NBT) legislation for growing GM crops and forages for 56 countries plus the European Union.
Refer also t032, 34, 159, 227, 264, 288, 289,158, 180, 228, 290, 291 and292 for further detail

Category Type of differentiation Country or region Reference
Explicitly includes all NBT None European Union 7,32,227,
crops in existing GM 266-273
legislation
None New Zealand 34,178, 180,
227, 274,
275
GM legislation allows Final products with no transgene do not fall under the  Argentina 543

some NBT crops to be Regulatory Framework for GMOs

considered as non-GM
34, 178, 180,

276, 277

Introduced RNA that blocks gene expression (RNAi) and  Australia
gene editing, without introduced templates to guide
genome repair (SDN1 gene edits), would not be
regulated as GMOs

Does not regulate plant products if no foreign DNA Brazil
present (SDN1 gene edits)

Established a science-based regulatory system that is Canada
flexible and capable of responding to new innovative
products and technologies

Plants mutated by CRISPR that do not contain any foreign Chile
DNA sequences are exempted

Plants mutated by CRISPR that do not contain any foreign Colombia
DNA sequences are exempted

Does not regulate plant products if no foreign DNA Ecuador
present (SDN1 gene edits)

Authorization procedures for applications related tothe ~ Honduras
use of new genetic improvement techniques
for applications related to
the use of new genetic
improvement techniques

SDN-1 and SDN-2 gene edits free from exogenous DNA  India
exempt from biosafety regulation

Does not regulate plant products if no foreign DNA Israel
present (SDN1 gene edits)

Does not regulate SDN-1 andSDN-2 edited plants. Japan
SDN-2 edited plants. 279
Insertion of 19 base pairs or less if DNA not regarded as  Philippines 34,178, 180

GMO
Plants mutated by CRISPR that do not contain any foreign Sweden
DNA sequences are exempted
‘Precision bred’ plants now not regulated as GM
Will not regulate, plants that could otherwise have been USA 160, 181,
developed through traditional breeding techniques 185, 227,
(namely SDN-1 and SDN-2 gene edits); but EPA will 281, 282
require information on safety
Moving toward GMO definition encompasses genome editing. Discussion Bangladesh
a decision on how NBT is ongoing.
crops are regulated

5, 180, 254

103,227

5, 394, 180,
5
394, 180

5, 158, 180

5, 180

34, 180, 227,
278
394, 394

34,178, 227,

203, 280

UK 394, 225

394, 180

Safety evaluation of gene edited crops not subject to the China 34, 180, 186

same regulations as GMOs; but registration, seed
production evaluation, seed business evaluation and
processing regulated as GMOs
Regional biosafety law for the Economic Community of ~ Ghana 180
West African States (ECOWAS) community is under
revision
Economic Community of West African States (ECOWAS)
community is under revision
Discussion is ongoing Indonesia
Likely case-by-case: If no foreign DNA, then not regulated Kenya
as GMO 180
Likely case-by-case: If no foreign DNA, then not requlated Nigeria 394,178,
as GMO 180
Proposal: If no foreign DNA,then not regulated as GMO ~ Norway 394
then not regulated as GMO
Likely case-by-case: If no foreign DNA. then not regulated Paraguay
as GMO
Gene edits with no foreign gene only require safety Pakistan
evaluation
Under consideration South Africa
Not regulated as GMO if no foreign DNA introduced or ~ South Korea
retained in final product

394, 34, 180
394, 178,

5; 394,180

34, 180

178, 180
34, 283

(Continued)
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Table 5. (Continued).

Category Type of differentiation Country or region Reference
Discussion is ongoing Switzerland 158, 180
Discussion ongoing Taiwan 3
Draft regulations: Minimumassessment for SDN-1 Thailand 3

products whereas SDN-3 products are assessed

rigorously

assessment for SDN-1 products whereas SDN-3

products are assessed rigorously
Discussion is ongoing UK 394,
Likely case-by-case: If no foreign DNA. then not requlated Uruguay 5 394, 180

as GMO

5, 158, 180,

No specific gene editing
regulations

No specific GM
regulations

Belize, Bolivia, Costa Rica, Dominican Republic, Egypt,
Ethiopia, Guatemala, Malawi, Mexico, Peru, Russia,
Sudan, Trinidad and Tobago, Uganda, Ukraine,
Venezuela

Bhutan, Cambodia, East Timor, Laos, Myanmar, Nepal,
North Korea, Papua New Guinea, Sri Lanka

284

34

(3) Effective, science-based

regulation;

government

(4) Voluntary best practices to supplement and
complement regulatory oversight;

(5) Transparency on gene-edited products in
the environment; and

(6) Inclusive access to technology and resources.

Argentina has been a true pioneer in legislation on
gene editing, which has then been followed by
many other nations within the South and Central
American region.'”®'®® As a signatory from
May 2000, Argentina follows the definition of
a “living modified organism” in the United
Nations Cartagena Protocol on Biosafety.'*****
They have a regulatory system that considers for
an organism to be classified as GM it should have
“a novel combination of genetic material,” which is
based on changes present in the genome of the
plant.*** Argentina’s vastly experienced National
Advisory = Commission  on  Agricultural
Biotechnology (CONABIA) has had regulatory
oversight of more than 2000 field trials and has
approved 49 transformation events for commercia-
lization in six crop species. Additionally, Argentina
along with Brazil and some other Latin American
countries now grow over 40% of the global GM
crops area.”””

In Europe, there is now a realisation that legisla-
tion of GM/gene editing technologies is
outdated®**® and support for gene editing in
crops is gaining traction through “many EU politi-
cians expressing support for these new crop

products because they understand that without
their adoption, EU agriculture would be at
a severe competitive disadvantage to other coun-
tries who have deregulated new genome
techniques”.**” However, how this position pro-
gresses while the anti-GM lobby remain steadfast
in their resistance to these new technologies only
time will reveal. Encouragingly, the European
Commission recognized the current regulations of
plant biotechnology, which are strictly process
based, are not “fit for purpose” when it considers
new genomic techniques.””® For environmental
and food/feed risk assessment for RNAi (RNA
interference which enables the silencing of target
genes) in plants, it has been considered that “cur-
rent science-based regulatory process in Europe is
still applicable to RNAi plants; nevertheless, the
assessment process should permit some flexibility
for risk assessors to adapt and justify the case-by-
case assessment of their RNAi plants”.*”" In
July 2023, the EU published an updated regulatory
proposal on New Breeding Techniques for
plants.”'” This may result in the status quo of strict
regulation and gene-edited crops remain classified
as GM; or gene edited cultivars may meet certain
sustainability requirements (linked to the EU
Green Deal”) and be grown outside of limiting
regulations; or gene-edited crops are permitted
with no limits.>*

A recent survey on behavioural intentions
towards food derived using New Breeding
Technologies (e.g. CRISPR gene editing) high-
lighted how consumers may be more interested in



understanding potential benefits than being dis-
suaded about any possible risks.’®' This signals
that perceptions of benefits are relevant to accep-
tance and offers a potential point of distinction
between food derived from GM and gene editing
methods. Yet there is another argument that while
the active ingredients of CRISPR/Cas gene editing
are promoted for having a lower potential per
reaction to create a hazard, a reduction in regula-
tory oversight of these and so called “null segre-
gants” (products of gene technology but with no
vestige of the technology after the segregation of
chromosomes or deletion of insertions) could “cre-
ate more harm faster, even if it creates benefits as
well and that the potential for harm increases with
increased use of the technique, but safety does not
and regulations can control harm scaling”.>*

A survey in Japan indicated that respondents
found gene-edited vegetables more beneficial and
acceptable than gene-edited livestock.’”® Indeed
the concerns about GM in animals relates not to
“the genetic modification of animals per se, but
rather about the types of modification that could
be performed, for what purpose, who benefits and
who pays”.”** However, as has occurred elsewhere*
genetically modified organisms can stand as
a political antecedent to gene editing, and thus
could have interfered with the formation of this
new field”, but in Japan “collective frameworks
grounded in epistemic nationalism facilitated the
research and development of gene editing
technologies”.”>> Having said that, while Japan
has approved 145 GM events for commercial pro-
duction the country’s farmers have not adopted the
cultivation of GM crops (Table 2).4

While previous publications have indicated that
Kenya would most likely regulate GM crops on
a case-by-case and if the plant contained no foreign
DNA, then it would not regulated as GMO
(Table 5) recent publicity indicates that the
Attorney General has lost a bid to have High
Court orders stopping the importation of geneti-
cally modified foods suspended.’*®

Precautionary Principle versus Risk Assessment

Risk is defined as “the potential for harm” and is
a fact of life, change and innovation. As a result any
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new development requires assessment to under-
stand the associated risks and whether these are
manageable and outweigh potential benefits.>*”~
%% Risk should be assessed using scientific princi-
ples which involves integrity of knowledge, hon-
esty, objectivity, and openness. The scientific
method is defined as the systematic observation,
measurement, and experimentation, and the for-
mulation, testing, and modification of
hypotheses.”'® Potential risks or unintended con-

sequences of GM crops have been extensively
: 29,138,139,179,2
reviewed, > !?%13%:179.220

The Precautionary Principle and Precautionary
Approaches

The Precautionary Principle is based on the maxim
of “better safe than sorry”'" and has been defined
as “imposing early preventive measures to ward off
even those risks for which we have little or no basis
on which to predict the future probability of
harm”.’'* However, there are many versions of
the Precautionary Principle.”’”> How a country,
organization or individual determines the way in
which they may evaluate the likelihood of specific
risks in relation to the Precautionary Principle is
referred to as precautionary approach. The
Precautionary Principle as conveyed in interna-
tional laws is considered uncompromising and
the precautionary approach can be viewed as an
approach to the study of risk, not a “general cus-
tomary rule of law or at least a general principle of
law” (Quoted from>'*in.*'> The difference between
the principled approach to precaution and the
pragmatic approach has been extensively debated
with the conclusion that the principled-pragmatic
distinction does not appear to hold in the realm of
theory and that normative (i.e., prescriptive or reg-
ulating) judgments are paramount.”” It has been
sensibly stated that “the precautionary principle is
seen as a principle of common sense where action
can be taken to protect health and the environment
when decision makers are faced with potentially
harmful effects but there is scientific uncertainty
concerning the nature or extent of the risk”.'"”
Often the terms Precautionary Principle and
precautionary approach are not differentiated as
has occurred in Europe’'® and Canada.’'” The
Cartagena Protocol on Biosafety’'® does not use
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the term Precautionary Principle but considers
the precautionary approach as a fundamental
concept when using genetically modified organ-
isms. Unfortunately, some have assumed that
precaution means prevention,”'” but this is the
case since prevention applies with the assumption
that a risk is known while in reality “all risks are
uncertain” and thus the idea of a “known” risk is
misleading,’'? which then requires the concept of
“degrees of precaution,” to avoid making
a distinction between precaution and prevention.
Indeed, science can never prove the absence of
risk.*® Therefore, an uncompromising approach
to the Precautionary Principle would inevitably
result in no action ever being taken, because an
assurance of absolute safety can never be given,
leading to paralysis and a cessation of technolo-
gical advancement’*% %?%),

The “precautionary approach” to regulation has
significantly impacted the use of genetically mod-
ified plants in a number of countries including the
European Union and New Zealand, despite there
being “little evidence of serious or irreversible
damage to the widespread use of these crops in
the rest of the world”."*>"”*** In New Zealand,
the Royal Commission on Genetic Modification®**
concluded that New Zealand should adopt
a precautionary approach and keep it options
open and “it would be unwise to turn our back on
the potential advantages on offer, but we should
proceed carefully, minimizing and managing
risks”. However, 12 years after the Royal
Commission, it was concluded that “little progress
has been made toward developing the public policy
capacity necessary to make effective strategic deci-
sions on GM crops in New Zealand”,’** and even
since then nothing has changed. Most African gov-
ernments have taken the precautionary approach
to introducing GM foods.”*® The concern is that
the Precautionary Principle can invoke preventa-
tive action to avert a potential harm even before
that has been scientifically tested and is beyond
dispute.'*® This occurred with the monarch butter-
fly case tests were undertaken in a captive colony”>’
and which was later proven to be misleading with
other field based studies showing that monarch
butterfly populations are unaffected by the large-
scale cultivation of Bt maize’**** Indeed, some
have considered the Precautionary Principle to be

anti-science while risk assessment is likely to be
objective and science motivated.’’> While others
have insisted that “the best elements of
a precautionary approach demand good science
and challenge the scientific community to improve
methods used for risk assessment”.>>> However, if
the precautionary principle is to provide any mean-
ingful guidance to regulators, then’*’ has argued
that greater regulatory scrutiny ought to be
required for the less well-characterized conven-
tionally modified cultivars than for those where
the molecular basis for the phenotype is under-
stood as occurs for most GM crops.

Amongst some researchers in Europe, it has
been argued that the “innovation principle” is
a preferred option to the precautionary approach,
so that relevant risk assessment would be designed
on a case-per-case base, to enable benefiting from
gene-edited products while complying with rele-
vant risks management.336 The innovation princi-
ple ensures the impact of the innovation is fully
assessed to ensure that the choice, design, and
regulatory tools used foster innovation, rather
than hinder it.**”

Measuring Risk and Managing Uncertainty

Risk evaluation should assess the probabilistic out-
comes of discrete adverse events.'”! Food and
Agriculture Organization (FAO) describe risk
assessment as “a scientifically based process con-
sisting of the following steps: (i) hazard identifica-
tion; (ii) hazard characterization; (iii) exposure
assessment; and (iv) risk characterization”.*%>%°
However, it has been argued that “all risks are
probabilistic and uncertain because we can never
know the future with complete certainty”.>*
Additionally, there is the concept known as coun-
tervailing risks which is prevalent in a multi-risk
world®'® such that an analysis of benefit versus risk
is required to determine which is the action that
provides the greatest benefit while affording the
least risk. Unfortunately,“decision-making does
not always side with relative knowledge over and
against ignorance when imagining future
consequences”.”"”

The Precautionary Principle has been criticized
for simply addressing risks one at a time while risks

are often multiple and trade-offs may need to be



considered.**® This has led to the concept of “opti-
mal precaution,” which does not seek to maximize
precaution in one area at the expense of neglecting
a risk in another but rather seeks to minimize over-
all negative consequences. So, the precautionary
approach as distinct from the Precautionary
Principle seems reasonable in managing risk and
is indeed a moral responsibility.>*' Technological
progress is inevitable and with that a responsibility
to evaluate the risks but from the perspective of
seeking decisions based on fact, as currently under-
stood, using scientific (not philosophic)
knowledge.**!

Process Standards versus Product Standards

While a cautious approach to regulating GM crops
may have been justified in the early years of GM
crop commercialization, in the interim 25 years
with an expanding knowledge of plant genomics
it is now understood that “the genetic engineering
process itself presents little potential for unex-
pected consequences that would not be identified
or eliminated in the variety development process
before commercialisation”.>** Regulatory frame-
works should be product rather than process
based so that it is the novelty of the characteristics
or phenotype of new plant cultivars that are
regulated.'®**’ They argue that since “there is no
evidence for intrinsic risks associated with GM, it is
not useful to have a regulatory framework that is
based on the premise that GM crops are more
hazardous than those produced by conventionally
bred plants”. Similarly, others have stated that “the
time is right to gradually transition from process-
based GMO regulations to product-based GMO
regulations because many countries have had suffi-
cient regulatory experience regarding conventional
transgenesis” and in doing would extend this to
genome-edited crops.'*®

If regulation of GM crops was comparable to
and compatible with traditional breeding when
similar traits and uncertainties are involved then
this “would reduce costs, open transgenic-based
innovations to a broader array of private and public
entrepreneurs and thus facilitate the production of
improved crops based on the genomics revolution
in biology”.>** It will still be important in both GM
and gene edited crops to examine for both target
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and off-target effects of gene silencing, manipula-
tion, or introduction.”®” Indeed, “each new culti-
var, created via any method, should be tested, and
assessed based on its traits and its unique profile of
risks and benefits,”*° not be the method by which it
is produced.

This plea to move to a product based regulatory
system is not just targeted at regions and countries
with stringent systems such as Europe and New
Zealand™ but has also been stressed as important
for countries such as the USA,*** who to date has
deregulated more GM crops than any other
country.”'® It is argued that this would “unleash
the innovative potential of small companies and
public sector universities and
organizations”.”***** An approach for moving
from a process based to product based regulatory
system has been proposed'’®**> where the technol-
ogy used is considered neutral.>*> This was moti-
vated by the increase in new techniques for
manipulating genomes. It proposed that “the new
product-based regulatory system should start with
a presumption of no pre-market regulatory
approval for crops and food with existing traits,
recognized as safe”,”*” but with the proviso that
“specific types of products should be required to
obtain a one-time pre-market approval for poten-
tial environmental or health risks based on red flags
associated with the trait, novel or otherwise, rather
than the process by which it was created”.>*

Co-Existence Regulations for GM Crops

Co-existence is a term that refers to the ability of
farmers to make a practical choice between con-
ventional, organic, or GM based (for approved GM
crops) crop production, in compliance with the
relevant legislation on labelling and/or purity
standards.”*® Strategies for allowing co-existence
can be controversial and contentious>*’>*’ but
can also be unifying and possible’*and.*****!

In the EU, co-existence and traceability arrange-
ments are driven by the statutory requirements to
label all food and feed products containing EU-
approved GM or GM-derived material above
a threshold of 0.9%.’** While EU member states
were to set their own co-existence measures,”””
some guiding principles were provided.’>
However, the outcome has been criticised as
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restrictive and impractical and resulted in poor
consensus among EU Member States for separation
distances of cultivated GM crops.>*®*>* The
European Coexistence Bureau (ECoB) has estab-
lished Technical Working to provide Best Practice
Documents Groups for growing GM maize, soy-
bean, cotton, and potato with non-GM and orga-
nically farmed crops.>”

In the UK, Supply Chain Initiative on Modified
Agricultural Crops (SCIMAC), a group made up of
industry organizations spanning the UK farm sup-
ply established in 1998 determined that “co-
existence measures should be to permit consumer
choice and freedom to operate whatever the pro-
duction method involved”.’** They concluded that
“practical measures to deliver co-existence between
GM and non-GM crops can be managed effectively
at the farm level and need not represent
a significant departure from current best practice
within the industry”.

Isolation distances to manage cross-fertilisation
between GM and non-GM variants of the same
species differ with species,”® from 5 to 10m for
soybean,>” about 10m for cotton,””**** 20 to 50m
for maize,”***®" about 100m for Lolium rigidum,’*>
tall fescue (Festuca arundinacea) at 150m,>®* 30 to
200m for canola,”****> and 150 to 500m for
lucerne.’®® Pollen-mediated gene flow was mea-
sured in the Netherlands through growing the
maize variety DKC3421YG containing the
MONS810 GM event at 25m (the distance indicated
as required between GM crops and conventional
crops) or 250m (the distance indicated as required
between GM-crops and organic crops) from
a near-isogenic non- GM cultivar.’®” Averaged
over 12 fields the pollen-mediated gene flow at
25m was 0.084% and 0.080%, over 2 years, and at
250m was 0.005% and 0.007%, over 2 years. The
extremes were measure as 0.0% to 0.32%, variation
caused by wind direction but even so well below the
labelling threshold of 0.9% set by the EU.>*® Others
have also concluded that “flexible use of isolation
distances with use of buffer rows of maize plants,
may improve feasibility of implementing co-
existence in commercial maize cultivation, particu-
larly in agricultural landscapes with a scattered dis-
tribution of small fields”.>*® However, in countries
such as USA, Brazil, and Argentina with high adop-
tion rates of GM crops, this could possibly exclude

the development of the alternative non-GM culture
of the same crop.”®’

GM Tolerance Threshold for Imported Seed
Used for Food and Feed, and Its Impact on Trade
and Trade Agreements

Adventitious presence refers to the unintended
presence of GM generated outputs in food and
feed products.’*® In the past, there have been
situations where low-level—or adventitious—pre-
sence of GM material in shipments of non-GM
crops has resulted in ban on further imports.
A herbicide tolerant linseed/flax (Linum usitatis-
simum) cultivar, named CDC Triffid, developed
in Canada®® was withdrawn from the market in
2001 in reaction to the EU’s concern with
importing linseed contaminated with GM seed,
through cross pollination."*”*”' The EU has
a zero tolerance policy against low-level co-
mingling of GM material in imported non-GM
crops, which potentially leads to international
trade disruption, and supply chains being forced
to spend more and more resources to satisfy
rising levels of stringency as the science of detec-
tion improves.'®® The moratorium imposed by
the EU on seed lots, which did not have zero
GM seed in a non-GM seed-lot was eventually
ruled as a trade barrier in 2006 by the WTO.
Even non-GM crop seed is never traded with the
expectation of 100% purity. There is an accepted
allowance of 0.25% for weed seeds and 0.25% for
other crop varieties.'"*” It has been argued that
the regulatory and trade challenges facing GM
crops are likely to have a detrimental impact on
improving global food security."*” However,
devising a set of rules for trade in GM crops
and foods is rarely part of multilateral trade
negotiations and will require separate long and
complex negotiations with often little room for
compromise.l50

Labelling and Disclosure Requirements:
Consumer’s Right to Know

It seems right that consumers should know what is
in the food product they are consuming. An effec-
tive system of traceability for GM food and ingre-
dients has been viewed positively in societal



surveys.”’” Issues that need to be assessed when
considering mandatory GM labelling have been
outlined by Oh and Ezezika>*® as:

(1) The consumers right to know, and freedom
to choose to consume GM food or not;

(2) Costs of implementing, which is largely
associated with costs incurred from mea-
sures associated with segregation and iden-
tity preservation to prevent or limit mixing
within the non-GM supply chain’”>;

(3) Stigmatization associated with labelling indi-
cating negative connotations;

(4) Feasibility of enacting appropriate labelling,
particularly in countries where informal
markets are commonplace; and

(5) Impact on food security and innovation if
indeed costs increase as a result of labelling.

Labelling of food products with GM content is under-
stood to be required in some form in a least 64
countries.””* Mandatory labelling of food derived
from GM crops if present at any level in Peru,”” at
levels above 0.9% is required in European Union and
Norway,*® 1% for Australia, New Zealand, Japan,'>*”®
South Africa, Brazil, and China,>**” 3% for South
Korea® and Malaysia,”’”>*** and 5% for USA and
Canada."*® Most African countries are considering
mandating labelling of GM foods not just as a rational
move amidst the uncertainty surrounding the public
health impact of GM foods but also for safeguarding
their agricultural exports to European markets.**®
However, there has been a plea that “labelling require-
ments would need to be realistic and not place unne-
cessarily onerous conditions on producers of GM-
derived foods”.*”” From a religious perspective
“Islamic jurisprudence indicates that if a type of food
is considered toxic to human health” labelling of GM
derived foods should be introduced to ensure that
consumers are aware of what he/she has purchased.*®"

The concern about mandatory labelling is that
while consumers have the right to know what their
food contains “consumer knowledge about new tech-
nology such as GE (GEd) is limited, they cannot often
establish whether GM products spell danger or how
to measure any given risk against potential
benefits”.'> Interestingly, where labelling is required
then a specified consumer benefit is essential for
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product uptake,®® because when products are
labelled a positive correlation between consumer atti-
tudes toward foods not containing GMOs and pur-
chasing behaviour has been observed.”® The Codex
Alimentarius Commission in 2007 failed in an
attempt to produce labelling guidelines for GM pro-
ducts because no consensus was reached by the dif-
ferent countries involved.’®*

A study in the USA on how best to label genetically
modified and gene edited foods in compliance with
the National Bioengineered Food Disclosure
Standard which came into effect on January 1st,
2022°% demonstrated that “a higher proportion of
respondents choose a label if the Bioengineered label
was disclosed using the approved symbol” compared
with text disclosure methods. Interestingly, in this
study, only 13% reported always looking for GM
labels when purchasing food at a store. Stacking the
Bioengineered label with a label that indicates the
presence of gene editing, genetic modification, or
both was also preferred.

Elements of Effective Regulation

For any regulatory system to be effective it needs to be
science-based, transparent and allow for public
participation."**® The key components of regulation
may include (1) mandatory pre-market approval; (2)
established safety standards; (3) transparency; (4)
public participation; (5) use of outside scientists for
expert scientific advice; (6) independent agency deci-
sions; (7) post-approval activities; and (8) enforce-
ment authority and resources.' The concept of
considering risk measured by ‘precaution through
experience’ is a “concept offering possible avenues
beyond current regulatory standoffs by incorporating
both scientific and socio-economic perspectives of
risk in deepened deliberative settings”.’®” Indeed,
scientists have an important role to play here in
understanding and engaging with the frameworks of
technological determinism and Responsible Research
and Innovation (RRI).**®

Regulation is motivated to ensure human safety,
protect the environment, avoid fraud and misla-
belling, and address any public concern.' Ideally
the regulatory scheme used is focused on charac-
teristics of the biotechnology product itself than
the process used for its development,'®> and there
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is an emphasis on the “innovation principle”
rather than the “precautionary principle” so that
each application is adjudged on a case-by-case
basis to determine if the product is a ‘plant with
novel traits’.'>'°>*** A process-based regulatory
systems results in an overly precautionary
approach for delivery of GM crops and forages
and should be avoided. The downside of a slow,
burdensome, and stringent regulatory system is
inevitably not just the loss in international compe-
titive advantage in the development and use of GM
crops'® but also a significant risk to food security
and biodiversity as more land will continue to be
required with a growing global population.
Additionally, changing regulation processes and
approaches could in some jurisdictions be a very
longwinded process and therefore can become
a deterrent in their own right to seeking change.”®
Harmonization of GM regulations globally could
be a preferred option. But perhaps the best that can be
hoped for is harmonization within regions.'® This
may be achievable in parts of Africa®*** Latin
America,” and North America. It could be argued
that the European Union is already harmonised.

Concluding Comment

A range of systems have been devised to regulate
new genetic variation irrespective of whether these
are through non-GM, GM or gene editing meth-
ods. General consensus from commentators would
indicate that those systems based on regulating the
process of delivery of new genetic novelty are more
challenging and restrictive than those regulating
the risk of the end product irrespective of how it
is produced. The challenge is for all regulators to
ensure that processes they use are fit for purpose
and effective in terms of balancing risks and bene-
fits in a timely and cost effective manner.

While establishing product-based regulatory
systems for GM technologies could be consid-
ered a fundamental requirement this is only one
part of the solution for wider use and accep-
tance of GM crop technologies. Also required is
better communication with the public and
potential consumers of the technology. In devel-
oping countries the emphasis should be on “co-
development of technologies with farmers,

seeking out non-patented material and an
acknowledgement that seeds are a single compo-
nent of highly complex agroecological and pro-
duction systems”.””' Additionally, consumer
benefits of gene edited crops must be espoused
by balancing the advantages, disadvantages and
limits of different plant breeding techniques to
provide a well-argued risk-benefit message.'*"*>
To garner better public understanding and
acceptance of regulatory systems attempts
should be made to harmonise or align regula-
tory systems globally."”>*** This is unlikely to
happen until there is a collective proactive poli-
tical will to ensure that innovation is not stifled
by outdated and inflexible regulations.
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